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THE SINGLE COMPONENT MCS®-48 SYSTEM 

1.0 INTRODUCTION 

Sections 2 through 5 describe in detail the. func
tional characteristics of the 8748H and 8749H EPROM, 
8048AH/B049AH/B050AH ROM, and 8035AHL! 
B039AHL/B040-AHL CPU only single component micro
computers. Unless otherwise noted, details within these 
sections apply to all versions. This chapter is limited to 
those functions useful in single-chip implementations of 
the MCS®-4B. The Chapter on the Expanded MCS®-4B 
System discusses functions which allow expansion of 
program memory, data memory, and input output capa
bility. 

2.0 ARCHITECTURE 

The following sections break the MCS-4B Family into 
functional blocks and describe each in detail. The follow
ing description will use the B04BAH as the representative 
product for the family. See Figure I. 

2.1 Arithmetic Section 

The arithmetic section of the processor contains the basic 
data manipulation functions of the B04BAH and can be 
divided into the following blocks: 

• Arithmetic Logic Unit (ALU) 

• Accumulator 

• Carry Flag 

• Instruction Decoder 

In a typical operation data stored in the accumulator is 
combined in the ALU with data from another source on 
the internal bus (such as a register or 110 port) and the 
result is stored in the accumulator or another register. 

The following is more detailed description of the function 
of each block. 

INSTRUCTION DECODER 

The operation code (op code) portion of each program 
instruction is stored in the Instruction Decoder and con
verted to outputs which control the function of each of 
the blocks of the Arithmetic Section. These lines control 
the source of data and the destination register as well as 
the function performed in the ALU. 

ARITHMETIC LOGIC UNIT 

The ALU accepts B-bit data words from one or two sources 
and generates an B-bit result under control of the Instruc
tion Decoder. The ALU can perform the following 
functions: 
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• Add With or Without Carry 
• AND, OR, Exclusive OR 
• IncremenUDecrement 
• Bit Complement 
• Rotate Left, Right 
• Swap Nibbles 
• BCD Decimal Adjust 

If the operation performed by the ALU results in a value 
represented by more than B bits (overflow of most sig
nificant bit), a Carry Flag is set in the Program Status 
Word. 

ACCUMULATOR 

The accumulator is the single most important data register 
in the processor, being one of the sources of input to the 
ALU and often the destination of the result of operations 
performed in the ALU. Data to and from 110 ports and 
memory also normally passes through the accumulator. 

2.2 Program Memory 

Resident program memory consists of 1024, 204B, or 4096 
words eight bits wide which are addressed by the program 
counter. In the 874BH and the B749H this memory is user 
programmable and erasable EPROM; in the B04BAH/ 
B049AH/B050AH the. memory is ROM which is mask 
programmable at ,the factory. The B035AHL/B039AHL/ 
B040AHL has no internal program memory and is used 
with external memory devices. Program code is com
pletely interchangeable among the various versions. To 
access the upper 2K of program memory in the B050AH, 
and other MCS-4B devices, a select memory bank and a 
JUMP or CALL instruction must be executed to cross the 
2K boundary. 

There are three locations in Program Memory of special 
importance as shown in Figure 2. 

LOCATION 0 
Activating the Reset line of the processor causes the first 
instruction to be fetched from location O. 

LOCATION 3 
Activating the Interrupt input line of the processor (if 
interrupt is enabled) causes a jump to subroutine at lo
cation 3. 

LOCATION 7 
A timer/counter interrupt resulting from timer counter 
overflow (if enabled) causes a jump to subroutine at loca
tion 7. 

Therefore, the first instruction to be executed after ini
tialization is stored in location 0, the first word of an 
external interrupt service subroutine is stored in location 
3, and the first word of a timer/counter service routines 
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is stored in location 7. Program memory can be used to 
store constants as well as program instructions. Instruc
tions such as MOVP and MOVP3 allow easy access to 
data "lookup" tables. 
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PROGRAM HERE 

RESET VECTORS 
PROGRAM HERE 

Figure 2. Program Memory Map 

2.3 Data Memory 

Resident data memory is organized as 64, 128, or 256 by 
8-bits wide in the 8048AH, 8049AH and 8050AH. All 
locations are indirectly addressable through either of two 
RAM Pointer Registers which reside at address 0 and I 
of the register array. In addition, as shown in Figure 3, 
the first 8 locations (0--7) of the array are designated as 
working registers and are directly addressable by several 
instructions. Since these registers are more easily ad
dressed, they are usually used to store frequently accessed 
intermediate results. The DJNZ instruction makes very 
efficient use of the working registers as program loop 
counters by allowing the programmer to decrement and 
test the register in a single instruction. 

By executing a Register Bank Switch instruction (SEL 
RB) RAM locations 24--31 are designated as the working 
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registers in place of locations 0--7 and are then directly 
addressable. Th.is second bank of working registers may 
be used as an extension of the first bank or reserved for 
use during interrupt service subroutines allowing the reg
isters of Bank 0 used in the main program to be instantly 
"saved" by a Bank Switch. Note that if this second bank 
is not used, locations 24--31 are still addressable as general 
purpose RAM. Since the two RAM pointer Registers RO 
and RI are a part of the working register array, bank 
switching effectively creates two more pointer registers 
(ROland RII) which can be used with RO and RI to easily 
access up to four separate working areas in RAM at one 
time. RAM locations (8-23) also serve a dual role in that 
they contain the program counter stack as explained in 
Section 2.6. These locations are addressed by the Stack 
Pointer during subroutine calls as well as by RAM Pointer 
Registers RO and Rl. If the level of subroutine nesting is 
less than 8, all stack registers are not required and can be 
used as general purpose RAM locations. Each level of 
subroutine nesting not used provides the user with two 
additional RAM locations. 
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Figure 3. Data Memory Map 
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2.4 Input/Output 

The 8048AH has 27 lines which can be used for input or 
output functions. These lines are grouped as 3 ports of 8 
lines each which serve as either inputs, outputs or bidi
rectional ports and 3 "test" inputs which can alter pro~ 
gram sequences when tested by conditional jump 
instructions. 

PORTS 1 AND 2 

Ports 1 and 2 are each 8 bits wide and have identical 
characteristics. Data written to these ports is statically 
latched and remains unchanged until rewritten. As input 
ports these lines are non-latching, i.e., inputs must be 
present until read by an input instruction. Inputs are fully 
TTL compatible and outputs will drive one standard TTL 
load. 

The lines of ports I and 2 are called quasi-bidirectional 
because of a special output circuit structure which allows 
each line to serve as an input, and output, or both even 
though outputs are statically latched. Figure 4 shows 
the circuit configuration in detail. Each line is continu
ously pulled up to V CC through a resistive device of 
relatively high impedance. 

This pullup is sufficient to provide the source current for 
a TTL high level yet can be pulled low by a standard TTL 
gate thus allowing the same pin to be used for both input 
and output. To provide fast switching times in a "0" to 
"1" transition a relatively low impedance device is 
switched in momentarily (= 115 of a machine cycle) when
ever a "1" is written to the line. When a "0" is written 
to the line a low impedance device overcomes the light 
pullup and provides TTL current sinking capability. Since 
the pulldown transistor is a low impedance device a "1" 
must first be written to any line which is to be used as an 
input. Reset initializes all lines to the high impedance' , 1 ' , 
state. 

It is important to note that the ORL and theANL are read/ 
write operations. When executed, the J-LC "reads" the 
port, modifies the data according to the instruction, then 
"writes" the data back to the port. The "writing" (es
sentially an OUTL instruction) enables the low impedance 
pull-up momentarily again even if the data was unchanged 
from a "1." This specifically applies to configurations 
that have inputs and outputs mixed together on the same 
port. See also section 8 in the Expanded MCS-48 System 
chapter. 

BUS 

Bus is also an 8-bit port which is a true bidirectional port 
with associated input and output strobes. If the bidirec
tional feature is not needed, Bus can serve as either a 
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statically latched output port or non-latching input port. 
Input and output lines on this port cannot be mixed 
however. 

As a static port, data is written and latched using the OUTL 
instruction and inputted using the INS instruction. The 
INS and OUTL instructions generate pulses on the cor
responding RD and WR output strobe lines; however, in 
the static port mode they are generally not used. As a 
bidirectional port the MOVX instructions are used to read 
and write the port. A write to the port generates a pulse 
on the WR out~ line and output data is valid at the 
trailing edge of WR. A read of the port generates a pulse 
on the RD output line and input data must be valid at the 
trailing edge of RD. When not being written or read, the 
BUS lines are in a high impedance state. See also sections 
7 and 8 in the Expanded MCS-48 System chapter. 

2.5 Test and INT Inputs 
Three pins serve as inputs and are testable with the con
ditional jump instruction. These are TO, Tl, and INT. 
These pins allow inputs to cause program branches without 
the necessity to load an input port into the accumulator. 
The TO, Tl, and INT pins have other possible functions 
as well. See the pin description in Section 3. 

2.6 Program Counter and Stack 
The Program Counter is an independent counter while the 
Program Counter Stack is implemented suing pairs of reg
isters in the Data Memory Array. Only 10, II, or 12 bits 
of the Program Counter are used to address the 1024, 
2048, or 4096 words of on-board program memory of the 
8048AH, 8049AH, or 8050AH, while the most significant 
bits can be used for external Program Memory fetches. 
See Figure 5. The Program Counter is initialized to 
zero by activating the Reset line. 

1~IArol~I~I~I~I~I~I~I~I~I~1 
I 

i 
I 

Conventional Program Counter 
• Counts OOOH to 7FFH 
• Overflows 7FFH to OOOH 

Figure 5. Program Counter 

An interrupt or CALL to a subroutine causes the contents 
of the program counter to be stored in one of the 8 register 
pairs of the Program Counter Stack as shown in Figure 
6. The pair to be used is determined by a 3-bit Stack 
Pointer which is part of the Program Status Word (PSW). 
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Data RAM locations 8-23 are available as stack registers 
and are used to store the Program Counter and 4 bits of 
PSW as shown in Figure 6. The Stack Pointer .when 
initialized to 000 points to RAM locations 8 and 9. The 
first subroutine jump or interrupt results in the program 
counter contents being transferred to locations 8 and 9 of 
the RAM array. The stack pointer is then incremented by 
one to point to locations 10 and 11 in anticipation of 
another CALL. Nesting of subroutines wihtin subroutines 
can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (loca
tions 8 and 9) will be overwritten and lost since the stack 
pointer overflows from III to 000. It also underflows from 
000 to Ill. 

The end of a subroutine. which is signalled by a return 
instruction (RET or RETR). causes the Stack Pointer to 
be decremented and the contents of the resulting register 
pair to be transferred to the Program Counter. 

2.7 Program Status Word 

An 8-bit status word which can be loaded to and from the 
accumulator exists called the Program Status Word 
(PSW). Figure 7 shows the information available in 
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the word. The Program Status Word is actually a collection 
of flip-flops throughout the machine which can be read or 
written as a whole. The ability to write to PSW allows 
for easy restoration of machine status after a power down 
sequence. 

MSB 

SAVED IN STACK 
I 

CY CARRY 

STACK POINTER 
I 

AC AUXILIARY CARRY 
FO FLAG 0 
BS REGISTER BANK SELECT 

LSB 

Figure 7. Program Status Word (PSW) 

The upper four bits of PSW are stored in the Program 
Counter Stack with every call to subroutine or interrupt 
vector and are optionally restored upon return with the 
RETR instruction. The RET return instruction does not 
update PSW. 

The PSW bit definitions are as follows: 

Bits 0-2: Stack Pointer bits (So' SI' S2) 

Bit 3: 

Bit 4: 

Bit 5: 

Bit 6: 

Bit 7: 

Not used (" 1" level when read) 

Working Register Bank Switch Bit (BS) 
o = Bank 0 
1 = Bank 1 

Flag 0 bit (FO) user controlled flag which can 
be complemented or cleared, and tested with 
the conditional jump instruction JFO. 

Auxiliary Carry (AC) carry bit generated by 
an ADD instruction and used by the decimal 
adjust instruction DA A. 

Carry (CY) carry flag which indicates that the 
previous operation has resulted in overflow of 
the accumulator. 

2.8 Conditional Branch Logic 

The conditional branch logic within the processsor enables 
several conditions internal and external to the processor 
to be tested by the users program. By using the conditional 
jump instruction the conditions that are listed in Table 
1 can effect a change in the sequence of the program 
execution. 
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Table 1 

Jump Conditions 
Device Testable (Jum On) 

not all 
Accumulator All zeros zeros 
Accumulator Bit - I 
Carry Flag 0 I 
User Flags (FO, Fl) - I 
Timer Overflow Flag - \ 
Test Inputs (TO ,..!!) 0 \ 
Interrupt Input (INT) 0 -

2.9 Interrupt 

An interrupt sequenct! is initiated by applying a low' '0" 
level input to the INT pin. Interrupt is level triggered and 
active low to allow "WIRE ORing" of several interrupt 
sources at the input pin. Figure 8 shows the interrupt 
logic of the 8048AH. The Interrupt line is sampled every 
instruction cycle and when detected causes a "call to 
subroutine" at location 3 in program memory as soon as 
all cycles of the current instruction are complete. On 2-
cycle instructions the interrupt line is sampled on the 2nd 
cycle only. INT must be held low for at least 3 machine 
cycles to ensure proper interrupt operations. As in any 
CALL to subroutine, the Program Counter and Program 
Status word are saved in the stack. For a description of 
this operation see the previous section, Program Counter 
and Stack. Program Memory location 3 usually contains 
an unconditional jump to an interrupt service subroutine 
elsewhere in program memory. The end of an interrupt 
service subroutine is signalled by the execution of a Return 
and Restore Status instruction RETR. The interrupt system 
is single level in that once an interrupt is detected all 
further interrupt requests are ignored until execution of an 
RETR reenables the interrupt input logic. This occurs at 
the beginning of the second cycle of the RETR instruction. 
This sequence holds true also for an internal interrupt 
generated by timer overflow. If an internal timer/counter 
generated interrupt and an external interrupt are detected 
at the same time, the external source will be recognized. 
See the following Timer/Counter section for a·description 
of timer interrupt. If needed, a second external interrupt 
can be created by enabling the timer/counter interrupt, 
loading FFH in the Counter (ones less than terminal 
count), and enabling the event counter mode. A "\" to 
"0" transition on the Tl input will then cause an interrupt 
vector to location 7. 

INTERRUPT TIMING 

The interrupt input may be enabled or disabled under 
Program Control using the EN I and DIS I instructions. 
Interrupts are disabled by Reset and remain so until en-
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abled by the users program. An interrupt request must be 
removed before the RETR instruction is executed upon 
return from the service routine otherwise the processor 
will re-enter the service routine immediately. Many pe
ripheral devices prevent this situation by resetting their 
interrupt request line whenever the processor accesses 
(Reads or Writes) the peripherals data buffer register. If 
the interrupting device does not require access by the 
processor, one output line of the 8048AH may be des
ignated as an "interrupt acknowledge" which is activated 
by the service subroutine to reset the interrupt request. 
The INT pin may also be tested using the conditional jump 
instruction IN!. This instruction may be used to detect the 
presence of a pending interrupt before interrupts are en
abled. If interrupt is left disabled, INT may be used as 
another test input like TO and Tl. 

2.10 Timer/Counter 

The 8048AH contains a counter to aid the user in counting 
external events and generating accurate time delays with
out placing a burden on the processor for these functions. 
In both modes the counter operation is the same, the only 
difference being the source of the input to the counter. 
The timer/event counter is shown in Figure 9. 

COUNTER 

The 8-bit binary counter is presettable and readable with 
two MOV instructions which transfer the contents of the 
accumulator to the counter and vice versa. The counter 
content may be affected by Reset and should be initialized 
by software. The counter is stopped by a Reset or STOP 
TCNT instruction and remains stopped until started as a 
timer by a START T instruction or as an event counter 
by a START CNT instruction. Once started the_counter 
will increment to this maximum count (FF) and overflow 
to zero continuing its count until stopped by a STOP TCNT 
instruction or Reset. 

The increment from maximum count to zero (overflow) 
results in the setting of an overflow flag flip-flop and in 
the generation of an interrupt request. The state of the 
overflow flag is testable with the conditional jump instruc
tion JTF. The flag is reset by executing a JTF or by Reset. 
The interrupt request is stored in a latch and then ORed 
with the external interrupt input INT. The timer interrupt 
may be enabled or disabled independently of external in
terrupt by the EN TCNT! and DIS TCNT! instructions. 
If enabled, the counter overflow will cause a subroutine 
call to location 7 where the timer or counter service routine 
may be stored. 

If timer and external interrupts occur simultaneously, the 
external source will be recognized and the Call will be to 
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Figure 8. Interrupt Logic 

1-8 



SINGLE COMPONENT MCS®-48 SYSTEM 

PRESCALER 
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o 
STOPT 

LOAD OR READ 
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OVERFLOW 
FLAG 
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Figure 9. Timer/Event Counter 

location 3. Since the timer interrupt is latched it will re
main pending until the external device is serviced and 
immediately be recognized upon return from the service 
routine. The pending timer interrupt is reset by the Call 
to location 7 or may be removed by executing a DIS 
TCNT! instruction. 

AS AN EVENT COUNTER 

Execution of a START CNT instruction connects the TI 
input pin to the counter input and enables the counter. 
The T! input is sampled at the beginning of state 3 or in 
later MCS-48 devices in state time 4. Subsequent high to 
low transitions on T! will cause the counter to increment. 
T! must be held low for at least 1 machine cycle to insure 
it won't be missed. The maximum rate at which the 
counter may be incremented is once per three instruction 
cycles (every 5.7 p.sec when using an 8 MHz crystal)-
there is no minimum frequency. TI input must remain 
high for at least 115 machine cycle after each transition. 

AS A TIMER 

Eexcution of a START T instruction connects an internal 
clock to the counter input and enables the counter. The 
internal clock is derived bypassing the basic machine cycle 
clock through a .;. 32 prescaler. The prescaler is reset 
during the START T instruction. The resulting clock in
crements the counter every 32 machine cycles. Various 
delays from 1 to 256 counts can be obtained by presetting 
the counter and detecting overflow. Times longer than 256 
counts may be achieved by accumulating multiple over
flows in a register under software control. For time res-
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olution less than I count an external clock can be applied 
to the T 1 input and the counter operated in the event 
counter mode. ALE divided by 3 or more can serve as 
this external clock. Very small delays or "fine tuning" 
of larger delays can be easily accomplished by software 
delay loops. 

Often a serial link is desirable in an MCS-48 family mem
ber. Table 2 lists the timer counts and cycles needed 
for a specific baud rate given a crystal frequency. 

2.11 Clock and Timing Circuits 

Timing generation for the 8048AH is completely selfcon
tained with the exeception of a frequency reference which 
can be XT AL, ceramic resonator, or external clock source. 
The Clock and Timing circuitry can be divided into the 
following functional blocks. 

OSCILLATOR 

The on-board oscillator is a high gain parallel resonant 
circuit with a frequency range of 1 to 11 MHz. The Xl 
external pin is the input to the amplifier stage while X2 
is the output. A crystal or ceramic resonator connected 
between X I and X2 provides the feedback and phase shift 
required for oscillation. If an accurate frequency reference 
is not required, ceramic resonator may be used in place 
of the crystal. 

For accurate clocking, a crystal should be used. An ex
ternally generated clock may also be applied to Xl-X2 
as the frequency source. See the data sheet for more 
information. 
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Table 2. Baud Rate Generation 

Frequency Tey TO Prr(1/5 Tey) Timer Presealer 
(MHz) (32 Tey) 

4 3.75/-Ls 750ns 120/-LS 
6 2.50/-Ls 500ns 80/-LS 
8 1.88/-LS 375ns 60.2/-LS 

11 1.36/-LS 275ns 43.5/-LS 

Baud 4 MHz 6 MHz 8 MHz 11 MHz 
Rate Timer Counts + Timer Counts + Timer Counts + Timer Counts + 

Instr. Cycles Instr. Cycles Instr. Cycles Instr. Cycles 

110 75 +24 Cycles 113 + 20 Cycles 151 + 3 Cycles 208 + 28 Cycles 
.01% Error .01% Error .01% Error .01% Error 

300 27 + 24 Cycles 41 + 21 Cycles 55 + 13 Cycles 76 + 18 Cycles 
.1% Error .03% Error .01% Error .04% Error 

1200 6 + 30 Cycles 10 + 13 Cycles 12 +27 Cycles 19 + 4 Cycles 
.1% Erro( .1 % Error .06% Error .12% Error 

1800 4 + 20 Cycles 6 + 30 Cycles 9 + 7 Cycles 12 + 24 Cycles 
.1% Error .1% Error .17% Error .12% Error 

2400 3 + 15 Cycles 5 + 6 Cycles 6 + 24 Cycles 9 + 18 Cycles 
.1% Error .4% Error .29% Error .12% Error 

4800 1 + 23 Cycles 2 + 19 Cycles 3 + 14 Cycles 4 + 25 Cycles 
1.0% Error .4% Error 

STATE COUNTER 

The output of the oscillator is divided by 3 in the State 
Counter to create a clock which defines the state times of 
the machine (CLK). CLK can be made available on the 
external pin TO by executing an ENTO CLK instruction. 
The output of CLK on TO is disabled by Reset of the 
processor. 

CYCLE COUNTER 

CLK is then divided by 5 in the Cycle Counter to pro
vide a clock which defines a machine cycle consisting 
of 5 machine states as shown in Figure 10. Figure 11 
shows the different internal operations as divided into 
the machine states. This clock is called Address Latch 
Enable (ALE) because of its function in MCS-48 sys
tems with external memory. It is provided continuous
lyon the ALE output pin. 

2.12 Reset 

The reset input provides a means for initialization for the 
processor. This Schmitt-trigger input has an internal pull
up device which in combination with an external 1 /-L fd 
capacitor provides an internal reset pulse of sufficient 
length to guarantee all circuitry is reset, as shown in Figure 
12. If the reset pulse is generated externally the RESET 
pin must be held low for at least 10 milliseconds after the 

1·10 

.74% Error .12% Error 

power supply is within tolerance. Only 5 machine cycles 
(6.8 ·/-LS @ 11 MHz) are required if power is already on 
and the oscillator has stabilized. ALE and PSEN (if EA 
= 1) are active while in Reset. 

Reset performs the following functions: 

1) Sets program counter to zero. 

2) Sets stack pointer to zero. 

3) Selects register bank O. 

4) Selects memory bank O. 

5) Sets BUS to high impedance state (except when 
EA = 5V). 

6) Sets Ports 1 and 2 to input mode. 

7) Disables interrupts (timer and external). 

8) Stops timer. 

9) Clears timer flag. 

10) Clears FO and Fl. 

11) Disables clock output from TO. 
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Figure 10. MCS®-48 Timing Generation and Cycle Timing 

2.13 Single-Step 

This feature,' as pictured in Figure 13, provides the 
user with a debug capability in that the processor can be 
stepped through the program one instruction at a time. 
While stopped, the address of the next instruction to be 
fetched is available concurrently on BUS and the lower 
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half of Port 2. The user can therefore follow the program 
through each of the instruction steps. A timing diagram, 
showing the interaction between output ALE and input 
55, is shown. The BUS buffer contents are lost during 
single step; however, a latch may be added to reestablish 
the lost 110 capability if needed. Data is valid at the leading 
edge of ALE. 
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Figure 12. 

The 8048AH operates in a single-step mode as follows: 

I) The processor is requested to stop by applying a low 
level on SS. 

2) The processor responds by stopping during the address 
fetch portion of the next instruction. If a double cycle 
instruction is in progress when the single step com
mand is received, both cycles will be completed before 
stopping. 

3) The processor acknowledges it has entered the stopped 
state by raising ALE high. In this state (which can be 
maintained indefinitely) the address of the next instruc
tion to be fetched is present on BUS and the lower 
half of port 2. 

4) SS is then raised high to bring the processor out of the 
stopped mode allowing it to fetch the next instruction. 
The exit from stop is indicated by the processor bring
ing ALE low. 

S) To stop the processor at the next instruction SS must 
be brought low again soon after ALE goes low. If SS 
is left high the processor remains in a "Run" mode. 

A diagram for implementing the single-step function of 
the 8748H is shown in Figure 13. D-type flip-flop with 
preset and clear is used to generate SS. In the run rnode 
ss is held high by keeping the flip-flop preset (preset has 
precedence over the clear input). To enter single step, 
preset is removed allowing ALE to bring SS low via the 
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clear input. ALE should be buffered since the clear input 
of an SN7474 is the equivalent of 3 TTL loads. The 
processor is now in the stopped state. The next instruction 
is initiated by clockl!!g a "I" into the flip-flop. This "I" 
will not appear on SS unless ALE is high removing clear 
from the flip-flop. In response to SS going high the pro
cessor be~s an instruction fetch which brings ALE low 
resetting SS through the clear input and causing the pro
cessor to again enter the stopped state. 

2.14 Power Down Mode 
(8048AH, 8049AH, 8050AH, 
8039AHL, 8035AHL, 8040AHL) 

Extra circuitry has been added to the 8048AH/8049AHI 
80S0AH ROM version to allow power to be removed from 
all but the data RAM array for low power standby oper
ation. In the power down mode the contents of data RAM 
can be maintained while drawing typically 10% to 15% 
of normal operating power requirements. 

v cc serves as the SV supply pin for the bulk of circuitry 
while the V DD pin supplies only the RAM array. In normal 
operation both pins are a SV while in standby, V cc is at 
ground and V DD is maintained at its standby value. Ap
plying Reset to the processor through the RESET pin 
inhibits any access to the RAM by the processor and 
guarantees that RAM cannot be inadvertently altered as 
power is removed from V cc. 

A typical power down sequence (Figure 14) occurs as 
follows: 

1) Imminent power supply failure is detected by user de
fined circuitry. Signal must be early enough to allow 
8048AH to save all necessary data before V cc falls 
below normal operating limits. 

2) Power fail signal is used to interrupt processor and 
vector it to a power fail service routine. 

3) Power fail routine saves all important data and machine 
status in the internal data RAM array. Routine may 
also initiate transfer of backup supply to the V DD pin 
and indicate to external circuitry that power fail routine 
is complete. 

4) Reset is applied to guarantee data will not be altered 
as the power supply falls out of limits. Reset must be 
held low until V cc is at ground level. 

Recovery from the Power Down mode can occur as any 
other power-on sequence with an external capacitor on 
the Reset input providing the necessary delay. See the 
previous section on Reset. 
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Figure 14. Power Down Sequence 

2.15 External Access Mode 

Nonnally the first IK (8048AH), 2K (8049AH), or 4K 
(8050AH) words of program memory are automatically 
fetched from internal ROM or EPROM. The EA input pin 
however allows the user to effectively disable internal 
program memory by forcing all program memory fetches 
to reference external memory. The following chapter ex
plains how access to external program memory is 
accomplished. 

The External Access mode is very useful in system test 
and debug because it allows the user to disable his internal 
applications program and substitute an external program 
of his choice - a diagnostic routine for instance. In ad
dition, the date sheet shows how internal program mem
ory can be read externally, independent of the processor. 
A "I" level on EA initiates the external accesss mode. 
For proper operation, Reset should be applied while the 
EA input is changed. 

2.16 Sync Mode 

The 8048AH, 8049AH, 8050AH has incorporated a new 
SYNC mode. The Sync mode is provided to ease the 
design of multiple controller circuits by allowing the de
signer to force the device into known phase and state time. 
The SYNC mode may also be utilized by automatic test 
equipment (ATE) for quick, easy, and efficient synchro
nizing between the tester and the OUT (device under test). 

SYNC mode is enabled when SS' pin is raised to high 
voltage level of + 12 volts. To begin synchronization, TO 
is raised to 5 volts at least four clocks cycles after SS'. 
TO must be high for at least four X I clock cycles to fully 
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reset the pres caler and time state generators. TO may then 
be brought down with the rising edge of X I. Two clock 
cycles later, with the rising edge of XI, the device enters 
into Time State I, Phase I, SS' is then brought down to 
5 volts 4 clocks later after TO. RESET' is allowed to go 
high 5 tCY (75 clocks) later for nonnal execution of code. 
See Figure 15. 
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3.0 PIN DESCRIPTION 

The MCS-48 processors are packaged in 40 pin Dual In
Line Packages (DIP's). Table 3 is a summary of the 
functions of each pin. Figure 16 is the logic symbol 
for the 8048AH product family. Where it exists, the sec
ond paragraph describes each pin's function in an ex
panded MCS-48 system. Unless otherwise specified, each 
input is TTL compatible and each output will drive one 
standard TTL load. 

Figure 16. 8048AH and 8049AH Logic Symbol 
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Table 3. Pin Description 

Pin 
Designation Number· Function 

Vss 20 Circuit GND potential 

VDD 26 Programming power supply; 21 V during program for the 8748H/8749H; + 5V during 
operation for both ROM and EPROM. Low power standby pin in 8048AH and 
8049AH/8050AH ROM versions. 

Vee 40 Main power supply; +5V during operation and during 8748H and 8749H pro-
gramming. 

PROG 25 Program pulse; + 18V input pin during 8748H /8749H programming. Output strobe 
for 8243 I/O expander. 

P10-P17 27-34 8-bit quasi-bidirectional port. (Internal Pullup = 50K!}) 
(Port I) 

P20-P27 21-24 8-bit quasi-bidirectional port. (Internal Pullup = 50K!}) 
(Port 2) 35-38 

P20-P23 contain the four high order program counter bits during an external pro-
gram memory fetch and serve as a 4-bit I/O expander bus for 8243. 

00-07 12-19 True bidirectional port which can be written or read synchronously using the RD, 
(BUS) WR strobes. The port can also be statically latched. 

Contains the 8 low order program counter bits during an external program mem-
ory fetch, and receives the addressed instruction under the control of PSEN. Also 
contains the address and data during an external RAM data store instruction, 
under control of ALE, RD, and WR. 

TO I Input pin testable using the conditional transfer instructions JTO and J NTO. TO 
can be designated as a clock output using ENTO CLK instruction. TO is also used 
during programming and sync mode. 

TI 39 Input pin testable using the JTI, and JNTI instructions. Can be designated the 
event counter input using the STRT CNT instruction. (See Section 2.10). 

INT 6 Interrupt input. Initiates an interrupt if interrupt is enabled. Interrupt is disabled 
after a reset. (Active low) 

Interrupt'must remain low for at least 3 machine cycles to ensure proper operation. 
--RD 8 Output strobe activated during a BUS read. Can be used to enable data onto the 

BUS from an external device. (Active low) 

Used as a Read Strobe to External Data Memory. 

RESET 4 Input which is used to initialize the processor. Also used during EPROM programming 
and verification. (Active low) (Internal pulJup = 80K fi) 

WR 10 Output 'strobe during a BUS write. (Active low) Used as write strobe to external 
data memory. 

ALE II Address Latch Enable. This signal occurs once during each cycle and is useful as 
a clock output. 

The negative edge of ALE strobes address into external data and program memory. 
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Table 3. PIn, Description (Continued) 

Pin 
Designation Number· Function 

--
PSEN 9 Program Store Enable. This output occurs only during a fetch to external program 

memory. (Active low) 
-
SS 5 Single step input can be used in conjunction with ALE to "single step" the processor 

thrOl.!gh each instruction. (Active low) (Internal pullup = 300Kfl) + 12Y for sync 
modes (See 2.16). 

EA 7 External Access input which forces all program memory fetches to reference ex-
ternal memory. Useful for emulation and debug, and essential for testing and pro-
gram verification. (Active high) +12Y for 8048AH/8049AH/8050AH program 
verification and + 18Y for 8748H /8749H program verification (Internal pullup = 
IOMfl on 8048AH/8049AH/8035AHL/8039AHL/8050AH/8040AHL) 

XTALI 2 One side of crystal input for internal oscillator. Also input for external source. 

XTAL2 3 Other side of crystal/external source input. 

'Unless otherwise stated, inputs do not have internal pullup resistors .. 8048AH. 8748H. 8049AH, 8050AH, 8040AHL 

4.0 PROGRAMMING, VERIFYING AND 
ERASING EPROM 

The internal Program Memory of the 8748H and the 
8749H may be erased and reprogrammed by the user as 
explained in the following sections. See also the 8748H 
and 8749H data sheets. 

4.1 ProgramminglVerlficatlon 

In brief, the programming process consists of: activating 
the program mode, applying an address, latching the ad
dress, applying data, and applying a programming pulse. 
This programming algorithm applies to both the 8748H 
and 8749H. Each word is programmed completely before 
moving on to the next and is followed by a verification 
step. The following is a list of the pins used for program
ming and adescsription of their functions: 

Pin 
XTAL I 
Reset 
Test 0 

EA 
BUS 

P20-1 
P20-2 
VDD 

PROG 
PIO-PII 

Function 
Clock Input (3 to 4 MHz) 
Initialization and Address Latching 
Selection of Program (OV) or Verify 
(SV) Mode 
Activation of Program/Verify Modes 
Address and Data Input Data Output 
During Verify 
Address Input for 8748H 
Address Input for 8749H 
Programming Power Supply 
Program Pulse Input 
Tied to ground (8749H only) 
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8748H AND 8749H ERASURE 
CHARACTERISTICS 

The erasure characteristics of the 8748H and 8749H are 
such that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 Angs
troms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8748H and 8749H in approximately 3 years while it would 
take approximately I week to cause erasure when exposed 
to direct sunlight. If the 8748H or 8749H is to be exposed 
to these types of lighting conditions for extended periods 
of time, opaque labels should be placed over the 8748H 
window to prevent unintentional erasure. 

When erased, bits of the 8748H and 8749H Program Mem
ory are in'the logic "0" state. 

The recommended erasure procedure for the 8748Hand 
8749H is exposure to shortwave ultraviolet light which 
has a wavelength of 2S37 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of ISW-sec/cm2. The erasure time 
with this dosage is approximately IS to 20 minutes using 
an ultraviolet lamp with a 12000/-,W/cm2 power rating. 
The 8748H and 8749H should be placed within one inch 
from the lamp tubes during erasure. Some lamps have a 
filter in their tubes and this filter should be removed before 
erasure. 
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COMBINATION PROGRAMIVERIFY MODE (EPROM. ONLY) 

18V / 
EA 5V ____ -J 

1--------PROGRAM-------+--VERIFY--1----PROGRAM
tTw-1 

TO 

r-----tww-

~-----------------4--------~ 

tAW+----r~+tWA 

~ r-~D~A;TA~T;O~B~E--~ 
DBO-DB7 --'""" - - PROGRAMMED VALID 

P20-P22 LAST 
ADDRESS 

VERIFY MODE (ROM/EPROM) 

EA _-.J/ 

NEXT 
ADDRESS 

- - - - - - - =--.,:'!..-------

*TO, 

RESET \ _____ -.oJ/ 

DBO-DB7 =>---
P20-P22 

NOTES: 

ADDRESS 
(0-7) VALID 

ADDRESS (8-10) VALID 

---( NEXT X NEXTDATA}- __ _ 
\... __ .;.;A;;;.D;;;.D;.;.RE;;,;S;,;S~J. . OUT VALID. 

NEXT ADDRESS VALID 

1. PROG MUST FLOAT IF EA IS LOW (I.E., oF leV). 

°TO ON EPROM ONLY. 

Figure 17. ProgramNerlfy Sequence for 8749H/8748H 
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EXPANDED MCS®-48 SYSTEM 

1.0 INTRODUCTION 

If the capabilities resident on the single-chip S04SAHI 
S74SHlS035AHL/S049AHlS749H1S039AHL are not suf
ficient for your system requirements, special on-board cir
cuitry allows the addition of a wide variety of external 
memory, 110, or special peripherals you may require. The 
processors can be directly and simply expanded in the 
foilowing areas: 

• Program Memory to 4K words 

• Data Memory to 320 words (3S4 words with 
8049AH) 

• 110 by unlimited amount 

• Special Functions using SOSO/SOS5AH peripherals 

By using bank switching techniques, maximum capability 
is essentially unlimited. Bank switching is discussed later 
in the chapter. Expansion is accomplished in two ways: 

l) Expander 110 - A special 110 Expander circuit, the 
S243, provides for the addition of four 4-bit Input! 
Output ports with the sacrifice of only the lower half 
(4-bits) of port 2 for inter-device communication. Mul
tiple S243's may be added to this 4-bit bus by gen
erating the required "chip select" lines. 

2) Standard SOS5 Bus - One port of the 804SAHI 
S049AH is like the S-bit bidirectional data bus of the 
SOS5 microcomputer system allowing interface to the 
numerous standard memories and peripherals of the 
MCS@-SO/S5 microcomputer family. 

MCS-4S systems can be configured using either or both 
of these expansion features to optimize system capabilities 
to the application. 

Both expander devices and standard memories and pe
ripherals can be added in virtually any number and com
bination required. 

2.0 EXPANSION OF PROGRAM MEMORY 

Program Memory is expanded beyond the resident IK or 
2K words by using the SOS5 BUS feature of the MCSaI-
4S. All program memory fetches from the addresses less 
than 1024 on the S04SAH and less than 204S on the 
S049AH occur internally with no external signals being 
generated (except ALE which is always present). At ad
dress 1024 on the S04SAH, the processor automatically 
initiates external program memory fetches. 

2.1 Instruction Fetch Cycle (External) 

As shown in Figure 1, for all instruction fetches from 
addresses of 1024 (204S) or greater, the following will 
occur: 
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1) The contents of the 12-bit program counter will be 
output on BUS and the lower half of port 2. 

2) Address Latch Enable (ALE) will indicate the time at 
which address is valid. The trailing edge of ALE is 
used to latch the address externally. 

3) Program Store Enable (PSEN) indicates that an exter
nal instruction fetch is in progress and serves to enable 
the external memory device. 

4) BUS reverts to input (floating) mode and the processor 
accepts its 8-bit contents as an instruction word. 

ALE J L 
PSEN 

FLOATING 

BUS ~FLOATINGO: FLOATING 

ADDRESS INSTRUCTION 

Figure 1. Instruction Fetch from 
External Program Memory 

All instruction fetches, including internal addresses, can be 
forced to be external by activating the EA pin of the S04SAHI 
S049AH1S050AH.TheS035AfUJS039AfUJS04OAHLpnr 
cessors without program memory always operate in the ex
ternal program memory mode (EA = 5V). 

2.2 Extended Program Memory 
Addressing (Beyond 2K) 

For programs of 2K words or less, the S04SAHlS049AH 
addresses program memory in the conventional manner. 
Addresses beyond 2047 can be reached by executing a 
program memory bank switch instruction (SEL MBO, SEL 
MBl) followed by a branch instruction (JMP or CALL). 
The bank switch feature extends the range of branch in
structions beyond their normal 2K range and at the same 
time prevents the user from inadvertently crossing the 2K 
boundary. 

PROGRAM MEMORY BANK SWITCH 

The switching of 2K program memory banks is accom
plished by directly setting or resetting the most significant 
bit of the program counter (bit 11); see Figure 2. Bit 
11 is not altered by normal incrementing of the program 
counter but is loaded with the contents of a special flip
flop each time a JMP or CALL instruction is executed. 
This special flip-flop is set by executing an SEL MB 1 
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instruction and reset by SEL MBO. Therefore, the SEL 
MB instruction may be executed at any time prior to the 
actual bank switch which occurs during the next branch 
instruction encountered. Since all twelve bits of the pro
gram counter, including bit 11, are stored in the stack, 
when a Call is executed, the user may jump to subroutines 
across the 2K boundary and the proper bank will be re
stored upon return. However, the bank switch flip-flop 
will not be altered on return. 

I Al+l0 I Asl Asl A71 Asl Asl A.t I A31 A21 Al I AD I C I 

Conventional Pr~gram Counter 
• Counts OOOH to 7FFH 

. • Overflows 7FFH to OOOH 
JMP or CALL Instructions transfer contents 
of Internal fIIpliop to All 

• Fllpllop set by SEL MBl 
• Fllpllop reset by SEL MBO 

or by RESET 

During Interrupt service routine 
All Is forced to "0" 
All 12 bits are saved In stack 

Figure 2. Program Counter 

INTERRUPT ROUTINES 

Interrupts always vector the program counter to location 
3 or 7 in the first 2K bank, and bit II of the program 

3 
PORT 20-22 

S04SAH ALE 

rr=V 
74LS373 
LATCH 

A 

BUS 8 

PSEN 

counter is held at "0" during the interrupt service routine. 
The end of the service routine is signalled by the execution 
of an RETR instruction. Interrupt service routines should 
therefore be contained entirely in the lower 2K words of 
program memory. The execution of a SEL MBO or SEL 
MB I instruction within an interrupt routine is not rec
ommended since it will not alter PC II while in the routine. 
but will change the internal flip-flop. 

2.3 Restoring I/O Port Information 

Although the lower half of Port 2 is used to output the 
four most significant bits of address during an external 
program memory fetch, the I/O information is still out
puted during certain portions of each machine cycle. 110 
information is always present on Port 2's lower 4 bits at 
the rising edge of ALE and can be sampled or latched at 
this time. 

2.4 Expansion Examples 

Shown in Figure 3 is the addition of 2K words of 
program memory using an 2716A 2K x 8 ROM to give 
a total of 3K words of program memo!Y:.l!! this case no 
chip select decoding is required and PSEN enables the 
memory \Iirectly through the chip select input. If the sys
tem requires only 2K of program memory, the same con
figuration can be used with an 8035AHL substituted for 
the 804SAH. The S049AH would provide 4K of program 
memory with the same configuration. 

V 
1(> ADDRESS 

2716 
EPROM 

DATA 
OUT 
CS 

USING 2K • 8 EPROM 

Figure 3. Expanding MCS®~48 Program Memory Using Standard Memory Products 
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ALE 

RD 

lOW 2K x 8 

lOR ROMI 
EPROM 
WITH 

AlDD_7 8~~1 . 

8755 

As-AlD. CS 

1/0 

Figure 4 shows how the 8755/8355 EPROM/ROM with 
110 interfaces directly to the 8048AH without the need 
for an address latch. The 8755/8355 contains an internal 
8-bit address latch eliminating the need for an 8212 latch. 
In addition to a 2K x 8 program memory, the 8755/8355 
also contains 16 110 lines addressable as two 8-bit ports. 
These ports are addressed as external RAM; therefore the 
RD and WR outputs of the 8048AH are required. See the 
following section on data memory expansion for more 
detail. The subsequent section on 110 expansion explains 
the operation of the 16 I/O lines. 

3.0 EXPANSION OF DATA MEMORY 

Data Memory is expanded beyond the resident 64 words 
by using the 8085AH type bus feature of the MCSiI!l-48. 

3.1 ~ead/Write Cycle 

Figure 4. External Program Memory Interface 

All address and data is transferred over the 8 lines of 
BUS. As shown in Figure 5, a read or write cycle 
occurs as follows: 

ALE J L 

BUS FLOATING XADDRESSX ~ 
It -----------------

FLOATING 

FLOATING 

READ FROM EXTERNAL DATA MEMORY 

ALE J L 

BUS FLOATING FLOATING 

WRITE TO EXTERNAL DATA MEMORY 

Figure 5. External Data Memory Timings 
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1) The contents ofregister RO or R'1 is outputed on BUS, 

2) Address . Latch Enable (ALE) indicates addresss is 
valid, The trailing edge of ALE is used to latch the 
address externally. . 

3) A read (RD) or write (WR) pulse on the corresponding 
output pins of the 8048AH indicates the type of data 
memory access i!!.E!:0gress. Output data is valid at the 
trailing edge of WR and input data must be valid at 
the trailing edge of RD. 

4) Dat (8 bits) is transferred in or out over BUS. 

3.2 Addressing External Data Memory 

External Data Memory is ilccessed with its own two-cycle 
move instructions. MOVXA, @R and MOVX@R, A, 
which transfer 8 bits of data between the accumulator and 
the external memory location addressed by the contents 
of one of the RAM Pointer Registers RO and Rl. This 
allows 256 locations to be addressed in addition to the 
resident locations. Additional pages may be added by 
"bank switching" with extra output lines ofthe 8048AH. 

3.3 Examples of Data Memory Expansion 

Figure 6 shows how the 8048-AH can be expanded 
using the 8155 memory and I/O expanding device. Since 
the 8155 has an internal8-bit address latch, it can interface 
directly to the 8048AH without the use of an external 
latch. The 8155 provides an additional 256 words of static 
data memory and also includes 22 I/O lines and a 14-bit 
timer. See the following section on 110 expansion and the 
8155 data sheet for more details on these additional 
features. 

BUS 8 

ALE 

8048AH WR 
iffi 

PORT 

3 TEST 
INPUTS 

18 lID 

4.0 EXPANSION OF INPUT/OUTPUT 

There are four possible modes of 110 expansion with the 
8048AH: one using a special low-cost expander, the 8243; 
another using standard MCS-80/85110 devices; and a third 
using the combination memory 110 expander devices the 
8155,8355, and 8755. It is also possible to expand using 
standard TTL devices. 

4.1 I/O Expander Device 

The most efficient means of 110 expansion for small sys
tems is the 8243 110 Expander Device which requires only 
4 port lines (lower half of Port 2) for communication with 
the 8048AH. The 8243 contains four 4-bit 110 ports which 
serve as an extension of the on-chip I/O and are addressed 
as ports #4-7 (see Figure 13-7). The following operations 
may be performed on these ports: 

. • Transfer Accumulator to Port 

• Transfer Port to Accumulator 

• AND Accumulator to 'Port 

• OR Accumulator to Port 

A 4-bit transfer from a port to the lower half of the Ac
cumulator sets the most significant four bits to zero. All 
communication between the 8048AH and the 8243 occurs 
over Port 2 lower (P20-P23) with timing provided by an 
output pulse on the PROG pin of the processor. Each trans
fer consists of two 4-bit nibbles: The first containing the 
"op code" and port address, and the second containing 
the actual 4 bits of data . 

...j-. 

ADO_7 
v 

ALE 8155 

256' 8 

WI! RAM 

AD 
101M 

22 1/0 

TIMER IN 

TIMER OUT 

Figure 6. 8048AH Interface to 256 x 8 Standard Memories 

2-4 



EXPANDED MCS®-48 SYSTEM 

~I/O 
" v 

PROG 
A 

2 -.J ~J;JTS BOSOAH 
8049AH " B048AH 

" P2D-P23 4. 

" v 

n CHIP SELECT CONNECTIO -= THAN ONE EXPANDER IS 
N IF MORE 

USED 

CS 

P4 4 1/0 

PROG 
~ v 

A 
PS 4 1/0 

8243 
A " P6 4 1/0 

DATA IN 
v 

P2 
P7 4 1/0 

v 

EXPANDER INTERFACE 

BITS 0, 1 BITS 2, 3 

01 PORT 01 WRITE 

~G \ / 
......... -----' 

10 ADDRESS 10 OR 

P20-P23 --<"" ___ JX"-_____ J)>-----

~O} DO} READ 

11 11 AND 

DATA (4-BITS) ADDRESS 
AND OPCODE 

(4-BITS) OUTPUT EXPANDER TIMING 

Figure 7. 8243 Expander 1/0 Interface 

Nibble I 

3 2 I 0 

II II I A IA I 
Instruction 

Code 

II 

00 Read 
01 Write 
100R 
II AND 

Port 
Address 

Nibble 2 

2 I 0 

I did I did I 
data 

AA 
00 - Port #4 
01 - Port #5 
10 - Port #6 
II - Port #7 

A high to low transition of the PROG line indicates that 
address is present, while allow to high transition indicates 
the presence of data. Additional 8243's may be added to 
the four-bit bus and chip selected using additional output 
lines from the 8048AHJ8748H. 

1/0 PORT CHARACTERISTICS 

Each of the four 4-bit ports of the 8243 can serve as either 
input or output and can provide high drive capability in 
both the high and low state. 
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4.2 1/0 Expansion with Standard 
Peripherals 

Standard MCS-80/85 type 110 devices may be added to 
the MCS@-48 usin~ the same bus and timin~ used for Data 
Memory expansion. Figure 8 shows an example of how 
an 8048AH can be connected to an MCS-85 peripheral. 
110 devices reside on the Data Memory bus and in the 
data memory address space and are accessed with the same 
MOVX instructions. (See the previous section on data 
memory expansion for a description of timing.) The fol
lowing are a few of the Standard MCS-80 devices which 
are very useful in MCS@-48 systems: 

• 8214 Priority Interrupt Encoder 
• 8251 Serial Communications Interface 
• 8255 General Purpose Programmable 110 
• 8279 Keyboard/Display Interface 
• 8254 Interval Timer 

4.3 Combination Memory and 
1/0 Expanders 

As mentioned in the sections on program and data memory 
expansion, the 8355/8755 and 8155 expanders also contain 
110 capability. 
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8 KEYBOARD 
INPUTS 

INT INT 

P20 C/D 

8279 
KEYBOARD SCAN 

8048AH QISPLAY OUTPUTS 

RD liD 
WR WR 

(A) DISPLAY 
OUTPUT 

BUS 8 DATA (B) DISPLAY 
BUS OUTPUT 

CS 

-=-

Figure 8. Keyboard/Display Interface 

8355/8755: These two parts of ROM and EPROM equiv
alents and therefore contain the same I/O structure. I/O 
consists of two 8-bit ports which normally reside in the 
external data memory address space and are accessed with 
MOVX instructions. Associated with each port is an 8-
bit Data Direction Register which defines each bit in the 
port as either an input or an output. The data direction 
registers are directly addressable, thereby allowing the 
user to define under software control each individual bit 
of the ports as either input or output. All outputs are 
statically latched and double buffered. Inputs are not 
latched. 

8155/8156: I/O on the 8155/8156 is configured as two 
8-bit programmable I/O ports and one 6-bit programmable 

804BAH 

PORT 2 8 

port. These three. registers and a Control/Status register 
are accessible as external data memory with the MOVX 
instructions. The contents of the control register deter
mines the mode of the three ports. The ports can be pro
grammed as input or output with or without associated 
handshake communication lines. In the handshake mode, 
lines of the six-bit port become input and output strobes 
for the two 8-bit ports. Also included in the 8155 is a 
14-bit programmable timer. The clock input to the timer 
and the timer overflow output are available on external 
pins. The timer can be programmed to stop on terminal 
count or to continuously reload itself. A square wave or 
pulse output on terminal count can also be specified. 

PROG~----------~~------------~------------~--------------J 

Figure 9. Low Cost I/O Expansion 
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110 EXPANSION EXAMPLES 

Figure 9 shows the expansion of 110 using multiple 
8243's. The only difference from a single 8243 system is 
the addition of chip selects provided by additional 8048AH 
output lines. Two output liens and a decoder could also 
be used to address the four chips. Large numbers of8243's 
would require a chip select decoder chip such as the 8205 
to save 1/0 pins. 

AI) 8255 
A1 PROGRAM· PORT 

MABLE A 
PERIPHERAL 

8048AH ALE INTERFACE PORT 

RO B 

PORT 
C 

CS 

OPTION #1 -= 

Figure 10 shows the 8048AH interface to a standard 
MCS<B-80 peripheral; in this case, the 8255 Programmable 
Peripheral Interface, a 40-pin part which provides three 
8-bit programmable 110 ports. The 8255 bus interface is 
typical of programmable MCS®-80 peripherals with an 
8-bit bidirectional data bus, a RD and WR input for Read! 
Write control, a CS (chip select) input used to enable the 
Read!Write control logic and the address inputs used to 
select various internal registers. 

P20 AI) 8255 
P21 A1 PROGRAM· PORT 

MABLE A 
PERIPHERAL 

8048AH _ INTERFACE PORT 

RO iiii B 

WR ViR PORT 
C 

BUS 8 00-1 
CS 

OPTION #2 -= 

Figure 10. Interface, to MCS®-80 Peripherals 

Interconnection to the 8048AH is very straightforward 
with BUS, RD, and WR connecting directly to the cor
responding pins on the 8255. The only design consider
ation is the way in which the internal registers of the 8255 
are to be addressed. If the registers are to be addressed 
as external data memory using the MOVX instructions, 
the appropriate number of address bits (in this case, 2) 
must be latched on BUS using ALE as described in the 
section on external data memories. If only a single device 

, is connected to BUS, the 8255 may be continuously se
lected by grounding CS. If multiple 8255's are used, ad~ 
ditional address bits can be latched and used as chip 
selects. 

A second addressing method eliminates external latches 
and chip select decoders by using output port lines as ad
dress and chip select lines directly. rhis method. of 
course, reljuires the setting of an output port with address 
information prior to executing a MOVX instruction. 

5.0 MULTI-CHIP MCS®-48 SYSTEMS 

Figure 11 shows the addition of two memory expanders 
to the 8048AH, one 8355/8755 ROM and one 8156 RAM. 
The main consideration in designing such a system is the 
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addressing" of the various memories and 110 ports. Note 
that in this configuration address lines AIO and All have 
been ORed to chip select the 8355. This ensures that the 
chip is active for all external program memory fetches in 
the lK to 3K range and is disabled for all other addresses. 
This gating has been added to allow the 110 port of the 
8355 to be used. If the chip was left selected all the time, 
there would be conflict between these ports and the RAM 
and 110 of the 8156. The NOR gate could be eliminated 
and All connected directly to the CE (instead of CE) input 
of the 8355; however, this would create a lK word "hole" 
in the program memory by causing the 8355 to be active 
in the 2K and 4K range instead of the normal lK to 3K 
range. 

10 this system the various locations are addressed as 
follows: 

• Data RAM - Addresses 0 to 255 when Port 2 Bit 
o has been previously set = 1 and Bit 1 set = 0 

• RAM 110 - Addresses 0 to 3 when Port 2 Bit 0 = 
1 and Bit 1 = 1 

• ROM 110 - Addresses 0 to 3 when Port 2 Bit 2 or 
Bit 3 = 1 

See the memory map in Figure 12. 
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8156/8355 

TIMER 
OUT 

Figure 11. The Three-Component MCS®-48 System 

6.0 MEMORY BANK SWITCHING 

Certain systems may require more than the 4K words of 
program memory which are directly addressable by the 
program counter or more than the 256 data memory and 
110 locations directly addressable by the pointer registers 
RO and Rl. These systems can be achieved using "bank 
switching" techniques. Bank switching is merely the se
lection of various blocks of "banks" of memory using 
dedicated output port lines from the processor. In the case 
of the 8048AH, program memory is selected in blocks of 
4K words at a time, while data memory and 110 are en
abled 256 words at a time. 

The most important consideration in implementing two or 
more banks is the software required to cross the bank 
boundaries. Each crossing of the boundary requires that 
the processor first write a control bit to an output port 
before accessing memory or 110 in the new bank. If pro
gram memory is being switched, programs should be or
ganized to keep boundary crossings to a minimum. 
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Jumping to subroutines across the boundary should be 
a,voided when possible since the programmer must keep 
track of which bank to return to after completion of the 
subroutine. If these subroutines are to be nested and ac
cessed from either bank, a software "stack" should be 
implemented to save the bank switch bit just as if it were 
another bit of the program counter. 

From a hardware standpoint bank switching is very 
straightforward and involves only the connection of an 
110 line or lines as bank enable signals. These enables are 
ANDed with normal memory and 110 chip select signals 
to activate the' proper bank. 

7.0 CONTROL SIGNAL SUMMARY 

Table 1 summarizes the instructions which activate the 
various control outputs of the MCS®-48 processors. Dur
ing all other instructions these outputs are driven to the 
active state. 
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Table 1. MCS®·48 Control Signals 
The latched mode (INS, OUTL) is intended for use in the 
single-chip configuration where BUS is not begin used as 
an expander port. OUTL and MOVX instructions can be 
mixed if necessary. However, a previously latched output 
will be destroyed by executing a MOVX instruction and 
BUS will be left in the high impedance state. INS does 
not put the BUS in a high impedance state. Therefore, 
the use of MOVX after OUTL to put the BUS in a high 
impedance state is necessary before an INS instruction 
intended to read an external word (as opposed to the pre-

Control 
Signal When Active 

RD During MOVX, A, @R or INS Bus 

WR During MOVX @R, A or OUTL Bus 

ALE Every Machine Cycle 

PSEN During Fetch of external program mem-
ory (instruction or immediate data) 

PROG During MOVD, A,P ANLD P,A MOVD 
P,AORLDP,A 

viously latched value). . 

8.0 PORT CHARACTERISTICS 

8.1 BUS Port Operations 

OUTL should never be used in a system with external 
program memory, since latching BUS can cause the next 
instruction, if external, to be fetched improperly. 

The BUS port can operate in three different modes: as a 
latched 110 port, as a bidirectional bus port, or as a pro
gram memory address output when external memory is 
used. The BUS port lines are either active high, active 
low, or high impedance (floating). 

8.2 Port 2 Operations 

The lower half of Port 2 can be used in three different 
ways: as a quasi-bidirectional static port, as an 8243 ex
pander port, and to adddress external program memory. 

PROGRAM MEMORY 
SPACE 

MS1 

r----'SFFH 

8355 
12K) 

EXTERNAL DATA 
MEMORY SPACE 

MSO r----.., 400H I I 8~~5 
-------- 300H I I 8155 
RESIDENT 1 I 10 
--(lK)-- 200H f---__ 
-------- 100H f---'--"""--; 
~ ___ ...J OOOH 1--------1 

RESIDENT DATA 
MEMORY 

(64) 

SECTION ADDRESS DESIGNATION 

PROG.MEM OOO-SFF 
DATAMEM 100-IFF 
8155 PORTS 300 CMD/STATUS 

301 PORTA 
302 PORTS 
303 PORTC 
304 TIMER LOW 

8355 PORTS 305 TIMER HI 
400 PORTA 
401 PORTS 
402 DORA 
403 DDRS 

Figure 12. Memory Map for Three·Component MCS®·48 Family 
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In all cases outputs are driven low by an active device 
and driven high momentarily by a low impedance device 
and held high by a high impedance device to vee. 

The port may contain latched 110 data prior to its use in 
another mode without affecting operation of either. If 
lower Port 2 (P20-3) is used to output address for an 
external program memory fetch. the 110 information pre-

8749H 
" 8049AH 

8048AH 
8748H 
8035AHL 
8039AHL 

CJ 

1/0 1/0 

1/0 

viously latched will be automatically removed temporarily 
while address is present, then retored when the fetch is 
complete. However, if lower Port 2 is used to commu
nicate with an 8243, previously latched 1/0 information 
will be removed and not restored. After an input from the 
8243, P20-3 will be left in the input mode (floating). After 
an output to the 8243, P20-3 will contain the value written, 
ANDed, or ORed to the 8243 port. 

.---___ --, .---____ ----' 0 0 

Figure 13. MCS®-48 Expansion Capability 
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MCS®-48 INSTRUCTION SeT 

1.0 INTRODUCTION 

The MCSiIP-48 instruction set is extensive for a machine 
of its size and has been tailored to be straightforward and 
very efficient in its use of program memory. All instruc
tions are either one or two bytes in length and over 80% 
are only one byte long. Also, all instructions execute in 
either one or two cycles and over 50% of all instructions 
execute in a single cycle. Double cycle instructions in
clude all immediate instructions, and allIJO instructions. 

The MCS-48 microcomputers have been designed to han
dle arithmetic operations efficiently in both binary and 
BCD as well as handle the single-bit operations required 
in control applications. Special instructions have also been 
included to simplify loop counters, table look-up routines, 
and N-way branch routines. 

1.1 Data lhmsfers 

As can be seen in Figure 1 the 8-bit accumulator is 
the central point for all data transfers within the 8048. 
Data can be transferred between the 8 registers of each 
working register bank and the accumulator directly, i.e., 
the source or destination register is specified by the in
struction. The remaining locations of the internal RAM 
array are referred to as Data Memory and are addressed 
indirectly via an address stored in either RO or R 1 of the 
active register bank. RO and Rl are also used to indirecly 
address external data memory when it is present. Transfers 
to and from internal RAM require one cycle, while trans
fers to external RAM require two. Constants stored in 
Program Memory can be loaded directly to the accumu
lator and to the 8 working registers. Data can also be 
transferred directly between the accumulator and the on-

[---, -------l 
I ~~ ~ I 

MEMORY MEMORY 

WORKING REG I ~~ I 

I ADD MOV I 
MOV ADD 
MOVP ANL 

I MOVP3 ORL I 
ANL XRL 
ORL XCH 
XRL 

EXPANDER ~~"J~~:L 
~_~ PORTS 'rr-'-'-'--,-,/ ...... ---~---....,.,:-----'7'r----' "r=-.:...o.:"--,--,/ :~~PHERALS 

ANL 
ORL 

8749H 
8048AH 
8049AH 

8748H I 
803,5AHL' 
8039AHL' I 

~ ______ --.l 

Figure 1. Data Transfer Instructions 
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board timer counter or the accumulator and the Program 
Status word (PSW). Writing to the PSW alters machine 
status accordingly and provides a means of restoring status 
after an interrupt or of altering the stack pointer if 
necessary. 

1.2 Accumulator Operations 

Immediate data, data memory, or the working registers 
can be added with or without carry to the accumulator. 
These sources. can also be ANDed, ORed, or Exclusive 
ORed to the accumulator. Data may be moved to or from 
the accumulator and working registers or data memory. 
The two values can also be exchanged in a single 
operation. 

In addition, the lower 4 bits of the accumulator. can be 
exchanged with the lower 4-bits of any of the internal 
RAM locations. This instruction, along with an instruction 
which swaps the upper and lower 4-bit halves of the ac
cumulator, provides for easy handling of 4-bit quantities, . 
including BCD numbers. To facilitate BCD arithmetic, a 
Decimal Adjust instruction is included. This instruction 
is used to correct the result of the binary addition of two 
2-digit BCD numbers. Performing a decimal adjust on the 
result in the accumulator produces the required BCD 
result. 

Finally, the accumulator can be incremented, decre
mented, cleared, or complemented and can be rotated left 
or right 1 bit at a time with or without carry. 

Although there is no subtract instruction in the 8048AH, 
this operation can be easily implemented with three single
byte single-cycle instructions. 

A value may be subtracted from the accumulator with the 
result in the accumulator by: 

• Complementing the accumulator 

• Adding the value to the accumulator 

• Complementing the accumulator 

1.3 Register Operations 

The working registers can be accessed via the accumulator 
as explained above, or can be loaded immediate with· 
constants from program memory. In addition, they can be 
incremented or decremented or used as loop counters using 
the decrement and jump, if not zero instruction, as ex
plained under branch instructions. 

All Data Memory including working registers can be ac
cessed with indirect instructions via RO and RI and can 
be incremented. 
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1.4 Flags 

There are four user-accessible flags in the 8048AH: Carry, 
Auxiliary Carry, FO and F I. Carry indicates overflow of 
the accumulator, and Auxiliary Carry is used to indiate 
overflow between BCD digits and is used during decimal
adjust operation. Both Carry and Auxiliary Carry are ac
cessible as part of the program status word and are stored 
on the stack during subroutines. FO and FI are undedicated 
general-purpose flags to be used as the programmer de
sires. Both flags can be cleared or complemented and 
tested by conditional jump instructions. FO is also acces
sible via the Program Status word and is stored on the 
stack with the carry flags. 

1.5 Branch Instructions 

The unconditional jump instruction is two bytes and allows 
jumps anywhere in the first 2K words of program memory. 
Jumps to the second 2K of memory (4K words are directly 
addressable) are made first by executing a select memory 
bank instruction, then executing the jump instruction. The 
2K boundary can only be crossed via ajump or subroutine 
call instruction, i.e., the bank switch does not occur until 
a jump is executed. Once a memory bank has been selected 
all subsequent jumps will be to the selected bank until 
another select memory bank instruction is executed. A 
subroutine in the opposite bank can be accessed by a select 
memory bank instruction followed by a call instruction. 
Upon completion of the subroutine, execution will auto
matically return to the original bank; however, unless the 
original bank is reselected, the next jump instruction en
countered will again transfer execution to the opposite 
bank. 

Conditional jumps can test the following inputs and ma
chine status: 

• TO Input Pin 

• Tl Input Pin 

• INTInput Pin 

• Accumulator Zero 

• Any bit of Accumulator 

• Carry Flag 

• FO Flag 
CD FI Flag 

Conditional jumps allow a branch to any address within 
the current page (256 words) of execution. The conditions 
tested are the instantaneous values at the time the con
ditional jump is executed. For instance, the jump on ac
cumulator zero instruction tests the accumulator itself, not 
an intermediate zero flag. 
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The decrement register and jump if not zero instruction 
combines a decrement and a branch instruction to create 
an instruction very useful in implementing a loop counter. 
This instruction can designate anyone of the 8 working 
registers as a counter and can effect a branch to any address 
within the current page of execution. 

A single-byte indirect jump instruction allows the program 
to be vectored to anyone of several different locations 
based on the contents of the accumulator. The contents 
of the accumulator points to a location in program memory 
which contains the jump address. The 8-bit jump address 
refers to the current page of execution. This instruction 
could be used, for instance, to vector to anyone of several 
routines based on an ASCII character which has been 
loaded in the accumulator. In this way ASCII key inputs 
can be used to initiate various routines. 

1.6 Subroutines 

Subroutines are entered by executing a call instruction. 
Calls can be made like unconditional jumps to any address 

, in a 2K word bank, and jumps across the 2K boundary 
are executed in the same manner. Two separate return 
instructions determine whether or not status (upper 4-bits 
of PSW) is restored upon return from the subroutine. 

The return and restore status instruction also signals the 
end of an. interrupt service routine if one has been in 
progress. 

1.7 Timer Instructions 

The 8-bit on board timer/counter can be loaded or read 
via the accumulator while the counter is stopped or while 
cO\l;lting. The counter can be started as a timer with an 
internal clock source or an event counter or timer with an 
external clock applied to the Tl input pin. The instruction 
executed determines which clock source is used. A single 
instruction stops the counter whether it is operating with 
an internal or an external clock source. In addition, two 
instructions allow the timer interrupt to be enabled or 
disabled. 

1.8 Control Instructions 

Two instructions allow the external interrupt source to be 
enabled or disabled. Interrupts are initially disabled and 
are automatically disabled while an interrupt service rou
tines is in progress and re~enabled afterward. 

There are four memory bank select instructions, two to 
designate the active working register bank and two to 
control program memory banks. The operation of the pro
gram memory bank switch is explained in Secti9n 2.2 
in the Expanded MCS-48 System chapter. 
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The working register bank switch' instructions allow the 
programmer to immediately substitute a second 8-register 
working register bank for the one in use. This effectively 
provides 16 working registers or it can be used as a means 
of quickly saving the contents of the registers in response 
to an interrupt. The user has the option to switch or not 
to switch banks on interrupt. However, if the banks are 
switched, the original bank will be automatically restored 
upon execution of a return and restore status instruction 
at the end of the interrupt service routine. 

A special instruction enables an intemal clock, which is 
the XT AL frequency divided by three to be output on pin 
TO. This clock can be used as a general-purpose clock in 
the user's system. This instruction should be used only to 
initialize the system since the clock output can be disabled 
only by application of system reset. 

1.9 Input/Output Instructions 

Ports I and 2 are 8-bit static 110 ports which can be loaded 
to and from the accumulator. Outputs are statically latched 
but inputs are not latched and must be read while inputs 
are present. In addition, immediate data from program 
memory can be ANDed or ORed directly to Port I and 
Port 2 with the result remaining on the port. This allows 
"masks" stored in program memory to selectively set or 
reset individual bits of the I/O ports. Ports 1 and 2 are 
configured to allow input on a given pin by first writing 
a "I" out to the pin. 

An 8-bit port called BUS can also be accessed via the 
accumulator and can have statically latched outputs as 
well. It too can have immediate data ANDed or ORed 
directly to its outputs, however, unlike ports 1 and 2, all 
eight lines of BUS must be treated as either input or output 
at anyone time. In addition to being a static port, BUS 
can be used as a true synchronous bi-directional port using 
the Move External instructions used to access external 
data memory. When these instructions are executed, a 
corresponding READ or WRITE pulse is generated and 
data is valid only at that time. When data is not being 
transferred, BUS is in a high impedance state. Note that 
the OUTL, ANL, and the ORL instructions for the BUS 
are for use with internal program memory only. 

The basic three on-board 110 ports can be expanded via 
a 4-bit expander bus using half of port 2. I/O expander 
devices on this bus consist of four 4-bit ports which are 
addressed as ports 4 through 7. These ports have their 
own AND and OR instructions like the on-board ports as 
well as move instructions to transfer data in or out. The 
expander AND and OR instructions, however, combine 
the contents of accumulator with the selected port rather 
than immediate data as is done with the on-board ports. 
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110 devices can also be added externally using the BUS 
port as the expansion bus. In this case the 110 ports become 
"memory mapped", i.e., they are addressed in the same 
way as external data memory and exist in the external 
data memory address space addressed by pointer register 
RO or Rl. 

2.0 INSTRUCTION SET DESCRIPTION 

The following pages describe the MCS®-48 instruction set 
in detail. The instruction set is first summarized with in
structions grouped functionally. This summary page is 
followed by a detailed description listed alphabetically by 
mnemonic opcode. 
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The alphabetical listing includes the following 
information.-

• Mnemonic 

• Machine Code 

• Verbal Description 

• Symbolic Description 

• Assembly Language Example 

The machine code is represented with the most significant 
bit (7) to the left and two byte instructions are represented 
with the first byte on the left. The assembly language 
examples are formulated as follows: 

Arbitrary 

Label: Mnemonic, Operand; 

Descriptive Comment 



Mnemonic 

Accumulator 

ADD A, R 
ADDA,@R 
ADD A, # data 
ADDC A, R 
AD DC A, 
@R 
ADDCA, 
# data 
ANlA, R 
ANl A,@R 
ANl A, # data 
ORlA, R 
ORlA@R 
ORl A, # data 
XRlA, R 

XRlA,@R 

XRl, A, # data 

INCA 
DECA 
ClRA 
CPlA 
DAA 
SWAP A 
RlA 
RlCA 

RRA 
RRCA 

Input/Output 

INA, P 
OUTl P, A 
ANl P, # data 
ORl P, # data 

"INS A, BUS 
"OUTl BUS, A 
"ANl BUS, 
# data 

"ORl BUS, 
# data 
MOVD A, P 

MOVD P, A 

ANlD P, A 
ORlD P, A 

MCS®-48 INSTRUCTION SET 

8048AH/87 48H/8049AH/8050AH/87 49H 
Instruction Set Summary 

Description Bytes Cycle Mnemonic Description 

Registers 

Add register to A 1 1 INCR Increment register 
Add data memory to A 1 1 INC@R Increment data memory 
Add immediate to A 2 2 DECR Decrement register 
Add register with carry 1 1 Branch 
Add data memory 1 1 
with carry JMP addr Jump unconditional 

Add immediate 2 2 JMPP@A Jump indirect 
with carry DJNZ R, addr Decrement register 
And reg ister to A 1 1 and jump 

And data memory to A 1 1 JC addr Jump on carry = 1 

And immediate to A 2 2 JNC addr Jump on carry = 0 

Or register to A 1 1 JZ addr Jump on A Zero 

Or data memory to A 1 1 JNZ addr Jump on A not Zero 

Or immediate to A 2 2 JTO addr Jump on TO = 1 

Exclusive Or register 1 1 JNTO addr Jump on TO = 0 
to A JT1 addr Jump on T1 = 1 
Exclusive or data 1 1 
memory to A 
Exclusive or 2 2 
immediate to A 
Increment A 1 1 
Decrement A 1 1 
Clear A 1 1 

JNT1 addr Jump on T1 = 0 
JFO addr Jump on FO = 1 
JF1 addr Jump on F1 = 1 
JTF addr Jump on timer flag = 1 
JNI addr Jump on INT = 0 
JBb addr Jump on Accumulator 

Bit 
Complement A 1 1 
Decimal adjust A 1 1 Subroutine 

Swap nibbles of A 1 1 CAll addr Jump to subroutine 
Rotate A left 1 1 RET Return 
Rotate A left 1 1 RETR Return and restore 
through carry status 
Rotate A right 1 1 
Rotate A right 1 1 Flags 

through carry ClR C Clear Carry 
CPlC Complement Carry 

Input port to A 1 2 
Output A to port 1 2 
And immediate to port 2 2 
Or immediate to port 2 2 

ClR FO Clear Flag 0 
CPl FO Complement Flag 0 
ClR F1 Clear Flag 1 
CPl F1 Complement Flag 1 

Input BUS to A 1 2 Data Moves 

Output A to BUS 1 2 MOVA, R Move register to A 
And immediate to BUS 2 2 MOVA,@R Move data memory 

loA 
Or immediate to BUS 2 2 MOV A, # data Move immediate to A 

Input Expander port 1 2 
to A 
Output A to Expander 1 2 
port 
And A to Expander port 1 2 
Or A to Expander port 1 2 

MOV R, A Move A to register 
MOV@R,A Move A to data 

memory 
MOV R, # data Move immediate 

to register 
MOV@R, Move immediate to 
# data data memory 
MOVA, PSW Move PSWto A 

Move A to PSW 
Mnemonics copyright Intel Corporation 1983. 

"For use with internal memory only. 

MOVPSW, A 
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Bytes Cycles 

1 1 
1 1 
1 1 

2 2 
1 2 

2 2 

2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 

2 2 
1 2 

1 2 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

1 1 
1 1 

2 2 
1 1 
1 1 

2 2 

2 2 

1 1 
1 1 



Mnemonic 

Data Moves 
(Confd) 
XCHA, R 

XCHA,@R 

XCHI) A, @R 

MOVXA,@R 

MOVX@R,A 

MOVPA,@A 

MOVP3A,@A 

Timer/Counter 
MOVA.T 
MOVT.A 
STRTT 
STRTCNT 
STOP TCNT 
EN TCNTI 

DIS TCNTI 

MCS®-48 INSTRUCTION SET 

8048AH/8748H/8049AH/8050AH/8749H 
Instruction Set Summary (Con't) 

Description Bytes Cycle Mnemonic Description 

Control 
EN I Enable external 

Exchange A and 1 1 Interrupt 
register DISI Disable external 
Exchange A and 1 1 
data memory 

Interrupt 
SEL RBO Select register bank 0 

Exchanlle nibble olA 1 1 
and register 
Mcive external data' 1 2 
memorytoA 
Move A to external 1 2 
data memory' 

SEL RB1 Select register bank 1 
SELMBO Select memory bank. 0 
SEL MB1 Select memory bank 1 
ENTOCLK Enable clock. output 

onTO 

Move to A from 1 2 NOP No Operation 
current page 
Move to A from Page 3 1 2 

Read Timer/Counter 1 1 
Load Timer/Counter 1 , 1 
Start Timer 1 1 
Start Counter 1 1 
Stop Timer/Counter 1 ' 1 
Enable Timer/Counter 1 1 
Interrupt 
Disable Timer/Counter 1 1 

Bytes 

1 

1 

1 
1 
1 
1 
1 

1 

Interrupt 
Mnemon'!cs copyright Intel Corporation 1983, 
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Cycle 

1 

1 

1 
1 
1 .. 
J 
1 

1 



A 
AC 
addr 
Bb 
BS 
BUS 
C 
ClK 
CNT 
CRR 
D 
data 
DBF 
FO, F1 
I 
P 
PC 
Pp 
PSW 
Ri 
Rr 
SP 
T 
TF 
TO, T1 
X 
# 
@ 

$ 
(X) 
((X) ) 

MCS®-48 INSTRUCTION SET 
Symbols and Abbreviations Used 

Accumulator 
Auxiliary Carry 
12-Bit Program Memory Address 
Bit Desig nator (b = 0-7) 
Bank Switch 
BUS Port 
Carry 
Clock 
Event Counter 
Conversion Result Register 
Mnemonic for 4-Bit Digit (Nibble) 
8-Bit Number or Expression 
Memory Bank Flip-Flop 
Flag 0, Flag 1 
Interrupt 
Mnemonic for "in-page" Operation 
Program Counter 
Port Designator (p = 1, 2 or 4-7) 
Program Status Word 
Data memory Pointer (i = 0, or 1) 
Register Designator (r = 0-7) 
Stack Pointer 
Timer 
Timer Flag 
Test 0, Test 1 
Mnemonic for External RAM 
Immediate Data Prefix 
Indirect Address Prefix 
Current Value of Program Counter 
Contents of X 
Contents of Location Addressed by X 
Is Replaced by 

Mnemonics copyright Intel Corporation 1983. 
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.ADD A,Rr Add Register Contents to Accumulator 

Encoding: I 0 1 1 0 I 1 r r rI 68H-6FH 

Description: The contents of register 'r' are added to the accumulator. Carry is 
affected. . 

OperatIon: (A) - (A) + (Rr) 

Example: ADDREG: ADD A,R6 

r = 0-7 

;ADD REG 6 CONTENTS 
;TOACC 

ADD A,@R, Add Data Memory Contents to Accumulator. 

Encoding; I 0 1 1 0 I 0 0 0 i ] . 60H-61 H 

Description: The contents of the resident data memory location addressed by register 'i' bits 
O-S** are added to the accumulator. Carry isaftected. . 

Operation: (A) - (A) + ((Ri)) i = 0~1 

Example: ADDM: MOV RO, #01 FH . ;MOVE '1 F' HEX TO REG 0 
ADD A, @RO ;ADD VALUE OF LOCATION 

;31 TO ACC 

ADD A,#data Add Immediate Data to Accumulator 

Enco~lng: 10 0 0 0 I 0 0 1 1 I I d7 d6 dS d41 d3 d2 d1 dO I 03H 

Description: This is a 2-cycle instruction. The specified data is added to the accumulator. 
Carry is affected. 

Operation: (A) - (A) + data 

Example: ADDID: ADD A,#ADDER: ;ADD VALUE OF SYMBOL 
;ADDER' TO ACC 

ADDC A,Rr Add Carry and Register Contents to Accumulator 

Encoding: I 0 1 1 1 I 1 . r r r I 78H-7FH 

Description: The content of the carry bit is a(jded to acc:umulator location 0 and th.e carry 
bit cleared. The contents of register 'r' are then added to the accumulator. 
Carry is affected. 

Operation: (A) - (A) + (Rrj + (C) 

Example: ADDRGC: ADDC A,R4 

** 0-5 in 8048AH/8748H 
0-6 in 8049AH/8749H 
0-7 in 8050AH 
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r = 0-7 

;ADD CARRY AND REG 4 
;CONTENTS TO ACC 
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ADDC A,@RI Add Carry and Data Memory Contents to Accumulator 

Encoding: I 0 1 1 1 I 0 0 0 i I 70H-71H 

Description: The content of the carry bit is added to accumulator location 0 and the carry bit 
cleared. Then the contents of the resident data memory location addressed by 
register 'i' bits 0-5** are added to the accumulator. Carry is affected. 

Operation: (A) - (A) + ((R i)) + (C) 

Example: ADDMC: MOV R1,#40 
AD DC A,@R1 

i = 0-1 

;MOVE '40' DEC TO REG 1 
;ADD CARRY AND LOCATION 40 
;CONTENTS TO ACC 

ADDC A,@data Add Carry and Immediate Data to Accumulator 

Encoding: 10 0 0 1 I 0 0 1 1 I I d7 de d5 d4 I d3 d2 d1 dO I 13H 

Description: This is a 2-cycle instruction. The content of the carry bit is added to 
accumulator location 0 and the carry bit cleared. Then the specified data is 
added to the accumulator. Carry is affected. 

Operation: (A) - (A) + data + (C) 

Example: ADDC A,#225 ;ADD CARRY AND '225' DEC 
;TO ACC 

ANL A,Rr Logical AND Accumulator with Register Mask 

Encoding: 10 1 0 1 11 r r r 1 58H-5FH 

Description: Data in the accumulator is logically ANDed with the mask contained in 
working register 'r'. 

Operation: (A) - (A) AND (Rr) 

Example: ANDREG: ANL A,R3 

r = 0-7 

;'AND' ACC CONTENTS WITH MASK 
;IN REG 3 

ANL A,@RI Logical AND Accumulator with memory Mask 

Encoding: I 0 1 0 1 I 0 0 0 i I 50H-51H 

Description: Data in the accumulator is logically ANDed with the mask contained in the 
data memory location referenced by register 'i' bits 0-5", 

Operation: (A) - (A) AND ((Ri)) i = 0-1 

Example: ANDDM: MOV RO,#03FH 
ANL A,@RO 

•• 0-5 in 8048AH/8748H 
0-6 in 8049AH/8749H 
0-7 in 8050AH 
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;MOVE '3F' HEX TO REG 0 
;'AND' ACC CONTENTS WITH 
;MASK IN LOCATION 63 
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ANL A,#data Logical AND Accumulator with Immediate Mask 

Encoding: [0 1 0 1 1 0 0 1 '1 1 S3H 

Description: This is a 2-cycle instruction. Data in the accumulator is logically ANDed 
with an immediately-specified mask. 

Operation: (A) - (A) AND data 

Examples: ANDID: ANL A,#OAFH 

ANL A,#3 + X/Y 

;'AND' ACC CONTENTS 
;WITH MASK 10101111 
;'AND' ACC CONTENTS 
;WITH VALUE OF EXP 
;'3 + Xy/y' 

ANL BUS,#data* Logical AND BUS with Immediate Mask 

Encoding: 11 0 0 1 11 0 0 0 1 98H 

Description: This is a2-cycle instruction. Data on the BUS port is logically ANDed 
with an immediately-specified mask. This instruction assumes prior 
specification of an 'OUTL BUS, A' instruction. 

Operation: (BUS) - (BUS) AND data 

Example: ANDBUS: ANL BUS,#MASK ;'AND' BUS CONTENTS 
;WITH MASK EQUAL VALUE 
;OF SYMBOL 'MASK' 

ANL Pp,#data Logical AND Port 1-2 with Immediate Mask 

Encoding: 11 0 0 1 11 0 P P I 1 d7 d6 dS d4 I d3 d2 d1 dO 1 99H-9AH 

Description: This is a 2-cycie instruction. Data on port 'p' is logically ANDed with an 
immediately-specified mask. 

Operation: (Pp) - (Pp) AND DATA 

Example: ANDP2: ANL P2,#OFOH 

• For use with internal program memory ONLY. 
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p = 1-2 

;'AND' PORT 2 CONTENTS 
;WITH MASK 'FO' HEX 
;(CLEAR P20-23) 
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ANLD Pp,A Logical AND Port 4-7 with Accumulator Mask 

Encoding: 11 0 0 1 11 1 P P 1 9CH-9FH 

Description: This is a 2-cycle instruction. Data on port 'p' is logically ANDed with the 
digit mask contained in accumulator bits 0-3. 

Operation: (Pp) - (Pp) AND (AO-3) P = 4-7 
Note: The mapping of port 'p' to opcode bits 0-1 is as follows: 

1 0 Port 

00 4 
01 5 

·10 6 
1 1 7 

Example: ANDP4: ANLD P4,A 

CALL address Subroutine Call 

Encoding: I a10 a9 as 1 I 0 1 0 0 I 
Page Hex Op Code 

o 14 
1 34 
2 54 
3 74 
4 94 
5 B4 
6 D4 
7 F4 

;'AND' PORT 4 CONTENTS 
;WITH ACC BITS 0-3 

Description: This is a 2-cycle instruction. The program counter and PSW bits 4-7 are 
saved in the stack. The stack pOinter (PSW bits 0-2) is updated. Program 
control is then passed to the location specified by 'address'. PC bit 11 is 
determined by the most recent SEL MB instruction. 

A CALL cannot begin in locations 2046-2047 or 4094-4095. Execution 
continues at the instruction following the CALL upon return from the 
subroutine. 

Operation: ((SP)) - (PC), (PSW4- 7) 
(SP) - (SP) + 1 
(PCS-1Q) - (addrS_1Q) 
(PCO-7) - (addrO_7) 
(PC11 ) - DBF 
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Example: Add three groups of two numbers. Put subtotals in locations 50, 51 and 
total in location 52. 

MOV RO,#50 

BEGADD: MOV A,R1 

ADD A,R2 
CALL SUBTOT 
ADDC A R3 
ADDCA,R4 
CALL SUBTOT 
ADDC A,R5 
ADDCA,R6 
CALL SUBTOT 

SUBTOT: MOV @RO,A 

INC RO 
RET 

CLR A Clear Accumulator 

Encoding: I 0 0 1 0 I 0 1 1 I 27H 

;MOVE '50' DEC TO ADDRESS 
;REGO 
;MOVE CONTE~TS OF REG 1 
;TO ACC 
;ADD REG 2 TO ACC 
;CALL SUBROUTINE 'SUBTOT' 
;ADD REG 3 TO ACC 
;ADD REG 4 TO ACC 
;CALL SUBROUTINE 'SUBTOT' 
;ADD REG 5 TO ACC 
;ADD REG 6 TO ACC 
;CALL SUBROUTINE 'SUBTOT' 
;MOVE CONTENTS OF ACC TO 
;LOCATION ADDRESSED BY 
;REG 0 
;INCREMENT REG 0 
;RETURN TO MAIN PROGRAM 

Description: The contents of the accumulator are cleared to zero. 

Operation: A - 0 

CLR C Clear Carry Bit 

Encoding: 11 0 0 1 1 0 1 1 1 97H 

Description: During normal program execution, the carry bit can be set to one by the 
ADD, ADDC, RLC, CPL C, RRC, and DAA insructions. This instruction 
resets the carry bit to zero. 

Operation: C - 0 

CLR F1 Clear Flag 1 

Encoding: 11 0 1 0 I 0 1 0 1 I A5H 

Description: Flag 1 is cleared to zero. 

Operation: (F1) - 0 
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CLR FO Clear Flag 0 

Encoding: 11 0 0 0 1 0 1 0 1 I 8SH 

Description: Flag 0 is cleared to zero. 

Operation: (FO) - 0 

CPL A Complement Accumulator 

Encoding: 1 00 1 1 I 0 1 1 1 I 37H 

Description: The contents of the accumulator are co~plemented. This is strictly a one's 
complement. Each one is changed to zero and vice-versa. 

Operation: (A) - NOT (A) 

Example: Assume accumulator contains 01101010. 
CPLA: CPL A ;ACC CONTENTS ARE COMPLE

;MENTED TO 10010101 

CPL C Complement Carry Bit 

Encoding: 11 0 1 01 0 11 1 I A7H 

Description: The setting of the carry bitis complemented; one is changed to zero, and 
zero is changed to one. 

Operation: (C) - NOT (C) 

Example: Set C to one; current setting is unknown. 
CT01: CLR C ;C IS CLEARED TO ZERO 

CPL C ;C IS SET Tq ONE· 

CPL FO Complement Flag 0 

Encoding: 11 0 0 1 1 0 1 0 1 1 9SH 

Description: The setting of flag 0 is complemented; one is changed to zero, and zero is 
changed to one. 

Operation: FO - NOT (FO) 

CPL F1 Complement Flag 1 

Encoding: 11 0 1 1 1 0 1 0 1/ BSH 

Description: The setting of flag 1 is complemented; one is changed to zero, and zero is 
changed to one. 

,Operation: (F1) - NOT (F1) 
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DA A Decimal Adjust Accumulator 

Encoding: I 0 1 0 1 I 0 1 1 1 I 57H 

Description: The 8-bit accumulator value is adjusted to form two 4-bit Binary Coded 
Decimal (BCD) digits following the binary addition of BCD numbers. 
The carry bit C is affected. If the contents of bits 0-3 are greater than nine, 
or if AC is one, the accumulator is incremented by six. 

The four high~order bits are then checked. If bits 4-7 exceed nine, or if 
C is one, these bits are increased by six. If an overflow. occurs, C is set 
to one. 

Example: Assume accumulator contains 10011011. 
DA A ;ACC Adjusted to 00000001 

;WITH C SET 
C AC 7 4 3 0 
0010011011 

00000 1 1 0 
o 101 0 0 0 0 

o 1 1 0 
o 000 0 0 0 0 1 

DEC A Decrement Accumulator 

Encoding: 1 0 0 0 0 I 0 1 1 1 I 07H 

ADD SIX TO BITS 0-7 

ADD SIX TO BITS 4-7 
OVERFLOW TO C . 

Description: The contents of the accumulator are decremented by one. The carry flag 
is not affected. 

Operation: (A) - (A) -1 

Example: Decrement contents of external data memory location 63. 
MOV RO,#3FH ;MOVE '3F' HEX TO REG 0 
MOVX A, @RO ;MOVE CONTENTS OF 

;LOCATION 63 TO ACC 
DEC A ;DECREMENT ACC 
MOVX @RO,A ;MOVE CONTENTS OF ACC TO 

;LOCATION63 IN EXPANDED 
;MEMORY 

DEC Rr Decr~ment Register 

Encoding: 11 1 0 0 11 r r r 1 C8H-CFH 

Description: The contents of working register 'r' are decremented by one. 

Operation: (Rr) - (Rr) -:1 r = 0-7 

Example: DECR1: DEC R1 ;DECREMENT CONTENTS OF REG 1 
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DIS I External Interrupt 

Encoding: I 0 0 0 1 I 0 1 0 1 I 15H 

Description: External interrupts are disabled. A low signal on the interrupt input pin has 
no effect. 

DIS TCNTI Disable Timer/Counter Interrupt 

Encoding: 10 0 1 1 I 0 1 0 1 I 35H 

Description: Timer/counter interrupts are disabled. Any pending timer interrupt request 
is cleared. The interrupt sequence is not initiated by an overflow, but the 
timer flag is set and time accumulation continues. 

DJNZ Rr• address Decrement Register and Test 

Encoding: 11 1 1 0 11 r r r 1 I a7 a6 a5 a4 1 a3 a2 a1 aO I E8H-EFH 

Description: This is a 2-cycle instruction. Register 'r' is decremented, then tested for 
zero. If the register contains all zeros, program control falls through to the 
next instruction. If the register contents are not zero, control jumps to the 
specified 'address'. 

The address in this case must evaluate to 8-bits, that is, the jump must be 
to a location within the current 256-location page. 

Example: (Rr) - (Rr) -1 r = 0-7 
If Rr notO 
(PCO-7) - addr 
Note: A 12-bit address specification does not cause an error if the 
DJNZ instruction and the jump target are on the same page. If the DJNZ 
instruction begins in location 255 of a page, it must jump to a target 
address on the following page. 

Example: Increment values in data memory locations 50-54. 
MOV RO;#50 ;MOVE '50' DEC TO ADDRESS 

;REGO 
MOV R3,#5 ;MOVE '5' DEC TO COUNTER 

;REG3 
INCRT: INC @RO ;INCREMENT CONTENTS OF 

;LOCATION ADDRESSED BY 
;REG 0 

INC RO ;INCREMENT ADDRESS IN REG 0 
DJNZ R3, INCRT ;DECREMENT REG 3 - JUMP TO 

;'INCRT' IF REG 3 NONZERO 
NEXT - ;'NEXT' ROUTINE EXECUTED 

;IF R3 IS ZERO 
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EN I Enable External Interrupt 

Encoding: 10 0 0 0 I 0 1 0 1 I 05H 

Description: External interrupts are enabled. A low signal on the interrupt input pin 
initiates the interrupt sequence. 

EN TCNTI Enable Timer/Counter Interrupt 

Encoding: 10 0 1 0 I 0 1 0 1 I 25H 

Description: Timer/counter interrupts are enabled. An overflow of the timer/counter 
initiates the interrupt sequence. 

ENTO ClK Enable Clock Output 

Encoding: 10 1 1 1 10 1 0 1 I 75H 

Description: The test 0 pin is enabled to act as the clock output. This function is 
disabled by a system reset. 

Example: EMTSTO: ENTO ClK ;ENABlE TO AS CLOCK OUTPUT 

IN A,Pp Input Port or Data to Accumulator 

Encoding: 10 0 0 0 \1 0 P P \ 09H-OAH 

Description: This is a 2-cycle instruction. Data present on port 'p' is 
transferred (read) to the accumulator. 

Operation: (A) - (Pp) 
INP12: IN A,P1 

MOV RS,A 
INA,P2 
MOV R7,A 

INC A Increment Accumulator 

Encoding: \ 0 0 0 1 \ 0 1 11\ 17H 

p = 1-2 
;INPUT PORT 1 CONTENTS TO ACC 
;MOVE ACC CONTENTS TO REG S 
;INPUT PORT2 CONTENTS TO ACC 
;MOVE ACC CONTENTS TO REG 7 

Description: The contents of the accumulator are incremented by one. Carry is not 
affected. 

Operation. (A) - (A) +1 
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Example: Increment contents of location 100 in external data memory. 
INCA: MOV RO,#100 ;MOVE '100' DEC TO ADDRESS REG 0 

MOVX A,@RO ;MOVE CONTENTS OF LOCATION 
;100TO ACC 

INC A ;INCREMENT A 
MOVX @RO,A ;MOVE ACC CONTENTS TO 

;LOCATION 101 

INC Rr Increment Register 

Encoding: 1 0 0 0 1 11 r r r I· 18H-1 FH 

Description: The contents of working register 'r' are incremented by one. 

Operation: (Rr) - (Rr) + 1 r = 0-7 

Example: INCRO: INC RO ;INCREMENT CONTENTS OF REG 0 

INC @R1 Increment Data Memory Location 

Encoding: I 0 0 0 1 I 0 0 0 i I 10H-11H 

Description: The contents of the resident data memory location addressed by register 'i' bits 
O-S** are incremented by one. 

Operation: ((~i)) - ((Ri)) + 1 

Example: INCDM: MOV R1 ,#03FH 
INC@R1 

i = 0-1 

;MOVE ONES TO REG 1 
;INCREMENT LOCATION 63 

INS A,BUS· Strobed Input of BUS Data to Accumulator 

Encoding: I 0 0 0 0 I 1 0 0 0 I OSH 

Description: This is a 2-cycle instruction. Data present on the BUS port is transferred 
(read) to the accumulator when the RD pulse is dropped. (Refer to section 
on programming memory expansion for details.) 

Operation: (A) - (BUS) 

Example: INPBUS: INS A,BUS 

• For use with internal program memory ONLY . 
•• 0-5 in 8048AH/8748H 

0-6 in 8049AH/8749H 
0-7 in 8050AH 

;INPUT BUS CONTENTS TO ACC 
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JBb address Jump If Accumulator Bit Is Set 

Accumulator Bit Hex Op Code 

o 12 
1 32 
2 52 
3 72 
4 92 
5 B2 
6 02 
7 F2 

Desc:rlption: This is a 2.-cycle instruction. Control passes to the specified address if· 
accumulator bit 'b' is set to one. 

Operation: 
(PCO-7) - addr 
(PC) = (PC) + 2 

Example: JB4IS1: JB4 NEXT 

JC address Jump If Carry Is Set 

Encoding: 11 1 1 1 1 0 1 1 0 1 

b = 0-7 
If Bb = 1 
If Bb = 0 
;JUMP TO 'NEXT' ROUTINE 
;IF ACC BIT 4 = 1 

F6H 

Description: This is a 2-cycle instruction. Control passes to the specified address if the 
carry bit is set to one. 

Operation: (PCO-7) - addr 
(PC) = (PC) + 2 

Example: JC1: JC OVFLOW 

JFO address Jump If Flag 0 Is Set 

Encoding: 11 0 1 1 1 0 1 1 0 I 

If C = 1 
... If C = 0 

;JUMP TO 'OVFLOW' ROUTINE 
;IF C = 1 

B6H 

Description: This is a 2-cycle instruction. Control passes to the specified address if 
flag 0 is set to one. 

Operation: (PCO-7) - addr 
(PC) =(PC) + 2 . 

Example: JFOIS1: JFO TOTAL 
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If FO = 1 
If FO = 0 

;JUMP TO 'TOTAL' ROUTINE IF FO = 1 
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JF1 address Jump If Flag 1 Is Set 

Encoding: 10 1 1 1 1 0 1 1 0 1 1 a7 a6 a5 a4 1 a3 a2 a1 aO 1 76H 

Description: This is a 2-cycle instruction. Control passes to the specified address if 
flag 1 is set to one. 

Operation: (PCO-7) - addr 
(PC) = (PC + 2) 

Example: JF1IS1: JF1 FILBUF 

JMP address Direct Jump within 2K Block 

Encoding: 1 a10 a9 a8 01 0 1 0 01 

If F1 = 1 
If F1 = 0 

;JUMP TO 'FILBUF' 
;ROUTINE IF F1 = 1 

Page Hex Op Code 

0 04 
1 24 
2 44 
3 64 
4 84 
5 A4 
6 C4 
7 E4 

Description: This is a 2-cycle instruction. Bits 0-10 of the program counter are replaced 
with the directly-specified address. The setting of PC bit 11 is 
determined by the most recent SELECT MB instruction. 

Operation: (PC8-10) - addr 8-10 
(PCO-7) - addr 0-7 
(PC11 )-DBF 

Example: JMP SUBTOT 
JMP $-6 

JMP 2FH 

JMPP @A Indirect Jump within Page 

Encoding: 11 0 1 1 I 0 0 1 1 I B3H 

;JUMP TO SUBROUTINE 'SUBTOT' 
;JUMP TO INSTRUCTION SIX 
;LOCATIONS BEFORE CURRENT 
;LOCATION 
;JUMP TO ADDRESS '2F' HEX 

Description: This is a 2-cycle insruction. The contents of the program memory location 
pOinted to by the accumulator are substituted for the 'page' portion of the 
program counter (PC bits 0-7). 
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Operation: (PCO-7) - ((A)) 

Example: Assume accumulator contains OFH. 
JMPPAG: JMPP @A ;JUMP TO ADDRESS STORED IN 

;LOCATION 15 .IN CURRENT PAGE 

JNC address Jump If Carry Is Not Set 

Encoding: 11 11 0 1 0 1 1 0 1 1 a7 a6 a5 a4 1 a3 a2 a1 aO 1 E6H 

Description: This is a 2-cycle instruction. Control passes to the specified address if 
the carry bit is not set, that is, equals zero. 

Operation: (PCO-7) - addr 
(PC) = (PC) + 2 

Example: JCO: JNC NOV FLO 

JNI address Jump If Interrupt Input Is Low 

IfC=O 
If C = 1 

;JUMP TO 'NOV FLO' ROUTINE 
;IF C = 0 

Encoding: 11 0 0 0 1 0 1 1 0 1 1 a7 a6 a5 a41 a3 a2 a1 aO 1 86H 

Description: This is a 2-cycle instruction. Control passes to the specified address if the 
interruptinput signal is low (= 0), that is, an external interrupt has been 
signaled. (This signal initiates an interrupt service sequence if the external 
interrupt is enabled.) 

Operation: (PCO-7) - addr If 1= 0 
(PC) = (PC) + 2 If I = 1 

Example: LOC 3: JNI EXTINT ;JUMP TO 'EXTINT' ROUTINE 
;IF I = 0 

JNTO address Jump If Test 0 Is Low 

Encoding: I 0 0 1 0 I 0 1 1 0 1 1 a7 a6 a5 a41 a3 a2 a1 aO 1 26H 

Description: This is a 2-cycle instruction. Control passes to the specified address, if the 
test 0 signal is low. 

Operation: (PCO-7) - addr 
(PC) = (PC) + 2 

Example: JTOLOW: JNTO 60 
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IfTO = 0 
If TO = 1 

;JUMP TO LOCATION 60 DEC 
;IF TO = 0 
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JNT1 address Jump If Test 1 Is Low 

Encoding: I 0 1 0 0 I 0 1 1 0 I I a7 as a5 a4 I a3 a2 a1 aO I 4SH 

Description: This is a 2-cycle instruction. Control passes to the specified address, if 
the test 1 signal is low. 

Operation: (PCO-7) - addr 
(PC) = (PC) + 2 

JNZ Address Jump If Accumulator Is Not Zero 

If T1 = 0 
IfT1 = 1 

Encoding: 11 0 0 1 1 0 1 1 0 1 1 a7 as a5 a4 1 a3 a2 a1 aO 1 9SH 

Descriplion: This is a 2-cycle instruction. Control passes to the specified address if the 
accumulator contents are nonzero at the time this instruction is executed. 

Operation: (PCO-7) - addr 
(PC) = (PC) + 2 

Example: JACCNO: JNZ OASH 

JTF address Jump If Timer Flag Is Set 

If A# 0 
If A = 0 

;JUMP TO LOCATION 'AS' HEX 
;IF ACC VALUE IS NONZERO 

Encoding: 10 0 0 1 I 0 1 1 0 I I a7 as a5 a41 a3 a2 a1 aO I 1SH 

Description: This is a 2-cycle instruction. Control passes to the specified address if the 
timer flag is set to one, that is, the timer/counter register has overflowed. 
Testing the timer flag resets it to zero. (This overflow initiates an interrupt 
service sequence if the timer-overflow interrupt is enabled.) 

Operation: (PCO-7) - addr 
(PC) = (PC) + 2 

Example: JTF1: JTF TIMER 

JTO address Jump If Test 0 Is High 

If TF = 1 
If TF = 0 

;JUMP TO 'TIMER' ROUTINE 
;IF TF = 1 

Encoding: I 0 0 1 1 I 0 1 1 0 1 1 a7 as a5 a41 a3 a2 a1 aO 1 3SH 

Description: This is a 2-cycle instruction. Control passes to the specified address if 
the test 0 signal is high (= 1). 

Operation: (PCO-7) - addr 
(PC) = (PC) + 2 

Example: JTOHI: JTO 53 
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If TO = 1 
If TO = 0 

;JUMP TO LOCATION 53 DEC 
;IF TO = 1 
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JT1 address Jump If Test 1 Is High 

Encoding: 1 0 1 0 1 1 0 1 1 0 1 1 a7 a6 a5 a41 a3 a2 a1 aO I 56H 

Description: This is a 2-cycle instruction. Control passes to the specified address if the 
test 1 signal is high (= 1). 

Operation: (PCO- 7) - addr 
(PC) = (PC) + 2 

Example: JT1 HI: JT1 COUNT 

JZ address Jump If Accumulator Is Zero 

IfT1 = 1 
IfT1 = 0 

;JUMP TO 'COUNT' ROUTINE 
;IF T1 = 1 

Encoding: 11 1 0 0 I 0 1 1 0 I 1 a7 a6 a5 a4 1 a3 a2 a1 aO 1 C6H 

Description: This is a 2-cycle instruction. Control passes to the specified address if 
the accumulator contains all zeros at the time this instruction is executed. 

Operation: (PCO- 7) - addr 
(PC) = (PC) + 2 

Example: JACCO: JZ OA3H 

IfA=O 
If A~ 1 

;JUMP TO LOCATION 'A3' HEX 
;IF ACC VALUE IS ZERO 

MOV A,#data Move Immediate Data to Accumulator 

Encoding: 1 0 0 1 0 1 0 0 1 1 1 1 a7 a6 a5 a41 a3 a2 a1 aO I 23H 

Description: This is a 2-cycle instruction. The 8-bit value specified by 'data' is loaded 
in the accumulator. 

Operation: (A) - data 

Example: MOV A,#OA3H ;MOVE 'A3' HEX TO ACC 

MOV A,PSW Move PSW Contents to Accumulator 

Encoding: 11 10 0 1 0 iii] C7H 

Description: The contents of the program status word are moved to the accumulator. 

Operation: (A) - (PSW) 

Example: Jump to 'RB1SET' routine if PSW bank switch, bit 4, is set. 
BSCHK: MOV A,PSW ;MOVE PSW CONTENTS TO ACC 

JB4 RB1SET ;JUMP TO 'RB1SET'IF ACC BIT 4 = 1 
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MOY A,Rr Move Register Contents to Accumulator 

Encoding: 11 1 1 1 11 r r r I F8H-FFH 

Description: 8-bits of data are removed from working register 'r' into the accumulator. 

Operation: (A) - (Rr) r = 0-7 

Example: MAR: MOV A,R3 ;MOVE CONTENTS OF REG 3 TO ACC 

MOY A,@Ri Move Data Memory Contents to Accumulator 

Encoding 11 1 1 1 1 0 0 0 i 1 FOH-F1H 

Description: The contents of the resident data memory location addressed by bits 0-5** of 
register 'i' are moved to the accumulator. Register 'i' contents are unaffected. 

Operation: (A) - ((Ri)) 

Example: Assume R1 contains 00110110. 
MADM: MOV A,@R1 

i = 0-1 

;MOVE CONTENTS OF DATA MEM 
;LOCATION 54 TO ACC 

MOY A,T Move Timer/Counter Contents to Accumulator 

Encoding: 1 0 1 0 0 I 0 0 1 0 I 42H 

Description: The contents of the timer/event-counter register are moved to the 
accumulator. 

Operation: (A) - (T) 

Example: Jump to "EXIT" routine when timer reaches '64', that is, when bit 6 set
assuming initialization 64, 
TIMCHK: MOV A,T 

JB6 EXIT 
;MOVE TIMER CONTENTS TO ACC 
;JUMP TO 'EXIT' IF ACC BIT 6 = 1 

MOY PSW,A Move Accumulator Contents to PSW 

Encoding: 11 1 0 1 1 0 1 1 1 1 D7H 

Description: The contents of the accumulator are moved into the progam status word. 
All condition bits and the stack pointer are affected by this move. 

Operation: (PSW) - (A) 

Example: Move up stack pointer by two memory locations, that is, increment the 
pOinter by one. 
INCPTR: MOV A,PSW ;MOVE PSW CONTENTS TO ACC 

•• 0-5 in 8048AH/8748H 
0-6 in 8049AH/8749H 
0-7 in 8050AH 

INC A . ;INCREMENT ACC BY ONE 
MOV PSW,A ;MOVE ACC CONTENTS TO PSW 
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MOV Rr,A Move Accumulator Contents to Register 

Encoding: 11 0 1 0 11 r r r 1 A8H-AFH 

Description: The contents of the accumulator are moved to register 'r'. 

Operation: (Rr) +- (A) r = 0-7 

Example: MRA: MOV RO,A ;MOVE CONTENTS OF ACC TO REG 0 

MOV Rr,#data Move Immediate Data to Register 

B8H-BFH 

Description: This is a 2-cycle instruction. The 8-bit value specified by 'data' is moved to 
register'r'. 

Operation: (Rr) +- data 

Examples: MIR4: MOV R4,#HEXTEN 

MIR 5: MOV R5,#PI*(R*R) 

MIR 6: MOV R6, #OADH 

r = 0-7 

;THE VALUE OF THE SYMBOL 
;'HEXTEN' IS MOVED INTO REG 4 
;THE VALUE OF THE EXPRESSION 
;'PI*(R*R)' IS MOVED INTO REG 5 
;'AD' HEX IS MOVED INTO REG 6 

_MOV @ Ri,A Move Accumulator Contents to Data Memory 

Encoding: 11 0 1 0 1 0 0 0 i 1 AOH-A1H 

Description: The contents of the accumulator are moved to the resident data memory 
location whose address is specified by bits 0-5*' of register 'i'. Register 'i' 
contents are unaffected. 

Operation: ((Ri)) +- (A) i = 0-1 

Example: Assume RO contains 00000111. 
MDMA: MOV @RO,A ;MOVE CONTENTS OF ACC TO 

;LOCATION 7 (REG 7) 

MOV @ Ri,#data Move Immediate Data to Data memory 

BOH-B1H 

Description: This is a 2-cycle instruction. The 8-bit value specified by 'data' is moved 
to the resident data memory location addressed by register 'i', bits 0-5**. 

Of)eration: ((Ri)) +- data i = 0-1 

Examples: Move the hexadecimal value AC3F to locations 62-63. 
MIDM: MOV RO,#62 ;MOVE '62' DEC TO AD DR REG 0 

*. 0-5 in B04BAH/B74BH 
0-6 in 8049AH/B749H 
0-7 in 8050AH 

MOV @RO,#OACH ;MOVE 'AC' HEX TO LOCATION 62 
INC RO ;INCREMENT REG 0 to '63' 
MOV @RO,#3FH ;MOVE '3F' HEXTO LOCATION 63 
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MOV T,A Move Accumulator Contents to Timer/Counter 

Encoding: [0 1 1 0 1 0 0 1 0 1 62H 

Description: The contents of the accumulator are moved to the timer/event-counter 
register. 

Operation: (T) - (A) 

Example: Initialize and start event counter. 
INITEC: CLR A 

MOVT,A 
START CNT 

;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO EVENT COUNTER 
;START COUNTER 

MOVD A,Pp Move Port 4-7 Data to Accumulator 

Encoding: 1 0 0 0 0 11 1 P P 1 OCH-OFH 

Description: This is a 2-cycle instruction. Data on 8243 port 'p' is moved (read) to 
accumulator bits 0-3. Accumulator bits 4-7 are zeroed. 

Operation: (0-3) - (Pp) 
(4-7) - 0 

p = 4-7 

Note: Bits 0-7 of the opcode are used to represent ports 4-7. If you are 
coding in binary rather than assembly language, the mapping is as 
follows: 

Bits 1 0 Port 

00 4 
01 5 
106 
1 1 7 

Example: INPPT5: MOVD A,P5 ;MOVE PORT 5 DATA TO ACC 
;BITS 0-3, ZERO ACC BITS 4-7 

MOVD Pp,A Move Accumulator Data to Port 4-7 

Encoding: I 0 0 1 1 11 1 P P 1 3CH-3FH 

Description: This is a 2-cycle instruction. Data in accumulator bits 0-3 is moved 
(written) to 8243 port 'p'. Accumulator bits 4-7 are unaffected. (See NOTE 
above regarding port mapping.) 

Operation: (Pp) - (AO-3) P = 4-7 

Example: Move data in accumulator to ports 4 and 5. 

OUTP45: MOVD P4,A 
SWAP A 
MOVD P5,A 
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;MOVE ACC BITS 0-3 TO PORT 4 
;EXCHANGE ACC BITS 0-3 and 4-7 
;MOVE ACC BITS 0-3 TO PORT 5 
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MOVP A,@A Move Current Page Data to Accumulator 

Encoding: 11 0 1 0 1 0 0 1 1 1 A3H 

Description: The contents of the program memory location addressed by the 
accumulator are moved to the accumulator. Only bits 0-7 of the program 
counter are affected, limiting the program memory reference to the 
current page. The program counter is restored following this operation. 

Operation: (PCO-7) - (A) 
(A) - ((PC)) 
Note: This is a 1-byte, 2-cycle instruction. If it appears in location 255 of a 
program memory page, @A addresses a location in the follow~ng page. 

Example: MOV128: MOV A,#128 ;MOVE '128' DEC TO ACC 
MOVP A,@A ;CONTENTS OF 129th LOCATION IN 

;CURRENT PAGE ARE MOVED TO ACC 

MOVP3 A,@A Move Page 3 Data to Accumulator 

Encoding: 11 1 1 0 1 0 0 1 1 1 E3H 

Description: This is a 2-cycle instruction. The contents of the program memory location 
(within page 3) addressed by the accumulator are moved to the 
accumulator. The program counter is restored following this operation. 

Operation: (PCO-7) - (A) 
(PC8-11) - 0011 
(A) - ((PC)) 

Example: Look up ASCII equivalent of hexadecimal code in table contained at the 
beginning of page 3. Note that ASCII characters are designated by a 
7-bit code; the eighth bit is always reset. 
TABSCH: Mov A,#OB8H ;MOVE 'B8' HEX TO ACC (10111000) 

ANL A,#7FH ;LOGICAL AND ACC TO MASK BIT 
;7 (00111000) 

MOVP3 A,@A ;MOVE CONTENTS OF LOCATION '38' 
;HEX IN PAGE 3 TO ACC (ASCII '8') 

Access contents of location in page 3 labelled TAB1. 
Assume current program location is not in page 3. 
TABSCH: MOV A,#LOW TAB 1 ;ISOLATE BITS 0-7 OF LABEL 

;ADDRESS VALUE 
MOVP3 A,@A ;MOVE CONTENTS OF PAGE 3 

;LOCATION LABELED 'TAB1' TO ACC 
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MOVX A,@Ri Move External-Data-Memory Contents to Accumulator 

Encoding: 11 0 0 0 I 0 0 0 i 1 80H-81 H 

Description: This is a 2-cycle instruction. The contents of the external data memory 
location addressed by register 'i' are moved to the accumulator. Register 'i' 
contents are unaffected. A read pulse is generated. 

Operation: (A) - ((Ri)) i = 0-1 

Example: Assume R1 contains 01110110. 
MAXDM: MOVX A,@R1 ;MOVE CONTENTS OF LOCATION 

;118TOACC 

MOVX @Rj,A Move Accumulator Contents to External Data Memory 

Encoding: 11 0 0 1 1 0 0 0 i 1 90H-91 H 

Description: This is a 2-cycle instruction. The contents of the accumulator are moved to 
the external data memory location addressed by register 'i'. Register 'i' 
contents are unaffected. A write pulse is generated. 

Operation: ((Ri)) - A 

Example: Assu me RO contai ns 11000111. 
MXDMA: MOVX @RO,A 

NOP The NOP Instruction 

Encoding: 1 0 0 0 0 1 0 0 0 0 1 DOH 

i = 0-1 

;MOVE CONTENTS OF ACC TO 
;LOCATION 199 IN EXPANDED 
;DATA MEMORY 

Description: No operation is performed. Execution continues with the following 
instruction. 

ORL A,Rr Logical OR Accumulator With Register Mask 

Encoding: 1 0 1 0 0 11 r r r 1 48H-4FH 

Description: Data in the accumulator is logically ORed with the mask contained in 
working register 'r'. 

Operation: (A) - (A) OR (Rr) 

Example: ORREG: ORL A,R4 
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r = 0-7 

;'OR' ACC CONTENTS WITH 
;MASK IN REG 4 
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ORL A,@RI Logical OR Accumulator With Memory Mask 

Encoding: 10 1 0 0 10 0 0 i 1 40H-41H 

Description: Data in the accumulator is logically ORed with the mask contained in the 
resident data memory location referenced by register "i", bits 0-5**. 

Operation: (A) - (A) OR «Ri» i = 0-1 

Example: ORDM: MOV RO,#3FH 
ORLA,@RO 

;MOVE '3F' HEX TO REG 0 
;'OR' AC CONTENTS WITH MASK 
;IN LOCATION 63 

ORL A,#data Logical OR Accumulator With Immediate Mask 

Encoding: 10 1 0 0 10 0 1 1 1 1 d7 d6 d5 d4 1 d3 d2 d1 dO 1 43H 

Description: This is a 2-cycle instruction. Data in the accumulator is logically ORed with 
an immediately-specified mask. 

Operation: (A) - (A) OR data 

Example: ORID: ORL A,#'X' ;'OR' ACC CONTENTS WITH MASK 
;01011000 (ASCII VALUE OF 'X') 

ORL BUS,#data* Logical OR BUS With Immediate Mask 

Encoding: 11 0 0 0 11 0 0 0 1 88H 

Description:· This is a 2-cycle instruction. Data on the BUS port is logically ORed with an 
immediately-specified mask. This instruction assumes prior specification 
on an 'OUTL BUS,A' instruction. 

Operation: (BUS) - (BUS) OR data 

Example: ORBUS: ORL BUS,#HEXMSK :'OR' BUS CONTENTS WITH MASK 
;EQUAL VALUE OF SYMBOL 'HEXMSK' 

ORL Pp, #data Logical OR Port 1 or 2 With Immediate Mask 

Encoding: 11 0 0 0 11 0 P pi 89H-8AH 

Description: This is a 2-cycle instruction. Data on port 'p' is logically ORed with an 
immediately-specified mask. 

Operation: (Pp) - (Pp) OR data 

Example: ORP1: ORL P1, #OFFH 

• For use with internal program memory ONLY. 
··0-5 in 8048AH/8748H 

0-6 in 8049AH/8749H 
0-7 in 8050AH 
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p = 1-2 

;'OR' PORT 1 CONTENTS WITH MASK 
;'FF' HEX (SET PORT 1 TO ALL ONES) 
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ORlD Pp,A logical OR Port 4-7 With Accumulator Mask 

Encoding: 11 0 0 0 11 1 P P I 8CH-8FH 

Description: This is a 2-cycle instruction. Data on port 'p' is logically ORed with the 
digit mask contained in accumulator bits 0-3. 

Operation: (Pp) - (Pp) OR (AO- 3) 

Example: ORP7: ORlD P7,A 

p = 4-7 

;'OR' PORT 7 CONTENTS WITH ACC 
;BITS 0-3 

OUTl BUS,A* Output Accumulator Data to BUS 

Encoding: 10 0 0 0 I 0 0 1 0 I 02H 

Description: This is a 2-cycle instruction, Data residing in the 
accumulator is transferred (written) to the BUS port and 
latched. The latched data remains valid until altered by 
another OUTl instruction. Any other instruction requiring 
use of the BUS port (except INS) destroys the contents of 
the BUS latch. This includes expanded memory operations 
(such as the MOVX instruction). logical operations on 
BUS data (AND, OR) assume the OUTl BUS,A instruction 
has been issued previously. 

Operation: (BUS) - (A) 

Example: OUTlBP: OUTl BUS, A ;OUTPUT ACC CONTENTS TO BUS 

OUTl Pp,A Output Accumulator Data to Port 1 or 2 

Encoding: 1 0 0 1 1 11 0 P pi 39H-3AH 

Description: This is a 2-cycle instruction. Data residing in the accumulator is transferred 
(written) to port 'p' and latched. 

Operation: (Pp) - (A) 

Example: OUTlP: MOV A,R7 
OUTL P2,A 
MOV A, R6 
OUTl P1,A 

• For use with internal program memory ONLY. 
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p = 1-2 

;MOVE REG 7 CONTENTS TO ACC 
;OUTPUT ACC CONTENTS TO PORT 2 
;MOV REG 6 CONTENTS TO ACC 
;OUTPUT ACC CONTENTS TO PORT 1 
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RET Return Without PSW Restore 

Encoding: 11 0 0 0 I 0 0 1 1 r 83H 

Description: This is a. 2-cycle instruction. The stack pointer (PSW bits 0-2) is 
decremented. The program counter is then restored from the stack. PSW 
bits 4-7 are not restored. 

Operation: (SP) - (SP)-1 
(PC) - ((SP)) 

RETR Return with PSW Restore 

Encoding: 11 0 0 1 I 0 0 1 1 I 93H 

Description: This is a 2-cycle instruction. The stack pointer is decremented. The 
program counter and bits 4-7 of the PSW are then restored from the stack. 
Note that RETR should be used to return from an interrupt, b'ut should 
not be used within the interrupt service routine as it signals the end of an 
interrupt routine by resetting the Interrupt in Progress flip-flop. 

Operation: (SP) - (SP)-1 
(PC) - ((SP)) 
(PSW 4-7) +-:- ((SP)) 
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RL A Rotate Left without Carry 

Encoding: 11 1 1 0 I 0 1 1 1 I E7H 

Description: The contents of the accumulator are rotated left one bit. Bit 7 is rotated 
into the bit 0 position. 

Operation: (An + 1) - (An) 
(AO) - (A7) n = 0-6 

Example: Assume accumulator contains 10110001. 
RLNC: RL A ;NEW ACC CONTENTS ARE 01100011 

RLC A Rotate Left through Carry 

Encoding: 11 1 1 1 I 0 1 1 1 I F7H 

Description: The contents of the accumulator are rotated left one bit. Bit 7 replaces the 
carry bit; the carry bit is rotated into the bit 0 position. 

Operation: (An + 1) - (An) 
n = 0-6 
(AO) - (C) 
(C) - (A7) 

Example: Assume accumulator contains a 'signed' number; isolate sign without 
changing value. 
RL TC: CLR C ;CLEAR CARRY TO ZERO 

RLC A ;ROTATE ACC LEFT, SIGN 
;BIT(7) IS PLACED IN CARRY 

RR A ;ROTATE ACC RIGHT - VALUE 
;(BITS 0-6) IS RESTORED, 
;CARRY UNCHANGED, BIT 7 
;IS ZERO 

RR A Rotate Right without Carry 

Encoding: 10 1 1 1 I 0 1 1 1 I 77H 

Description: The contents of the accumulator are rotated right one bit. Bit 0 is rotated 
into the bit 7 position. 

Operation: (An) - (An + 1) 
(A7) - (AO) 

n = 0-6 

Example: Assume accumulator contains 10110001. 
RRNC: RR A ;NEW ACC CONTENTS ARE 11011000 
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RRC A Rotate Right through Carry 

Encoding: 10 1 1 0 1 0 1 1 1 1 67H 

Description: The contents of the accumulator are rotated right one bit. Bit 0 replaces the 
carry bit; the carry bit is rotated into the bit 7 position. 

Operation: (An) - (An + 1) n = 0-6 
(A7) - (C) 
(C) - (AO) 

Example: Assume carry is not set and accumulator contains 10110001. 
RRTC: RRC A ;CARRY IS SET AND ACC 

;CONTAINS 01011000 

. SELMBO Select Memory Bank 0 

Encoding: 11 1 1 0 1 0 1 0 1 I E5H 

Description: PC bit 11 is set to zero on next JMP or CALL instruction. All references to 
program memory addresses fall within the range 0-2047. 

Operation: (OBF) - 0 

Example: Assume program counter contains 834 Hex. 
SEL MBO ;SELECT MEMORY BANK 0 
JMP $+20 ;JUMP TO LOCATION 58 HEX 

SEL MB1 Select Memory Bank 1 

Encoding: 11 1 1 1 1 0 1 0 1 1 F5H 

Description: PC bit 11 is set to one on next JMP or CALL instruction. All references to 
program memory addresses fall within the range 2048-4095. 

Operation: (OBF) - 1 
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SEL RBO Select Register Bank 0 

Encoding: 11 1 0 0 I 0 1 0 1 1 C5H 

Description: PSW bit 4 is set to zero. References to working registers 0-7 address data 
memory locations 0-7. This is the recommended setting for normal 
program execution. 

Operation: (BS) - 0 

SEL RB1 Select Register Bank 1 

Encoding: 11 1 0 1 1 0 1 0 1 1 D5H 

Description: PSW bit 4 is set to one. References to working registers 0-7 address data 
memory locations 24-31. This is the recommended setting for interrupt service 
routines, since locations 0-7 are left intact. The setting of PSW bit 4 in 
effect at the time of an interrupt is restored by the RETR instruction when 
the interrupt service routine is completed. 

Operation: (BS) - 1 

Example: Assume an external interrupt has occurred, control has passed to program 
memory location 3, and PSW bit 4 was zero before the interrupt. 

Operation: LOC3: JNI INIT 

INIT: MOV R7,A 

SEL RB1 
MOV R7,#OFAH 

SEL RBO 
MOV A,R7 
RETR 

STOP TCNT Stop Timer/Event-Counter 

Encoding: I 0 1 1 0 1 0 1 0 1 1 65H 

;JUMP TO ROUTINE 'iNIT' IF 
;INTERRUPT INPUT IS ZERO 
;MOVE ACC CONTENTS TO 
;LOCATION 7 
;SELECT REG BANK 1 
;MOVE 'FA' HEX TO LOCATION 31 

;SELECT REG BANK 0 
;RESTORE ACC FROM LOCATION 7 
;RETURN - RESTORE PC AND PSW 

Description: This instruction is used to stop both time accumulation and event counting. 
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Example: Disable interrupt, but jump to interrupt routine after eight overflows and 
stop timer. Count overflows in register 7. 
START: DIS TCNTI 

CLRA 
MOVT,A 
MOV R7,A 
STRTT 

MAIN: JTF COUNT 

JMP MAIN 
COUNT: INC R7 

MOV A,R7 
JB31NT 

JMP MAIN 

INT: STOP TCNT 
JMP 7H 

STRT CNT Start Event Conter 

Encoding: I a 1 a a I a 1 a 1 I 45H 

;DISABLE TIMER INTERRUPT 
;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO TIMER 
;MOVE ZEROS TO REG 7 
;START TIMER 
;JUMP TO ROUTINE 'COUNT' 
;IF TF = 1 AND CLEAR TIMER FLAG 
;CLOSE LOOP 
;INCREMENT REG 7 
;MOVE REG 7 CONTENTS TO ACC 
;JUMP TO ROUTINE 'INT' IF ACC 
;BIT 3 IS SET (REG 7 = 8) 
;OTHERWISE RETURN TO ROUTINE 
;MAIN 

;STOPTIMER 
;JUMP TO LOCATION 7 (TIMER) 
;INTERRUPT ROUTINE 

Description: The test 1 (T1) pin is enabled as the event-counter input and the counter 
is started. The event-counter register is incremented with each high-to-Iow 
transition on the T1 pin. 

Example: Initialize and start event counter. Assume overflow is desired with first T1 
input. 
STARTC: EN TCNTI ;ENABLE COUNTER INTERRUPT 

MOV A,#OFFH ;MOVE 'FF'HEX (ONES) TO ACC 
MOV T,A ;MOVES ONES TO COUNTER 
STRT CNT ;ENABLE T1 AS COUNTER 

;INPUT AND START 
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STRT T Start Timer 

Encoding: ~ 1 0 1 1 0 1 0 1 1 55H 

Description: Timer accumulation is initiated in the timer register. The register is 
incremented every 32 instruction cycles. The prescaler which counts the 
32 cycles is cleared but the timer register is not. 

Example: Initialize and start timer. 

STARTT: CLR A 
MOVT,A 
EN TCNTI 
STRTT 

;CLEAR ACC TO ZEROS 
;MOVE ZEROS TO TIMER 
;ENABLE TIMER INTERRUPT 
;START TIMER 

SWAP A Swap Nibbles within Accumulator 

Encoding: 10 1 0 0 10 1 1 1 1 47H 

Description: 

Operation: 

Example: 

Bits 0-30f the accumulator are swapped with bits 4-7 of the accumulator. 

(A4- 7) ~ (AO-3) 

Pack bits 0-3 of locations 50-51 into location 50. 
PCKDIG: MOV RO, #50 ;MOVE '50' DEC TO REG 0 

MOV R1, #51 ;MOVE '51' DEC TO REG 1 
XCHD A,@RO ;EXCHANGE BITS 0-3 OF ACC 

SWAP A 
XCHD A,@R1 

MOV@RO,A 

;AND LOCATION 50 
;SWAP BITS 0-3 AND 4-7 OF ACC 
;EXCHANGE BITS 0-3 OF ACC AND 
;LOCATION 51 
;MOVE CONTENTS OF ACC TO 
;LOCATION 50 

XCH A,Rr Exchange Accumulator-Register Contents 

Encoding: [0 0 1 0 11 r r r J 28H-2FH 

Description: The contents of the accumulator and the contents of working register 'r' 
are exchanged. 

Operation: (A) ~ (Rr) r = 0-7 

Example: Move PSW contents to Reg 7 without losing accumulator contents. 
XCHAR7: XCH A,R7 ;EXCHANGE CONTENTS OF REG 7 

;AND ACC 
MOV A, PSW ;MOVE PSW CONTENTS TO ACC 
XCH A,R7 ;EXCHANGE CONTENTS OF REG 7 

'AND ACC AGAIN 
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XCH A,@R, Exchange Accumulator and Data Memory Contents 

Encoding: 10 0 1 0 1 0 0 0 i 1 20H-21H 

Description: The contents of the accumulator and the contents of the resident data 
memory location addressed by bits 0-5** of register 'i' are exchanged. 
Aegister 'i' contents are unaffected. 

Operation: (A) ~ «Ai)) i = 0-1 

Example: Decrement contents of location 52. 
DEC52: MOV AO,#52 ;MOVE '52' DEC TO ADDAESS AEG 0 

XCH A,@AO ;EXCHANGE CONTENTS OF ACC 

DECA 
XCH A,@AO 

;AND LOCATION 52 
;DECAEMENT ACC CONTENTS 
;EXCHANGE CONTENTS OF ACC 
;AND LOCATION 52 AGAIN 

XCHD A,@Ri Exchange Accumulator and Data Memory 4-81t Data 

Encoding: 10 0 1 1 1 0 0 0 i 1 30H-31H 

Description: Thisinstruction exchanges bits 0-3 of the accumulator with bits 0-3 of 
the data memory location addressed by bits 0-5*' of register 'i'. Bits 4-7 of 
the accumulator, bits 4-7 of the data memory location, and the contents of 
register 'i' are unaffected. 

Operation: (AO-3) ~ «AiO-3)) i = 0-1 

Example: Assume program counter contents have been stacked in locations 22-23. 

XCHNIB: MOV AO,#23 
CLAA 
XCHD A,@AO 

;MOVE '23' DEC TO AEG 0 
;CLEAA ACC TO ZEAOS 
;EXCHANGE BITS 0-3 OF ACC AND 
;LOCATION 23 (BTS 8-11 OF PC AAE 
;ZEAOED, ADDAESS AEFEAS 
:TO PAGE 0) 

XRL A,Rr Logical XOR Accumulator With Register Mask 

Encoding: 11 1 0 1 11 r r r I· D8H-DFH 

Description: Data in the accumulator is EXCLUSIVE OAed with the mask contained in 
working register 'r'. 

Operation: (A) +- (A) XOA (Ar) 

Example: XOAAEG: XAL A,A5 

··0-5 in B04BAH/B74BH 
0-6 in B049AH/B749H 
0-7 in B050AH 
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;'XOA' ACC CONTENTS WITH 
;MASK IN REG 5 
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XRL A,@Ri Logical XOR Accumulator With Memory Mask 

Encoding: 11 1 0 1 100 0 i 1 DOH-D1H 

Description: Data in the accumulator is EXCLUSIVE ORed with the mask contained in the 
data memory location addressed by register 'i', bits 0-5.** 

Operation: (A) - (A) XOR ((Ri» 

Example: XORDM: MOV R1 ,#20H 
XRL A,@R1 

i = 0-1 

;MOVE '20' HEX TO REG 1 
;'XOR' ACC CONTENTS WITH MASK 
;IN LOCATION 32 

XRL A,#data Logical XOR Accumulator With Immediate Mask 

Encoding: 11 1 0 1 1 0 0 1 1 1 D3H 

Description: This is a 2-cycle instruction. Data in the accumulator is EXCLUSIVE ORed 
with an immediately-specified mask. 

Operation: (A) - (A) XOR data 

Example: XORID: XOR A,#HEXTEN 

··0-5 in 8048AH/8748H 
0-6 in 8049AH/8749H 
0-7 in 8050AH 
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Table 1. Pin Description 

Symbol Pin No. Function 

PROG 7 Clock Input. A high to low transition on PROG signifies that address 
and control are available on P20-P23, and a low to high transition 
signifies that data is available on P20-P23. 

CS 6 Chip Select Input. A high on CS inhibits any change of output or 
internal status. 

P20-P23 11-8 Four (4) bit bi-directional port contains the address and control bits on 
a high to low transition of PROG. During a low to high transition, P2 
contains the data for a selected output port if a write operation, or the 
data from a selected port before the low to high transition if a read 
operation. 

GND 12 OV supply. 

P40-P43 2-5 Four (4) bit bi-directionall/O ports. 

P50-P53 1,23-21 May be programmed to be input (during read), low impedance latched 
P60-P63 20-17 output (after write), or a tri-state (after read). Data on pins P20-P23 
P70-P73 13-16 may be directly written, ANDed or ORed with previous data. 

Vee 24 +5Vsupply. 

FUNCTIONAL DESCRIPTION 

General Operation 

The 8243 contains four 4-bit 110 ports which serve 
as an extension of the on-chip 1/0 and are ad
dressed as Ports 4-7. The following operations may 
be performed on these ports: 

• Transfer Accumulator to Port. 

• Transfer Port to Accumulator. 

• AND Accumulator to Port. 

• OR Accumulator to Port. 

All communication between the 8048 and the 8243 
occurs over Port 2 (P20-P23) with timing provided 
by an output pulse on the PROG pin of the proces
sor. Each transfer consists of two 4-bit nibbles: 

The first containing the "op code" and port address 
and the second containing the actual 4-bits of data. 
A high to low transition of the PROG line indicates 
that address is present while a low to high transition 
indicates the presence of data. Additional 8243's 
may be added to the 4-bit bus and chip selected 
using additional output lines' from the 
8048/8748/8035. 

Power On Initialization 

Initial application of power to the device forces in
put/output Ports 4, 5, 6, and 7 to the tri-state and 
Port 2 to the input mode. The PROG pin may be 

4-2 

either high or low when power is applied. The first 
high to low transition of PROG causes the device to 
exit power on mode. The power on sequence is ini
tiated if Vee drops below 1V. 

P21 P20 Address P23 P22 Instruction 
Code Code 

o 
o 

o 
1 
o 
1 

Port 4 
Port 5 
Port 6 
Port 7 

Write Modes 

o 
o 

o 
1 
o 
1 

Read 
Write 
ORlD 
ANlD 

The device has three write modes. MOVD Pi, A di
rectly writes new data into the selected port and old 
data is lost. ORlD Pi, A takes new data, OR's it with 
the old data and then writes it to the port. ANlD Pi, 
A takes new data, AND's it with the old data and 
then writes it, to the port. Operation code and port 
address are latched from the input Port 2 on the high 
to low transitiofl of the PROG pin. On the low to high 
transition of PROG data on Port 2 is transferred to 
the logic block of the specified output port. 

After the logic manipulation is performed, the data is 
latched and outputed. The old data remains latched 
until new valid outputs are entered. 

Read Mode 

The device has one read mode. The operation code 
and port address are latched from the input Port 2 
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on the high to low transition of the PROG pin. As 
soon as the read operation and port address are 
decoded, the appropriate outputs are tri-stated, and 
the input buffers switched on. The read operation is 
terminated by a low to high transition of the PROG 
pin. The port (4, 5, 6 or 7) that was selected is 
switched to the tri-stated mode while Port 2 is re
turned to the input mode. 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ...... O·C to 70·C 

Storage Temperature .......... -65·C to + 150·C 

Voltage on Any Pin 
with Respect to Ground .......... - 0.5V to + 7V 

Power Dissipation ........................ 1 Watt 

Normally, a port will be in an output (write mode) or 
input (read mode). If modes are changed during op
eration, the first read following a write should be ig
nored; all following reads are valid. This is to allow 
the external driver on the port to settle after the first 
read instruction removes the low impedance drive 
from the 8243 output. A read of any port will leave 
that port in a high impedance state. 

·Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = 0·Ct070·C, Vee = 5V ± 10% 

Symbol Parameter Min Typ Max Units 
Test 

Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 

VOL1 Output Low Voltage Ports 4-7 0.45 V IOL = 4.5 rnA· 

VOL2 Output Low Voltage Port 7 1 V IOL = 20 rnA 

VOH1 Output High Voltage Ports 4-7 2.4 V IOH = 240 p.A 

11L1 Input Leakage Ports 4-7 -10 20 p.A Yin = Vee toOV 

IIL2 Input Leakage Port 2, CS, PROG -10 10 p.A Yin = Vee to OV 

VOL3 Output Low Voltage Port 2 0.45 V IOL = 0.6 rnA 

lee Vee Supply Current 10 20 rnA (Note 1) 

VOH2 Output Voltage Port 2 2.4 IOH = 100 p.A 

IOL Sum of All IOL From 16 Outputs 72 mA 4.5 rnA Each Pin 
'Refer to figure 3 for additional sink current capability. 
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A.C. CHARACTERISTICS TA = 0'Cto70'C, vee = 5V ± 10% 

Symbol Parameter Min Max Units Test Conditions 

tA Code Valid before PROG 50 ns 80 pF Load 

ts Code Valid after PROG 60 ns 20 pF Load 

te Data Valid before PROG 200 ns 80 pF Load 

tD Data Valid after PROG 20 ns 20 pF Load 

tH Floating after PROG 0 150 ns 20 pF Load 

tK PROG Negative Pulse Width 700 ns 

tes CS Valid before/after PROG 50 ns 

tpo Ports 4-7 Valid after PROG 700 ns 100 pF Load 

tLP1 Ports 4-7 Valid before/after PROG 100 ns 

tAee Port 2 Valid after PROG 650 ns 80 pF Load 

NOTE: 
1. Icc (-40'e to 85'e EXPRESS options) 15 mA typicall25 mA maximum. 

270161-3 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V for a Logic "0". Output timing measurements are made at 2.0V for Logic "1" 
and 0.8V for a Logic "0". 
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Figure 3. 8243 Current Sink Capability 

Sink Capability 

The 8243 can sink 5 mA @ 0.45V on each of its 16 
I/O lines simultaneously. If, however, all lines are 
not sinking simultaneously or all lines are not fully 
loaded, the drive capability of any individual line in
creases as is shown by the accompanying curve. 

For example, if only 5 of the 16 lines are to sink 
current at one time, the curve shows that each of 
those 5 lines is capable of sinking 9 mA @ 0.45V (if 
any lines are to sink 9 mA the total IOL must not 
exceed 45 mA or five 9 mA loads). 

Example: How many pins can drive 5 TIL loads 
(1.6 mAl assuming remaining pins are un
loaded? 

IOL = 5 x 1.6 mA = 8 mA 

EIOL = 60 mA from curve 

# pins = 60 mA -;.. 8 mA/pin = 7.5 = 7 

In this case, 7 lines can sink 8 mA for a 
total of 56 mA. This leaves 4 mA sink cur
rent capability which can be divided in any 
way among the remaining 8 I/O lines of 
the 8243. 

4-6 

NOTE: 
A10 to 50 Kfl pullup resistor to + 5V should be 
added to 8243 outputs when driving to 5V CMOS 
directly. 

Example: This example shows how the use of the 
20 mA sink capability of Port 7 affects the 
sinking capability of the other I/O lines. 

An 8243 will drive the following loads 
simultaneously. 

2 loads-20 mA @ 1 V (Port 7 only) 

8 10ads-4 mA @ 0.45V 

6 loads-3.2 mA @ 0.45V 

Is this within the specified limits? 

EIOL = (2 x 20) + (8 x 4) + (6 x 3.2) 
= 91.2 mAo 

From the curve: for IOL = 4 mA, EIOL ~ 
93 mA. Since 91.2 mA < 93 mA the loads 
are within specified limits. 

Although the 20 mA @ 1 V loads are used 
in calculating EIOL' it is the largest current 
required @ 0.45V which determines the 
maximum allowable EIOL. 
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8243 

-=-
110 

eli 
P4 

PROG 

TEST P5 

8048 INPUTS 8243 

P6 

DATA IN 
P2 

P7 

Figure 4. Expander Interface 

P20·P23 --<'-_---JX~ ___ ..J)~--
ADDRESS (4·BIT5) DATA (4·BIT5) 

Figure 5. Output Expander Timing 

BUS 

PORT 1 

PORT 2 

110 

I{O 

I{O 

I{O 

270161-6 

81TS 3,2 

00 ) READ 
01 WRITE 
10 OR 
11 AND 

270161-7 

81TS1,0 

00 ) 01 PORT 
10 ADDRESS 
11 

PROG~--------'------~--------------~----------------~--------------~ 

270161-8 

Figure 6. Using Multiple 8243's 
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P8748HIP8749H 
8048AHl8035AHLl8049AHl8039AHLl8050AHl8040AHL 

HMOS SINGLE-COMPONENT 8-BIT 
PRODUCTION MICROCONTROLLER 

• High Performance HMOS II 
• Interval Time/Event Counter 
• Two Single Level interrupts 
• Single S-Volt Supply 
• Over 96 Instructions; 90% Single Byte 

• Programmable ROMs Using 21V 
• Easily Expandable Memory and I/O 
• Up to 1.36 ,...s Instruction Cycle All 

Instructions 1 or 2 Cycles 

The Intel MCS®-48 family are totally self-sufficient, 8-bit parallel computers fabricated on single silicon chips 
using Intel's advanced N-channel silicon gate HMOS process. 

The family contains 27 I/O lines, an 8-bit timer/counter, and on-board oscillator/clock circuits. For systems 
that require extra capability, the family can be expanded using MCS®-80/MCS®-85 peripherals. 

These microcontrollers are available in both masked ROM and ROM less versions as well as a new version, 
The Programmable ROM. The Programmable ROM provides the user with the capability of a masked ROM 
while providing the flexibility of a device tha.t can be programmed at the time of requirement and to the desired 
data. Programmable ROM's allow the user to lower inventory levels while at the same time decreasing delay 
times and code risks. . 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting of mostly single byte instructions and no instruc
tions over 2 bytes in length. 

Device Internal 

8050AH 4Kx8ROM 

8049AH 2Kx8 ROM 

8048AH 1Kx8 ROM 

8040AHL None 

8039AHL None 

8035AHL None 

P8749H 2K x 8 Programmable ROM 

P8748H 1 K x 8 Programmable ROM 

270053-1 

Figure 1. Block Diagram 
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Memory RAM STANDBY 

256x8 RAM yes 

128x8 RAM yes 

64x8 RAM yes 

256x8 RAM yes 

128x8 RAM yes 

64x8 RAM yes 

128x8 RAM no 

64x8 RAM no 

270053-2 

Figure 2. Logic Symbol 

November 1987 
Order Number: 270053-002 
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It; ~ :i 0"" CD .., 
III)~~~OOO ... NNN 
III '" I- Z > I- a.. Q. a.. 

Vee 
XTAL 1 T1 
XTAL2 P27 
RESET P26 iNT • 39 P2.4 

5S P2S 
INT P2' 
EA P17 
iffi P16 

P5EN P1S 

Wii P1. 

Rii 
a049AH/a039AHL 

P5EN 10 aOSOAH/S040AHL 

11 44-PIN 

12 
PLCC 

ALE 11 P13 
DBo P12 13 

DB1 P11 14 
DB2 P10 
DB3 VDD 
DB. PROG 
OBS P23 

15 Top View 
Looking down on PC Board 

17 

DB6 P22 
DB7 
V55 

270053-3 

270053-14 

Figure 3. Pin Configuration Figure 4. Pad Configuration 

Table 1. Pin Description 

Symbol Pin Function Device 
No. 

Vss 20 Circuit GND potential. All 

VDD 26 + 5V during normal operation. All 

Low power standby pin. 8048AH 
8035AHL 
8049AH 
8039AHL 
8050AH 
8040AHL 

Programming power supply (+ 21 V). P8748H 
P8749H 

Vee 40 Main power supply; + 5V during operation and programming. All 

PROG 25 Output strobe for 8243 1/0 expander. All 

Program pulse (+ 18V) input pin During Programming. P8748H 
P8749H 

P10-P17 27-34 8·bit quasi·bidirectional port. All 
Port 1 

P20-P23 21-24 8·bit quasi·bidirectional port. P20-P,23 contain the four high order All 
P24-P27 35-38 program counter bits during an external program memory fetch and 
Port 2 serve as a 4·bit 1/0 expander bus for 8243. 

DBO-DB7 12-19 True bidirectional port which can be written or read synchronously All 
BUS using the RD, WR strobes. The port can also be statically latched. 

Contains the 8 low order program counter bits during an external 
program memory fetch, and receives the addressed instruction under 
the control of PSEN. Also contains the address and data during an 
external RAM data store instruction, under control of ALE, RD, and 
WR. 

TO 1 Input pin testable using the conditional transfer instruction JTO and All 
JNTO. TO can be designated as a clock output using ENTO CLK 
instruction. 

Used during programming. P8748H 
P8749H 

4·9 



inter MCS®-48 

Table 1. Pin Description (Continued) 

Symbol Pin 
Function Device No. 

T1 39 Input pin testable using the JT1, and JNT1 instructions. Can be 
designated the timer I counter input using the STRT CNT instruction. 

All 

INT 6 Interrupt input. Initiates an interrupt if interrupt is enabled. Interrupt is All 
disabled after a reset. Also testable with conditional jump instruction. 
(Active low) interrupt must remain low for at least 3 machine cycles for 
proper operation. 

RD 8 Output strobe activated during a BUS read. Can be used to enable All 
- data onto the bus from an external device. 

Used as a read strobe to external data memory. (Active low) 

RESET 4 Input which is used to initialize the processor. (Active low) (Non TIL All 
VI H) 
Used during power down. B04BAH 

B035AHL 
B049AH 
B039AHL 
B050AH 
B040AHL 

Used during programming. PB74BH 
PB749H 

Used during ROM verification. B048AH 
PB74BH 
B049AH 
PB749H 
B050AH 

WR 10 Output strobe during a bus write. (Active low) All 
Used as write strobe to external data memory. 

ALE 11 Address latch enable. This signal occurs once during each cycle and is All 
useful as a clock output. 
The negative ~dge of ALE strobes address into external data and 
program memory. 

PSEN 9 Program store enable. This output occurs only during a fetch to All 
external program memory. (Active low) 

SS 5 Single step input can be used in conjunction with ALE to "single step" All 
the processor through each instruction. 

(Active low) Used in sync mode. B04BAH 
B035AHL 
B049AH 
B039AHL 
B050AH 
B040AHL 

EA 7 External access input which forces all program memory fetches to All 
reference external memory. Useful for emulation and debug. (Active 
high) 

Used during (1BV) programming. PB74BH 
PB749H 

Used during ROM verification (12V). B04BAH 
8049AH 
B050AH 

XTAL1 2 One side of crystal input for internal oscillator. Also input for external All 
source. (Non TIL VI H) 

XTAL2 3 Other side of crystal input. All 

4·10 



Accumulator 

Mnemonic Description 

ADD A, R Add register to A 
ADD A, @R Add data memory 

toA 
ADD A, #data Add immediate to A 
ADDCA,R Add register with 

carry 
AD DC A, @R Add data memory 

with carry 
ADDC A, #data Add immediate with 

carry 
ANLA, R And register to A 
ANLA, @R And data memory 

to A 
ANLA, #data And immediate to A 
ORLA, R Or register to A 
ORLA, @R Or data memory 

to A 
ORLA, #data Or immediate to A 
XRLA, R Exclusive or register 

to A 
XRLA, @R Exclusive or data 

memory to A 
XRLA, #data Exclusive or 

immediate to A 
INCA IncrementA 
DECA Decrement A 
CLRA Clear A 
CPLA Complement A 
DAA Decimal adjust A 
SWAP A Swap nibbles of A 
RLA Rotate A left 
RLCA Rotate A left 

through carry 
RRA Rotate A right 
RRCA Rotate A right 

through carry 

MCS®-48 

Table 2. Instruction Set 

Input/Output 

Bytes Cycles Mnemonic Description 

1 1 
1 1 

2 2 
1 1 

1 1 

2 2 

1 1 
1 1 

2 2 
1 1 
1 1 

2 2 
1 1 

1 1 

2 2 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

1 1 
1 1 

4-11 

INA,P Input port to A 
OUTLP,A Output A to port 
ANL P, #data And immediate to 

port 
ORLP, #data Or immediate to 

port 
INS A, BUS Input BUS to A 
OUTLBUS,A Output A to BUS 
ANL BUS, #data And immediate to 

-BUS 
ORL BUS, # data Or immediate to 

MOVDA, P 

MOVDP,A 

ANLDP,A 

ORLDP,A 

Registers 

Mnemonic 

INCR 
INC@R 
DECR 

Branch 

Mnemonic 

JMP addr 
JMPP@A 

BUS 
Input expander port 
toA 
Output A to 
expander port 
And A to expander 
port 
Or A to expander 
port 

Description 

Increment register 
Increment data memory 
Decrement register 

Description 

Jump unconditional 
Jump indirect 

DJNZ R, addr Decrement register 
and skip 

JC addr Jump on carry = 1 
JNCaddr Jump on carry = 0 
JZ addr Jump on A zero 
JNZ addr Jump on A not zero 
JTO addr Jump on TO = 1 
JNTO addr Jump onTO = 0 
JT1 addr Jump on T1 = 1 
JNT1 addr JumponT1 = 0 
JFO addr Jump on FO = 1 
JF1 addr Jump on F1 = 1 
JTF addr Jump on timer flag 
JNI addr Jump on INT = 0 
JBb addr Jump on accumulator 

bit 

Bytes Cycles 

1 2 
1 2 
2 2 

2 2 

2 
2 

2 2 

2 2 

2 

2 

2 

2 

Bytes Cycles 

1 1 

Bytes Cycles 

2 2 
1 2 
2 2 

2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
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Table 2. Instruction Set (Continued) 
,------------------------------, ,------------------------------, 
Subroutine Timer/Counter 

Mnemonic 

CALLaddr 
RET 

Description 

Jump to subroutine 
Return 

Bytes 

2 

Cycles 

2 

RETR 

Flags 

Return and restore 
status 

1 2 
1 2 

Mnemonic Description Bytes Cycles 

CLRC 
CPLC 
CLRFO 
CPLFO 
CLR F1 
CPLF1 

Data Moves 

Mnemonic 

MOVA,R 
MOVA,@R . 

Clear carry 
Complement carry 
Clear flag 0 
Complement flag 0 
Clear flag 1 
Complement flag 1 

Description 

Move register to A 
Move data memory 
toA 

MOV A, #data Move immediate to 

MOVR,A 
MOV@R,A 

A 
Move A to register 
Move A to data 
memory 

MOV R, #data Move immediate to 
register 

MOV @R, #data Move immediate to 

MOVA,PSW 
MOVPSW,A 
XCHA,R 

XCHA,@R 

XCHDA,@R 

data memory 
MovePSWtoA 
MoveAtoPSW 
Exchange A and 
register 
Exchange A and 
data memory 
Exchange nibble of 
A and data memory 

MOVX A, @R Move external data 
memory to A 

MOVX @R, A Move A to external 
data memory 

MOVP A, @A Move to A from 
current page 

MOVP3 A, @A Move to A from 
page 3 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

Bytes Cycles 

1 . 1 
1 1 

2 2 

2 2 

2 2 

2 

2 

2 

2 
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Mnemonic 

MOVA, T 
MOVT,A 
STRTT 
STRTCNT 
STOP TCNT 
EN TCNTI 

DIS TCNTI 

Control 

Mnemonic 

ENI 

OISI 

SELRBO 
SELRB1 
SELMBO 
SELMB1 
ENTOCLK 

.Mnemonlc 

NOP 

Description 

Read timer/counter 
Load timer/counter 
Start timer 
Start counter· 
Stop timer/counter 
Enable timer/ 
counter interrupt 
Disable timer/ 
counter interrupt 

Description 

Enable external 
interrupt 
Disable external 
interrupt 
Select register bank 0 
Select register bank 1 
Select memory bank 0 
Select memory bank 1 
Enable clock output 
onTO 

Bytes Cycles 

1 1 
1 1 
1 1 
1 1 
1 1 
1 1 

Bytes Cycles 

1 1 

1 
1 
1 
1 
1 

Description 

No operation 

Bytes 

1 

Cycles 

1 
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ABSOLUTE MAXIMUM RATINGS* 

Case Temperature Under Bias .•.•... O·C to + 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on any Pin with Respect 
to Ground ...................... - 0.5V to + 7V 

Power Dissipation ....•.....•............... 1.5W 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE" Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS TA = O·Cto +70·C;Vce = Voo = 5V ±10%;Vss = OV 

Symbol Parameter 
limits 

Unit Test Conditions Device 
Min Typ Max 

VIL Input Low Voltage (All -0.5 0.8 V All 
ExceptRESET,X1,X2) 

VIL1 Input Low Voltage -5 0.6 V All 
(RESET, X1, X2) 

VIH Input High Voltage 2.0 Vee V All 
(All Except XT AL 1 , 
XT AL2, RESET) 

VIH1 Input High Voltage 3.8 Vee V All 
(X1, X2, RESET) 

VOL Output Low Voltage 0.45 V IOL = 2.0mA All 
(BUS) 

VOL1 Output Low Voltage 0.45 V IOL = 1.8 mA All 
(RD, WR, PSEN, ALE) 

VOL2 Output Low Voltage 0.45 V IOL = 1.0 mA All 
(PROG) 

VOL3 Output Low Voltage 0.45 V IOL = 1.6 mA All 
(All Other Outputs) 

VOH Output High Voltage 2.4 V IOH = -400p.A All 
(BUS) 

VOH1 Output High Voltage 2.4 V IOH = -100 p.A All 
(RD, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V IOH = -40p.A All 
(All Other Outputs) 

4-13 
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D.C. CHARACTERISTICS TA = O·Cto +70·C;Vee = Voo =5V ±100/0;Vss = OV(Continued) 

Symbol Parameter 
Limits 

Unit Test Conditions Device 
Min Typ Max 

ILl Leakage Current ±10 
(T1. INT) . 

p,A Vss ~ VIN ~ Vee All 

ILil Input Leakage Current -500 p,A Vss + 0.45 ~ VIN ~ Vee All 
(P10-P17, P20-P27, 
EA, SS) 

ILl2 Input Leakage Current -10 -300 p,A Vss ~ VIN ~ 3.8 All 
RESET 

ILO Leakage Current ±10 p.A Vss ~ VIN ~ Vce All 
(BUS, TO) (High 
Impedance State) 

100 Voo Supply Current 3 5 mA ·8048AH 
(RAM Standby) 8035AHL 

4 7 rnA 8049AH 
8039AHL 

5 10 rnA 8050AH· 
8040AHL 

IDO + Total Supply Current· 30 65 rnA 8048AH 
Icc 8035AHL 

.35 70 rnA 8049AH 
8039AHL 

40 80 rnA 8050AH 
8040AHL 

30 100 rnA P8748H 

50 110 rnA P8749H 

Voo RAM Standby Voltage 2.2. 5.5 V Standby Mode Reset 8048AH 
~VILl 8035AH 

2.2 5.5 V 8049AH 
8039AH 

2.2 5.5 V 8050AH 
8040AHL 

'Icc + 100 are measured with all outputs In their high impedance state; RESET low; 11 MHz crystal applied; lliii. ~. and EA floating. 
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A.C. CHARACTERISTICS TA = O·Cto +70·C;Vcc = voo = 5V ±10%;Vss = ov 

f (t) 11 MHz Conditions Symbol Parameter Unit 
(Note 3) Min Max (Note 1) 

t Clock Period 1 /xtal freq 90.9 1000 ns (Note 3) 

tLL ALE Pulse Width 3.5t-170 150 ns 

tAL Addr Setup to ALE 2t-110 70 ns (Note 2) 

tLA Addr Hold from ALE t-40 50 ns 

tCC1 Control Pulse Width (RD, WR) 7.5t-200 480 ns 

tCC2 Control Pulse Width (PSEN) St-200 350 ns 

tow Data Setup before WR S.5t-200 390 ns 

two Data Hold after WR t-50 40 ns 

tOR Data Hold (RD, PSEN) 1.5t-30 0 110 ns 

tR01 RDto Data in St-170 375 ns 

tR02 PSEN to Data in 4.5t-170 240 ns 

tAW Addr Setup to WR 5t-150 300 ns 

tA01 Addr Setup to Data (RD) 10.5t-220 730 ns 

tA02 Addr Setup to Data (PSEN) 7.5t-200 4S0 ns 

tAFC1 Addr Float to RD, WR 2t-40 140 ns (Note 2) 

tAFC2 Addr Float to PSEN 0.5t-40 10 ns (Note 2) 

tLAFC1 ALE to Control (RD, WR) 3t-75 200 ns 

tLAFC2 ALE to Control (PSEN) 1.5t-75 SO ns 

tCA1 Control to ALE (RD, WR, PROG) t-S5 25 ns 

tcA2 Control to ALE (PSEN) 4t-70 290 ns 

tcp Port Control Setup to PROG 1.5t-80 50 ns 

tpc Port Control Hold to PROG 4t-2S0 100 ns 

tpR PROG to P2 Input Valid 8.5t-120 S50 ns 

tpF Input Data Hold from PROG 1.5t 0 140 ns 

top Output Data Setup St-290 250 ns 

tpo Output Data Hold 1.5t-90 40 ns 

tpp PROG Pulse Width 10.5t-250 700 ns 

tpL Port 2 I/O Setup to ALE 4t-200 1S0 ns 

tLP Port 2 I/O Hold to ALE 0.5t-30 15 ns 

tpv Port Output from ALE 4.5t+ 100 5.0 ns 

tOPRR TO Rep Rate 3t 270 ns 

tCY Cycle Time 15t 1.3S . 15.0 Il-s 

NOTES: 
1. Control outputs: CL = 80 pF. BUS Outputs: CL = 150 pF. 
2. BUS High Impedance Load 20 pF 
3. f(t) assumes 50% duty cycle on X1, X2. Max clock period is for a 1 MHz crystal input. 
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WAVEFORMS 

INSTRUCTION FETCH FROM PROGRAM 
MEMORY 

READ FROM EXTERNAL DATA MEMORY 

270053-5 

270053-4 

WRITE TO EXTERNAL DATA MEMORY INPUT AND OUTPUT FOR A.C. TESTS 

270053-6 

2-4V -----, x== X2.0, TEST POINTS .. 2.0 
O.45V----' . . 0.8; '0.8, 

270053-7 
A.C. testing inputs are driven at 2.4V for a logic "1" and 0.45V for 
a logiC "0". Output timing measurements are made at 2.0V for a 
logic "1" and 0.8V for a logic "0". 

PORT 1/PORT 2 TIMING 

ALE 

PUN 

P20-23 
OUTPUT 

P24-27 
P10-17 
OUTPUT 

ILP 

EXPANDER 
PORT 

OUTPUT 

EXPANDER 
PORT 

INPUT 

PROG 

PORT 24-27. PORT 10-17 DATA 

2ND 
CYCLE 

NEW P20-23 DATA I PCH 

J 

NEW PORT ~ATA 

---l !-ICAI 

I ~ IIPD 
-i-----�LA---. r-'~IPL~ ,IDP-n 

,----'-------->.1 r---------i I 
PCH I OUTPUT DATA I 

'---__ ---.J
I 

I '--I _---J I 1...1 
I II r-'PR~A 

~--P-CH-----;"I r----i. ,r----:---------,. 
'--__ J 
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CRYSTAL OSCILLATOR MODE CERAMIC RESONATOR MODE 

C1 

~~2 
I 2XTAL1 

i I~~! 
:-r--.: rt XTAL2 

C3 

270053-9 
C1 ~ 5 pF ±y. pF + (STRAY, < 5 pF) 
C2 ~ (CRYSTAL + STAY) < 8 pF 
C3 ~ 20 pF ±1 pF + (STRAY < 5 pF) 

Crystal series resistance should be less than 30n at 11 MHz; less 
than 75n at 6 MHz; less than 1800 at 3.6 MHz. 

DRIVING FROM EXTERNAL SOURCE 

+5V 

47011 

»-e-___ --=-t2 XTAL1 

TTL OPEN 
COLLECTOR 
GATES 

+5V 

47011 

'----'--_=' XTAL2 

270053-11 
For XTAL 1 and XTAL2 define "high" as voltages above 1,6V and 
"low" as voltages below 1.6V. The duty cycle requirements for 
externally driving XTAL 1 and XTAL2 using the circuits shown 
above are as follows: XTAL1 must be high 35-65% of the period 
and XTAL2 must be high 35-65% of the period. Rise and fall times 
must be faster than 20 ns. 
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PROGRAMMING AND VERIFYING THE 
P8749H/48H PROGRAMMABLE ROM 

Programming Verification 

In brief, the programming process consists of: acti
vating the· program mode,· applying an address, 
latching the address, applying data, and applying a 
programming pulse. Each word is programmed com
pletely before moving on to the next and is followed 
by a verification step. The following is a list of the 
pins used for programming and a description of their 
functions: 

Pin Function 

XTAL1 Clock Input (3 to 4.0 MHz) 
XTAL2 
RESET Initialization and Address Latching 
TO Selection of Program or Verifying Mode 
EA Activation of ProgramlVerify Modes 
BUS Address and Data Input 

Data Output During Verify 
P20-P22 Address Input 
Voo Programming Power Supply 
PROG Program Pulse Input 

WARNING: 

An attempt to program a missocketed P8749H/48H 
will result .in severe damage to the part. An indication. 
of a properly socketed part is the appearance of the 
ALE clock output. The lack of this clock may be 
used to disable the programmer. 

The ProgramlVerify sequence is: 

1. Voo = 5V, Clock applied or internal oscillator 
operating, RESET = OV, TO := 5V, EA = 5V, 
BUS and PROG floating. P10 and P11 must be 
tied to ground. 

. 2. Insert P87 49HI 48H in programming socket 

3. TO = OV (select program mode) 

4. EA = 18V (activate program mode) 

5. Address applied to BUS and P20-22 

6. RESET = 5V (latch address) 

7. Data applied to BUS 

.8. Voo = 21V (programming power) 

9. PROG = Vee or float followed by one 50 ms 
pulse to 18V 

10. VOD == 5V 

11. TO = 5V (verify mode) 

12. Read and verify data on BUS 

13. TO = OV 

14. RESET = OV and repeat from step 5 

15. Programmer should be at conditions of step 1 
when P8749H/48H is removed from socket. 

NOTE: 
Once programmed the P8749H/48H cannot be 

. erased. 
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A.C. TIMING SPECIFICATION FOR PROGRAMMING P8748H/P8749H ONLY 

T A = 25°C ± 5°C; VCC = 5V ± 5%; VOO = 21 ± 0.5V 

Symbol Parameter Min Max Unit Test Conditions 

tAW Address Setup Time to RESET 4tCY 

tWA Address Hold Time After RESET 4tCY 

tow Data in Setup Time to PROG 4tCY 

two Data in Hold Time After PROG 4tCY 

tpH RESET Hold Time to Verify 4tCY 

tvoow Voo Hold Time Before PROG 0 1.0 ms 

tVOOH Voo Hold Time After PROG 0 1.0 ms 

tpw Program Pulse Width 50 60 ms 

tTW TO Setup Time for Program Mode 4tCY 

tWT TO Hold Time After Program Mode 4tCY 

too TO to Data Out Delay 4tCY 

tww RESET Pulse Width to Latch Address 4tCY 

tr, tf Voo and PROG Rise and Fall Times 0.5 100 ,...s 

tCY CPU Operation Cycle Time 3.75 5 ,...s 

tRE RESET Setup Time before EA 4tCY 

NOTE: 
If Test 0 is high, too can be triggered by RESET. 

D.C. CHARACTERISTICS FOR PROGRAMMING P8748H/P8749H ONLY 

TA = 25°C ±5°C; VCC = 5V ±5%; Voo = 21 ±0.5V 

Symbol Parameter Min Max Unit Test Conditions 

VOOH Voo Program Voltage High Level 20.5 21.5 V 

VOOL Voo Voltage Low Level 4.75 5.25 V 

VPH PROG Program Voltage High Level 17.5 18.5 V 

VPL PROG Voltage Low Level 4.0 Vcc V 

VEAH EA Program or Verify Voltage High Level 17.5 18.5 V 

100 Voo High Voltage Supply Current 20.0 mA 

IpROG PROG High Voltage Supply Current 1.0 mA 

lEA EA High Voltage Supply Current 1.0 mA 
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SUGGESTED ROM VERIFICATION ALGORITHM FOR ROM DEVICE ONLY 

ALE 
(NOTE 1) 

INITIAL ROM DUMP CYCLE 

'12V I _ 
EA~ 

SUBSEQUENT ROM DUMP CYCLES 

I 
: (INPUT) 

1 ...... ____ _ 

DB-----I ADDRESS H ROM DATA 

L-.~("::'IN::::P':'":UT=.)--..... (OUTPUT) 

I 
I 
I 
I H -ADDRESS 

• (INPUT.) 

RESET _____ --Ir-------'I -

, 

-~----------~---
(OUTPUT): 

: (INPUT) . 
I 

~~P23-~--1L ____ ~A:D:DR:E:S:S ___ ~~~~~-AD-D-R-E-S-S--~r-----________ ___ 

: (INPUT) 

Al0 

All 

NOTE: 
ALE is function of X1; X2 inputs. 

SOH 

ADDR 

ADDR 

Vrx; = Voo = +SV 
Vss = OV 

COMBINATION PROGRAM/VERIFY MODE (PROGRAMMABLE ROMS ONLy) 

2700S3-12 

PROGRAM---'------I---VERIFY-.... +I-. ---PROGRAM-

I ,...---------~ 

VILt 

VCC 

iiiffi' 
VILt 

tww-

fAW-i---t--t-twA 

DIIO-DBr =:J--- DATA TO BE 
PROGRAMMED VALID 

LAST 
ADDRESS 

VDDH --~---------
VDD 

VCC------------------
tow 

VPH -----------------t---+,_--. 
- PROG VPL---..,.--------

4-20 

__ -{NEXT ADDRK: 
VALID 

NEXT 
ADDRESS 
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D8748H/D8749H 
HMOS-E SINGLE-COMPONENT 8-BIT MICROCOMPUTER 

• High Performance HMOS-E • Compatible with 8080/8085 Peripherals 

• Interval Timer/Event Counter • Easily Expandable Memory and I/O 

• Two Single Level Interrupts • Up to 1.35 J-ts Instruction Cycle; 

• Single 5-Volt Supply All Instructions 1 or 2 Cycles 

• Over 96 Instructions; 90% Single Byte 

The Intel D8749H/D8748H are totally self·sufficient, 8-bit parallel computers fabricated on single silicon chips 
using Intel's advanced N-channel silicon gate HMOS-E process. 

The family contains 27 I/O lines, an 8-bit timer/counter, on-chip RAM and on-board oscillator/clock circuits. 
For systems that require extra capability, the family can be expanded using MCS®-80/MCS®-85 peripherals. 

These microcomputers are designed to be efficient controllers as well as arithmetic processors. They have 
extensive bit handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of 
program memory results from an instruction set consisting mostly of single byte instructions and no instruc
tions over 2 bytes in length. 

Device 

D8749H 2Kx8 EPROM 

D8748H 1Kx8 EPROM 

210983-1 

Figure 1. 
Block Diagram 
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Internal Memory 

I 
I 

RESET 

SINGLE 
STEP 

INTERRUPT 

BUS 

128x8 RAM 

64x8 RAM 

D8748H 

D8749H 

Figure 2. 

PORT 
1 

PORT 
2 

READ 

WRITE 

PROGRAM 
STORE 
ENABLE 

ADDRESS 
LATCH 
ENABLE 

PORT 
EXPANDER 
STROBE 

210983-2 

Logic Symbol 

October 1987 
Order Number: 210983-003 
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Symbol Pin No. 

Vss 20 

VDD 26 

Vee 40 

PROG 25 

P10-P17 27-34 
Port 1 

P20-P23 21-24 

P24-P27 35-38 
Port 2 

OBO-OB7 12-19 
BUS 

TO 1 

T1 39 

INT 6 

RO 8 

D8748H/D8749H 

DB, 

OB7 

VSS 

Vee 

'27 

'26 

'25 

'2' 
"7 
"6 
"5 
"3 

"0 
VOO 

PROG 

'23 

'22 

'21 

210983-3 

Figure 3. Pin Configuration 

Table 1. Pin Description (40-Pin DIP) 

Function 

Circuit GNO potential. 

+ 5V during normal operation. 

Programming power supply (+ 21 V). 

Main power supply; + 5V during operation and programming. 

Output strobe for 8243 I/O expander. 

Program pulse ( + 18V) input pin during programming. 

8-bit quasi-bidirectional port. 

8-bit quasi-bidirectional port. P20-P23 contain the four high order program 
counter bits during an external program memory fetch and serve as a 4-bit 
I/O expander bus for 8243. 

True bidirectional port which can be written or read synchronously using the 
RO, WR strobes. The port can also be statically latched. Contains the 8 low 
order program counter bits during an external program memory fetch, and 
receives the addressed instruction under the control of PSEN. Also contains 
the address and data du!:!!!.g an external RAM data store instruction, under 
control of ALE, RO, and WR. 

Input pin testable using the conditional transfer instructions JTO and JNTO. 
TO can be designated as a clock output using ENTO CKL instruction. 

Used during programming. 

Input pin testable using the JT1, and JNT1 instructions. Can be designated 
the timer/counter input using the STRT CNT instruction. 

Interrupt input. Initiates an interrupt if interrupt is enabled. Interruptis 
disabled after a reset. Also testable with conditional jump instruction. (Active 
low) interrupt must remain low for at least 3 machine cycles for proper 
operation. 

Output strobe activated during a BUS read. Can be used to enable data onto 
the bus from an external device. 
Used as a read strobe to external data memory. (Active low) 
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Table 1. Pin Description (40·Pin DIP) (Continued) 

Symbol Pin No. Function 

RESET 4 Input which is used to initialize the processor. (Active low) (Non TTL VIH) 

Used during programming. 

WR 10 Output strobe during a bus write. (Active low) 
Used as write strobe to external data memory. 

ALE 11 Address latch enable. This signal occurs once during each cycle and is 
useful as a clock output. 
The negative edge of ALE strobes address into external data and program 
memory. 

PSEN 9 Program store enable. This output occurs only during a fetch to external 
program memory. (Active low.) 

SS 5 Single step input can be used in conjunction with ALE to "single step" the 
processor through each instruction. 

EA 7 External access input which forces all program memory fetches to reference 
external memory. Useful for emulation and debug. (Active high.) 

Used during (18V) programming. 

XTAL1 2 One side of crystal input for internal oscillator. Also input for external source. 
(Non TTL VIH.) 

XTAL2 3 Other side of crystal input. 

Table 2. Instruction Set 

Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles 
ACCUMULATOR ACCUMULATOR (Continued) 
ADDA, R Add register to A INCA Increment A 
ADDA,@R Add data DECA Decrement A 

memory to A CLRA Clear A 
ADDA, #data Add immediate 2 2 CPLA Complement A 

to A DAA Decimal adjust A 
AD DC A, R Add register with SWAP A Swap nibbles of 

carry A 
ADDCA,@R Add data RLA Rotate A left 

memory with RLCA Rotate A left 

carry through carry 
AD DC A, #data Add immediate 2 2 RRA Rotate A right 

with carry RRCA Rotate A right 

ANLA, R And register to A through carry 
ANLA,@R And data 

memory to A INPUT/OUTPUT 

ANLA, #data And immediate 2 2 INA,P Input port to A 1 2 

toA OUTLP,A Output A to port 1 2 

ORLA, R Or register to A ANL P, #data And immediate 2 2 

ORLA,@R Or data memory to port 

toA ORLP, #data Or immediate to 2 2 

ORLA, #data Or immediate to 2 2 port 

A INSA, BUS Input BUS to A 1 2 

XRLA, R Exclusive or OUTLBUS,A Output A to BUS 1 2 

register to A ANL BUS, #data And immediate 2 2 

XRLA,@R Exclusive or to BUS 

data memory to ORL BUS, #data Or immediate to 2 2 

A BUS 

XRLA, #data Exclusive or 2 2 MOVDA, P Input expander 2 

immediate to A port to A 
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Table 2. Instruction Set (Continued) 

Mnemonic Description Bytes Cycles Mnemonic Description Bytes Cycles 
INPUT/OUTPUT (Continued) DATA MOVES (Continued) 
MOVDP,A Output A to 2 MOVR,A Move A to register 

expander port MOV@R,A Move A to data 

ANLD P,A And A to expander 2 memory 

port MOV R, #data Move immediate to 2 2 
ORLDP, A Or A to expander 2 register 

port MOV@R, #data Move immediate to 2 2 

REGISTERS 
data memory 

MOVA,PSW Move PSW to A 
INCR Increment register MOVPSW,A MoveAtoPSW 
INC@R Increment data XCHA, R Exchange A and 

memory register 
DECR Decrement register XCHA,@R Exchange A and 
BRANCH data memory 
JMPaddr Jump unconditional 2 2 XCHDA,@R Exchange nibble 
JMPP@A Jump indirect 1 2 of A and register 
DJNZR,addr Decrement register 2 2 MOVXA,@R Move external 2 

and skip data memory to A 
JC addr Jump on carry = 1 2 2 MOVX@R,A Move A to external 2 
JNC addr Jump on carry = 0 2 2 data memory 
JZ addr Jump on A zero 2 2 MOVPA,@A Move to A from 2 
JNZ addr Jump on A not zero 2 2 current page 

JTO addr Jump on TO = 1 2 2 MOVP3A,@A Move to A from 2 
JNTO addr Jump onTO =0 2 2 page 3 

JT1 addr Jump onT1 = 1 2 2 
TIMER/COUNTER 

JNT1 addr JumponT1 = 0 2 2 MOVA,T Read 
JFO addr Jump on FO = 1 2 2 timer/counter 
JF1 addr Jump on F1 = 1 2 2 MOVT, A Load 
JTF addr Jump on timer flag 2 2 timer/counter 
JNI addr Jump on INT = 0 2 2 STRTT Start timer 
JBb addr Jump on 2 2 STRTCNT Start counter 

accumulator bit STOP TCNT Stop timer/counter 
EN TCNTI Enable timer/ 

SUBROUTINE counter interrupt 
CALLaddr Jump to subroutine 2 2 DIS TCNTI Disabfe timer / 

RET Return 2 counter interrupt 

RETR Return and restore 2 
CONTROL 

status 
ENI Enable external 

interrupt 
FLAGS DISI Disable external 
CLRC Clear carry interrupt 
CPLC Complement carry SELRBO Select register 
CLR FO Clear flag 0 bank 0 
CPLFO Complement flag 0 SELRB1 Select register 
CLR F1 Clear flag 1 bank 1 
CPLF1 Complement flag 1 SELMBO Select memory 
DATA MOVES bank 0 
MOVA, R Move register to A SELMB1 Select memory 
MOVA,@R Move data memory bank 1 

toA ENTOCLK Enable clock 
MOV A, #data Move immediate 2 2 output on TO 

toA NOP No operation 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias .... o·C to + 70·C . 

Storage Temperature .......... - 65·C to + 150·C 

Voltage On Any Pin With Respect 
to Ground ...................... - 0.5V to + 7V 

Power Dissipation ....................... 1.0 Watt 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS TA = O·Cto +70·C;Vee = Voo = 5V +10%;Vss = OV -
Limits 

Symbol Parameter 
Min Typ Max 

Unit Test Conditions Device 

VIL Input Low Voltage (All -0.5 O.B V All 
Except RESET, X1, X2) 

VIL1 Input Low Voltage -0.5 0.6 V All 
(RESET, X1, X2) 

VIH Input High Voltage 2.0 Vee V All 
(All Except XT AL 1 , 
XTAL2,RESET 

VIH1 Input High Voltage 3.B Vee V All 
(X1, X2, RESET) 

VOL Output Low Voltage (BUS) 0.45 V IOL = 2.0 rnA All 

Vou ~ut Low Voltage 0.45 V IOL = 1.B rnA All 
(RD, WR, PSEN, ALE) 

VOL2 Output Low Voltage 0.45 V IOL = 1.0 rnA All 
(PROG) 

VOL3 Output Low Voltage 0.45 V IOL = 1.6 rnA All 
(All Other Outputs) 

VOH Output High Voltage (BUS) 2.4 V IOH = - 400 p.A All 

VOH1 ~ut High Voltage 2.4 V IOH = -100 p.A All 
(RD, WR, PSEN, ALE) 

VOH2 Output High Voltage 2.4 V IOH = -40 p.A All 
(All Other Outputs) . 

lu Leak~ Current ±10 p.A Vss :;:;: VIN :;:;: Vee All 
(T1,INT) 

IU1 Input Leakage Current -500 p.A Vss + 0.45 :;:;: VIN :;:;: Vee All 
(P10-P17, P20-P27, 
EA, SS) 

IU2 Input Leakage Current -10 -300 p.A Vss :;:;: VIN :;:;: 3.BV All 
RESET 

ILO Leakage Current ±10 p.A Vss :;:;: VIN :;:;: Vee All 
(BUS, TO) (High 
Impedance State) 

100 + lee Total Supply Current· BO 100 rnA B74BH 

95 110 rnA B749H 

NOTE: 
·Iec + IDD is measured with all outputs disconnected; SS, RESET, and INT equal to Vee; EA equal to Vss. 
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A.C. CHARACTERISTICS TA = O·Cto +70·C;Vcc = VDD = 5V ±10%;Vss = ov 
f(t) 11 MHz Conditions 

Symbol Parameter Unit 
(Note 3) Min Max (Note 1) 

t Clock Period 1 /xtal freq 90.9 1000 ns (Note 3) 

tLL ALE Pulse Width 3.5t - 170 150 ns 

tAL Addr Setup to ALE 2t - 110 70 ns (Note 2) 

tLA Addr Hold from ALE t - 40 50 ns 

tCCl Control Pulse Width (RD, WR) 7.5t - 200 480 ns 

tCC2 Control Pulse Width (PSEN) 6t - 200 350 ns 

tow Data Setup before WR 6.5t - 200 390 ns 

two Data Hold after WR t - 50 40 ns 

tOR Data Hold (RD, PSEN) 1.5t - 30 0 110 ns 

tROl RD to Data In 6t - 170 375 ns 

tR02 PSEN to Data In 4.5t - 170 240 ns 

tAW Addr Setup to WR 5t - 150 300 ns 

tAOl Addr Setup to Data (RD) 10.5t - 220 730 ns 

tAD2 Addr Setup to Data (PSEN) 7.5t - 200 460 ns 

tAFCl Addr Float to RD, WR 2t - 40 140 ns (Note 2) 

tAFC2 Addr Float to PSEN 0.5t - 40 10 ns (Note 2) 

tLAFCl ALE to Control (RD, WR) 3t - 75 200 ns 

tLAFC2 ALE to Control (PSEN) 1.5t - 75 60 ns 

tCAl Control to ALE (RD, WR, PROG) t - 65 25 ns 

tCA2 Control to ALE (PSEN) 4t - 70 290 ns 

tcp Port Control Setup toPROG 1.5t - 80 50 ns 

tpc Port Control Hold to PROG 4t - 260 100 ns 

tpR PROG to P2 Input Valid 8.5t - 120 650 ns 

tpF Input Data Hold from PROG 1.5t 0 140 ns 

top Output Data Setup 6t - 290 250 ns 

tpo Output Data Hold 1.5t - 90 40 ns 

tpp PROG Pulse Width 10.5t - 250 700 ns 

tpL Port 2 I/O Setup to ALE 4t ~ 200 160 ns 

tLP Port 2 I/O Hold to ALE 0.5t - 30 15 ns 

tpv Port Output from ALE 4.5t + 100 510 ns 

tOPRR TO Rep Rate 3t 270 ns 

tCY Cycle Tirne 15t 1.36 15.0 ILs 

NOTES: 
1. Control outputs CL = 80 pF; BUS outputs CL = 150 pF. 
2. BUS High Impedance Load 20 pF. 
3. fIt) assumes 50% duty cycle on Xl, X2. Max clock period is for a 1 MHz crystal input. 
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WAVEFORMS 

INSTRUCTION FETCH FROM PROGRAM 
MEMORY 

210983-4 

READ FROM EXTERNAL DATA MEMORY 

--ltLAFC1L 

ALE Jr------,L-I _-'-1 ____ -' 
tCA11-

RD 

210983-5 

4·27 

WRITE TO EXTERNAL DATA MEMORY 

--ltLAFC1 I---
ALE J'----'I I ~ ____________ -J L 

WR 

ADDRESS 

210983-6 

INPUT AND OUTPUT FOR A.C. TESTS 

2.4V ---__, r----

X~:~:: TEST POtNTS=~:~X 
O.4SV -----'. . - '-. ---

210983-7 

A.C. testing inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Output timing measurements are made at 2.0V 
for a Logic "1" and 0.8V for a Logic "0." 
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PORT 1/PORT 2 TIMING 

ALE 

PSEN 

P20-23 
OUTPUT 

I 

2ND 
CYCLE 

PCH P9RT 20-23 DATA 

P24-27 
P10-17 
OUTPUT 

~------~------------------~----~----. 

tLP 

EXPANDER 
PORT 

PORT 24-27. PORT 10-17 DATA 

-1----.tLA----t·*I .. • --

NEW P20-23 DATA I PCH 

~------------~I 

NEW PORT DATA 
I 

OUTPUT PCH 
I,-,-----i I PORT CONTROL ~ ______________ -J 

EXPANDER 
PORT 

INPUT 

PROG 

PCH 

CRYSTAL OSCILLATOR MODE 

I 
I 

I 

C1 
f-_,--_---, __ -=-j2 XTAL1 

~. ~ ~~~~~T ~~~! 
-= i XTAL2 

~-~-~---~ 

C3 

C1 = 5 pF ±Yz pF + (STRAY < 5 pF) 
C2 = (CRYSTAL + STRAy) < 8 pF 
C3 = 20 pF ±1 pF (STRAY < 5 pF) 

210983-9 

Crystal series resistance should be less than 30n at11 MHz; less 
than 75n at 6 MHz; l!'lsS than 180n at 3.6 MHz. 

210983-8 

CERAMIC RESONATOR MODE 

210983-10 
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DRIVING FROM EXTERNAL SOURCE 

+5V 

47011 

»-+---__ ----"-12 XTALl 

TTL OPEN 
COLLECTOR 
GATES 

+5V 

47011 

'--~'---;;-I XTAL2 

210983-11 
For XTAll and XTAl2 define "high" as voltages above 1.6V and 
"low" as voltages below lo6V. The duty cycle requirements for 
externally driving XTAl1 and XTAl2 using the circuit shown 
above are as follows: XTAll must be high 35-65% of the period 
and XTAl2 must be high 36-65% of the period. Rise and fall 
times must be faster than 20 ns. 

PROGRAMMING, VERIFYING AND 
ERASING THE 8749H (8748H) EPROM 

Programming Verification 

In brief, the programming process consists of: acti
vating the program mode, applying an address, 
latching the address, applying data, and applying a 
programming pulse. Each word is programmed com
pletely before moving on to the next and is followed 
by a verification step. The following is a list of the 
pins used for programming and a description of their 
functions: 

Pin Function 

XTAL1 Clock Input (3 to 4.0 MHz) 
XTAL2 
RESET Initialization and Address Latching 
TEST 0 Selection of Program or Verify Mode 
EA Activation of ProgramlVerify Modes 
BUS Address and Data Input 

Data Output During Verify 
P20-P22 Address Input 
VDD Programming Power Supply 
PROG Program Pulse Input 
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WARNING 

An attempt to program a missocketed 8749H 
(8748H) will result in severe damage to the part. An 
indication of a properly socketed part is the appear
ance of the ALE clock output. The lack of this clock 
may be used to disable the programmer. 

The ProgramlVerify sequence is: 

1) VDD = 5V, Clock applied or internal oscillator op
erating. RESET = OV, TEST 0 = 5V, EA = 5V, 
BUS and PROG floating. P10 and P11 must be 
tied to ground. 

2) Insert 8749H (8748H) in programming socket. 

3) TEST 0 = OV (select program mode) 

4) EA = 18V (activate program mode) 

5) Address applied to BUS and P20-22 

6) RESET = 5V (latch address) 

7) Data applied to BUS 

8) VDD = 21 V (programming power) 

9) PROG = Vee or float followed by one 50 ms 
pulse to 18V 

10) VDD = 5V 

11) TEST 0 = 5V (verify mode) 

12) Read and verify data on BUS 

13) TEST 0 = OV 

14) RESET = OV and repeat from step 5 

15) Programmer should be at conditions of step 1 
when 8749H (8748H) is removed from socket. 
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A.C. TIMING SPECIFICATION FOR PROGRAMMING 8748H/8749H 
T A = 25°C ± 5°C; VCC = 5V ± 5%; VOO = 21V ± 0.5V 

Symbol Parameter Min Max 

tAW" Address Setup Time to RESET t 4tCY 

tWA Address Hold Time after RESET t 4tCY 

tow Data inSetup Time to PROG t 4tCY 

two Data in Hold Time after PROG ..j, 4tCY 

tpH RESET Hold Time to Verify 4tCY 

tvoow Voo Hold Time before PROG t 0 1.0 

tvoOH Voo Hold Time after PROG ..j, 0 1.0 

tpw Program Pulse Width 50 60 

tTW TEST 0 Setup Time for Program Mode 4tCY 

tWT TEST 0 Hold Time after Program Mode 4tCY 

too TEST 0 to Data Out Delay 4tCY 

tww RESET Pulse Width to Latch Address 4tCY 

tr, tf Voo and PROG Rise and Fall Times 0.5 100 

tCY CPU Operation Cycle Time 3.75 5 

tRE RESET Setup Time before EA t 4tCY 

NOTE: 
If TEST 0 is high, tDO can be triggered by RESET t., 

D.C. SPECIFICATION FOR PROGRAMMING 8748H/8749H 
TA = 25°C ±5°C; VCC = 5V ±5%; VOO = 21V ±0.5V 

Symbol Parameter Min Max 

VOOH Voo Program Voltage High Level 20.5 21.5 

VOOL Voo Voltage Low Level 4.75 5.25 

VPH PROG Program Voltage High Level 17.5 18.5 

VPL PROG Voltage Low Level 4.0 Vcc 

VEAH EA Program or Verify Voltage High Level 17.5 18.5 

100 Voo High Voltage Supply Current 20.0 

IpROG PROG High Voltage Supply Current 1.0 

lEA EA High Voltage Supply Current 1.0 
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Unit 

ms 

ms 

ms 

p..s 

p..s 

Unit 

V 

V 

V 

V 

V 

mA 

mA 

mA 

Test Conditions 

Test Conditions 
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WAVEFORMS 

COMBINATION PROGRAM/VERIFY MODE (EPROMs ONLY) 

VEAH 
EA 

Vee 
I-------PROGRAM -------I--VERIFY---t----PROGRAM-

Vee 
TO 

VIL1 

Vee 
RESET 

VIL1 
tAW-tI--+----+-1 tWA tDO-j 

~ r-~D~A=TA~T=O=-=B=E-"" 
DBO-DB7 -I - - PROGRAMMED VALID 

__ ~ __ -{NEXTADDRK 
~ VALID 

LAST 
ADDRESS ADDRESS (8-10) VALID 

VDDH __ __ tpw tWT 

VDD 

NEXT 
ADDRESS 

tVDD~W-tVDDH 

,,:~: ~~~~~~-_-_-_-_-_-_-_-_-t-~-~-I_yl ~-1-~-:-_-_-_--_-_-_-_-_-_-_-_-_-_-_-_-_-_-. 

VERIFY MODE 

DBO-DB7 ===>--- ADDRESS 
(0-7) VALID 

210983-12 

\-----

____ -J)(~ ____ A_D_D_RE_S_S_(_8-_9_)V_A_L_ID ___ ~)(~ _____ NE_X_T_A_D_D_R_E_SS_VA_L_ID __ ___ 

210983-13 
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SUGGESTED EPROM VERIFICATION ALGORITHM FOR HMOS-E DEVICE ONLY 

ALE 
(NOTE 1) 

INmAL EPROM DUMP CYCLE 

EA --=-:J 

SUBSEQUENT EPROM DUMP CYCLES 

i (OUTPUT) 
I 

I 

: (INPUT) 
I 
I 
I 
I 

, 
I 
I 

DB----I ADDRESS H ROM DATA H ADDRESS 

'--~(':":'IN:-=P':":U=:T)-~ (OUTPUT), (INPUT) 

LJR"OMl I~I--"""""-----

TO, RESET --------1 

I 

, (INPUT) 
I , 
I 

(OUTPUT): 

P20-P23 ---""t. ____ A_D_D_R_E_SS ___ ----lHL. ___ AD_D_R_E_S_S __ --II--------

48H 

A10 o 
A11 o 

NOTE: 
ALE is function of X1, X2 inputs. 

49H 

ADDR 

o 

: (INPUT) 
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Vee ~ VDD ~ +SV 
Vss = OV 

210983-14 
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1\1 

MCS®-48 
EXPRESS 

• ooe to 70°C Operation 

II - 40°C to + 85°C Operation 

III 168 Hr. Burn-In 

8048AH/8035AHL • 8748H 

8049AH/8039AHL • 8243 

8050AH/8040AHL III 8749H 

The new Intel EXPRESS family of single-component 8-bit microcomputers offers enhanced processing options 
to the familiar 8048AH/8035AHL, 8748H, 8049AH/8039AHL, 8749H, 8050AH/8040AHL Intel components. 
These EXPRESS products are designed to meet the needs of those applications whose operating require
ments exceed commercial standards, but fall short of military conditions. 

The EXPRESS options include the commercial standard and -40°C to +85°C operation with or without 168 
± 8 hours of dynamic burn-in at 125°C per MIL-STD-883, method 1015. Figure 1 summarizes the option 
marking designators and package selections. 

For a complete description of 8048AH/8035AHL, 8748H, 8049AH/8309AHL, 8749H, 8040AHL and 8050AH 
features and operating characteristics, refer to the respective standard commercial grade data sheet. This 
document highlights only the electrical specifications which differ from the respective commercial part. 

I Temp Range °C 

I Burn In 

0-70 

o Hrs 

P8048AH 
D8048AH 
D8748H 
P8035AHL 
D8035AHL 
P8049AH 
D8049AH 
D8749H 
P8039AHL 
D8039AHL 
P8050AH 
D8050AH 
P8040AHL 
D8040AHL 
P8243 
D8243 

• CommerCial Grade 
P Plastic Package 
D Cerdip Package 

-40-+85 

o Hrs 

TP8048AH 
TD8048AH 
TD8748H 
TP8035AHL 
TD8035AHL 
TP8049AH 
TD8049AH 
TD8749AH 
TP8039AHL 
TD8039AHL 
TP8050AH 
TD8050AH 
TP8040AHL 
TD8040AHL 
TP8243 
TD8243 
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0-70 

168 Hrs 

QP8048AH 
QD8048AH 
QD8748H 
QP8035AHL 
QD8035AHL 
QP8049AH 
QD8049AH 
QD8749H 
QP8039AHL 
QD8039AHL 
QP8050AH 
QD8050AH 
QP8040AHL 
QD8040AHL 
QP8243 
QD8243 

-40-+85 

168 Hrs 

LP8048AH 
LD8048AH 
LD8748H 
LP8035AHL 
LD8035AHL 
LP8049AH 
LD8049AH 
LD8749AH 
LP8039AHL 
LD8039AHL 
LP8050AH 
LD8050AH 
LP8040AHL 
LD8040AHL 
-
LD8243 

September 1987 
Order Number: 270225-002 
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Extended Temperature Electrical Specification Deviations' 

TP8048AH/TP8035AHL/LP8048AH/LP8035AHL 
TD8048AH/TD8035AHL/LD8048AH/LD8035AHL 

D.C. CHARACTERISTICS TA = -40·C to +S5°C; Vee = Voo = 5V ± 10%; Vss = OV 

Symbol 

VIH 

100 

100 + ICC 

Parameter 
Limits 

Min Typ Max 

input High Voltage (Ail Except 2.2 Vee 
XTAL1, XTAL2, RESET) 

Voo Supply Current 4 S 

Total Supply Current 40 SO 

TP8049AH/TP8039AHL/LP8049AH/LP8039AHL 
TD8049AH/TD8039AHL/LD8049AH/LD8039AHL 

Unit Test Conditions 

V 

mA 

mA 

D.C. CHARACTERISTICS TA = -40·Cto +S5°C; Vee = voo = 5V ±10%; vss = OV 

Symbol 

VIH 

100 

100 + Icc 

Parameter 
Limits 

Unit 
Min Typ Max 

Input High Voltage (Ail Except 2.2 Vee 
XTAL 1, XTAL2, RESET) 

Voo Supply Current 5 10 

Total Supply Current 50 100 

TP8050AH/TP8040AHL/LP8050AHL/LP8040AHL 
TD8050AH/TD8040AHL/LD8050AH/LD8040AHL 

V 

rnA 

rnA 

Test Conditions 

D.C. CHARACTERISTICS TA = -40·Cto +S5·C;Vee = Voo =5V ±10%;Vss = OV 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Typ Max 

VIH Input High Voltage (Ail Except 2.2 Vee V 
XTAL1, XTAL2, RESET) 

100 Voo Supply Current 10 20 rnA 

100 + icc Total Supply Current 75 120 rnA 
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Extended Temperature Electrical Specification Deviations' 

T087 48H/L087 48H 

D.C. CHARACTERISTICS TA = -40°C to + 85°C; Vee = VDD = 5V ±10%;Vss = OV 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Typ Max 

VIH Input High Voltage (All Except 2.2 Vee V 
XTAL1, XTAL2, RESET) 

IDD + Icc Total Supply Current 50 130 rnA 

T087 49H/L087 49H 

D.C. CHARACTERISTICS TA = -40°C to + 85°C; Vee = VDD = 5V ±10%;Vss = OV 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Typ Max 

VIH Input High Voltage (All Except 2.2 Vee V 
XTAL 1, XTAL2, RESET) 

IDD + Icc Total Supply Current· 75 150 rnA 

TP8743/T08243/L08243 

D.C. CHARACTERISTICS TA = -40°C to + 85°C; Vee = 5V ±10%;Vss = OV 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min J Typ I Max 

Icc Vee Supply Current I 15 I 25 rnA 
.. . . 

'Refer to Individual commercial grade data sheet for complete operating characteristics. 
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ARCHITECTURAL OVERVIEW 
OF THE MCS®-S1 FAMILY OF MICROCONTROLLERS 

INTRODUCTION 

The B051 is the original member of the MCS®-5l family, and is the core for all MCS-51 devices. The features of the 
8051 core are: 

• 8-bit CPU optimized for control applications 

• Extensive Boolean processing (single-bit logic) capabilities 

• 64K Program Memory address space 

• 64K Data Memory address space 

• 4K bytes of on-chip Program Memory 

• 128 bytes of on-chip Data RAM 

• 32 bidirectional and individually addressable I/O lines 

• Two 16-bit timer/counters 

• Full duplex UART 

• 6-source/5-vector interrupt structure with two priority levels 

• On-chip clock oscillator 

The basic architectural structure of this 8051 core is shown in Figure 1. 

EXTERNAL 
INTERRUPTS 

I I 
PO P2 P1 P3 

ADDRESS/DATA 

Figure 1. Block Diagram of the 8051 Core 
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TXD RXD 

} 
COUNTER 
INPUTS 

270251-1 



01 
r\, 

Each device on the MCS-51 family consists of all the core features plus some additional features. A feature comparison of all the MCS-51 devices is shown in 
Table I. 

Table 1. The MCS®-S1 Family of Microcontrollers 

8-Bit 16-Bit Programmable Serial Global Interrupt 
Device 

ROMless EPROM ROM RAM 1/0 Timerl Counter UART Expansion Serial DMA AID Sourcesl Power Down 
Version Version Bytes Bytes Ports Counters 

Array Port Channel Channels Channels 
Vectors 

and Idle Modes 
(PCA) (SEP) (GSC) 

8051 8031 - 4K 128 4 2 ", 6/5 

8051AH 8031AH 8751H 4K 128 4 2 ", 6/5 
8751BH 

8052AH 8032AH 8752BH 8K 256 4 3 ", 8/6 

80C51BH 80C31BH 87C51 4K 128 4 2 ", 6/5 ", 

83C51FA 80C51FA 87C51FA 8K 256 4 3 ", ", 14/7 ", 

83C51FB 80C51FA 87C51FB 16K 256 4 3 ", ", 14/7 ", 

83C51GA 80C51GA 87C51GA 4K 128 4 2 ", ", 8 8/7 ", 

83C152JA 80C152JA - 8K 256 5 2 ", ", 2 19/11 ", 

- 80C152JB - - 256 7 2 ", ", 2 19/11 ", 

83C152JC 80C152JC - 8K 256 5 2 ", ", 2 19/11 ", 

- 80C152JD - - 256 7 2 ", ", 2 19/11 ", 

83C451 80C451 - 4K 128 7 2 ", 6/5 ", 

83C452 80C452 87C452P 8K 256 5 2 ", 9/8 ", 

l 
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PROGRAM MEMORY 
(READ ONLY) p------------------------. 

FFFFH: ,---.., 

EA=O 
EXTERNAL 

EXTERNAL 

EA=l 
INTERNAL 

L.. __ ~_OOOO _~ __ ..1 

DATA MEMORY 
(READ/WRITE) .---------------------------. 

FFFFH: ,---.., 

EXTERNAL 

ITl---'~r I 
00 0000 L...:.~-r.J 

270251-2 

Figure 2. MCS®·51 Memory Structure 

CHMOS Devices 

Functionally, the CHMOS devices (designated with 
"C" in the middle of the device name) are all fully 
compatible with the 8051, but being CMOS, draw less 
current than an HMOS counterpart. To further exploit 
the power savings available in CMOS circuitry, two re
duced power modes are added: 

• Software-invoked Idle Mode, during which the CPU 
is turned off while the RAM and other on-chip 
peripherals continue operating. In this mode, cur
rent draw is reduced to about 15% of the current 
drawn when the device is fully active. 

• Software-invoked Power Down Mode, during which 
all on-chip activities are suspended. The on-chip 
RAM continues to hold its data. In this mode the 
device typically draws less than 10 fJ-A. 

Although the 80C51BH is functionally compatible with 
its HMOS counterpart, specific differences between the 
two types of devices must be considered in the design of 
an application circuit if one wishes to ensure complete 
interchangeability between the HMOS and CHMOS 
devices. These considerations are discussed in the Ap
plication Note AP-252, "Designing' with the 
80C5IBH". 

For more information on the individual devices and 
features listed in Table 1, refer to the Hardware De
scriptions and Data Sheets of the specific device. 
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MEMORY ORGANIZATION IN 
MCS®-S1 DEVICES 

Logical Separation of Program and 
Data Memory 

All MCS-51 devices have separate address spaces for 
Program and Data Memory, as shown in Figure 2. The 
logical separation of Program and Data Memory allows 
the Data Memory to be accessed by 8-bit addresses, 
which can be more quickly stored and manipulated by 
an 8-bit CPU. Nevertheless, 16-bit Data Memory ad
dresses can also be generated through the DPTR regis
ter. 

Program Memory can only be read, not written to. 
There can be up to 64K bytes of Program Memory. In 
the ROM and EPROM versions of these devices the 
lowest 4K, 8K or 16K bytes of Program Memory are 
provided on-chip. Refer to Table 1 for the amount of 
on-chip ROM (or EPROM) on each device. In the 
ROMless versions all Program Memory is external. 
The read strobe for external Program Memory is the 
signal PSEN (Program Store Enable). 
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Data Memory occupies a separate address space from 
Program Memory. Up to 64K bytes of external RAM 
can be addressed in the external Data Memo~ace. 
The CPU generates read and write signals, RD and 
WR, as needed during external Data Memory accesses. , 

External Program Memory and external Data Memory 
may be combined if desired by applying the RD and 
PSEN signals to the inputs of an AND gate and using 
the output ofthe gate as the read strobe to the external 
Program/Data memory. 

Program Memory 

Figure 3 shows a map of the lower part of the Program 
Memory. After reset, the CPU begins execution from 
location OOOOH. 

As shown in Figure 3, each interrupt is assigned a fixed 
location in Program Memory. The interrupt causes the 
CPU to jump to that location, where it commences exe
cution of the Service routine. External Interrupt 0, for 
example, is assigned to location 0003H. If External In
terrupt 0 is going to be used, its service routine must 
begin at location 0003H. If the interrupt is not going to 
be used, its service location is available as general pur
pose Program Memory. 

INTERRUPT 
LOCATIONS 

002BH 

0023H 

001BH=r " 8 BYTES 
0013H 

OOOBH 

0003H 

..... __ ... OOOOH 
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Figure 3. MCS®-S1 Program Memory 

The interrupt service locations are spaced at 8-byte in
tervals: 0003H for External Interrupt 0, OOOBH for 
Timer 0, OO13H for External Interrupt I, OOIBH for 
Timer I, etc. If an interrupt service routine is short 
enough (as is often the case in control applications), it 
can reside entirely within that 8-byte interval. Longer 
service routines can use a jump instruction to skip over 
subsequent interrupt locations, if other interrupts are in 
use. 

5-4 

The lowest 4K (or 8K or 16K) bytes of Program Mem
ory can be either in the on-chip ROM or in an external 
ROM. This selection is made by strapping the EA (Ex
ternal Access) pin to either Vee or VSS. 

In the 4K byte ROM devices, if the EA pin is strapped 
to V CO then program fetches to addresses OOOOH 
through OFFFH are directed to the internal ROM. Pro
gram fetches to addresses lOOOH through FFFFH are 
directed to external ROM. 

In the 8K byte ROM device$, EA = Vee selects ad
dresses OOOOH through IFFFH to be internal, and ad
dresses 2000H through FFFFH to be external. 

In the 16K byte ROM devices, EA = V cc selects ad
dresses OOOOH through 3FFFH to be internal, and ad
dresses 4000H through FFFFH to be external. 

If the EA pin is strapped to V ss, then all program 
fetches are directed to external ROM. The ROMless 
parts must have this pin externally strapped to Vss to 
enable them to execute properly. 

The read strobe to external ROM, PSEN, is used for all 
external program fetches. PSEN is not activated for in
ternal program fetches. 

MCS -51 EPROM 

!C:):::;--;::::=====!INSTR. 

LATCH 

P2J======:;;:t 
270251-4 

Figure 4~' Executing from External 
Program Memory 

The hardware configuration for external program exe
cution is shown in Figure 4. Note that 16 1/0 lines 
(Ports 0 and 2) are dedicated to bus functions during 
external Program Memory fetches. Port 0 (PO in Figure 
4) serves 8:s a multiplexed addressldata bus. It emits 
the low byte of the Program Counter (PCL) as an ad~ 
dress, and then goes into a float state awaiting the arriv
al of the code byte from the Program Memory. During 
the time that the low byte of the Program Counter is 
valid on PO, the signal ALE (Address Latch Enable) 
clocks this byte into an address latch. Meanwhile, ,Port 
2 (P2 in Figure 4) emits the high byte of the Program 
Counter (PCH). Then PSEN strobes the EPROM and 
the code byte is read into the micrOcontroller. ' 
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Program Memory addresses are always 16 bits wide, 
even though the actual amount of Program Memory 
used may be less than 64K bytes. External program 
execution sacrifices two of the 8-bit ports, PO and P2, to 
the function of addressing the Program Memory. 

Data Memory 

The right half of Figure 2 shows the internal and exter
nal Data Memory spaces available to the MCS-5l user. 

Figure 5 shows a hardware configuration for accessing 
up to 2K bytes of external RAM. The CPU in this case 
is executing from internal ROM. Port 0 serves as a 
multiplexed address/data bus to the RAM, and 3 lines 
of Port 2 are being used to page the RAM. The CPU 
generates RD and WR signals as needed during exter
nal RAM accesses. 

270251-5 

Figure 5. Accessing External Data Memory. 
If the Program Memory is Internal, the Other 

Bits of P2 are Available as I/O. 

There can be up to 64K bytes of external Data Memo
ry. External Data Memory addresses can be either 1 or 
2 bytes wide. One-byte addresses are often used in con
junction with one or more other I/O lines to page the 
RAM, as shown in Figure 5. Two-byte addresses can 
also be used, in which case the high address byte is 
emitted at Port 2. 

FFW--------r----'-I FFH 
: ACCESSIBLE 

UPPER ,BY INDIRECT 
128 'ADDRESSING 

SOH: ONLY 

7FH 

LOWER 
128 

ACCESSIBLE 
BY DIRECT 

AND INDIRECT 
ADDRESSING 

0'-__ --' 

ACCESSIBLE 
BY DIRECT 

ADDRESSING 

80H 

"'-- SPECIAL } PORTS 
FUNCTION STATUS AND 
REGISTERS CONTROL BITS 

TIMER 
REGISTERS 

STACK POINTER 
ACCUMULATOR 
(ETC.) 
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Figure 6. Internal Data Memory 
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Internal Data Memory is mapped in Figure 6. The 
memory space is shown divided into three blocks, 
which are generally referred to as the Lower 128, the 
Upper 128, and SFR space. 

Internal Data Memory addresses are always one byte 
wide, which implies an address space of only 256 bytes. 
However, the addressing modes for internal RAM can 
in fact accommodate 384 bytes, using a simple trick. 
Direct addresses higher than 7FH access one memory 
space, and indirect addresses higher than 7FH access a 
different memory space. Thus Figure 6 shows the Up
per 128 and SFR space occupying the same block of 
addresses, 80H through FFH, although they are physi
cally separate entities. 

BANK 
SELECT 
BITS IN 

PSW~ 

11 ( 

10( 
01 { 

00 ( 

7FH 

2FH 

20H 

lFH 
18H 

17H 
10H 

OFH 
08H 

07H 
0 

) BI T-ADDRESSABLE SPACE 
IT ADORESSES 0-7F) (B 

4 
8 
R 

BANKS OF 
REGISTERS 

0-R7 

- RESET VALUE OF 
STACK POINTER 
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Figure 7. The Lower 128 Bytes of Internal RAM 

The Lower 128 bytes of RAM are present in all 
MCS-5l devices as mapped in Figure 7. The lowest 32 
bytes are grouped into 4 banks of 8 registers. Program 
instructions call out these registers as RO through R 7. 
Two bits in the Program Status Word (PSW) select 
which register bank is in use. This allows more efficient 
use of code space, since register instructions are shorter 
than instructions that use direct addressing. 

FFH 

80H 

NO BIT-ADDRESSABLE 
SPACES 

AVAILABLE AS STACK 
SPACE IN DEVICES WITH 

256 BYTES RAM 

NOT IMPLEMENTED IN 8051 

270251-8 

Figure 8. The Upper 128 Bytes of Internal RAM 
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PSW 7 
CARRY FLAG RECEIVES CARRY OUT 

FROW BIT 1 OF ALU OPERANDS 

PSW 6 
AUXILIARY CARRY FLAG RECEIVES 

CARRY OUT FROW BIT 1 OF 
ADDITION OPERANDS 

PSW5----' 
GENERAL ·PURPOSE STATUS FLAG 

PSW4------' 
REGISTER BANK SELECT BIT 1 

PSW 0 
PARITY OF ACCUWULATOR SET 
BY HARDWARE TO 1 IF IT CONTAINS 
AN ODD NUWBER OF 1 S. OTHERWISE 
IT IS RESET TO 0 

PSW 1 
USER DEFINABLE FLAG 

'-----PSW2 
OVERFLOW FLAG SET BY 
ARITHWETIC OPERATIONS 

'------- PSW 3 
REGISTER BANK SELECT BIT 0 

270251-10 

Figure 10. PSW (Program Status Word) Register In MCS@·51 Devices 

The next 16 bytes above the register banks form a block 
of bit-addressable memory space. The MCS-51 instruc
tion set includes a wide selection of single-bit instruc
tions, and the. 128 bits in this area can be directly ad
dressed by these instructions. The bit addresses in this 
area are OOH through 7FH. 

All of the bytes in the Lower 128 can be accessed by 
either direct or indirect addressing. The Upper 128 
(Figure 8) can only be accessed by indirect addressing. 
The Upper 128 bytes of RAM are not implemented in 
the 8051, but are in the devices with 256 bytes of RAM. 
(See Table 1). 

Figure 9 gives a brief look at the Special Function Reg
ister (SFR) space. SFRs include the Port latches, tim
ers, periphersl controls, etc. TheSe registers can only be 
accessed by direct addressing. In genersl, all MCS-S 1 
microcontrollers have the same SFRs as the 8051, and 
at the same addresses in SFR space. However, enhance
ments to the 8051 have additional SFRs that are not 
present in the 8051, nor perhaps in other proliferations 
of the family. 

FFH 

EOH 

BOH 

AOH 

90H 

BOH 

; 
ACC 

, , 

PORT 3 

I 

PORT 2 

PORT 1 

0 

I 
0 

PORTO 

REGISTER-WAPPED PORTS 

ADDRESSES THAT END IN 
OH OR 8H ARE ALSO 
BIT-ADDRESSABLE 

·-PORT PINS 
-ACCUWULATOR 
-PSW 

(ETC.) 
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Figure 9. SFR Space 
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Sixteen addresses iq SFR.space are both byte- and bit
addressable. The bit-addressable SFRs are those whose 
address ends in OOOB. The bit addresses in this area are 
80H through FFH. 

THE MCS®-51 INSTRUCTION SET 

All members of the MCS-51 family execute the same 
instruction set. The MCS-51 instruction set is opti
mized for 8-bit control applications. It provides a vari
ety of fast addressing modes for accessing the internal 
RAM to facilitate byte operations on small data struc
tures. The instruction set provides extensive support for 
one-bit variables as a separate data type, allowing direct 
bit manipulation in control and logic systems that re
quire Boolean processing. . 

An overview of the MCS-51 instruction set is presented 
below, with a brief description of how certain instruc
tions might be used. References to "the assembler" in 
this discussion are to Intel's MCS-51 Macro Assembler, 
ASMS 1. More detailed information on the instruction 
set can be found in the MCS-51 Macro Assembler Us
er's Guide (Order No. 9800937 for ISIS Systems, Order 
No. 122752 for DOS Systems). 

Program Status Word 

The Program Status Word (pSW) contains several 
status bits that reflect the current state of the CPU. The 
PSW, shown in Figure 10, resides in SFR space. It con
tains the Carry bit, the Auxiliary Carry (for BCD oper
ations), the two register bank select bits, the ovemow 
flag, a Parity bit, and two user-definable status flags. 

The Carry bit, other than serving the functions of a 
Carry bit in arithmetic operations, also serves as the 
"Accumulator" for a number of Boolean operations. 
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The bits RSO and RS 1 are used to select one of the four 
register banks shown in Figure 7. A number of instruc
tions refer to these RAM locations as RO through R7. 
The selection of which of the four banks is being re
ferred to is made on the basis of the bits RSO and RS 1 
at execution time. 

The Parity bit reflects the number of Is in the Accumu
lator: P = 1 if the Accumulator contains an odd num
ber of Is, and P = 0 if the Accumulator contains an 
even number of Is. Thus the number of Is in the Accu
mulator plus P is always even. 

Two bits in the PSW are uncommitted and may be used 
as general purpose status flags. 

Addressing Modes 

The addressing modes in the MCS-51 instruction set 
are as follows: 

DIRECT ADDRESSING 

In direct addressing the operand is specified by an 8-bit 
address field in the instruction. Only internal Data 
RAM and SFRs can be directly addressed. 

INDIRECT ADDRESSING 

In indirect addressing the instruction specifies a register 
which contains the address of the operand. Both inter
nal and external RAM can be indirectly addressed. 

The address register for 8-bit addresses can be RO or 
R 1 of the selected register bank, or the Stack Pointer. 
The address register for 16-bit addresses can only be the 
16-bit "data pointer" register, DPTR. 

REGISTER INSTRUCTIONS 

The register banks, containing registers RO through R 7, 
can be accessed by certain instructions which carry a 
3-bit register specification within the opcode of the in
struction. Instructions that access the registers this way 
are code efficient, since this mode eliminates an address 
byte. When the instruction is executed, one of the eight 
registers in the selected bank is accessed. One of four 
banks is selected at execution time by the two bank 
select bits in the PSW. 

REGISTER·SPECIFIC INSTRUCTIONS 

Some instructions are specific to a certain register. For 
example, some instructions always operate on the Ac
cumulator, or Data Pointer, etc., so no address byte is 
needed to point to it. The opcode itself does that. In
structions that refer to the Accumlator as A assemble 
as accumulator-specific opcodes. 
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IMMEDIATE CONSTANTS· 

The value of a constant can follow the opcode in Pro
gram Memory. For example, 

MOV A, #100 

loads the Accumulator with the decimal number 100. 
The same number could be specified in hex digits as 
64H. 

INDEXED ADDRESSING 

Only Program Memory can be accessed with indexed 
addressing, and it can only be read. This addressing 
mode is intended for reading look-up tables in Program 
Memory. A 16-bit base register (either DPTR or the 
Program Counter) points to the base of the table,. and 
the Accumulator is set up with the table entry number. 
The address of the table entry in Program Memory is 
formed by adding the Accumulator data to the base 
pointer. 

Another type of indexed addressing is used in the "case 
jump" instruction. In this case the destination address 
of a jump instruction is computed as the sum of the 
base pointer and the Accumulator data. 

Arithmetic Instructions 

The menu of arithmetic instructions is listed in Table 2. 
The table indicates the addressing modes that can be 
used with each instruction to access the <byte> oper
and. For example, the ADD A, <byte> instruction can 
be written as: 

ADD 
ADD 
ADD 
ADD 

A,7FH 
A,@RO 
A,R7 
A,#127 

(direct addressing) 
(indirect addressing) 
(register addressing) 
(immediate constant) 

The execution times listed in Table 2 assume a 12 MHz 
clock frequency. All of the arithmetic instructions exe
cute in 1 pos except the INC DPTR instruction, which 
takes 2 pos, and the Multiply and Divide instructions, 
which take 4 pos. 

Note that any byte in the internal Data Memory space 
can be incremented or decremented without going 
through the Accumulator. 

One of the INC instructions operates on the 16-bit 
Data Pointer. The Data Pointer is used to generate 
16-bit addresses for external memory, so being able to 
increment it in one 16-bit operation is a useful feature. 

The MUL AB instruction multiplies the Accumulator 
by the data in the B register and puts the 16-bit product 
into the concatenated B and Accumulator registers. 
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Table 2. A List of the MCS®-51 Arithmetic Instructions 

Mnemonic Operation 

ADD A, <byte> A = A + <byte> 

ADDC A, < byte> A = A + <byte> + C 

SUBB A,<byte> A = A - <byte> - C 

INC A A=A+1 

INC <byte> <byte> = <byte> + 1 

INC DPTR DPTR = DPTR + 1 

DEC A A=A-1 

DEC <byte> <byte> = <byte> - 1 

MUL AB B:A = BxA 

DIV AB A = Int [AlB] 
B = Mod [AlB] 

DA A Decimal Adjust 

The DIY AB instruction divides the Accumulator by 
the data in the B register and leaves the 8-bit quotient 
in the Accumulator, and the 8-bit remainder in the B 
register. 

Oddly enough, DIY AB finds less use in arithmetic 
"divide" routines than in radix conversions and pro
grammable shift operations. An example of the use of 
DIY AB in a radix conversion will be given later. In 
shift operations, dividing a number by 2n shifts its n 
bits to the right. Using DIY AB to perform the division 

Addressing Modes Execution 

Dir Ind Reg Imm Time (/Ls) 

X X X X 1 

X X X X 1 

X X X X 1 

Accumulator only 1 

X X X 1 

Data Pointer only 2 

Accumulator only 1 

X X X 1 

ACC and B only 4 

ACC and B only 4 

Accumulator only 1 

completes the shift in 4 /Ls and leaves the B. register 
holding the bits that were shifted out. 

The DA A instruction is for BCD arithmetic opera
tions. In BCD arithmetic, ADD and ADDC instruc
tions should always be followed by a DA A operation, 
to ensure that the result is also in BCD. Note that DA 
A will not convert a binary number to BCD. The DA 
A operation produces a meaningful result only as the 
second step in the addition of two BCD bytes. 

Table 3. A List of the MCS®-51 Logical Instructions 

Mnemonic Operation Addressing Modes Execution 

Dir Ind Reg Imm Time (/A-s) 

ANL A,<byte> A = A .AND. <byte> X X ·X X 1 

ANL <byte> ,A <byte> = <byte> .AND. A X 1 

ANL <byte>, # data <byte> = <byte> .AND. #data X 2 

ORL A,<byte> A = A .OR. <byte> X X X X 1 

ORL <byte> ,A <byte> = <byte> .OR. A X 1 

ORL <byte>,#data <byte> = <byte> .OR. #data X 2 

XRL A,<byte> A = A .XOR. <byte> X X X X 1 

XRL <byte>,A <byte> = <byte> .XOR.A X 1 

XRL <byte>, # data <byte> = <byte> .xOR. #data X 2 

CRL A A = OOH Accumulator only 1 

CPL A A = .NOT. A Accumulator only 1 

RL A Rotate ACC Left 1 bit Accumulator only 1 

RLC A Rotate Left through Carry Accumulator only 1 

RR A Rotate ACC Right 1 bit Accumulator only 1 

RRC A Rotate Right through Carry Accumulator only 1 

SWAP A Swap Nibbles in A Accumulator only 1 
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Logical Instructions 

Table 3 shows the list of MCS-Sl logical instructions. 
The instructions that perform Boolean operations 
(AND, OR, Exclusive OR, NOT) on bytes perform the 
operation on a bit-by-bit basis. That is, if the Accumu
lator contains 001l0101B and <byte> contains 
0l01001IB, then 

ANL A, <byte> 

will leave the Accumulator holding 0001000IB. 

The addressing modes that can be used to access the 
<byte> operand are listed in Table 3. Thus, the ANL 
A, <byte> instruction may take any of the forms 

ANL 
ANL 
ANL 
ANL 

A,7FH 
A,@Rl 
A,R6 
A,#S3H 

(direct addressing) 
(indirect addressing) 
(register addressing) 
(immediate constant) 

All of the logical instructions that are Accumulator
specific execute in Ip,s (using a 12 MHz clock). The 
others take 2 p,s. 

Note that Boolean operations can be performed on any 
byte in the lower 128 internal Data Memory space or 
the SFR space using direct addressing, without having 
to use the Accumulator. The XRL <byte>, #data in
struction, for example, offers a quick and easy way to 
invert port bits, as in 

XRL PI,#OFFH 

If the operation is in response to an interrupt, not using 
the Accumulator saves the time and effort to stack it in 
the service routine .. 

The Rotate instructions (RL A, RLC A, etc.) shift the 
Accumulator 1 bit to the left or right. For a left rota
tion, the MSB rolls into the LSB position. For a right 
rotation, the LSB rolls into the MSB position. 

The SWAP A instruction interchanges the high and 
low nibbles within the Accumulator. This is a useful 
operation in BCD manipulations. For example, if the 
Accumulator contains a binary number which is known 
to be less than 100, it can be quickly converted to BCD 
by the following code: 

MOV 
DIV 
SWAP 
ADD 

B,#lO 
AB 
A 
A,B 

Dividing the number by 10 leaves the tens digit in the 
low nibble of the Accumulator, and the ones digit in the 
B register. The SWAP and ADD instructions move the 
tens digit to the high nibble of the Accumulator, and 
the ones digit to the low nibble. 

Data Transfers 

INTERNAL RAM 

Table 4 shows the menu of instructions that are avail
able for moving data around within the internal memo
ry spaces, and the addressing modes that can be used 
with each one. With a 12 MHz clock, all of these in
structions execute in either 1 or 2 p,s. 

The MOV <dest>, <src> instruction allows data to 
be transferred between any two internal RAM or SFR 
locations without going through the Accumulator. Re
member the Upper 128 byes of data RAM can be ac
cessed only by indirect addressing, and SFR space only 
by direct addressing. 

Note that in all MCS-SI devices, the stack resides in 
on-chip RAM, and grows upwards. The PUSH instruc
tion first increments the Stack Pointer (SP), then copies 
the byte into the stack. PUSH and POP use only direct 
addressing to identify the byte being saved or restored, 

Table 4. A List of the MCS®·51 Data Transfer Instructions that Access Internal Data Memory Space 

Mnemonic Operation 
Addressing Modes Execution 

Dir Ind Reg Imm Time (p,s) 

MOV A,<src> A= <src> X X X X 1 

MOV <dest>,A <dest> = A X X X 1 

MOV <dest>, <src> <dest> = <src> X X X X 2 

MOV DPTR,#data16 DPTR = 16-bit immediate constant. X 2 

PUSH <src> INC SP: MOV "@SP",<src> X 2 

POP <dest> MOV <dest>, "@SP" : DEC SP X 2 

XCH A, <byte> ACC and < byte> exchange data X X X 1 

XCHD A,@Ri ACC and @Ri exchange low nibbles X 1 
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but the stack itself is accessed by indirect addressing 
using the SP register. This means the stack can go into 
the Upper 128, if they are implemented, but not into 
SFR space. 

In devices that do not implement the Upper 128, if the 
SP points to the Upper 128, PUSHed bytes are lost, and 
POPped bytes are indeterminate. 

The Data Transfer instructions include a 16-bit MOV 
that can be used to initialize the Data Pointer (DPTR) 
for look-up tables in Program Memory, or for 16-bit 
external Data Memory accesses. 

The XCH A, <byte> instruction causes the Accumu
lator and addressed byte to exchange data. The XCHD 
A,@Ri instruction is similar, but only the low nibbles 
are involved in the exchange. 

To see how XCH and XCHD can be used to facilitate 
data manipulations, consider first the problem of shift
ing an 8-digit BCD number two digits to the right. Fig
ure II shows how this can be done using direct MOVs, 
and for comparison how it can be done using XCH 
instructions. To aid in understanding how the code 
works, the contents of the registers that are holding the 
BCD number. and the content of the Accumulator are 
shown alongside each instruction to indicate their 
status after the instruction has been executed. 

2A 2B 2C 2D 2E 
MOV A,2EH 00 12 34 56 78 
MOV 2EH,2DH 00 12 34 56 56 
MOV 2DH,2CH 00 12 34 34 56 
MOV 2CH,2BH 00 12 12 34 56 
MOV 2BH,#0 00 00 12 34 56 
(a) Using direct MOVs: 14 bytes, 9 '"'S 

2A 2B 2C 2D 2E 
CLR A 00 12 34 56 78 
XCH A,2BH 00 00 34 56 78 
XCH A,2CH 00 00 12 56 78 
XCH A,2DH 00 00 12 34 78 
XCH A,2EH 00 00 12 34 56 
(b) Using XCHs: 9 bytes, 5 ,",S 

Figure 11. Shifting a BCD Number 
Two Digits to the Right 

ACC 
78 
78 
78 
78 
78 

ACC 
00 
12 
34 
56 
78 
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After the routine has been executed, the Accumulator 
contains the two digits that were shifted out on the 
right. Doing the routine with direct MOYs uses 14 code 
bytes and 9 }J-s of execution time (assuming a 12 MHz 
clock). The same operation with XCHs uses less code 
and executes almost twice as fast. 

To right-shift by an odd number of digits, a one-digit 
shift must be executed. Figure 12 shows a sample of 
code that will right-shift a BCD number one digit, us
ing the XCHD instruction. Again, the contents of the 
registers holding the number and of the Accumulator 
are shown alongside each instruction. 

MOV R1,#2EH 
MOV RO,#2DH 

loopror R1 = 2EH: 

LOOP: MOV A,@R1 00 12 34 56 78 
XCHD A,@RO 00 12 34 58 78 
SWAP A 00 12 34 58 78 
MOV @R1.A 00 12 34 58 67 
DEC R1 00 12 34 58 67 
DEC RO 00 12 34 58 67 
CJNE R1,#2AH,LOOP 

loop for R1 = 2DH: 

1 00 1
12

1
38 

1
45

1
67

1 
loop for R1 = 2CH: 00 18 23 45 67 
loop for R1 = 2BH: 08 01 23 45 67 

CLR A 1081011231451671 
XCH A,2AH 00 01 23 45 67 

Figure 12. Shifting a BCD Number 
One Digit to the Right 

XX 
xx 

78 
76 
67 
67 

.67 
67 

45 
23 
01 

00 
08 

First, pointers RI and RO are set up to point to the two 
bytes containing the last four BCD digits. Then a loop 
is executed which leaves the last byte, location 2EH, 
holding the last two digits of the shifted number. The 
pointers are decremented, and the loop is repeated for 
location 2DH. The CJNE instruction (Compare and 
Jump if Not Equal) is a loop control that will be de
scribed later. 

The loop is executed from LOOP to CJNE for RI = 
2EH, 2DH, 2CH and 2BH. At that point the digit that 
was originally shifted out on the right has propagated 
to location 2AH. Since that location should be left with 
Os, the lost digit is moved to the Accumulator. 
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EXTERNAL RAM 

Table 5 shows a list of the Data Transfer instructions 
that access external Data Memory. Only indirect ad
dressing can be used. The choice is whether to use a 
one-byte address, @Ri, where Ri can be either RO or 
R I of the selected register bank, or a two-byte address, 
@DPTR. The disadvantage to using 16-bit addresses if 
only a few K bytes of external RAM are involved is 
that 16-bit addresses use all 8 bits of Port 2 as address 
bus. On the other hand, 8-bit addresses allow one to 
address a few K bytes of RAM, as shown in Figure 5, 
without having to sacrifice all of Port 2. 

All of these instructions execute in 2 /Jos, with a 
12 MHz clock. 

Table 5. A List of the MCS®-51 Data 
Transfer Instructions that Access 

External Data Memory Space 

Address 
Mnemonic Operation 

Execution 
Width Time (1-'5) 

B bits MOVXA,@Ri Read external 2 RAM.@Ri 

B bits MOVX@Ri,A Write external 2 RAM@Ri 

16 bits MOVX A,@DPTR Read external 2 RAM@DPTR 

16 bits MOVX @DPTR,A Write external 2 RAM@DPTR 

Note that in all external Data RAM accesses, the Ac
cumulator is always either the destination or source of 
the data. 

The read and write strobes to external RAM are acti
vated only during the execution of a MOVX instruc
tion. Normally these signals are inactive, and in fact if 
they're not going to be used at all, their pins are avail

,able as extra I/O lines. More about that later. 

LOOKUP TABLES 

Table 6 shows the two instructions that are available 
for reading lookup tables in Program Memory. Since 
these instructions access only Program Memory, the 
lookup tables can only be read, not updated. The mne
monic is MOVC for "move constant". 

If the table access is to external Program Memory, then 
the read strobe is PSEN. 
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Table 6. The MCS®-51 Lookup 
Table Read Instructions 

Mnemonic Operation 
Execution 
Time (1-'8) 

MOVC A,@A+DPTR Read pgm Memory 2 
at(A+DPTR) 

MOVC A,@A+PC Read pgm Memory 2 
at (A+PC) 

The first MOVC instruction in Table 6 can accommo
date a table of up to 256 entries, numbered 0 through 
255. The number of the desired entry is loaded into the 
Accumulator, and the Data Pointer is set up to point to 
beginning of the table. Then 

MOVC A,@A+DPTR 

copies the desired table entry into the Accumulator. 

The other MOVC instruction works the same way, ex
cept the Program Counter (PC) is used as the table 
base, and the table is accessed through a subroutine. 
First the number of the desired entry is loaded into the 
Accumulator, and the subroutine is called: 

MOV 
CALL 

A,ENTRY _NUMBER 
TABLE 

The subroutine "TABLE" would look like this: 

TABLE: MOVC A,@A+PC 
RET 

The table itself immediately follows the RET (return) 
instruction in Program Memory. This type of table can 
have up to 255 entries, numbered 1 through 255. Num
ber 0 can not be used, because at the time the MOVC 
instruction is executed, the PC contains the address of 
the RET instruction. An entry numbered 0 would be 
the RET opcode itself. 

Boolean Instructions 

MCS-51 devices contain a complete Boolean (single-bit) 
processor. The internal RAM contains 128 addressable 
bits, and the SFR space can support up to 128 other 
addressable bits. All of the port lines are bit-address
able, and each one can be treated as a separate single
bit port. The instructions that access these bits are not 
just conditional branches, but a complete menu of 
move, set, clear, complement, OR, and AND instruc
tions. These kinds of bit operations are not easily ob
tained in other architectures with any amount of byte
oriented software. 
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Table 7. A List of the MCS®-S1 
Boolean Instructions 

Mnemonic Operation Execution 
Time (ILS) 

ANL C,bit C = C .AND. bit 2 

ANL C,Ibit C = C .AND .. NOT. bit 2 

ORL C,bit C = C.OR. bit 2 

ORL C,Ibit C= C .OR. .NOT. bit 2 

MOV C,bit C = bit 1 

MOV bit,C bit = C 2 

CLR C C=O 1 

CLR bit bit = 0 1 

SETB C C=1 1 

SETB bit bit = 1 1 

CPL C C = .NOT.C 1 

CPL bit bit = .NOT. bit 1 

JC rei Jump if C = 1 2 

JNC rei JumpifC = 0 2 

JB bit,rel Jump if bit = 1 2 

JNB bit,rel Jump if bit = 0 2 

JBC bit,rel Jump if bit = 1; CLR bit 2 

The instruction set for the Boolean processor is shown 
in Table 7. All bit accesses are by direct addressing. Bit 
addresses OOH through 7FH are in the Lower 128, and 
bit addresses 80H through FFH are in SFR space. 

Note how easily an internal flag can be moved to a port 
pin: 

MOV C,FLAG 
MOV P1.0,C 

In this example, FLAG is the name of any addressable 
bit in the Lower 128 or SFR space. An I/O line (the 
LSB of Port I, in this case) is set or cleared depending 
on whether the flag bit is I or O. 

The Carry bit in the PSW is used as the single-bit Accu
mulator of the Boolean processor. Bit instructions that 
refer to the Carry bit as C assemble as Carry-specific 
instructions (CLR C, etc). The Carry bit also has a 
direct address, since it resides in the PSW' register, 
which is bit-addressable. 

Note that the Boolean instruction set includes ANL 
and ORL o]lerations, but not the XRL (Exclusive OR) 
operation. An XRL operation is simple to implement in 
software. Suppose, for example, it is required to form 
the Exclusive OR of two bits: 

C = bit! .xRL. bit2 

The software to do that could be as follows: 

MOV 
JNB 
CPL 

OVER: (continue) 

C,bitl 
bit2,OVER 
C 

First, bit! is moved to the Carry. If bit2 = 0, then C 
now contains the correct result. That is, bitl .xRL. bit2 
= bitl if bit2 = o. On the other hand, if bit2 = 1 C 
now contains the complement of the correct result. It 
need only be inverted (CPLC) to complete the opera
tion. 

This code uses the JNB instruction, one of a series of 
bit-test instructions which execute a jump if the ad
dressed bit is set (JC, JB, JBC) or if the addressed bit is 
not set (JNC, JNB). In the above case, bit2 is being 
tested, and ifbit2 = 0 the CPL C instruction is jumped 
over. 

JBC executes the jump if the addressed bit is set, and 
also clears the bit. Thus a flag can be tested and cleared 
in one operation. 

All the PSW bits are directly addressable, so the Parity 
bit, or the general purpose flags, for example, are also 
available to the bit-test instructions. 

RELATIVE OFFSET 
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The destination address for these jumps is specified to 
the assembler by a label or by an actual address in 
Program Memory. However, the destination address 
assembles to a relative offset byte. This is' a signed 
(two's complement) offset byte which is added to the 
PC in two's complement arithmetic if the jump is exe
cuted. 

The range of the jump is therefore -128 to + 127 Pro
gram Memory bytes relative to the first byte following 
the instruction. 
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Jump Instructions 

Table 8 shows the list of unconditional jumps. 

Table 8. Unconditional Jumps 
in MCS®-S1 Devices 

Mnemonic Operation 

JMP addr Jump to addr 

JMP @A+DPTR Jump to A + DPTR 

CALL addr Call subroutine at addr 

RET Return from subroutine 

RETI Return from interrupt 

NOP No operation 

Execution 
Time (,,5) 

2 

2 

2 

2 

2 

1 

The Table lists a single "JMP addr" instruction, but in 
fact there are three-SJMP, LJMP and AJMP-which 
differ in the format of the destination address. JMP is a 
generic mnemonic which can be used if the program
mer does not care which way the jump is encoded. 

The SJMP instruction encodes the destination address 
as a relative offset, as described above. The instruction 
is 2 bytes long, consisting of the opcode and the relative 
offset byte. The jump distance is limited to a range of 
- 128 to + 127 bytes relative to the instruction follow
ing the SJMP. 

The LJMP instruction encodes the destination address 
as a 16-bit constant. The instruction is 3 bytes long, 
consisting of the opcode and two address bytes. The 
destination address can be anywhere in the 64K Pro
gram Memory space. 

The AJMP instruction encodes the destination address 
as an II-bit constant. The instruction is 2 bytes long, 
consisting of the opcode, which itself contains 3 of the 
II address bits, followed by another byte containing the 
low 8 bits of the destination address. When the instruc
tion is executed, these II bits are simply substituted for 
the low II bits in the PC. The high 5 bits stay the same. 
Hence the destination has to be within the same 2K 
block as the instruction following the AJMP. 

In all cases the programmer specifies the destination 
address to the assembler in the same way: as a label or 
as a 16-bit constant. The assembler will put the destina
tion address into the correct format for the given in
struction. If the format required by the instruction will 
not support the distance to the specified destination ad
dress, a "Destination out of range" message is written 
into the List file. 

The JMP @A + DPTR instruction supports case 
jumps. The destination address is computed at execu
tion time as the sum of the 16-bit DPTR register and 
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the Accumulator. Typically, DPTR is set up with the 
address of a jump table, and the Accumulator is given 
an index to the table. In a 5-way branch, for example, 
an integer 0 through 4 is loaded into the Accumulator. 
The code to be executed might be as follows: 

MOV 
MOV 
RL 
JMP 

DPTR, # JUMP _TABLE 
A,INDEX_NUMBER 
A 
@A+DPTR 

The RL A instruction converts the index number (0 
through 4) to an even number on the range 0 through 8, 
because each entry in the jump table is 2 bytes long: 

JUMP_TABLE: 
AJMP 
AJMP 
AJMP 
AJMP 
AJMP 

CASE_O 
CASE_I 
CASE_2 
CASE_3 
CASE_4 

Table 8 shows a single "CALL addr" instruction, but 
there are two of them-LCALL and ACALL-which 
differ in the format in which the subroutine address is 
given to the CPU. CALL is a generic mnemonic which 
can be used if the programmer does not care which way 
the address is encoded. 

The LCALL instruction uses the 16-bit address format, 
and the subroutine can be anywhere in the 64K Pro
gram Memory space. The ACALL instruction uses the 
I I "bit format, and the subroutine must be in the same 
2K block as the instruction following the ACALL. 

In any case the programmer specifies the subroutine 
address to the assembler in the same way: as a label or 
as a 16-bit constant. The assembler will put the address 
into the correct format for the given instructions. 

Subroutines should end with a RET instruction, which 
returns execution to the instruction following the 
CALL. 

RETI is used to return from an interrupt service rou
tine. The only difference between RET and RET! is 
that RET! tells the interrupt control system that the 
interrupt in progress is done. If there is no interrupt in 
progress at the time RET! is executed, then the RETI 
is functionally identical to RET. 

Table 9 shows the list of conditional jumps available to 
the MCS-51 user. All of these jumps specify the desti
nation address by the relative offset method, and so are 
limited tp ajump distance of -128 to + 127 bytes from 
the instruction following the conditional jump instruc
tion. Important to note, however, the user specifies to 
the assembler the actual destination address the same 
way as the other jumps: as a label or a 16-bit constant. 
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Table 9 Conditional Jumps in MCS®-51 Devices 

Mnemonic Operation 

JZ rei Jump if A = 0 

JNZ rei Jump if A *" 0 

DJNZ <byte> ,rei Decrement and jump if not zero 

CJNE A,<byte>,rel Jump if A *" <byte> 

CJNE <byte>,#data,rel Jump if <byte> *" #data 

There is no Zero bit in the PSW. The JZ and JNZ 
instructions test the Accumulator data for that condi
tion. 

The DJNZ instruction (Decrement and Jump if Not 
Zero) is for loop control. To execute a loop N times, 
load a counter byte with N and terminate the loop with 
a DJNZ to the beginning of the loop, as shown below 
for N = 10: 

MOY COUNTER, # 10 
LOOP: (begin loop) 

• 

(end loop) 
DJNZ COUNTER,LOOP 
(continue) 

The CJNE instruction (Compare and Jump if Not 
Equal) can also be used for loop control as in Figure 12. 
Two bytes are specified in the operand field of the in
struction. The jump is executed only if the two bytes 
are not equal. In the example of Figure 12, the two 
bytes were the data in RI and the constant 2AH. The 
initial data in RI was 2EH. Every time the loop was 
executed, RI was decremented, and the looping was to 
continue until the RI data reached 2AH. 

Another application of this instruction is in "greater 
than, less than" comparisons. The two bytes in the op
erand field are taken as unsigned integers. If the first is 
less than the second, then the Carry bit is set (I). If the 
first is greater than or equal to the second, then the 
Carry bit is cleared. 

CPU TIMING 

All MCS-51 microcontrollers have an on-chip oscillator 
which can be used if desired as the clock source for the 
CPU. To use the on-chip oscillator, connect a crystal or 
ceramic resonator between the XTALI and XTAL2 
pins of the microcontroller, and capacitors to ground as 
shown in Figure 13. 
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Dir 

X 
X 

Addressing Modes Execution 

Ind Reg Imm Time (IlS) 

Accumulator only 

Accumulator only 

X 

X X 
X 

<!> 
MCS -51 
H~OS 

OR CHMOS 

r-..... --fXTAL2 

2 

2 

2 

2 

2 

OUAR~~ g~~~~~ "= 
RESONATOR 

~ .... -t--fXTALI 

VSS 

270251-11 

Figure 13. Using the On-Chip Oscillator 

EXTERNAL 
CLOCK 
SIGNAL 

<!> 
~CS -51 
H~OS 

OR CHMOS 

XTAL2 

XTAL1 

VSS 

A. HMOS or CHMOS 

EXTERNAL 
CLOCK 
SIGNAL 

<!> 
MCS -51 

HMOS 
ONLY 

XTAL2 

XTALI 

VSS 

B.HMOSOnly 

EXTERNAL 

<!> 
MCS -51 
CHMOS 
ONLY 

(NC) XTAL2 

CLOCK XTAL 1 
SIGNAL 

VSS 

C. CHMOS Only 

270251-12 

270251-13 

270251.,.14 

Figure 14. Using an External Clock 
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Machine Cycles Examples of how to drive the clock with an external 
oscillator are shown in Figure 14. Note that in the 
HMOS devices (8051, etc.) the signal at the XTAL2 pin 
actually drives the internal clock generator. In the 
CHMOS devices (80C51BH, etc.) the signal at the 
XTALl pin drives the internal clock generator. If only 
one pin is going to be driven with the external oscillator 
signal, make sure it is the right pin. 

A machine cycle consists of a sequence of 6 states, 
numbered Sl through S6. Each state time lasts for two 
oscillator periods. Thus a machine cycle takes 12 oscil
lator periods or 1 /Ls if the oscillator frequency is 
12 MHz. 

The internal clock generator defines the sequence of 
states that make up the MCS-51 machine cycle. 

Each state is divided into a Phase 1 half and a Phase 2 
half. Figure 15 shows the fetch/execute sequences in 

05C. 
(XTAL2) 

I 51 I 52 I 53 I 54 I S5 I 56 I Sl I S2 I S3 I S4 I S5 I 56 I Sl I 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

ALE 

- - - - - - .---l~-_r-__.-'-,__-.___, 

_ [ _R:~O NEXT OPCODE AGAIN. 

______ L--J_-L_-L_~_L_~ 

(A) l-byl., l-cycl. Inslrucllon ••. g., INC A. 

I 
I 
I 

READ OPCDDE. 

: _ [_R:~ NEXT OPCODE. 

--------~~-_r-__.-'-,__-.___, 
________ L...:-J......:..::-L~-L_~_L_~ 

(8) 2-byle, l-cycl.lnllrucllon, •. g., ADD A, #data 

READ DPCODE. 
READ NEXT 
OPCODE (DISCARD). 

(C) l-byl., 2-cyclelnllucllon, •. g., INC DPTR. 
I 

READOPCODE 
(MOYX). . NO 

READ NEXT OPCODE AGAIN. D 
NO FETCH. I 

l I ____ _ 

------L-~-~-~-7-~~~-~-~-7_~-~-~------
DATA 

(D) MOYX (l-byl., 2-cycle) 

ACCESS EXTERNAL MEMORY 

270251-15 

Figure 15. State Sequences In MCS®-51 Devices 
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states and phases for various kinds of instructions. Nor
mally two program fetches are generated during each 
machine cycle, even if the instruction being executed 
doesn't require it. If the instruction being executed 
doesn't need more code bytes, the CPU simply ignores 
the extra fetch, and the Program Counter is not incre
mented. 

Execution of a one-cycle instruction (Figure 15A and 
B) begins during State I of the machine cycle, when the 
opcode is latched into the Instruction Register. A sec
ond fetch occurs during S4 of the same machine cycle. 
Execution is complete at the end of State 6 of this ma
chine cycle. 

The MOVX instructions take two machine cycles to 
execute. No program fetch is generated during the sec
ond cycle of a MOVX instruction. This is the only time 
program fetches are skipped. The fetch/execute se
quence for MOVX instructions is shown in Figure 
15(D). 

ALE 

PsEN 

The fetch/execute sequences are the same whether the 
Program Memory is internal or external to the chip. 
Execution times do not depend on whether the Pro
gram Memory is internal or external. 

Figure 16 shows the signals and timing involved in pro
gram fetches when the Program Memory is external. If 
Program Memory is external, then the Program Memo
ry read strobe PSEN is normally activated twice per 
machine cycle, as shown in Figure 16(A). 

If an access to external Data Memory occurs, as shown 
in Figure 16(B), two PSENs are skipped, because the 
address and data bus are being used for the Data Mem
ory access. 

Note that a Data Memory bus cycle takes twice as 
much time as a Program Memory bus cycle. Figure 16 
shows the relative timing of the addresses being emitted 
at Ports 0 and 2, and of ALE and PSEN. ALE is used 
to latch the low address byte from PO into the address 
latch. 

RD -------+----------~---------4----------~----------7_--- (A) 
WITHOUT A 

MOVX. 

PO 

ALE 

P5EN 

, 
tPCLOUT 

VALID 

, 
I 

tPCLOUT 
VALID 

r---CYCLE 1 'I· 
I 51 1.52 1 53 1 54 1 55 1 56 51 

RD ------~----------~--_. 

tPCLOUT 
VALID 

I , 
tpCLOUT 

VALID 

I 
I 

lpCL OUT 
VALID 

CYCLE 2 -----j 
1 52 1 53 I 541 55 I 56 I 

(B) 
WITH A 
MOVX. 

270251-16 

Figure 16. Bus Cycles in MCS®·51 Devices Executing from External Program Memory 
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When the CPU is executing from internal Program 
Memory, PSEN is not activated, and program address
es are not emitted. However, ALE continues to be acti
vated twice per machine cycle and so is available as a 
clock output signal. Note, however, that one ALE is 
skipped during the execution of the MOVX instruction. 

Interrupt Structure 

The 8051 core provides 5 interrupt sources: 2 external 
interrupts, 2 timer interrupts, and the serial port inter
rupt. What follows is an overview of the interrupt 
structure for the 8051. Other MCS-51 devices have ad
ditional interrupt sources and vectors as shown in Ta
ble 1. Refer to the appropriate chapters on other devic
es for further information on their interrupts. 

INTERRUPT ENABLES 

Each of the interrupt sources can be individually en
abled or disabled by setting or clearing a bit in the SFR 

(MSB) (LSB) 

1 EA 1 -I -I ES 1 ET1 1 EXI 1 ETO 1 EXO 1 
Enable bit = I enables the interrupt. 
Enable bit = 0 disables it. 

Symbol Position 

EA 1E.7 

IE.S 
IE.5 

ES lEA 
ETI IE.3 
EXI IE.2 
ETO IE.I 
EXO IE.O 

Function 

disables all interrupts. If EA = 0, no 
interrupt will be acknowledged. If EA 
= I, each interrupt source is 
individually enabled or disabled by 
setting or clearing its enable bit. 
reserved'" 
reserved'" 
Serial Port Interrupt enable bit. 
Timer I Overflow Interrupt enable bit. 
External Interrupt I enable bit. 
Timer 0 Overflow Interrupt enable bit. 
External Interrupt 0 enable bit. 

'These reserved bits are used in other MCS·51 devices. 

Figure 17. IE (Interrupt Enable) 
Register in the 8051 
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named IE (Interrupt Enable). This register also con
tains a global disable bit, which can be cleared to dis
able all interrupts at once. Figure 17 shows the IE reg
ister for the 8051. 

INTERRUPT PRIORITIES 

Each interrupt source can also be individually pro
grammed to one of two priority levels by setting or 
clearing a bit in the SFR named IP (Interrupt Priority). 
Figure 18 shows the IP register in the 8051. 

A low-priority interrrupt can be interrupted by a high
priority interrupt, but not by another low-priority inter
rupt. A high-priority interrupt can't be interrupted by 
any other interrupt source. 

If two interrupt requests of different priority levels are 
received simultaneously, the request of higher priority 
level is serviced. If interrupt requests of the same priori
ty level are received simultaneously, an internal polling 
sequence determines which· request is serviced. Thus 
within each priority level there is a second priority 
structure determined by the polling sequence. 

Figure 19 shows, for the 8051, how the IE and IP regis
ters and the polling sequence work to determine which 
if any interrupt will be serviced. 

(MSB) (LSB) 

1- 1 - 1 - 1 PS 1 PTI 1 PXI 1 PTO 1 pxo 1 
Priority bit = I assigns high priority. 
Priority bit = 0 assigns low priority. 

Symbol Position Fun'ction 

IP.7 reserved'" 
IP.6 reserved'" 
IP.5 reserved'" 

PS IPA Serial Port interrupt priority bit. 
PTt IP.3 - Timer I interrupt priority bit. 
PXI IP.2 External Interrupt I priority bit. 
PTO IP.I Timer 0 interrupt priority bit. 
PXO IP.O External Interrupt 0 priority bit. 

'These reserved bits are used in other MCS-51 devices. 

Figure 18.IP (InterrupfPriority) 
Register in the 8051 
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Figure 19. 8051 Interrupt Control System 

In operation, all the interrupt flags are latched into the 
interrupt control system during State 5 of every ma
chine cycle. The samples are polled during the follow
ing machine cycle. If the flag for an enabled interrupt is 
found to be set (I). the interrupt system generates an 
LCALL to the appropriate location in Program Memo
ry, unless some other condition blocks the interrupt. 
Several conditions can block an interrupt, among them 
that an interrupt of equal. or higher priority level is 
already in progress. 

The hardware-generated LCALL causes the contents of 
the Program Counter to be pushed onto the stack, a~d 
reloads the PC with the beginning address of the service 
routine. As previously noted (Figure 3), the service rou
tine for each interrupt begins at a fixed location. 

Only the Program Counter is automatically pushed 
onto the stack, not the PSW or any other register. Hav
ing only the PC be automatically saved allows the pro· 
grammer to decide how much time to spend saving 
which other registers. This enhances the interrupt re
sponse time, albeit at the expense of increasing the pro
grammer's burden of responsibility. As a result, many 
interrupt functions that are typical in control applica
tions-toggling a port pin, for example, or reloading a 
timer, or unloading a serial buffer--can often be com-
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pleted in less time than it takes other architectures to 
commence them. 

SIMULATING A THIRD PRIORITY LEVEL IN 
SOFTWARE 

Some applications require more than the two priority 
levels that are provided by on-chip hardware in 
MCS-51 devices. In these cases, relatively simple soft
ware can be written to produce the same effect as a 
third priority level. 

First, interrupts that are to have higher priority tha~ I 
are assigned to priority I in the IP (Interrupt Prionty) 
register. The service routines for priority I interrupts 
that are supposed to be interruptible by "priority 2" 
interrupts are written to include the following code: 

PUSH 
MOV 
CALL 

IE 
iE,#MASK 
LABEL 

(execute service routine) 
* ••• **. 

POP IE 
RET 

LABEL: RET! 
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As soon as any priority 1 interrupt is acknowledged, 
the IE (Interrupt Enable) register is re-defined so as to 
disable all but "priority 2" interrupts. Then, a CALL to 
LABEL executes the RETI instruction, which clears 
the priority 1 interrupt-in-progress flip-flop. At this 
point any priority 1 interrupt that is enabled can be 
serviced, but only "priority 2" interrupts are enabled. 

POPping IE restores the original enable byte. Then a 
normal RET (rather than another RET!) is used to 
terminate the service routine. The additional software 
adds 10 /Ls (at 12 MHz) to priority 1 interrupts. 
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ADDITIONAL REFERENCES 

The following application notes are found in the 
Embedded Control Applications handbook. (Order 
Number: 270648) 

1. AP-69 "An Introduction to the Intel MCS®-SI Sin
gle-Chip Microcomputer Family" 

2. AP-70 "Using the Intel MCS®-SI Boolean Process
ing Capabilities" 
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The information presented in this chapter is collected from the MCS®-51 Architectural Overview and the Hardware 
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MEMORY ORGANIZATION 

PROGRAM MEMORY 

The 8051 has separate address spaces for Program Memory and Data Memory. The Program Memory can be up to 
64K bytes long. The lower 4K (8K for the 8052) may reside on-chip. 

Figure 1 shows a map of the 8051 program memory. and Figure 2 shows a map of the 8052 program memory. 

FFFF~-------------------, 

&OK 
BYTES 

EXTERNAL 

1000 ...... ------------______ --' 
AND 

4K BYTES 
INTERNAL 

0000 ...... ------------------.... 

FFFF ~--------------------. 

--OR---i •• 
64 K 

BYTES 
EXTERNAL 

0000 ...... _________________ ..J 

270249-1 

Figure 1. The 8051 Program Memory 
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FFFF r-----------..., 

56K 
BYTES 

EXTERNAL 

2000 '---...... ---------' 
AND 

lFFFr-----------""\ 

8KBYTES 
INTERNAL 

0000 '-----------..... 

FFFFr-----------~ 

--OR-""'''. 
&4K 

BYTES 
EXTERNAL 

0000 '--_________ ....J 

270249-2 

Figure 2. The 8052 Program Memory 

Data Memory: 

The 8051 can address up to 64K bytes of Data Memory external to the chip. The "MOYX" instruction is used to 
access the external data memory. (Refer to the MCS-51 Instruction Set, in this chapter, for detailed description of 
instructions). 

The 8051 has 128 bytes of on-chip RAM (256 bytes in the 8052) plus a number of Special Function Registers (SFRs). 
The lower 128 bytes of RAM can be accessed either by direct addressing (MOY data addr) or by indirect addressing 
(MOY @Ri). Figure 3 shows the 8051 and the 8052 Data Memory organization. 
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, INTERNAL 
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Figure 3a. The 8051 Data Memory 
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Figure 3b. The 8052 Data Memory 
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INDIRECT ADDRESS AREA: 

Note that in Figure 3b the SFRs and the indirect address RAM have the same addresses (80H-OFFH). Neverthe
less, they are two separate areas and are accessed in two different ways. 

For example the instruction 

MOV 80H,#OAAH 

writes OAAH to Port 0 which is one of the SFRs and the instruction 

MOV 

MOV 

RO,#80H 

@RO,#OBBH 

writes OBBH in location 80H of the data RAM. Thus, after execution of both of the above instructions Port 0 will 
contain OAAH and location 80 of the RAM will contain OBBH. 

Note that the stack operations are examples of indirect addressing, so the upper 128 bytes of data RAM are available 
as stack space in those devices which implement 256 bytes of internal RAM. 

DIRECT AND INDIRECT ADDRESS AREA: 

The 128 bytes of RAM which can be accessed by both direct and indirect addressing can be divided into 3 segments 
as listed below and shown in Figure 4. 

1. Register Banks 0-3: Locations 0 through IFH (32 bytes). ASM-5Iand the device after reset default to register 
bank O. To use the other register banks the user must select them in the software (refer to the MeS-51 Micro 
Assembler User's Guide). Each register bank contains 8 one-byte registers, 0 through 7. ' 

Reset initializes the Stack Pointer to location 07H and it is incremented once to start from location 08H which is the 
first register (RO) of the second register bank. Thus, in order to use more than one register bank, the SP should be 
intialized to a different location of the RAM where it is not used for data storage (ie, higher part of the RAM). 

2. Bit Addressable Area: 16 bytes have been assigned for this segment, 20H-2FH. Each one of the 128 bits of this 
segment can be directly addressed (0-7FH). 

The bits can be referred to in two ways both of which are acceptable by the ASM-51. One way is to refer to their 
addresses, ie. 0 to 7FH. The other way is with reference to bytes 20H to 2FH. Thus, bits 0-7 can also be referred to 
as bits 20.0-20.7, and bits 8-FH are the same as 21.0-21.7 and so on. 

Each of the 16 bytes in this segment can also be addressed as a byte. 

3. Scratch Pad Area: Bytes 30H through 7FH are available to the user as data RAM. However, if the stack pointer 
has been initialized to this area, enough number of bytes should be left aside to prevent SP data destruction. 
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Figure 4 shows the different segments of the on-chip RAM. 

�1 ....... 11-------8 Bytee ------I .. ~I 
78 7F 

70 77 

88 8F 

80 87 
SCRATCH 

5& 5F 
PAD 

50 57 
AREA 

48 4F 

40 47 

. 
38 3F 

30 37 

28 ••• 7F 2F BIT 
ADDRESSAB LE 

20 0 .•. 27 SEGMENT 

18 3 1F 

10 2 17 REGISTER 

08 1 OF BANKS 
--

00 0 07 

270249-5 

Figure 4.128 Bytes of RAM Direct and Indirect Addressable 
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SPECIAL FUNCTION REGISTERS: 

Table 1 contains a list of all the SFRs and their addresses. 

Comparing Table 1 and Figure 5 shows that all of the SFRs that are byte and bit addressable are located on the first 
column of the diagram in Figure 5. 

Symbol 

"ACC 
"B 
"PSW 
SP 
DPTR 

DPL 
DPH 

"PO 
"P1 
'P2 
'P3 
'IP 
'IE 
TMOD 

'TCON 
'+ T2CON 

THO 
TLO 
TH1 
TL1 

+TH2 
+ TL2 
+ RCAP2H 
+ RCAP2L 
'SCON 
SBUF 
PCON 

• = Bit addressable 
+ = 8052 only 

Table 1 

Name Address 

Accumulator OEOH 
B Register OFOH 
Program Status Word ODOH 
Stack Pointer 81H 
Data Pointer 2 Bytes 
Low Byte 82H 
High Byte 83H 
Port 0 80H 
Port 1 90H 
Port 2 OAOH 
Port 3 OBOH 
Interrupt Priority Control OB8H 
Interrupt Enable Control OA8H 
Timer/Counter Mode Control 89H 
Timer/Counter Control 88H 
Timer/Counter 2 Control OC8H 
Timer/Counter 0 High Byte 8CH 
Timer/Counter 0 Low Byte 8AH 
Timer/Counter 1 High Byte 8DH 
Timer/Counter 1 Low Byte 8BH 
Timer/Counter 2 High Byte OCDH 
Timer/Counter 2 Low Byte OCCH 
T /C 2 Capture Reg. High Byte OCBH 
T /C 2 Capture Reg. Low Byte OCAH 
Serial Control 98H 
Serial Data Buffer 99H 
Power Control 87H 
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WHAT DO THE. SFRs CONTAIN JUST AFTER POWER-ON OR A RESET? 

Table 2 lists the contents of each SFR after power-on or a hardware reset. 

Table 2 Contents of the SFRs after reset 

Register 

'ACC 
'S 
'PSW 
SP 
DPTR 

DPH 
DPL 

'PO 
'P1 
'P2 
'P3 
'IP 

. 'IE 

TMOD 
'TCON 

*+ T2CON 
THO 
TLO 
TH1 
TL1 

+TH2 
+ TL2 
+ RCAP2H 
+ RCAP2L 
'SCON 
SSUF 
PCON 

x = Undefined 
• = Bit Addressable 
+ = 8052 only 

Value In Binary 

00000000 
00000000 
00000000· 
00000111 

00000000 
00000000 
11111111 
11111111 
11111111 
11111111 
8051 XXXOOOOO, 
8052 XXOOOOOO 
8051 OXXOOOOO, 
8052 OXOOOOOO 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 
Indeterminate 
HMOS OXXXXXXX 
CHMOS OXXXOOOO 
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SFR MEMORY MAP 

F8 

FO 
E8 

EO 
08 

DO 
C8 
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B8 

BO 
A8 

AO 
98 

90 

88 

80 

B 

ACC 

PSW 
T2CON 

IP 
P3 
IE 
P2 

SCON 
P1 

TCON 
PO 

i 
Bit 
Addressable 

SBUF 

TMOO 
SP 

8 Bytes 

RCAP2L RCAP2H TL2 TH2 

TLO TL1 THO TH1 
OPL OPH 

Figure 5 
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Those SFRs that have their bits assigned for various functions are listed in this section. A brief description of each bit 
is provided for quick reference. For more detailed information refer to the Architecture Chapter of this book. 

PSW: PROGRAM STATUS WORD. BIT ADDRESSABLE. 

CY AC 

CY PSW.7 

AC PSW.6 

FO PSW.5 

RSI PSWA 

RSO PSW.3 

OV PSW.2 

PSW.1 

FO RS1 RSO OV 

Carry Flag. 

Auxiliary Carry Flag. 

Flag 0 available to the user for general purpose. 

Register Bank selector bit 1 (SEE NOTE 1). 

Register Bank selector bit 0 (SEE NOTE 1). 

Overflow Flag. 

User definable flag. 

P 

P psw.o Parity flag. Set/cleared by hardware each instruction cycle to indicate an odd/even number of 
'1' bits in the accumulator. 

NOTE: 
1. The value presented by RSO and RS1 selects the corresponding register bank. 

RS1 RSO Register Bank Address 

0 0 0 OOH-07H 
0 1 1 OSH-OFH 
1 0 2 10H-17H 
1 1 3 1SH-1 FH 

PCON: POWER CONTROL REGISTER. NOT BIT ADDRESSABLE. 

SMOD GF1 GFO PD IDL 

SMOD Double baud rate bit. If Timer 1 is used to generate baud rate and SMOD = 1, the baud rate is doubled 
when the Serial Port is used in modes 1, 2, or 3. 

Not implemented, reserved for future use.· 

Not implemented, reserved for future use.· 

Not implemented, reserved for future use.· 

GFI General purpose flag bit. 

GPO General purpose flag bit. 

PD Power Down bit. Setting this bit activates Power Down operation in the 80C51BH. (Available only in 
CHMOS). 

IDL Idle Mode bit. Setting this bit activates Idle Mode operation in the 80C5IBH. (Available only in CHMOS). 

If Is are written to PD and IDL at the same time, PD takes precedence. 

·User software should not write 1s to reserved bits. These bits maybe used in future MCS-51 products to invoke new 
features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 
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INTERRUPTS: 

In order to use any of the interrupts in the MCS-51, the following three steps must be taken. 

1. Set the EA (enable all) bit in the IE register to 1. 

2. Set the corresponding individual interrupt enable bit in the IE register to 1. 

3. Begin the interrupt service routine at the corresponding Vector Address of that interrupt. See Table below. 

Interrupt Vector 
Source Address 

lEO 0003H 
TFO OOOBH 
IE1 0013H 
TF1 001BH 

RI&TI 0023H 
TF2 & EXF2 002BH 

In addition, for external interrupts, pins INTO and INTI (P3.2 and P3.3) must be set to I, and depending on whether 
the interrupt is to be level or transition activated, bits ITO or ITI in the TCON register may need to be set to 1. 

ITx = 0 level activated 

ITx = 1 transition activated 

IE: INTERRUPT ENABLE REGISTER. BIT ADDRESSABLE. 

If the bit is 0, the corresponding interrupt is disabled. If the bit is I, the corresponding interrupt is enabled. 

EA ET2 ES ET1 EX1 ETO EXO 

EA IE.7 Disables all interrupts. IfEA = 0, no interrupt will be acknowledged. IfEA = I, each interrupt 
source is individually enabled or disabled by setting or clearing its enable bit. 

IE.6 Not implemented, reserved for future use.' 

ET2 IE.5 Enable or disable the Timer 2 overflow or capture interrupt (8052 only). 

ES IE.4 Enable or disable the serial port interrupt. 

ETI IE.3 Enable or disable the Timer I overflow interrupt. 

EXI IE.2 Enable or disable External Interrupt 1. 

ETO IE. I Enable or disable the Timer 0 overflow interrupt. 

EXO IE.O Enable or disable External Interrupt O. 

'User software should not write Is to reserved bits. These bits may be used in future MCS-51 products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 
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ASSIGNING HIGHER PRIORITY TO ONE OR MORE INTERRUPTS: 

In order to assign higher priority to an interrupt the corresponding bit in the IP register must be set to 1. 

Remember that while an interrupt service is in progress, it cannot be interrupted bya lower or same level interrupt. 

PRIORITY WITHIN LEVEL: 

Priority within level is only to resolve simultaneous requests of the same priority level. 

From high to low, interrupt sources are listed below: 

lEO 
TFO 
lEI 
TFI 
RI or TI 
TF2 or EXF2 

IP: INTERRUPT PRIORITY REGISTER. BIT ADDRESSABLE. 

If the bit is 0, the corresponding interrupt has a lower priority and if the bit is I the corresponding interrupt has a 
higher priority. 

1- I PT2 PS PT1 PX1 

IP. 7 Not implemented, reserved for future use.· 

IP.6 Not implemented, reserved for future use.· 

PTO 

PT2 IP. 5 Defines the Timer 2 interrupt priority level (8052 only). 

PS IP. 4 Defines the Serial Port interrupt priority level. 

PTI IP.3 Defines the Timer 1 interrupt priority level. 

PXI IP.2 Defines External Interrupt 1 priority level. 

PTO IP. 1 Defmes the Timer 0 interrupt priority level .. 

PXO IP. 0 Defines the External Interrupt 0 priority level. 

PXO 

·User software should not write Is to reserved bits. These bits may be used in future MeS-51 products to invoke 
new features. In that case, the reset or inactive value of the" new bit will be 0, and its active value will be 1. 
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TCON: TIMER/COUNTER CONTROL REGISTER. BIT ADDRESSABLE. 

TF1 TR1 TFO TRO IE1 IT1 lEO ITO 

TFI TCON. 7 Timer I overflow flag. Set by hardware when the Timer/Counter 1 overflows. Cleared by hard-
ware as processor vectors to the interrupt service routine. 

TRI TCON. 6 Timer I run control bit. Set/cleared by software to turn Timer/Counter ION/OFF. 

TFO TCON. 5 Timer 0 overflow flag. Set by hardware when the Timer/Counter 0 overflows. Cleared by hard-
ware as processor vectors to the service routine. 

TRO TCON.4 Timer 0 run control bit. Set/cleared by software to turn Timer/Counter 0 ON/OFF. 

IE I TCON. 3 External Interrupt I edge flag. Set by hardware when External Interrupt edge is detected. 
Cleared by hardware when interrupt is processed. 

IT! TCON. 2 Interrupt I type control bit. Set/cleared by software to specify falling edge/low level triggered 
External Interrupt. 

lEO TCON. I External Interrupt 0 edge flag. Set by hardware when External Interrupt edge detected. Cleared 
by hardware when interrupt is processed. 

ITO TCON.O Interrupt 0 type control bit. Set/cleared by software to specify falling edgellow level triggered 
External Interrupt. 

TMOD: TIMER/COUNTER MODE CONTROL REGISTER. NOT BIT 
ADDRESSABLE. 

GATE CIT M1 MO I GATE CIT M1 MO I 
C~------------vv------------J) C~ ____________ v-__________ -J) 

TIMER I TIMER 0 

GATE When TRx (in TCON) is set and GATE = 1, TIMERICOUNTERx will run only while INTx pin is high 
(hardware control). When GATE = 0, TIMER/COUNTERx will run only while TRx = 1 (software 
control). 

clf Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for Coun-
ter operation (input from Tx input pin). 

Ml Mode selector bit. (NOTE 1) 

MO Mode selector bit. (NOTE 1) 

NOTE 1: 

M1 
o 
o 
1 

MO 
o 
1 
o 

Operating Mode 
o 13-bit Timer (MCS-48 compatible) 
1 16-bit Timer/Counter 
2 8-bit Auto-Reload Timer/Counter 
3 (Timer 0) TLO is an 8-bit Timer/Counter controlled by the standard Timer 0 

control bits, THO is an 8-bit Timer and is controlled by Timer 1 control bits. 
3 (Timer 1) Timer/Counter 1 stopped. 
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TIMER SET-UP 

Tables 3 through 6 give some values for TMOD which can be used to set up Timer 0 in different modes. 

It is assumed that only one timer is being used at a time. If it is desired to run Timers 0 and 1 simultaneously, in any 
mode, the value in TMOD for Timer 0 must be ORed with the value shown for Timer 1 (Tables 5 and 6). 

For example, ifit is desired to run Timer 0 in mode 1 GATE (external control), and Timer 1 in mode 2 COUNTER,. 
then the value that must be loaded into TMOD is 69H (09H from Table 3 ORed with 60H from Table 6). 

Moreover, it is assumed that the user, at this point, is not ready to turn the timers on and will do that at a different 
point in the program by setting bit TRx (in TCON) to 1. 

TIMER/COUNTER 0 

Asa Timer: 
Table 3 

TMOD 

MODE 
TIMER 0 INTERNAL EXTERNAL 

FUNCTION CONTROL· CONTROL 
(NOTE 1) (NOTE 2) 

0 13-bit Timer OOH 08H 
1 16-bit Timer 01H 09H 
2 8-bit Auto-Reload 02H OAH 
3 two 8-bit Timers 03H OSH 

As a Counter: 
Table 4 

TMOD 

MODE 
COUNTER 0 INTERNAL . EXTERNAL 
FUNCTION CONTROL CONTROL 

(NOTE 1) (NOTE 2) 

0 13-bit Timer 04H OCH 
1 16-bit Timer 05H OOH 
2 8-bit Auto-Reload 06H OEH 
3 one 8-bit Counter 07H OFH 

NOTES: 
1. The Timer is turned ON/OFF by setting/clearing bit TRO in the software. 
2. The Timer is turned ON/OFF by the 1 to 0 transition on INTO (P3.2) when TRO = 1 
(hardware control). 
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TIMER/COUNTER 1 

As a Timer: 
Table 5 

TMOD 

MODE 
TIMER 1 INTERNAL EXTERNAL 

FUNCTION CONTROL CONTROL 
(NOTE 1) (NOTE 2) 

0 13-bit Timer OOH 80H 
1 16-bit Timer 10H 90H 
2 8-bit Auto-Reload 20H AOH 
3 does not run 30H BOH 

As a Counter: 
Table 6 

TMOD 

MODE 
COUNTER 1 INTERNAL EXTERNAL 
FUNCTION CONTROL CONTROL 

(NOTE 1) (NOTE 2) 

0 13-bit Timer 40H COH ., 
1 16-bit Timer 50H DOH 
2 8-bit Auto-Reload 60H EOH 
3 not available - -

NOTES: 
1. The Timer is turned ON/OFF by setting/clearing bit TR1 in the software. 
2. The Timer is turned ON/OFF by the 1 to 0 transition on INT1 (P3.3) when. TR1 = 1 
(hardware control). 
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T2CON: TIMER/COUNTER 2 CONTROL REGISTER. BIT ADDRESSABLE 

8052 Only 

I TF2 I EXF2 RCLK TCLK EXEN2 TR2 C/T2 CP/RL2 

TF2 T2CON. 7 Timer 2 overflow flag set by hardware and cleared by software. TF2 cannot be set when 
either RCLK = 1 or CLK = 1 

EXF2 T2CON. 6 Timer 2 external flag set when either a capture or reload is caused by a negative transition on 
T2EX, and EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU 
to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. 

RCLK T2CON. 5 Receive clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its 
receive clock in modes 1 & 3. RCLK = 0 causes Timer I overflow to be used for the receive 
clock. 

TLCK T2CON. 4 Transmit clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its 
transmit clock in modes 1 & 3. TCLK = 0 causes Timer 1 overflows to be used for the 
transmit clock. 

EXEN2 T2CON. 3 Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of 
negative transition on T2EX if Timer 2 is not being used to clock the Serial Port. 
EXEN2 = 0 causes Timer 2 to ignore events at T2EX. 

TR2 T2CON.2 Software START/STOP control for Timer 2: A Jogic 1 starts the Timer. 

C/T2 T2CON. 1 Timer or Counter select. 

o = Internal Timer. 1 = External Event Counter (falling edge triggered). 

CP/RL2 T2CON.O Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if 
EXEN2 = 1. When cleared, Auto-Reloads will occur either with Timer 2 overflows or 
negative transitions at T2EX when EXEN2 = 1. When either RCLK = I or TCLK = 1, 
this bit is ignored and the Timer is forced to Auto-Reload on Timer 2 overflow. 
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TIMER/COUNTER 2 SET-UP 

Except for the baud rate generator mode, the values given for T2CON do not include the setting of the TR2 bit. 
Therefore, bit TR2 must be set, separately, to turn the Timer on. 

Asa Timer: 
Table 7 

T2CON 

MODE INTERNAL EXTERNAL 
CONTROL CONTROL 
(NOTE 1) (NOTE 2) 

16-bit Auto-Reload OOH OSH 

16-bit Capture 01H 09H 

BAUD rate generator receive & 
transmit same baud rate 34H 36H 

receive only 24H 26H 

transmit only 14H 16H 

As a Counter: 
Table 8 

TMOD 

MODE INTERNAL EXTERNAL 
CONTROL CONTROL 
(NOTE 1) (NOTE 2) 

16-bit Auto-Reload 02H OAH 
16-bit Capture 03H OBH 

NOTES: 
1. Capture/Reload occurs only on Timer/Counter overflow. 
2. Capture/Reload occurs on Timer/Counter overflow and a 1 to 0 transition on T2EX 
(P1.1) pin except when Timer 2 is used in the baud rate generating mode. 
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SCON: SERIAL PORT CONTROL REGISTER. BIT ADDRESSABLE. 

I SMO SM1 SM2 REN TB8 RB8 TI RI 

SMO SCON. 7 Serial Port mode specifier. (NOTE I). 

SMI SCON.6 Serial Port mode specifier. (NOTE I). 

SM2 SCON. 5 Enables the multiprocessor communication feature in modes 2 & 3. In mode 2 or 3, if SM2 is set 
to 1 then RI will not be activated if the received 9th data bit (RB8) is O. In mode I, if SM2 = 1 
then RI will not be activated if a valid stop bit was not received. In mode 0, SM2 should be O. 
(See Table 9). 

REN SCON.4 Set/Cleared by software to Enable/Disable reception. 

TB8 SCON. 3 The 9th bit that will be transmitted in modes 2 & 3. Set/Cleared by software. 

RB8 SCON.2 In modes 2 & 3, is the 9th data bit that was received. In mode I, ifSM2 = 0, RB8 is the stop bit 
that was received. In mode 0, RB8 is not used. 

TI SCON. 1 Transmit interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or at the 
beginning of the stop bit in the other modes. Must be cleared by software. 

RI SCON. 0 Receive interrupt flag. Set by hardware at the end of the 8th bit time in mode 0, or halfway 
through the stop bit time in the other modes (except see SM2). Must be cleared by software. 

NOTE 1: 

SMO 
o 
o 

SM1 

0 
1 
0 

Mode 

0 
1 
2 

3 

SERIAL PORT SET-UP: 

Description Baud Rate 

SHIFT REGISTER Fosc'/12 
8·Bit UART Variable 
9·Bit UART Fosc./64 OR 

Fosc./32 
. 9·Bit UART Variable 

Table 9 

MODE SeON SM2 VARIATION 

0 10H Single Processor 
1 50H 
2 90H 

Environment 

3 DOH 
(SM2 = 0) 

0 NA Multiprocessor 
1 70H 
2 BOH 

Environment 

3 FOH 
(SM2= 1) 

GENERATING BAUD RATES 

Serial Port in Mode 0: 
Mode 0 has a fixed baud rate which is 1/12 of the oscillator frequency. To run the serial port in this mode none of 
the Timer/Counters need to be set up. Only the SCON register needs to be defined. 

Serial Port in Mode 1: 

Osc Freq 
Baud Rate = --12-

Mode 1 has a variable baud rate. The baud rate can be generated by either Timer 1 or Timer 2 (8052 only). 
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USING TIMER/COUNTER 1 TO GENERATE BAUD RATES: 

For this purpose, Timer 1 is used in mode 2 (Auto-Reload). Refer to Timer Setup section of this chapter. 

d R K x Oscillator Freq. 
Bau ate = 32 x 12 x [256 - (TH1)1 

If SMOD = 0, then K = 1. 
If SMOD = I, then K = 2. (SMOD is the PCON register). 

Most of the time the user knows the baud rate and needs to know the reload value for THI. 
Therefore, the equation to calculate THI can be written as: 

TH1 = 256 _ K x Osc Freq. 
384 x baud rate 

THI must be an integer value. Rounding off THI to the nearest integer may not produce the desired baud rate. In 
this case, the user may have to choose another crystal frequency. 

Since the PCON register is not bit addressable, one way to set the bit is logical ORing the PCON register. (ie, ORL 
PCON, # 80H). The address of PCON is 87H. 

USING TIMER/COUNTER 2 TO GENERATE BAUD RATES: 

For this purpose, Timer 2 must be used in the baud rate generating mode. Refer to Timer 2 Setup Table in this 
chapter. If Timer 2 is being clocked through pin T2 (PI.O) the baud rate is: 

B d R Timer 2 Overflow Rate 
au ate = 16 

And if it is being clocked internally the baud rate is: 

Osc Freq 
Baud Rate = 32 x [65536 - (RCAP2H, RCAP2L)] 

To obtain the reload value for RCAP2H and RCAP2L the above equation can be rewritten as: 

RCAP2H, RCAP2L = 65536 _ Osc Freq 
32 x Baud Rate 

SERIAL PORT IN MODE 2: 

The baud rate is fixed in this mode and is '/32 or '1a4 of the oscillator frequency depending on the value of the SMOD 
bit in the PCON register. 

In this mode none of the Timers are used and the clock comes from the internal phase 2 clock. 

SMOD = I, Baud Rate = '132 Osc Freq. 

SMOD = 0, Baud Rate = '/a4 Osc Freq. 

To set the SMOD bit: ORL PCON, # 80H. The address of PCON is 87H. 

SERIAL PORT IN MODE 3: 

The baud rate in mode 3 is variable and sets up exactly the same as in mode 1. 
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MCS®-51 INSTRUCTION SET 
Table 10. 8051 Instruction Set Summary 

Interrupt Response Time: Refer to Hardware De· 
scription Chapter. 

Instructions that Affect Flag Settings(1) 

Instruction 

ADD 
AD DC 
SUBB 
MUL 
DIV 
DA 
RRC 
RLC 
SETBC 

Flag 
C OV AC 
X X X 
X X X 
X X X 
o X 
o X 
X 
X 
X 

Instruction 

CLRC 
CPLC 
ANLC,bit 
ANL C,Ibit 
ORLC,bit 
ORLC,bit 
MOVC,bit 
CJNE 

Flag 
C OV AC 
o 
X 
X 
X 
X 
X 
X 
X 

(I)Note that operations on SFR byte address 208 or 
bit addresses 209-215 (Le., the PSW or bits in the 
PSW) will also affect flag settings. 

Note on instruction set and addressing modes: 
Rn - Register R7-RO of the currently se-

lected Register Bank. 
direct - 8-bit internal data location's address. 

This could be an Internal Data RAM 
location (0-127) or a SFR [i.e., I/O 
port, control register, status register, 
etc. (128-255)1. 

@Ri - 8-bit internal data RAM location (0-
255) addressed indirectly through reg· 
ister Rl or RO. 

# data - 8-bit constant included in instruction. 
# data 16 - 16-bit constant included in instruction. 
addr 16 - 16-bit destination address. Used by 

LCALL & LJMP. A branch can be 
anywhere within the 64K-byte Pro
gram Memory address space. 

addr 11 - II-bit destination address. Used by 
ACALL & AJMP. The branch will be 
within the same 2K-byte page of pro
gram memory as the first byte of the 
following instruction. 

rei - Signed (two's complement) 8-bit offset 
byte. Used by SJMP and all condition
al jumps. Range is -128. to + 127 
bytes relative to first byte of the fol· 
lowing instruction. 

bit - Direct Addressed bit in Internal Data 
RAM or Special Function Register. 

Mnemonic Description 

ARITHMETIC OPERATIONS 
ADD A,Rn Add register to 

Accumulator 
ADD A,direct Add direct byte to 

Accumulator 
ADD A,@Ri Add indirect RAM 

to Accumulator 
ADD A,#data Add immediate 

data to 
Accumulator 

ADDC A,Rn Add register to 
Accumulator 
with Carry 

ADDC A,direct Add direct byte to 
Accumulator 
with Carry 

AD DC A,@Ri Add indirect 
RAM to 
Accumulator 
with Carry 

ADDC A,#data Add immediate 
data to Acc 
with Carry 

SUBB A,Rn Subtract Register 
from Acc with 
borrow 

SUBB A,direct Subtract direct 
bytefwmAcc 
with borrow 

SUBB A,@Ri Subtract indirect 
RAM from ACC 
with borrow 

SUBB A,#data Subtract 
immediate data 
from Acc with 
borrow 

INC A 

INC Rn 
INC direct 

INC @Ri 

DEC A 

DEC Rn 

DEC direct 

DEC @Ri 

Increment 
Accumulator 
Increment register 
Increment direct 
byte 
Increment direct 
RAM 
Decrement 
Accumulator 
Decrement 
Register 
Decrement direct 
byte 
Decrement 
indirect RAM 

12 

2 12 

12 

2 12 

12 

2 12 

12' 

2 12 

12 

2 12 

12 

2 12 

12 

1 12 
2 12 

12 

12 

12 

2 12 

12 

All mnemonics copyrighted © Intel Corporation 1980 
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Table 10.8051 Instruction Set Summary (Continued) 

Mnemonic Description Byte 
Oscillator 

Mnemonic Description Byte 
Oscillator 

Period Period 

ARITHMETIC OPERATIONS (Continued) LOGICAL OPERATIONS (Continued) 
INC DPTR Increment Data- 24 RL A Rotate 12 

Pointer Accumulator Left 
MUL AB Multiply A & B 48 RLC A Rotate 12 
DIV AB DivideAbyB 48 Accumulator Left 
DA A Decimal Adjust 12 through the Carry 

Accumulator RR A Rotate 12 
LOGICAL OPERATIONS Accumulator 
ANL A,Rn AND Register to 12 Right 

Accumulator RRC A Rotate 12 
ANL A,direct AN D di rect byte 2 12 Accumulator 

to Accumulator Right through 
ANL A,@Ri AND indirect 12 the Carry 

RAM to SWAP A Swap nibbles 12 
Accumulator within the 

ANL A,#data AND immediate 2 12 Accumulator 
data to DATA TRANSFER 
Accumulator MOV A,Rn Move 12 

ANL direct, A AND Accumulator 2 12 register to 
to direct byte Accumulator 

ANL direct, # data AND immediate 3 24 MOV A,direct Move direct 2 12 
data to direct byte byte to 

ORL A,Rn OR register to 12 Accumulator 
Accumulator MOV A,@Ri Move indirect 12 

ORL A,direct OR direct byte to 2 12 RAM to 
Accumulator Accumulator 

ORL A,@Ri OR indirect RAM 12 MOV A,#data Move 2 12 
to Accumulator immediate 

ORL A,#data OR immediate 2 12 data to 
data to Accumulator 
Accumulator MOV Rn,A Move 12 

ORL direct,A OR Accumulator 2 12 Accumulator 
to direct byte to register 

ORL direct, # data OR immediate 3 24 MOV Rn,direct Move direct 2 24 
data to direct byte byte to 

XRL A,Rn Exclusive-OR 12 register 
register to MOV Rn,#data Move 2 12 
Accumulator immediate data 

XRL A,direct Exclusive-OR 2 12 to register 
direct byte to MOV direct,A Move 2 12 
Accumulator Accumulator 

XRL A,@Ri Exclusive-OR 12 to direct byte 
indirect RAM to MOV direct,Rn Move register 2 24 
Accumulator to direct byte 

XRL A,#data Exclusive-OR 2 12 MOV direct,direct Move direct 3 24 
immediate data to byte to direct 
Accumulator MOV direct,@Ri Move indirect 2 24 

XRL direct,A Exclusive-OR 2 12 RAM to 
Accumulator to direct byte 
direct byte MOV direct, # data Move 3 24 

XRL direct, #data Exclusive-OR 3 24 immediate data 
immediate data to direct byte 
to direct byte MOV @Ri,A Move 12 

CLR A Clear 12 Accumulator to 
Accumulator indirect RAM 

CPL A Complement 12 All mnemonics copyrighted © Intel Corporation 1980 
Accumulator 
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Table 10. 8051 Instruction Set Summary (Continued) 

Mnemonic Description Byte 
Oscillator 

Mnemonic Description Byte 
Oscillator 

Period Period 

DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIPULATION 
MOV @Ri,direct Move direct 2 24 CLR C Clear Carry 1 12 

byte to CLR bit Clear direct bit 2 12 
indirect RAM SETB C Set Carry 12 

MOV @Ri,#data Move 2 12 SETB bit Set direct bit 2 12 
immediate CPL C .Complement 1 12 
data to Carry 
indirect RAM CPL bit Complement 2 12 

MOV DPTR,#data16 Load Data 3 24 direct bit 
Pointer with a ANL C,bit AND direct bit 2 24 
16·bit constant to CARRY 

MOVC A,@A+DPTR Move Code 24 ANL C,Ibit AND complement 2 24 
byte relative to of direct bit 
DPTRtoAcc to Carry 

MOVC A,@A+PC Move Code 24 ORL C,bit OR direct bit 2 24 
byte relative to to Carry 
PCtoAcc ORL C,Ibit OR complement 2 24 

MOVX A,@Ri Move 24 of direct bit 
External to Carry 
RAM (8·bit MOV C,bit Move direct bit 2 12 
addr) to Acc to Carry 

MOVX A,@DPTR Move 24 MOV bit,C Move Carry to 2 24 
External direct bit 
RAM (16-bit JC rei Jump if Carry 2 24 
addr) to Acc is set 

MOVX @Ri,A Move Acc to . 1 24 JNC rei Jump if Carry 2 24 
External RAM not set 
(8-bit addr) JB bit,rel Jump if direct 3 24 

MOVX@DPTR,A Move Accto 24 Bit is set 
External RAM JNB bit, rei Jump if direct 3 24 
(16-bit addr) Bilis Not set 

PUSH direct Push direct 2 24 JBC bit,rel Jump if direct 3 24 
byte onto Bit is set & 
stack clear bit 

POP direct Pop direct 2 24 PROGRAM BRANCHING 
byte from ACALL addr11 Absolute 2 24 
stack Subroutine 

XCH A,Rn Exchange 12 Call 
register with LCALL addr16 Long 3 24 
Accumulator Subroutine 

XCH A,direct Exchange 2 12 Call 
direct byte RET Return from 24 
with Subroutine 
Accumulator RETI Return from 24 

XCH A,@Ri Exchange 12 interrupt 
indirect RAM AJMP addr11 Absolute 2 24 
with Jump 
Accumulator LJMP addr16 Long Jump 3 24 

XCHD A,@Ri Exchange low- 12 SJMP rei Short Jump 2 24 
order Digit (relative addr) 
indirect RAM All mnemonics copyrighted @Intel Corporation 1980 
withAcc 
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Table 10. 8051 Instruction Set Summary (Continued) 

Mnemonic Description Byte 
Oscillator 

Mnemonic Description Byte 
Oscillator 

Period Period 

PROGRAM BRANCHING (Continued) PROGRAM BRANCHING (Continued) 
JMP @A+DPTR Jump indirect 24 CJNE Rn, # data,rel Compare 3 24 

relative to the immediate to 
DPTR register and 

JZ rei Jump if 2 24 Jump if Not 
Accumulator Equal 
is Zero CJNE @Ri,#data,rel Compare 3 24 

JNZ rei Jump if 2 24 immediate to 
Accumulator indirect and 
is Not Zero Jump if Not 

CJNE A,direct,rel Compare 3 24 Equal 
direct byte to DJNZ Rn,rel Decrement 2 24 
Acc and Jump register and 
if Not Equal Jump if Not 

CJNE A, # data,rel Compare 3 24 Zero 
immediate to DJNZ direct,rel Decrement 3 24 
Acc and Jump direct byte 
if Not Equal and Jump if 

Not Zero 
NOP No Operation 12 

All mnemonics copyrighted @)Intel Corporation 1980 
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Table 11 Instruction Opcodes in Hexadecimal Order 

Hex Number 
Mnemonic Operands 

Code of Bytes 
. Hex Number 

Mnemonic Operands 
Code of Bytes 

00 1 NOP 33 1 RlC A 
01 2 AJMP code addr 34 2 ADDC A,#data 
02 3 lJMP code addr 35 2 ADDC A,data addr 
03 1 RR A 36 1 ADDC A,@RO 
04 1 INC A 37 1 ADDC A,@Rl 
05 2 INC data addr 36 1 ADDC A,RO 
06 1 INC @RO 39 1 ADDC A,R1 
07 1 INC @R1 3A 1 ADDC A,R2 
06 1 INC RO 3B 1 ADDC. A,R3 
09 1 INC R1 3C 1 ADDC A,R4 
OA 1 INC R2 3D 1 ADDC A,R5 
OB 1 INC R3 3E 1 ADDC A,R6 
OC 1 INC R4 3F 1 AD DC A,R7 
OD 1 INC R5 40 2 JC code addr 
OE 1 INC R6 41 2 AJMP code addr 
OF 1 INC R7 42 2 ORl data addr,A 
10 3 JBC bit addr, code addr 43 3 ORl data addr, #data 
11 2 ACAll code addr 44 2 ORl A,#data 
12 3 lCAll codeaddr 45 2 ORl A,data addr 
13 1 RRC A 46 1 ORl A,@RO 
14 1 DEC· A 47 1 ORl A,@Rl 
15 2 DEC data addr 46 1 ORl A,RO 
16 1 DEC @RO 49 1 ORl A,Rl 
17 1 DEC @R1 4A 1 ORl A,R2 
16 1 DEC RO 48 1 ORl A,R3 
19 1 DEC R1 4C 1 ORl A,R4 
1A 1 DEC R2 4D 1 ORl A,R5 
1B 1 DEC R3 4E 1 ORl A,R6 
1C 1 DEC R4 4F 1 ORl A,R7 
1D 1 DEC R5 50 2 Jrilc code addr 
1E 1 DEC R6 51 2 ACAll code addr 
1F 1 DEC R7 52 2 ANl data addr,A 
20 3 J8 bit addr, code addr 53 3 ANl data addr,#data 
21 2 AJMP code addr 54 2 ANl A,#data 
22 1 RET 55 2 ANl A,data addr 
23 1 Rl A 56 1 ANl A,@RO 
24 2 ADD A,#data 57 1 ANl A,@R1 
25 2 ADD A,data addr 56 1 ANl A,RO 
26 1 ADD A,@RO 59 1 ANl A,R1 
27 1 ADD A,@R1 5A 1 ANl A,R2 
26 1 ADD A,RO 58 1 ANl A,R3 
29 1 ADD A,R1 5C 1 ANl A,R4 
2A 1 ADD A,R2 5D 1 ANl A,R5 
2B 1 ADD A,R3 5E 1 ANl A,R6 
2C 1 ADD A,R4 5F 1 ANl A,R7 
2D 1 ADD A,R5 60 2 JZ code addr 
2E 1 ADD . A,R6 61 2 AJMP code addr 
2F 1 ADD A,R7 62 2 XRl data addr,A 
30 3 JNB bit addr, code addr 63 3 XRl data addr,#data 
31 2 ACAll code addr 64 2 XRl A,#data 
32 1 RETI 65 2 XRl A,data addr 
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Table 11 InstructIon Opcodes in HexadecImal Order (Continued) 

Hex Number 
Mnemonic Operands Code of Bytes 

Hex Number 
Mnemonic Operands 

Code of Bytes 

66 1 XRL A,@RO 99 1 SUBB A,R1 
67 1 XRL A,@R1 9A 1 SUBB A,R2 
68 1 XRL A,RO 9B 1 SUBB A,R3 
69 1 XRL A,R1 9C 1 SUBB A,R4 
6A 1 XRL A,R2 90 1 SUBB A,R5 
6B 1 XRL A,R3 9E 1 SUBB A,R6 
6C 1 XRL A,R4 9F 1 SUBB A,R7 
60 1 XRL A,R5 AO 2 ORL C,/bitaddr 
6E 1 XRL A,R6 A1 2 AJMP codeaddr 
6F 1 XRL A,R7 A2 2 MOV C,bitaddr 
70 2 JNZ codeaddr A3 1 INC OPTR 
71 2 ACALL code addr A4 1 MUL AB 
72 2 ORL C,bitaddr A5 reserved 
73 1 JMP @A+OPTR A6 2 MOV @RO,data addr 
74 2 MOV A,#data A7 2 MOV @R1,data addr 
75 3 MOV data addr, # data A8 2 MOV RO,data addr 
76 2 MOV @RO,#data A9 2 MOV R1 ,data addr 
77 2 MOV @R1,#data AA 2 MOV R2,data addr 
78 2 MOV RO,#data AB 2 MOV R3,data addr 
79 2 MOV R1,#data AC 2 MOV R4,data addr 
7A 2 MOV R2,#data AD 2 MOV R5,data addr 
7B 2 MOV R3,#data AE 2 MOV R6,data addr 
7C 2 MOV R4,#data AF 2 MOV R7,data addr 
70 2 MOV R5,#data BO 2 ANL C,/bit addr 
7E 2 MOV R6,#data B1 2 ACALL code addr 
7F 2 MOV R7,#data B2 2 CPL bitaddr 
80 2 SJMP code addr B3 1 CPL C 
81 2 AJMP codeaddr B4 3 CJNE A,#data,code addr 
82 2 ANL C,bit addr B5 3 CJNE A,data addr,code addr 
83 1 MOVC A,@A+PC B6 3 CJNE @RO,#data,code addr 
84 1 OIV AB B7 3 CJNE @R1,#data,codeaddr 
85 3 MOV data addr, data addr B8 3 CJNE RO, #data,code addr 
86 2 MOV data addr,@RO B9 3 CJNE R 1, # data,code addr 
87 2 MOV data addr,@R1 BA 3 CJNE R2, # data,code addr 
88 2 MOV data addr,RO BB 3 CJNE R3, # data,code addr 
89 2 MOV data addr,R1 BC 3 CJNE R4, #data,code addr 
8A 2 MOV data addr,R2 BO 3 CJNE R5, # data,code addr 
8B 2 MOV data addr,R3 BE 3 CJNE R6, # data, code addr 
8C 2 MOV data addr,R4 BF 3 CJNE R7,#data,code addr 
80 2 MOV data addr,R5 CO 2 PUSH data addr 
8E 2 MOV data addr,R6 C1 2 AJMP code addr 
8F 2 MOV data addr,R7 C2 2 CLR bit addr 
90 3 MOV OPTR,#data C3 1 CLR C 
91 2 ACALL codeaddr C4 1 SWAP A 
92 2 MOV bitaddr,C C5 2 XCH A,dataaddr 
93 1 MOVC A,@A+OPTR C6 1 XCH A,@RO 
94 2 SUBB A,#data C7 1 XCH A,@R1 
95 2 SUBB A,dataaddr C8 1 XCH A,RO 
96 1 SUBB A,@RO C9 1 XCH A,R1 
97 1 SUBB A,@R1 CA 1 XCH A,R2 , 

98 1 SUBB A,RO CB 1 XCH A,R3 
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Table 11. Instruction Opcodes in Hexadecimal Order (Continued) 

Hex Number 
Mnemonic Operands 

Code of Bytes 
Hex Number 

Mnemonic Operands 
Code of Bytes 

CC 1 XCH A,R4 E6 1 MOV A,@RO 
CD 1 XCH A,R5 E7 - 1 MOV A,@R1 
CE 1 XCH A,R6 E8 1 MOV A,RO 
CF 1 XCH A,R7 E9 1 MOV A,R1 
DO 2 POP data addr EA 1 MOV A,R2 
D1 2 ACALL code addr ES 1 MOV A,R3 
D2 2 SETS bit addr EC 1 MOV A,R4 
D3 1 SETS C ED 1 MOV A,R5 
D4 1 DA A EE 1 MOV A,R6 
D5 3 DJNZ data addr,code addr EF 1 MOV A,R7 
D6 1 XCHD A,@RO FO 1 MOVX @DPTR,A 
D7 1 XCHD A,@R1 F1 2 ACALL code addr 
D8 2 DJNZ RO,code addr F2 1 MOVX @RO,A 
D9 2 DJNZ R 1 ,code addr F3 1 MOVX . @R1,A 
DA 2 DJNZ R2,code addr F4 1 CPL A 
DS 2 DJNZ R3,code addr F5 2 . MOV data addr,A 
DC 2 DJNZ R4,code addr F6 1 MOV @RO,A 
DD 2 DJNZ R5,code addr F7 1 MOV @R1,A 
DE 2 DJNZ R6,code addr F8 1 MOV RO,A 
DF 2 DJNZ R7,code addr F9 1 MOV R1,A 
EO 1 MOVX A,@DPTR FA 1 MOV R2,A 
E1 2 AJMP code addr FS 1 MOV R3,A 
E2 1 MOVX A,@RO FC 1 MOV R4,A 
E3 1 MOVX A,@R1 FD 1 MOV R5,A 
E4 1 CLR A FE 1 MOV R6,A 
E5 2 MOV A,data addr FF 1 MOV R7,A 

6-26 



ACALL addr11 

Function: 

Description: 

Example: 

MCS®·51 PROGRAMMER'S GUIDE AND INSTRUCTION SET 

INSTRUCTION· DEFINITIONS 

Absolute Call 

ACALL unconditionally calls a subroutine located at the indicated address. The instruction 
increments the PC twice to obtain the address of the following instruction, then pushes the 
16-bit result onto the stack (low-order byte first) and increments the Stack Pointer twice. The 
destination address is obtained by successively concatenating the five high-order bits of the 
incremented PC, opcode bits 7-5, and the second byte of the instruction. The subroutine called 
must therefore start within the same 2K block of the program memory as the first byte of the 
instruction following ACALL. No flags are affected. 

Initially SP equals 07H. The label "SUBRTN" is at program memory location 0345 H. After 
executing the instruction, 

ACALL SUBRTN 

at location 0123H, SP will contain 09H, internal RAM locations OSH and 09H will contain 
25H and OlH, respectively, and the PC will contain 0345H. 

Bytes: 2 

Cycles: 2 

Encoding: I a10 a9 as 1 000 1 

Operation: ACALL 
(PC) - (PC) + 2 
(SP) - (SP) + 1 
«SP» - (PC7-0) 
(SP) - (SP) + 1 
«SP)) - (PCIS-g) 
(PCw-o) - page address 

a7 a6 a5 a4 a3 a2 a1 aO 
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ADD A,<src-byte> 

Function: Add 

Description: ADD adds the byte variable indicated to the Accumulator, leaving the result in the Accumula
tor. The carry and auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or 
bit 3, and cleared otherwise. When adding unsigned integers, the carry flag indicates an 
overflow occured. 

ADD 

ADD 

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not bit 6; 
otherwise OV is cleared. When adding signed integers, OV indicates a negative number pro
duced as the sum of two positive operands, or a positive sum from two negative operands. 

Four source operand addressing modes are allowed: register, direct, register-indirect, or imme
diate. 

Example: The Accumulator holds OC3H (110000 11 B) and register 0 holds OAAH (10 10 10 lOB). The 
instruction, 

A,Rn 

Bytes: 

Cycles: 

Encoding: 

Operation: 

A,direct 

Bytes: 

Cycles: 

Encoding: 

Operation: 

ADD A,RO 

will leave 6DH (01 101 101B) in the Accumulator with the AC flag cleared and both the carry 
flag and OV set to 1. 

I 00 0 1 r r r 

ADD 
(A) +- (A) + (Rn) 

2 

I 00 0 o 1 0 1 direct address 

ADD 
(A) +- (A) + (direct) 
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ADD A,@Ri 

Bytes: 

Cycles: 

Encoding: I 0 0 1 0 011 

Operation: ADD 
(A) - (A) + «Rj» 

ADD A,#data 

Bytes: 2 

Cycles: 

Encoding: I 0 0 1 0 o 1 0 0 immediate data 

Operation: ADD 
(A) - (A) + #data 

ADDC A, < src-byte > 

Function: Add with Carry 

Description: ADDC simultaneously adds the byte variable indicated, the carry flag and the Accumulator 
contents, leaving the result in the Accumulator. The carry and auxiliary-carry flags are set, 
respectively, if there is a carry-out from bit 7 or bit 3, and cleared otherwise. When adding 
unsigned integers, the carry flag indicates an overflow occured. 

Example: 

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not out of 
bit 6; otherwise OV is cleared. When adding signed integers, OV indicates a negative number 
produced as the sum of two positive operands or a positive sum from two negative operands. 

Four source operand addressing modes are allowed: register, direct, register-indirect, or imme
diate. 

The Accumulator holds OC3H (11000011B) and register 0 holds OAAH (10 1010 lOB) with the 
carry flag set. The instruction, 

ADDC A,RO 

wi111eave 6EH (OllOll10B) in the Accumulator with AC cleared and both the Carry flag and 
OV set to 1. 
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ADDC A,Rn 

Bytes: 

Cycles: 

Encoding: 1L..-0_O_1_.L-1_r _r _r...J1 

Operation: ADDC 
(A) +- (A) + (C) + (Rn) 

ADDC A,direct 

Bytes: 2 

Cycles: 

Encoding: 1,--0_o_1 _..L..-0_1 _0_1 --' 

Operation: ADDC 

ADDC A,@Ri 

Bytes: 

Cycles: 

(A) +- (A) + (C) + (direct) 

Encoding: 1,--0_0_1_..L..-0_1 _1_1--,' 

Operation: ADDC 
(A) +- (A) + (C) + «Rj» 

ADDC A,#data 

Bytes: 2 

Cycles: 

Encoding: L-I _0_0_1_..L..-0_1 _0_0---, 

Operation: ADDC 
(A) +- (A) + (C) + #data 

direct address 

immediate data 1 
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AJMP addr11 

Function: Absolute Jump 

Description: AJMP transfers program execution to the indicated address, which is formed at run-time by 
concatenating the high-order five bits of the PC (after incrementing the PC twice), opcode bits 
7-5, and the second byte of the instruction. The destination must therefore be within the same 
2K block of program memory as the first byte of the instruction following AJMP. 

Example: The label "JMPADR" is at program memory location 0123H. The instruction, 

AJMP JMPADR 

is at location 0345H and will load the PC with 0123H. 

Bytes: 2 

Cycles: 2 

Encoding: I a10 a9 as 0 0 0 0 1 a7 a6 a5 a4 a3 a2 a1 aO 

Operation: AJMP 
(PC) +- (PC) + 2 
(PClO.O) +- page address 

ANL < dest-byte > , < src-byte > 

Function: 

Description: 

Logical-AND for byte variables 

ANL performs the bitwise logical-AND operation between the variables indicated and stores 
the results in the destination variable. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accu
mulator, the source can use register, direct, register-indirect, or immediate addressing; when 
the destination is a direct address, the source can be the Accumulator or immediate data. 

Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 

Example: If the Accumulator holds OC3H (I 100001 IB) and register 0 holds 55H (OlOIOlOIB) then the 
instruction, 

ANL A,RO 

will leave 41H (OlOOOOOIB) in the Accumulator. 

When the destination is a directly addressed byte, this instruction will clear combinations of 
bits in any RAM location or hardware register. The mask byte determining the pattern of bits 
to be cleared would either be a constant contained in the instruction or a value computed in 
the Accumulator at run-time. The instruction, 

ANL PI, #OIIIOOIIB 

will clear bits 7, 3, and 2 of output port 1. 
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ANL A,Rn 

Bytes: 

Cycles: 

Encoding: I 0 1 o 1 1r r r 

Operation: . ANL 
(A) +-'- (A) 1\ (Rn) 

ANL A,dlrect 

Bytes: 2 

Cycles: 

Encoding: 
1 01 o 1 o 1 0 1 direct address 

Operation: ANL 

(A) +-'- (A) 1\ (direct) 

ANL A,@Ri 

Bytes: 

Cycles: 

Encoding: 
1 01 o 1 011 

Operation: ANL 

(A) +-'- (A) 1\ «Ri» 
ANL A,#data 

Bytes: 2 

Cycles: 

Encoding: I 0 1 o 1 o 1 0 0 immediate data 

Operation: ANL 
(A) +-'- (A) 1\ #data 

ANL direct,A 

Bytes: 2 

Cycles: 

Encoding: I 0 1 o 1 001 0 direct address 

Operation: ANL 
(direct) +-'- (direct) 1\ (A) 
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ANL direct,#data 

Bytes: 3 

Cycles: 2 

Encoding: I 0 1 0 1 0 0 1 1 direct address immediate data 

Operation: ANL 
(direct) ~ (direct) 1\ #data 

ANL C,<src-bit> 

Function: Logical-AND for bit variables 

Description: If the Boolean value of the source bit is a logical 0 then clear the carry flag; otherwise leave the 
carry flag in its current state. A slash (u/") preceding the operand in the assembly language 
indicates that the logical complement of the addressed bit is used as the source value, but the 
source bit itself is not affected. No other flags are affected. 

Only direct addressing is allowed for the source operand. 
Example: Set the carry flag if, and only if, Pl.O = 1, ACC. 7 = 1, and OV = 0: 

MOV C,Pl.O ;LOAD CARRY WITH INPUT PIN STATE 

ANL C,ACC.7 ;AND CARRY WITH ACCUM. BIT 7 

ANL C,/OV ;AND WITH INVERSE OF OVERFLOW FLAG 

ANL C,bit 

Bytes: 2 

Cycles: 2 

Encoding: I 1 000 001 0 bit address 

Operation: ANL 
(C) ~ (C) 1\ (bit) 

ANL C,/bit 

Bytes: 2 

Cycles: 2 

Encoding: I 1 o 1 o 0 0 0 bit address 

Operation: ANL 
(C) ~ (C) 1\ -, (bit) 
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CJNE < dest-byte > , < src-byte >, rei 

Function: Compare and Jump if Not Equal. 

Description: CJNE compares the magnitudes of the first two operands, and branches if their values are not 
equal. The branch destination is computed by adding the signed relative-displacement in the 
last instruction byte to the PC, after incrementing the PC to the start of the next instruction. 
The carry flag is set if the unsigned integer value of <dest-byte> is less than the unsigned 
integer value of <src-byte>; otherwise, the carry is cleared. Neither operand is affected. 

The first two operands alJow four addressing mode combinations: the Accumulator may be 
compared with any directly addressed byte or immediate data, and any indirect RAM location 
or working register can be compared with an immediate. constant. 

Example: The Accumulator contains 34H. Register 7 contains 56H. The first instruction in the se
quence, 

CJNE R7,#60H, NOT_EQ 

JC 
R7 = 60H. 
IFR7 < 60H. 
R7> 60H. 

sets the carry flag and branches to the instruction at label NOT _EQ. By testing the carry flag, 
this instruction determines whether R7 is greater or less than 60H. 

If the data being presented to Port I is also 34H, then the instruction, 

WAIT: CJNE A,PI,WAIT 

clears the carry flag and continues with the next instruction in sequence, since the Accumula
tor does equal the data read from PI. (If some other value was being input on PI, the program 
will loop at this point until the PI data changes to 34H.) 

CJNE A,dlrect,rel 

Bytes: 3 

Cycles: 2 

Encoding: 11--1_0_1 _1--,-_0_1 _0_1 ....J 

Operation: (PC) +- (PC) + 3 
IF (A) <> (direct) 
THEN 

direct address 

(PC) +- (PC) + relative offset 

IF (A) < (direct) 
THEN 

ELSE 
(C) +- I 

(C) +-0 
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CJNE A, # data, rei 

Bytes: 3 

Cycles: 2 

Encoding: I 1 0 1 1 0 1 0 0 

Operation: (PC) ~ (PC) + 3 
IF (A) < > data 
THEN 

immediate data 

(PC) ~ (PC) + relative offset 

IF (A) < data 
THEN 

ELSE 

CJNE Rn,#data,rel 

Bytes: 3 

Cycles: 2 

(C) ~ 1 

(C)~O 

Encoding: I 1 0 1 1 1 r r r 

Operation: (PC) ~ (PC) + 3 
IF (Rn) < > data 
THEN 

immediate data 

(PC) ~ (PC) + relative offset 

IF (Rn) < data 
THEN 

ELSE 

CJNE @Ri,#data,rel 

Bytes: 3 

Cycles: 2 

(C)~ 1 

(C)~O 

Encoding: I 1 0 1 1 0 1 1 

Operation: (PC) ~ (PC) + 3 
IF «Ri» < > data 
THEN 

immediate data 

(PC) ~ (PC) + relative offset 

IF «Ri» < data 
THEN 

ELSE 
(C)~ 1 

(C)~O 
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CLR A 

Function: Clear Accumulator 

Description: The Accumulator is cleared (all bits set on zero). No flags are affected. 

Example: The Accumulator contains 5CH (0101 1 100B). The instruction, 

CLR A 

wi11leave the Accumulator set to OOH (OOOOOOOOB). 

Bytes: 

Cycles: 

Encoding: 1 1 1 0 0 1 0 0 

Operation: CLR 
(A) +-0 

CLR bit 

Function: Clear bit 

Description: The indicated bit is cleared (reset to zero). No other flags are affected. CLR can operate on the 
carry flag or any directly addressable bit. 

Example: Port 1 has previously been written with 5DH (OIOIIIOIB). The instruction, 

CLR PI.2 

wi11leave the port set to 59H (010 1100 1 B). 

CLR C 

Bytes: 

Cycles: 

Encoding: 1 1 1 0 0 0 0 1 1 

Operation: CLR 
(C) +-0 

CLR bit 

Bytes: 2 

Cycles: 

Encoding: 11 1 0 0 0 0 1 0 bit address 

Operation: CLR 
(bit) +- 0 
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CPL A 

Function: Complement Accumulator 

Description: Each bit of the Accumulator is logically complemented (one's complement). Bits which previ
ously contained a one are changed to a zero and vice-versa. No flags are affected. 

Example: The Accumulator contains 5CH (0101 1 100B). The instruction, 

CPL A 

will leave the Accumulator set to OA3H (IOIOOOIIB). 

Bytes: 

Cycles: 

Encoding: LI _1 __ 1 _1---,-_0_1 _0_0---, 

Operation: CPL 
(A) -I (A) 

CPL bit 

Function: Complement bit 

Description: The bit variable specified is complemented. A bit which had been a one is changed to zero and 
vice-versa. No other flags are affected. CLR can operate on the carry or any directly address
able bit. 

Example: 

CPL C 

Bytes: 

Cycles: 

Note: When this instruction is used to modify an output pin, the value used as the original data 
will be read from the output data latch, not the input pin. 

Port 1 has previously been written with 5BH (OlOlllOlB). The instruction sequence, 

CPL Pl.1 

CPL P1.2 

will leave the port set to 5BH (OlOllOllB). 

Encoding: LI_1_0_1_1~_0_0_1_1--, 
Operation: CPL 

(C) -I(C) 
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CPL bit 

Bytes: 2 

Cycles: 

Encoding: .... 1_1_0_1_...&...-0_0_1_0--, bit address 

Operation: CPL 
(bit) +-- -, (bit) 

DA A 

Function: Decimal-adjust Accumulator for Addition 

Description: DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two 
variables (each in packed-BCD format), producing two four-bit digits. Any ADD or ADDC 
instruction may have been used to perform the addition. 

If Accumulator bits 3-0 are greater than nine (xxxx 101O-xxxx 1 11 1), or if the AC flag is one, 
six is added to the Accumulator producing the proper BCD digit in the low-order nibble. This 
internal addition would set the carry flag if a carry-out of the low-order four-bit field propagat
ed through all high-order bits, but it would not clear the carry flag otherwise. 

If the carry flag is now set, or ifthe four high-order bits now exceed nine (lOlOxxxx-l1lxxxx), 
these high-order bits are incremented by six, producing the proper BCD digit in the high-order 
nibble. Again, this would set the carry flag if there was a carry-out of the high-order bits, but 
wouldn't clear the carry. The carry flag thus indicates if the sum of the original two BCD 
variables is greater than 100, allowing multiple precision decimal addition. OV is not affected. 

All Qf this occurs during the one instruction cycle. Essentially, this instruction performs the 
decimal conversion by adding OOH, 06H, 60H, or 66H to the Accumulator, depending on 
initial Accumulator and PSW conditions. 

Note: DA A cannot simply convert a hexadecimal number in the Accumulator to BCD nota
tion, nor does DA A apply to decimal subtraction. 
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Example: The Accumulator holds the value 56H (010101 lOB) representing the packed BCD digits of the 
decimal number 56. Register 3 contains the value 67H (OllOOllIB) representing the packed 
BCD digits of the decimal number 67. The carry flag is set. The instruction sequence. 

Bytes: 

Cycles: 

ADDC A,R3 
DA A 

will first perform a standard twos-complement binary addition, resulting in the value OBEH 
(10111110) in the Accumulator. The carry and auxiliary carry flags will be cleared. 

The Decimal Adjust instruction will then alter the Accumulator to the value 24H 
(OOI00I00B), indicating the packed BCD digits of the decimal number 24, the low-order two 
digits of the decimal sum of 56, 67, and the carry-in. The carry flag will be set by the Deciinal 
Adjust instruction, indicating that a decimal overflow occurred. The true sum 56, 67, and 1 is 
124. 

BCD variables can be incremented or decremented by adding OIH or 99H. If the Accumulator 
initially holds 30H (representing the digits of 30 decimal), then the instruction sequence, 

ADD A,#99H 

DA A 

will leave the carry set and 29H in the Accumulator, since 30 + 99 = 129. The low-order 
byte of the sum can be interpreted to mean 30 - 1 = 29. 

Encoding: I 1 1 0 1 0 1 0 0 

Operation: DA 
-contents of Accumulator are BCD 
IF [[(A3_0) > 9] V [(AC) = 1]] 

THEN(A3'{) +- (A3'{) + 6 
AND 

IF [[(A7-4) > 9] V [(C) = 1]] 
THEN (A7-4) +- (A7-4) + 6 
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DEC byte 

Function: Decrement 

Description: The variable indicated is decremented by I. An original value of DOH will underflow to OFFH. 

DEC 

DEC 

No flags are affected. Four operand addressing modes are allowed: accumulator, register, 
direct, or register-indirect. 

Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 

Example: Register 0 contains 7FH (OIIlIIIIB). Internal RAM locations 7EH and 7FH contain DOH 
and 40H, respectively. The instruction sequence, 

A 

Bytes: 

Cycles: 

Encoding: 

Operation: 

Rn 

Bytes: 

Cycles: 

Encoding: 

Operation: 

DEC @RO 

DEC RO 

DEC @RO 

will leave register 0 set to 7EH and internal RAM locations 7EH and 7FH set to OFFH and 
3FH. 

I 000 o 1 0 0 

DEC 
(A) <Eo- (A) -

I 000 1 r r r 

DEC 
(Rn) <Eo- (Rn) - 1 
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DEC direct 

Bytes: 2 

Cycles: 

Encoding: 1-1 _0_0_0_-L-0_1 _0_1 -' 

Operation: DEC 

DEC @Ri 

Bytes: 

Cycles: 

(direct) +- (direct) - 1 

Encoding: 1 0 0 0 0 1 1 

Operation: DEC 
«Ri» +- «Ri» - 1 

DIV AB 

Function: Divide 

direct address 

Description: DIV AB divides the unsigned eight-bit integer in the Accumulator by the unsigned eight-bit 
integer in register B. The Accumulator receives the integer part of the quotient; register B 
receives the integer remainder. The carry and OV flags will be cleared. 

Exception: if B had originally contained OOH, the values returned in the Accumulator and B
register will be undefined and the overflow flag will be set. The carry flag is cleared in any 
case. 

Example: The Accumulator contains 251 (OFBH or 11111011B) and B contains 18 (12H or 000 100 lOB). 
The instruction, 

DIV AB 

will leave 13 in the Accumulator (ODH or 00OOllOIB) and the value 17 (11H or 000 10001 B) 
in B, since 251 = (13 X 18) + 17. Carry and OV will both be cleared. 

Bytes: 

Cycles: 4 

Encoding: 1 1 0 0 0 0 1 0 0 

Operation: DIV 

(A)15-8 +- (A)/(B) 
(Bh-o 
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DJNZ <byte>,<rel-addr> 

Function: 

Description: 

Example: 

DJNZ Rn,rel 

Decrement and Jump if Not Zero 

DJNZ decrements the location indicated by 1, and, branches to the address indicated by the 
second operand if the resulting value is not zero. An original value of OOH will underflow to 
OFFH. No flags are affected. The branch destination would be computed by adding the signed 
relative-displacement value in the last instruction byte to the PC, after incrementing the PC to 
the first byte of the following instruction. 

The location decremented may be a register or directly addressed byte. 

Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 

Internal RAM locations 40H, 50H, and 60H contain the values OIH, 70H, and 15H, respec
tively. The instruction sequence, 

DJNZ 40H, LABEL_I 
DJNZ 50H,LABEL_2 
DJNZ 60H,LABEL_3 

will cause ajump to the instruction at label LABEL_2 with the values OOH, 6FH, and 15H in 
the three RAM locations. The first jump was not taken because the result was zero. 

This instruction provides a simple way of executing a program loop a given number of times, 
or for adding a moderate time delay (from 2 to 512 machine cycles) with a single instruction. 
The instruction sequence, ' 

MOV 
TOGGLE: CPL 

DJNZ 

R2,#8 
P1.7 
R2,TOGGLE 

will toggle PI.7 eight times, causing four output pulses to appear at bit 7 of output Port 1. 
Each pulse will last three machine cycles; two for DJNZ and one to alter the pin. 

Bytes: 2 

Cycles: 2 

Encoding: L-1_1_1_0_1-,--_1_r _r_r-l 

Operation: DJNZ 
(PC) - (PC) + 2 
(Rn) - (Rn) - I 
IF (Rn) > 0 or (Rn) < 0 

THEN 

reI. address 

(PC) - (PC) + rei 
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DJNZ direct,rel 

Bytes: 3 

Cycles: 2 

Encoding: 1,--1_1_0_1 --,-_0_1_0_1--, direct address reI. address 

Operation: DJNZ 

INC <byte> 

Function: 

Description: 

(PC) ~ (PC) + 2 
(direct) ~ (direct) - I 
IF (direct) > ° or (direct) < ° 

THEN 
(PC) ~ (PC) + rei 

Increment 

INC increments the indicated variable by I. An original value of OFFH will overflow to OOH. 
No flags are affected. Three addressing modes are allowed: register, direct, or register-indirect. 

Note: When this instruction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins. 

Example: Register 0 contains 7EH (OlllllltOB). Internal RAM locations 7EH and 7FH contain OFFH 
and 40H, respectively. The instruction sequence, 

INC A 

Bytes: 

Cycles: 

INC @RO 
INC RO 
INC @RO 

will leave register 0 set to 7FH and internal RAM locations 7EH and 7FH holding (respective
ly) OOH and 4tH. 

Encoding: 1 0 ° 0 0 1 0 1 0 0 

Operation: INC 
(A) ~ (A) + 
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INC Rn 

Bytes: 

Cycles: 

Encoding: I 0 000 I 1 r r r 

Operation: INC 
(Rn) +- (Rn) + 1 

INC direct 

Bytes: 2 

Cycles: 

Encoding: I 0000 I o 1 0 1 direct address 

Operation: INC 
(direct) +- (direct) + 

INC @RI 

Bytes: 

Cycles: 

Encoding: I 0 000 I o 1 1 

Operation: INC 
«Ri» +- «Ri» + 

INC DPTR 

Function: Increment Data Pointer 

Description: Increment the 16-bit data pointer by 1. A 16-bit increment (modulo 216) is performed; an 
overflow of the low-order byte of the data pointer (DPL) from OFFH to DOH will increment 
the high-order byte (DPH). No flags are affected. 

This is the only 16-bit register which can be incremented. 

Example: Registers DPH and DPL contain 12H and OFEH, respectively. The instruction sequence, 

INC DPTR 
INC DPTR 
INC DPTR 

will change DPH and DPL to 13H and 01H. 

Bytes: 

Cycles: 2 

Encoding: I 1 0 1 0 0 0 1 1 

Operation: INC 
(DPTR) +- (DPTR) + 1 
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JB blt,rel 

Function: Jump if Bit set 

Description: If the indicated bit is a one, jump to the address indicated; otherwise proceed with the next 
instruction. The branch destination is computed by addiIig the signed relative-displacement in 
the third instruction byte to the PC, after incrementing the PC to the first byte of the next 
instruction. The bit tested is not modified. No flags are affected. 

Example: The data present at input port I is llOOlOlOB. The Accumulator holds 56 (010101 lOB). The 
instruction sequence, 

JB P1.2,LABELl 

JB ACC.2,LABEL2 

will cause program execution to branch to the instruction at label LABEL2. 

Bytes: 3 

Cycles: 2 

Encoding: I 0 0 1 0 0 0 0 0 bit address reI. address 

Operation: JB 

JBC blt,rel 

(PC) +- (PC) + 3 
IF (bit) = I 

THEN 
(PC) +- (PC) + reI 

Function: Jump if Bit is set and Clear bit 

Description: If the indicated bit is one, branch to the address indicated; otherwise proceed with the next 
instruction. The bit will not be cleared if it is already a zero. The branch destination is comput
ed by adding the signed relative-displacement in the third instruction byte to the PC, after 
incrementing the PC to the first byte of the next instruction. No flags are affected. 

Note: When this instruction is used to test an output pin, the value used as the original data 
will be read from the output data latch, not the input pin. 

Example: The Accumulator holds 56H (010101 lOB). The instruction sequence, 

JBC ACC.3,LABELI 
mc ACC.2,LABEL2 

will cause program execution to continue at the instruction identified by the label LABEL2, 
with the Accumulator modified to 52H (OIOIOOIOB). 
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Bytes: 3 

Cycles: 2 

Encoding: . I 0 0 0 1 0 0 0 0 

Operation: JBC 
(PC) - (PC) + 3 
IF (bit) = 1 

THEN 
(bit) -0 

bit address 

(PC) - (PC) + reI 

JC rei 

Function: Jump if Carry is set 

rei. address 

Description: If the carry flag is set, branch to the address indicated; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in 
the second instruction byte to the PC, after incrementing the PC twice. No flags are affected. 

Example: The carry flag is cleared. The instruction sequence, 

JC LABELl 
CPL C 
JC LABEL 2 

will set the carry and cause program execution to continue at the instruction identified by the 
label LABEL2. 

Bytes: 2 

Cycles: 2 

Encoding: I 0 1 0 0 0 00 0 

Operation: JC 
(PC) - (PC) + 2 
IF (C) = 1 

THEN 

rei. address 

(PC) - (PC) + reI 
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JMP @A+DPTR 

Function: Jump indirect 

Description: Add the eight-bit unsigned contents of the Accumulator with the sixteen-bit data pointer, and 
load the resulting sum to the program counter. This will be the address for subsequent instruc
tion fetches. Sixteen-bit addition is performed (modulo 216): a carry-out from the low-order 
eight bits propagates through the higher-order bits. Neither the Accumulator nor the Data 
Pointer is altered. No flags are affected. 

Example: An even number from ° to 6 is in the Accumulator. The following sequence of instructions will 
branch to one of four AJMP instructions in a jump table starting at JMP _ TBL: 

Bytes: 

MOY 
JMP 
AJMP 
AJMP 
AJMP 
AJMP 

DPTR,#JMP_TBL 
@A+DPTR 
LABELO 
LABELl 
LABEL2 
LABEL3 

If the Accumulator equals 04H when starting this sequence, execution will jump to label 
LABEL2. Remember that AJMP is a two-byte instruction, so the jump instructions start at 
every other address. 

Cycles: 2 

Encoding: .... 1 _0 __ 1_1--1._o_o_1 _1--, 

Operation: JMP 
(PC) - (A) + (DPTR) 
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JNB blt,rel 

Function: Jump if Bit Not set 

Description: If the indicated bit is a zero, branch to the indicated .address; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in 
the third instruction byte to the PC, after incrementing the PC to the first byte of the next 
instruction. The bit tested is not modified. No flags are affected. 

Example: The data present at input port 1 is ll001010B. The Accumulator holds S6H (010101IOB). The 
instruction sequence, 

JNB P1.3,LABELl 
JNB ACC.3,LABEL2 

will cause program execution to continue at the instruction at label LABEL2. 

Bytes: 3 

Cycles: 2 

Encoding: 1-1 ~O--,O_1_..l..-0_0_0_0...J 
Operation: JNB 

(PC) ~ (PC) + 3 
IF (bit) = 0 

bit address I· 

THEN (PC) ~ (PC) + reI. 

JNC rei 

FunctIon: Jump if Carry not set 

reI. address 

DescrIption: If the carry flag is a zero, branch to the address indicated; otherwise proceed with the next 
instruction. The branch destination is computed by adding the signed relative-displacement in 
the second instruction byte to the PC, after incrementing the PC twice to point to the next 
instruction. The carry flag is not inodified. 

Example: The carry flag is set. The instruction sequence, 

JNC LABELl 
CPL C 
JNC LABEL2 

will clear the carry and cause program execution to continue at the instruction identified by 
the label LABEL2. 

Bytes: 2 

Cycles: 2 

Encoding: 101010000 

Operation: JNC 
(PC) ~ (PC) + 2 
IF (C) == 0 

reI. address 

THEN (PC) ~ .(pC) + reI 

6-48 



MCS®·51 PROGRAMMER'S GUIDE AND INSTRUCTION SET 

JNZ rei 

Function: Jump if Accumulator Not Zero 

Description: If any bit of the Accumulator is a one, branch to the indicated address; otherwise proceed with 
the next instruction. The branch destination is computed by adding the signed relative-dis
placement in the second instruction byte to the PC, after incrementing the PC twice. The 
Accumulator is not modified. No flags are affected. 

Example: The Accumulator originally holds DOH. The instruction sequence, 

JNZ LABELl 
INC A 
JNZ LABEL2 

will set the Accumulator to OIH and continue at label LABEL2. 

Bytes: 2 

Cycles: 2 

Encoding: 1-1 _0 __ 1 _1--,-_0_0 _O_O...J reI. address 

Operation: JNZ 
(PC) ~ (PC) + 2 
IF (A) * 0 

THEN (PC) ~ (PC) + rei 

JZ rei 

Function: Jump if Accumulator Zero 

Description: If all bits of the Accumulator are zero, branch to the address indicated; otherwise proceed with 
the next instruction. The branch destination is computed by adding the signed relative-dis
placement in the second instruction byte to the PC, after incrementing the PC twice. The 
Accumulator is not modified. No flags are affected. 

Example: The Accumulator originally contains OIH. The instruction sequence, 

JZ LABELl 
DEC A 
JZ LABEL2 

will change the Accumulator to DOH and cause program execution to continue at the instruc
tion identified by the label LABEL2. 

Bytes: 2 

Cycles: 2 

Encoding: 1 0 1 1 0 0 0 0 0 

Operation: JZ 
(PC) ~ (PC) + 2 
IF (A) = 0 

reI. address 

THEN (PC) ~ (PC) + rei 
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LCALL addr16 

Function: Long call 

Description: LCALL calls a subroutine located at the indicated address. The instruction adds three to the 
program counter to generate the address of the next instruction and then pushes the 16-bit 
result onto the stack (low byte first), incrementing the Stack Pointer by two. The high-order 
and low-order bytes of the PC are then loaded, respectively, with the second and third bytes of 
the LCALL instruction. Program execution continues with the instruction at this address. The 
subroutine may therefore begin anywhere in the full 64K-byte program memory address space. 
No flags are affected. 

Example: Initially the Stack Pointer equals 07H. The label "SUBRTN" is assigned to program memory 
location 1234H. After executing the instruction, 

LCALL SUBRTN 

at location 0123H, the Stack Pointer will contain 09H, internal RAM locations OSH and 09H 
will contain 26H and OlH, and the PC will contain 1234H. 

Bytes: 3 

Cycles: 2 

Encoding: I,---o_o_o_.l.-0_O _1_0---, 

Operation: LCALL 

LJMP addr16 

(PC) +- (PC) + 3 
(SP) +- (SP) + 1 
«SP» +- (PC7-O) 
(SP) +- (SP) + 1 
«SP» +- (PCIS-S) 
(PC) +- addrlS_O 

Function: Long Jump 

addr15-addrB addr7 -addrO 

Description: UMP causes an unconditional branch to the indicated address, by loading the high-order and 
low-order bytes of the PC (respectively) with the second and third instruction bytes. The 
destination may therefore be anywhere in the full 64K program memory address space. No 
flags are affected. 

Example: The label "JMPADR" is assigned to the instruction at program memory location 1234H. The 
instruction, 

UMP JMPADR 

at location 0l23H will load the program counter with 1 234H. 

Bytes: 3 

Cycles: 2 

Encoding: 1 ° 0 00 1 0 0 1 0 ·1 addr15-addrB addr7 -addrO 

Operation: UMP 
(PC) +- addrls-O 
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MOV < dest-byte >, < src-byte > 

Function: Move byte variable 

Description: The byte variable indicated by the second operand is copied into the location specified by the 
first operand. The source byte is not affected. No other register or flag is affected. 

MOV 

This is by far the most flexible operation. Fifteen combinations of source and destination 
addressing modes are allowed. 

Example: Internal RAM location 30H holds 40H. The value of RAM location 40H is lOH. The data 
present at input port I is 1100lOIOB (OCAH). 

A,Rn 

Bytes: 

Cycles: 

Encoding: 

Operation: 

MOV RO,#30H 
MOV A,@RO 
MOV RI,A 
MOV B,@RI 
MOV @RI,PI 
MOV P2,PI 

;RO <= 30H 
;A <= 40H 
;RI < = 40H 
;B <= lOH 
;RAM (40H) < = OCAH 
;P2 #OCAH 

leaves the value 30H in register 0, 40H in both the Accumulator and register I, 10H in register 
B, and OCAH (lIOOlOlOB) both in RAM location 40H and output on port 2. 

I 1 1 1 0 1 r r r 

MOV 
(A) +- (Rn) 

'MOV A,direct 

Bytes: 2 

Cycles: 

Encoding: I 1 1 1 0 o 1 0 1 direct address 

Operation: MOV 
(A) +- (direct) 

MOV A,ACC is not a valid instruction. 
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MOV A,@RI 

Bytes: 

Cycles: 

Encoc:llng: 11 1 1 0 011 

Operation: MOV 
(A) +- «Ri» 

MOV A,#data 

Bytes: 2 

Cycles: 

Encoding: 1 01 1 1 o 1 0 0 immediate data 1 

Operation: MOV 
(A) +- #data 

MOV . Rn,A 

Bytes: 

Cycles: 

Encoding: 11 111 1 r r r I 
Operation: MOV 

(Rn) +- (A) 

MOV Rn,direct 

Bytes: 2 

Cycles: 2 

Encoding: 11 0 1 0 1 1. r r r direct addr. 

Operation: MOV 
(Rn) +- (direct) 

MOV Rn,#data 

Bytes: 2 

Cycles: 

Encoding: 1 0 1 1 1 1 r r r immediate data I 
Operation: MOV 

(Rn) +- #data 
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MOV dlrect,A 

Bytes: 2 

Cycles: 

Encoding: 1 1 111 o 1 o 1 direct address 

Operation: MOY 
(direct) - (A) 

MOV direct,Rn 

Bytes: 2 

Cycles: 2 

Encoding: 1 1 000 1 r r r direct address 

Operation: MOY 
(direct) - (Rn) 

MOV direct,direct 

Bytes: 3 

Cycles: 2 

Encoding: 11 000 o 1 0 1 dir. addr. (src) dir. addr. (dest) 

Operation: MOY 
(direct) - (direct) 

MOV direct,@Ri 

Bytes: 2 

Cycles: 2 

Encoding: 1 1 000 o 1 direct addr. 

Operation: MOY 
(direct) - «Ri)) 

MOV direct, # data 

Bytes: 3 

Cycles: 2 

Encoding: 1 01 1 1 o 1 0 1 direct address immediate data 1 

Operation: MOY 
(direct) - #data 
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MOY @RI,A 

Bytes: 

Cycles: 

Encoding: I 1 111 011 

Operation: MOV 
«Ri» +- (A) 

MOY @RI,dlrect 

Bytes: 2 

Cycles: 2 

Encoding: I 1 010 o 1 direct addr. 

Operation: MOV 
«Ri» +- (direct) 

MOY @RI,#data 

Bytes: 2 

Cycles: 

Encoding: 101 1 1 o 1 immediate data 

Operation: MOV «RI) +- #data 

MOY < dest-blt > , <src-blt> 

Function: Move bit data 

Description: The Boolean variable indicated by the second operand is copied into the location specified by 
the first operand. One of the operands must be the carry flag; the other. may be any directly 
addressable bit. No other register or flag is affected. 

Example: The carry flag is originally set. The data present at input Port 3 is llOOOIOlB. The data 
previously written to output Port I is 3SH (OOllOlOlB). 

MOV P1.3,C 
MOV C,P3.3 
MOV P1.2,C 

will leave the carry cleared and change Port 1 to 39H (001 1 lOOlB). 
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MOV C,blt 

Bytes: 2 

Cycles: 

Encoding: 11 010 001 0 bit address 

Operation: MOV 
(C) +- (bit) 

MOV blt,C 

Bytes: 2 

Cycles: 2 

Encoding: 11 001 001 0 bit address 

Operation: MOV 
(bit) +- (C) 

MOV DPTR,#data16 

Function: Load Data Pointer with a 16-bit constant 

Description: The Data Pointer is loaded with the 16-bit constant indicated. The 16-bit constant is loaded 
into the second and third bytes of the instruction. The second byte (DPH) is the high-order 
byte, while the third byte (DPL) holds the low-order byte. No flags are affected. 

This is the only instruction which moves 16 bits of data at once. 

Example: The instruction, 

MOV DPTR,#1234H 

will load the value 1234H into the Data Pointer: DPH will hold 12H and DPL will hold 34H. 

Bytes: 3 

Cycles: 2 

Encoding: 110010000 immed. data15-8 immed. data7-0 

Operation: MOV 
(DPTR) +- #data15-O 
DPH 0 DPL +- #data15_8 0 #data7-O 
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MOVC A,@A+ <base-reg> 

Function: Move Code byte 

Description: The MOVC instructions load the Accumulator with a code byte, or constant from program 
memory. The address of the byte fetched is the sum of the original unsigned eight-bit Accumu
lator contents and the contents of a sixteen-bit base register, which may be either the Data 
Pointer or the PC. In the latter case, the PC is incremented to the address of the following 
instruction before being added with the Accumulator; otherwise the base register is not al
tered. Sixteen-bit addition is performed so a carry-out from the low-order eight bits may 
propagate through higher-order bits. No flags are affected. 

Example: A value between ° and 3 is in the Accumulator. The following instructions will translate the 
value in the Accumulator to one of four values defined by the DB (define byte) directive. 

REL_PC: INC A 

MOVC A,@A+PC 

RET 

DB 66H 

DB 77H 

DB 88H 

DB 99H 

If the subroutine is called with the Accumulator equal to OlH, it will return with 77H in the 
Accumulator. The INC A before the MOVC instruction is needed to "get around" the RET 
instruction above the table. If several bytes of code separated the MOVC from the table, the 
corresponding number would be added to the Accumulator instead. 

MOVC A,@A+DPTR 

Bytes: 1 

Cycles: 2 

Encoding: 1-1 _1_0_0_1-L-_O_O_1_.1 ..... 

Operation: MOVC 
(A) ~ «A) + (DPTR» 

MOVC A,@A + PC 

Bytes: 

Cycles: 2 

Encoding: 1 1 ° ° ° ° ° 1 1 

Operation: MOVC 
(PC) ~ (PC) + 1 
(A) ~«A) + (PC» 

6-56 



inter MCS®-51 PROGRAMMER'S GUIDE AND INSTRUCTION SET 

MOVX < dest-byte > , < src-byte > 

Function: Move External 

Description: The MOVX instructions transfer data between the Accumulator and a byte of external data 
memory, hence the "X" appended to MOV. There are two types of instructions, differing in 
whether they provide an eight-bit or sixteen-bit indirect address to the external data RAM. 

In the first type, the contents of RO or RI in the current register bank provide an eight-bit 
address multiplexed with data on PO. Eight bits are sufficient for external I/O expansion 
decoding or for a relatively small RAM array. For somewhat larger arrays, any output port 
pins can be used to output higher-order address bits. These pins would be controlled by an 
output instruction preceding the MOVX. 

In the second type of MOVX instruction, the Data Pointer generates a sixteen-bit address. P2 
outputs the high-order eight address bits (the contents of DPH) while PO multiplexes the low
order eight bits (DPL) with data. The P2 Special Function Register retains its previous con
tents while the P2 output buffers are emitting the contents of DPH. This form is faster and 
more efficient when accessing very large data arrays (up to 64K bytes), since no additional 
instructions are needed to set up the output ports. 

It is possible in some situations to mix the two MOVX types. A large RAM array with its 
high-order address lines driven by P2 can be addressed via the Data Pointer, or with code to 
output high-order address bits to P2 followed by a MOVX instruction using RO or Rl. 

Example: An external 256 byte RAM using multiplexed address/data lines (e.g., an Intel 8155 RAM/ 
I/O/Timer) is connected to the 8051 Port O. Port 3 provides control1ines for the external 
RAM. Ports I and 2 are used for normal I/O. Registers 0 and I contain l2H and 34H. 
Location 34H of the external RAM holds the value 56H: The instruction sequence, 

MOVX A,@RI 

MOVX @RO,A 

copies the value 56H into both the Accumulator and external RAM location 12H. 
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MOVX A,@Ri 

Bytes: 

Cycles: 2 

Encoding: 1 1 1 1 0 001 1 

Operation: MOVX 
(A) +- «Ri)) 

MOVX A,@DPTR 

Bytes: 

Cycles: 2 

Encoding: 1 1 110 0000 

Operation: MOVX 
(A) +- «DPTR)) 

MOVX @Ri,A 

Bytes: 

Cycles: 2 

Encoding: 11 1 1 1 001 

Operation: MOVX 
«Ri)) +- (A) 

MOVX @DPTR,A 

Bytes: 

Cycles: 2 

Encoding: 1 1 1 1 1 0000 

Operation: MOVX 
(DPTR) +- (A) 
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MUL AB 

Function: Multiply 

Description: MUL AB multiplies the unsigned eight-bit integers in the Accumulator and register B. The 
low-order byte of the sixteen-bit product is left in the Accumulator, and the high-order byte in 
B. If the product is greater than 255 (OFFH) the overflow flag is set; otherwise it is cleared. 
The carry flag is always cleared. 

NOP 

Example: Originally the Accumulator holds the value 80 (50H). Register B holds the value 160 (OAOH). 

Bytes: 

The instruction, 

MUL AB 

will give the product 12,800 (3200H), so B is changed to 32H (001 100 lOB) and the Accumula
tor is cleared. The overflow flag is set, carry is cleared. 

Cycles: 4 

Encoding: I 1 0 1 0 0 1 0 0 

Operation: MUL 
(Ah-o ~ (A) X (B) 
(Bhs-8 

Function: No Operation 

Description: Execution continues at the following instruction. Other than the PC, no registers or flags are 
affected. 

Example: It is desired to produce a low-going output pulse on bit 7 of Port 2 lasting exactly 5 cycles. A 
simple SETB/CLR sequence would generate a one-cycle pulse, so four additional cycles must 
be inserted. This may be done (assuming no interrupts are enabled) with the instruction 
sequence, 

CLR P2.7 

NOP 

NOP 

NOP 

NOP 

SETB P2.7 

Bytes: 

Cycles: 

Encoding: I 0 0 0 0 0 0 0 0 

Operation: NOP 
(PC) ~ (PC) + 
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ORL <dest-byte> <src-byte> 

Function: Logical-OR for byte variables 

Description: ORL performs the bitwise logical-OR operation between the indicated variables, storing the 
results in the destination byte. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accu
mulator, the source can use register, direct, register-indirect, or immediate addressing; when 
the destination is a direct address, the source can be the Accumulator or immediate data. 

Note: When this instruction is used to modify an output port, the value used as the original 
port data wiII be read from the output data latch, not the input pins. 

Example: If the Accumulator holds OC3H (ll0000llB) and RO holds 55H (OlOlOlOlB) then the in
struction, 

ORL A,Rn 

Bytes: 

Cycles: 

ORL A,RO 

wiII leave the Accumulator holding the value OD7H (11010111B). 

When the destination is a directly addressed byte, the instruction can set combinations of bits 
in any RAM location or hardware register. The pattern of bits to be set is determined by a 
mask byte, which may be either a constant data value in the instruction or a variable computed 
in the Accumulator at run-time. The instruction, . 

ORL Pl,#OOllOOlOB 

will set bits 5, 4, and 1 of output Port 1. 

Encoding: I 0 1 0 0 1 r r r 

Operation: ORL 
(A) ~ (A) V (Rn) 
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ORL A,dlrect 

Bytes: 2 

Cycles: 

Encoding: 
1 01 o 0 o 1 0 1 direct address 

Operation: ORL 
(A) +- (A) V (direct) 

ORL A,@RI 

Bytes: 

Cycles: 

Encoding: 
1 01 o 0 o 1 1 i 

Operation: ORL 
(A) +- (A) V «Ri» 

ORL A,#data 

Bytes: 2 

Cycles: 

Encoding: 
1 01 o 0 o 1 0 0 immediate data 

Operation: ORL 
(A) +- (A) V #data 

ORL direct,A 

Bytes: 2 

Cycles: 

Encoding: I 0 1 o 0 001 0 direct address 

Operation: ORL 
(direct) +- (direct) V (A) 

ORL direct, # data 

Bytes: 3 

Cycles: 2 

Encoding: I 0 1 o 0 001 1 direct addr. immediate data 

Operation: ORL 
(direct) +- (direct) V #data 
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ORL C,<src-blt> 

Function: ' Logical-OR for bit variables 

Description: Set the carry flag if the Boolean value is a logical 1; leave the carry in its current state 
otherwise. A slash ("I") preceding the operand in the assembly language indicates that the 
logical complement of the addressed· bit is used as the source value, but the source bit itself is 
not affected. No other flags are affected. 

Example: Set the carry flag if and only if Pl.O = 1, ACC. 7 = 1, or OV = 0: 

MOV C,Pl.O ;LOAD CARRY WITH INPUT PIN PI0 

ORL C,ACC.7 ;OR CARRY WITH THE ACC. BIT 7 

ORL C,/OV ;OR CARRY WITH THE INVERSE OF OV. 

ORL C,blt 

Bytes: 2 

Cycles: 2 

Encoding: 1 01 1 1 001 0 bit address 1 

Operation: ORL 
(C) +- (C) V (bit) 

ORL C,/blt 

Bytes: 2 

Cycles: 2 

Encoding: 11 0 1 <> 1 0000 bit address 1 

Operation: ORL 
(C) +- (C) V (bit) 
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POP direct 

Function: Pop from stack. 

Description: The contents of the internal RAM location addressed by the Stack Pointer is read, and the 
Stack Pointer is decremented by one. The value read is then transferred to the directly ad
dressed byte indicated. No flags are affected. 

Example: The Stack Pointer originally contains the value 32H, and internal RAM locations 30H 
through 32H contain the values 20H, 23H, and OlH, respectively. The instruction sequence, 

POP DPH 

POP DPL 

will leave the Stack Pointer equal to the value 30H and the Data Pointer set to 0123H. At this 
point the instruction, 

POP SP 

will leave the Stack Pointer set to 20H. Note that in this special case the Stack Pointer was· 
decremented to 2FH before being loaded with the value popped (20H). 

Bytes: 2 

Cycles: 2 

Encoding: 111010000 

Operation: POP 

PUSH direct 

(direct) +- «SP» 
(SP) +- (SP) - 1 

Function: Push onto stack 

direct address 

Description: The Stack Pointer is incremented by one. The contents of the indicated variable is then copied 
into the internal RAM location addressed by the Stack Pointer. Otherwise no flags are affect
ed. 

Example: On entering an interrupt routine the Stack Pointer contains 09H. The Data Pointer holds the 
value 0123H. The instruction sequence, . 

PUSH DPL 

PUSH DPH 

will leave the Stack Pointer set to OBH and store 23H and OlH in internal RAM locations 
OAH and OBH, respectively. 

Bytes: 2 

Cycles: 2 

Encoding: 111000000 

Operation: PUSH 
(SP) +- (SP) + 1 
«SP» +- (direct) 

direct address 
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RET 

Function: Return from subroutine 

Description: RET pops the high- and low-order bytes of the PC successively from the stack, decrementing 
the Stack Pointer by two. Program execution continues at the resulting address, generally the 
instruction immediately following an ACALL or LCALL. No flags are affected. 

RETI 

Example: The Stack Pointer originally contains the value OBH.· Internal RAM locations OAH and OBH 
contain the values 23H and OlH, respectively. The instruction, 

Bytes: 

RET 

will leave the Stack Pointer. equal to the value 09H. Program execution will continue at 
location 0123H. 

Cycles: 2 

Encoding: I 0 0 1 0 0 010 

Operation: RET 
(PClS.S) +- «SP» 
(SP) +- (SP) - 1 
(PC7-O) +- «SP» 
(SP) +- (SP) - 1 

Function: Return from interrupt 

Description: RET! pops the high- and low-order bytes of the PC successively from the stack, and restores 
the interrupt logic to accept additional interrupts at the same priority level as the one just 
processed. The Stack Pointer is left decremented by two. No other registers are affected; the 
PSW is not automatically restored to its pre-interrupt status. Program execution continues at 
the resulting address, which is generally the instruction immediately after the point at which 
the interrupt request was detected. If a lower- or same-level interrupt had been pending when 
the RET! instruction is executed, that one instruction will be executed before the pending 
interrupt is processed. 

Example: The Stack Pointer originally contains the value OBH. An interrupt was detected during the 
instruction ending at location 0122H. Internal RAM locations OAH and OBH contain the 
values 23H and OIH, respectively. The instruction, 

RET! 

will leave the Stack Pointer equal to 09H and return program execution to location 0123H. 

Bytes: 

Cycles: 2 

Encoding: L..1_0_0 __ .L-0_O_1_O-, 

Operation: RET! 
(PCI5-S) +- «SP» 
(SP) +- (SP) - 1 
(PC7.0) +- «SP» 
(SP) +- (SP) - 1 
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RL A 

Function: Rotate Accumulator Left 

Description: The eight bits in the Accumulator are rotated one bit to the left. Bit 7 is rotated into the bit 0 
position. No flags are affected. 

Example: The Accumulator holds the value OC5H (1IOOOlOlB). The instruction, 

RL A 

leaves the Accumulator holding the value 8BH (IOOOIOllB) with the carry unaffected. 

Bytes: 

Cycles: 

Encoding: I 0 0 1 0 0 0 1 1 

Operation: 

RLC A 

RL 
(An + I) ~ (An) n = 0 - 6 
(AO) ~ (A7) 

Function: Rotate Accumulator Left through the Carry flag 

Description: The eight bits in the Accumulator and the carry flag are together rotated one bit to the left. Bit 
7 moves into the carry flag; the original state of the carry flag moves into the bit 0 position. No 
other flags are affected. 

Example: The Accumulator holds the value OC5H (1IOOOlOlB), and the carry is zero. The instruction, 

RLC A 

leaves the Accumulator holding the value 8BH (IOOOIOIOB) with the carry set. 

Bytes: 

Cycles: 

Encoding: LI _0_0_1_1-,-_0_0_1_1-, 

Operation: RLC 
(An + I) ~ (An) n = 0 - 6 
(AO) ~ (C) 
(C) ~ (A7) 
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RR A 

Function: Rotate Accumulator Right 

Description: The eight bits in the Accumulator are rotated one bit to the right. Bit.O is rotated into the bit 7 
position. No flags are affected. 

Example: The Accumulator holds the value OCSH (1IOOOIOlB). The instruction, 

RR A 

leaves the Accumulator holding the value OE2H (I 1 1000 1 OB) with the carry unaffected. 

Bytes: 

Cycles: 

Encoding: 1000010011 

Operation: RR 

RRC A 

(An) - (An + I) n = 0 - 6 
(A7) -(AO) 

Function: Rotate Accumulator Right through Carry flag 

Description: The eight bits in the Accumulator and the carry flag are together rotated one bit to the right. 
Bit 0 moves into the carry flag; the original value of the carry flag moves into the bit 7 
position. No other flags are affected. 

Example: The Accumulator holds the value OCSH (I 1 00010 IB), the carry is zero. The instruction, 

RRC A 

leaves theAccumuIator holding ~he value 62 (OllOOOIOB) with the carry set. 

Bytes: 

Cycles: 

Encoding: 1 0 0 0 1 0 0 1 1 

Operation: RRC 
(An) - (An + I) n == 0 - 6 
(A7) - (C) 
(C)-(AO) 
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SETB <bit> 

Function: Set Bit 

Description: SETB . sets the indicated bit to one. SETB can operate on the carry flag or any directly 
addressable bit. No other flags are affected. 

Example: The carry flag is cleared. Output Port 1 has been written with the value 34H (OOllOlOOB). The 
instructions, 

SETB C 

SETB Pl.O 

will leave the carry flag set to 1 and change the data output on Port 1 to 35H (OOllOlOlB). 

SETB C 

Bytes: 

Cycles: 

Encoding: I 1 1 0 1 001 1 

Operation: SETB 
(C)~ 1 

SETB bit 

Bytes: 2 

Cycles: 

Encoding: I 1 1 0 1 001 0 bit address 

Operation: SETB 
(bit) ~ 1 
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SJMP rei 

Function: Short Jump 

Description: Program control branches unconditionally to the address indicated. The branch destination is 
computed by adding the signed displacement in the second instruction byte to the PC, after 
incrementing the PC twice. Therefore, the range of destinations allowed is from 128 bytes 
preceding this instruction to 127 bytes following it. 

Example: The label "RELADR" is assigned to an instruction at program memory location 0123H. The 
instruction, . 

SJMP RELADR 

will assemble into location OlOOH. After the instructiQn is executed, the PC will contain the 
value 0123H. 

(Note: Under the above conditions the instruction following SJMP will be at l02H. Therefore, 
the displacement byte ofthe instruction will be the relative offset (0l23H-0102H) = 21H. Put 
another way, an SJMP with a displacement ofOFEH would be a one-instruction infinite loop.) 

Bytes: 2 

Cycles: 2 

Encoding: I 1 0 0 0 0 0 0 0 

Operation: SJMP 
(PC) - (PC) + 2 
(PC) - (PC) + rei 

reI. address 
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SUBB A, < src-byte > 

Function: Subtract with borrow 

Description: SUBB subtracts the indicated variable and the carry flag together from the Accumulator, 
leaving the result in the Accumulator. SUBB sets the carry (borrow) flag if a borrow is needed 
for bit 7, and clears C otherwise. (If C was set before executing a SUBB instruction, this 
indicates that a borrow was needed for the previous step in a multiple precision subtraction, so 
the carry is subtracted from the Accumulator along with the source operand.) AC is set if a 
borrow is needed for bit 3, and cleared otherwise. OV is set if a borrow is needed into bit 6, but 
not into bit 7, or into bit 7, but not bit 6. 

When subtracting signed integers OV indicates a negative number produced when a negative 
value is subtracted from a positive value, or a positive result when a positive number is 
subtracted from a negative number. 

The source operand allows four addressing modes: register, direct, register-indirect, or imme
diate. 

Example: The Accumulator holds OC9H (llOOlOOlB), register 2 holds 54H (01010100B), and the carry 
flag is set. The instruction, 

SUBB A,Rn 

Bytes: 

Cycles: 

SUBB A,R2 

will leave the value 74H (01 1 101OOB) in the accumulator, with the carry flag and AC cleared 
but OV set. 

Notice that OC9H minus 54H is 75H. The difference between this and the above result is due 
to the carry (borrow) flag being set before the operation. If the state of the carry is not known 
before starting a single or multiple-precision subtraction, it should be explicitly cleared by a 
CLR C instruction. 

Encoding: L..1_1_0_0_1.......J.._1_r _r_r..J 

Operation: SUBB 
(A) +- (A) - (C) - (Rn) 
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SUBB A,dlrect 

Bytes: 2 

Cycles: 

Encoding: I 1 0 0 1 0 1 0 1 

Operation: SUBB 

SUBB A,@RI 

Bytes: 

Cycles: 

(A) +- (A) - (C) - (direct) 

Encoding: 11001011 

Operation: SUBB 
(A) +- (A) - (C) - «Ri» 

SUBB A,#data 

Bytes: 2 

Cycles: 

Encoding: 110010100 

Operation: SUBB 
(A) +- (A) - (C) - #data 

SWAP A 

direct address 

immediate data 

Function: Swap nibbles within the Accumulator 

Description: SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the Accumulator 
(bits 3-0 and bits 7-4). The operation can also be thought of as a four-bit rotate instruction. No 
flags are affected. 

Example: The Accumulator holds the value OC5H (1 1000 1D1 B). The instruction, 

swAp A 

leaves the Accumulator holding the value 5CH (0101l100B). 

Bytes: 

Cycles: 

Encoding: 1 1 1 0 0 0 1 0 0 

Operation: SWAP 
(A3-0) ~ (A7-4) 

6-70 



inter MCS@·51 PROGRAMMER'S GUIDE AND INSTRUCTION SET 

XCH A,<byte> 

Function: Exchange Accumulator with byte variable 

Description: XCH loads the Accumulator with the contents of the indicated variable, at the same time 
writing the original Accumulator contents to the indicated variable. The source/destination 
operand can use register, direct; or register-indirect addressing. 

Example: RO contains the address 20H. The Accumulator holds the value 3FH (OOIIIIIIB). Internal 
RAM location 20H holds the value 75H (OlllOI01B). The instruction, 

XCH A,@RO 

wi11leave RAM location 20H holding the values 3FH (OOl1l1l1B) and 75H (Ol1lOlOIB) in 
the accumulator. 
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?,CHD A,@RI 

Function: . Exchange Digit 

Description: XCHD exchanges the low-order nibble of the Accumulator (bits 3-0), generally representing a 
hexadecimal or BCD digit, with. that of-the internal RAM IocatioJ;! indirectly addressed by the 
specified register. The high-order nibbles (bits 7-4) of each register are not affected. No flags 
are. affected. 

Example: RO contains .the address 20H. The AccumUlator holds the value 36H (001 101 lOB). Internal 
RAM location 20H holds the value 75H (OlllOlO1B). The instruction, 

Bytes: 

Cycles: 

XCHD A,@RO 

will leave RAM location 20H holding the value 76H (OlllOllOB) and 35H (OOllOlOlB) in the 
Accumulator. 

Encoding: I 1 1 0 1 0 1 1 

Operation: XCHD 
(A3-O) ~ «Ri3-O» 

XRL < dest-byte > , < src-byte >. 

Function: Logical Exclusive-OR for byte variables 

Description: XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, 
storing the results in the destination. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the. Accu
mulator, the source can use register, direct, register-indirect, or immediate addressing; when 
the destination is a direct address, the source can be the Accumulator or immediate data. 

(Note: When this instt:uction is used to modify an output port, the value used as the original 
port data will be read from the output data latch, not the input pins.) 

Example: If the Accumulator holds OC3H (I 100001 IB) and register 0 holds OAAH (IOiOlOlOB) then 
the instruction, 

XRL A,RO 

will leave the Accumulator holding the value 69H (OllOlOOlB). 

When the destination is a directly addressed byte, this instruction can complement combina
tions of bits in any RAM location or hardware register. The pattern of bits to be complement
ed is then determined by a mask byte, either a constant contained in the instruction or a 
variable computed in the Accumulator af run-time. The instruction, 

XRL Pl,#OOllOOOlB 

will complement bits 5, 4, and O. of output Port 1. 
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XRL A,Rn 

Bytes: 

Cycles: 

Encoding: 
1 01 1 0 1 r r r 

Operation: XRL 
(A) - (A) l,J (Rn) 

XRL A,dlrect 

Bytes: 2 

Cycles: 

Encoding: 
1 01 1 0 o 1 0 1 direct address 

Operation: XRL 
(A) - (A) l,J (direct) 

XRL A,@Ri 

Bytes: 

Cycles: 

Encoding: I 0 1 1 0 o 1 1 i 

Operation: XRL 
(A) - (A) l,J «Ri» 

XRL A, # data 

Bytes: 2 

Cycles: 

Encoding: 
1 01 1 0 o 1 0 0 immediate data 

Operation: XRL 
(A) - (A) l,J #data 

XRL direct,A 

Bytes: 2 

Cycles: 

Encoding: I 0 1 1 0 001 0 direct address 

Operation: XRL 
(direct) - (direct) l,J (A) 
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XRL dlrect,#data 

Bytes: 3 

Cycles: 2 

Encoding: I 0 1 1 0 0 0 1 1 direct address immediate data I 
Operation: XRL 

(direct) +- (direct) l,f #data 
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USING THE INTEL MCS®-51 
BOOLEAN PROCESSING CAPABILITIES 

1.0 INTRODUCTION 

The Intel microcontroller family now has three new 
members: the Intel® 8031, 8051, and 8751 single-chip 
microcomputers. These devices, shown in Figure 1, will 
allow whole new classes of products to benefit from 
recent advances in Integrated Electronics. Thanks to 
Intel's new HMOS technology, they provide larger pro
gram and data memory spaces, more flexible I/O and 
peripheral capabilities, greater speed, and lower system 
cost than any previous-generation single-chip micro
computer. 

Pl.0 - - vee 

Pl.l- - po.o 

Pl.2 - - PO.l 

Pl.3 - - PO.2 

Pl.4 - - PO.3 

Pl.S --' - PO.4 

Pl.6 - - po.s 

Pl.7 - - PO.6 

RST - - PO.7 

P3.0IRXD - - VPP/EA 

P3.1/TXD - -~/ALE 

P3.21iNi'O - - PSEN 

P3.31iNTi - - P2.7 

P3.4ITO - - P2.6 

P3.SIT1 - - P2.S 

P3.6IWR - - P2.4 

P3.7/Rc - - P2.3 

XTAL2 - - P2.2 

XTALI - - P2.1 

VSS - -.1>2.0 
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Figure 1.8051 Family Pinout Diagram 

Table 1 summarizes the quantitative differences be
tween the members of the MCS®-48 and 8051 families. 
The 8751 contains 4K bytes of EPROM program mem
ory fabricated on-chip, while the 8051 replaces the 
EPROM with 4K bytes of lower-cost mask
programmed ROM. The 8031 has no program memory 
on-chip; instead, it accesses up to 64K bytes of program 
memory from external memory. Otherwise, the three 
new family members are identical. Throughout this 
Note, the term "8051" will represent all members of the 
8051 Family, unless specifically stated otherwise. 

The CPU in each microcomputer is one of the indus
try's fastest and most efficient for numerical calcula
tions on byte operands. But controllers often deal with 
bits, not bytes: in the real world, switch contacts can 
only be open or closed, indicators should be either lit or 
dark, motors are either turned on or off, and so forth. 
For such control situations the most significant aspect 
of the MCS®-51 architecture is its complete hardware 
support for one-bit, or' Boolean variables (named in 
honor of Mathematician George Boole) as a separate 
data type. 

The 8051 incorporates a number of special features 
which support the direct manipulation and testing of 
individual bits and allow the use of single-bit variables 
in performing logical operations. Taken together, these 
features are referred to as the MCS-51 Boolean Proces
sor. While the bit-processing capabilities alone would be 
adequate to solve many control applications, their true 
power comes when they are used in conjunction with 
the microcomputer's byte-processing and numerical ca
pabilities. 

Many concepts embodied by the Boolean Processor will 
certainly be new even to experienced microcomputer 
system designers. The purpose of this Application Note 
is to explain these concepts and show how they are 
used. 

For detailed information on these parts refer to the 
Intel Microcontroller Handbook, order number 
210918. The instruction set, assembly language, and use 
of the 8051 assembler (ASM51) are further described in 
the MCS®-Sl Macro Assembler User's Guide for DOS 
Systems, order number 122753. 

Table 1. Features of Intel's Single-Chip Microcomputers 

EPROM ROM External Program Data Instr. Input! 
Interrupt Reg. Program Program Program Memory Memory Cycle Output 

Memory Memory Memory (I nt/Max) (Bytes) Time Pins 
Sources Banks 

8748 8048 8035 1K4K 64 2.5 f-Ls 27 2 2 
- 8049 8039 2K4K 128 1.36 f-Ls 27 2 2 

8751 8051 8031 4K64K 128 1.0 f-Ls 32 5 4 
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2.Q BOOLEAN PROCESSOR 
OPERATION 

The Boolean Processing capabilities of the 8051 are 
based on concepts which have been around for some 
time. Digital computer systems of widely varying de
signs all have four functional elements in common (Fig
ure 2): 

• a central processor (CPU) with the control, timing, 
and logic circuits needed to execute stored instruc
tions: 

• a memory to store the sequence of instructions mak
ing up a program or algorithm: 

• data memory to store variables used by the pro
gram: 
and 

• some means of communicating with the outside 
world. 

The CPU usually includes one or more accumulators or 
special registers for computing or storing values during 
program execution. The instruction set of such a 
processor generally includes, at a minimum, operation 
classes to perform arithmetic or logical functions on 
program variables, move variables from one place to 
another, cause program execution to jump or condi" 
tionally branch based on register or variable states, . and 
instructions to call and return from subroutines. The 
program and data memory functions sometimes share a 
single memory space, but this is not always the case. 
When the address spaces are separated, program and 
data memory need not even have the same basic word 
width. 

A digital computer's flexibility comes in part from 
combining simple fast operations to produce more com-

PROGRAM 
MEMORY 

DATA 
MEMORY 

TIMING & 
CONTROL 

ACCUMULATOR 
& REGISTERS 

CENTRAL 
PROCESSING 
UNIT 

plex (albeit slower) ones, which in tum link together 
eventually solving the problem at hand. A four-bit CPU 
executing multiple precision subroutines can, for exam
ple, perform 64-bit addition and subtraction. The sub
routines could in tum be building blocks for floating
point multiplication and division routines. Eventually, 
the four-bit CPU can simulate a far more complex "vir
tual" machine. 

In fact, any digital computer with the above four func
tional elements can (given time) complete any algo
rithm (though the proverbial room full of chimpanzees 
at word processors might first re-create Shakespeare's 
classics and this Application Note)! This fact offers lit
tle consolation to product designers who want pro
grams to run as quickly as possible. By definition, a 
real-time control algorithm must proceed quickly 
enough to meet the preordained speed constraints of 
other equipment. 

One of the factors determining how long it will take a 
microcomputer to complete a given chore is the num
ber of instructions it must execute. What makes a given 
computer architecture particularly well- or poorly-suit
ed for a class of problems is how well its instruction set 
matches the tasks to be performed. The better the 
"primitive" operations correspond to the steps taken by 
the control algorithm, the lower the number of instruc
tions needed, and the quicker the program will run. All 
else being equal, a CPU supporting 64-bit arithmetic 
directly could clearly perform floating-point math fast
er than a machine bogged-down by multiple-precision 
subroutines. In the same way, direct support for bit 
manipulation naturally leads to more efficient pro
grams handling the binary input and output conditions 
inherent in digital control problems. 

INPUTI 
OUTPUT 
PORTS 

REAL 
WORLD 
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Figure 2. Block Diagram for Abstract Digital Computer 
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Processing Elements 

The introduction stated that the 8051's bit-handling ca
pabilities alone would be sufficient to solve some con
trol applications. Let's see how the four basic elements 
of a digital computer-a CPU with associated registers, 
program memory, addressable data RAM, and I/O ca
pability-relate to Boolean variables. 

CPU. The 8051 CPU incorporates special logic devoted 
to executing several bit-wide operations. All told, there 
are 17 such instructions, all listed in Table 2. Not 
shown are 94 other (mostly byte-oriented) 8051 instruc
tions. 

Program Memory. Bit-processing instructions are 
fetched from the same program memory as other arith
metic and logical operations. In addition to the instruc-

Table 2. MCS·51™ Boolean 
Processing Instruction Subset 

Mnemonic Description Byte 

SETB C Set Carry flag 1 
SETB bit Set direct Bit 2 
CLR C Clear Carry flag 1 
CLR bit Clear direct bit 2 
CPL C Complement Carry flag 1 
CPL bit Complement direct bit 2 

MOV C.bit Move direct bit to Carry flag 2 
MOV bilC Move Carry flag to direct bit 2 

ANL C.bit AND direct bit to Carry flag 2 
ANL C.bit AND complement of direct 2 

bit to Carry flag 
ORL C.bit OR direct bit to Carry flag 2 
ORL C.bit OR complement of direct 2 

bit to Carry flag 

JC rei Jump if Carry is flag is set 2 
JNC rei Jump if No Carry flag 2 
JB bit.rel Jump if direct Bit set 3 
JNB bit.rel Jump if direct Bit Not set 3 
JBC bit.rel Jump if direct Bit is set & 3 

Clear bit 

Address mode abbreviations 

C-Carry flag. 

Cyc 

1 
1 
1 
1 
1 
1 

1 
2 

2 
2 

2 
2 

2 
2 
2 
2 
2 

bit-12B software flags, any 1/0 pin, control or status 
bit. 
rei-Ali conditional jumps include an B·bit offset byte. 
Range is + 127 -12B bytes relative to first byte of the 
following instruction. 

All mnemonics copyrighted@ Intel Corporation 1980. 
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tions of Table 2, several sophisticated program control 
features like mUltiple addressing modes, subroutine 
nesting, and a two-level interrupt structure are useful in 
structuring Boolean Processor-based· programs. 

Boolean instructions are one, two, or three bytes long, 
depending on what function they perform. Those in
volving only the carry flag have either a single-byte 
opcode or an opcode followed by a conditional-branch 
destination byte (Figure 3a). The more general instruc
tions add a "direct address" byte after the opcode to 
specify the bit affected, yielding two or three byte en
codings (Figure 3b). Though this format allows poten
tially 256 directly addressable bit locations, not all of 
them are implemented in the 8051 family. 

opcode 

SETBC 
CLRC 
CPLC 

opcode I displacement 1 

JC rei 
JNC rei 

a.} Carry Control and Test Instructions 

oPcode·1 I bit address 

SETBbit 
CLR bit 
CPL bit 

ANLC, bit 
ANLC,! bit 
ORLC, bit 
CRLC,! bit 
MOVC, bit 

MOV bit,C 

opcode 1 I bit address I displacement I 
JB bit, rei 

JNB bit, rei 
JBC bit, rei 

b.} Bit Manipulation and Test Instructions 

Figure 3. Bit Addressing Instruction Formats 
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RAM 
Byle (MSB) 

7FH~ ,""' 
2FH 

2EH 

2DH 

2CH 

2BH 

2AH 

29H 

28H 

27H 

26H 

25H 

24H 

23H 

22H 

21H 

20H 

lFH 

18H 
17H 

IOH 
OFH 

OSH 
07H 

00 

7F 

77 

6F 

67 

SF 

57 

4F 

47 

3F 

37 

2F 

27 

IF 

17 

01' 

07 

7E 7D 7C 7B 7A 

76 75 74 73 72 

6E 6D 6C 6B 6A 

66 65 64 63 62 

5E 50 5C 5B SA 

56 55 54 53 52 

4E 40 4C 4B 4A 

46 45 44 43 42 

3E 30 3C 3B 3A 

36 35 34 33 32 

2E 20 2C 2B 2A 

26 25 24 23 22 

IE 10 lC lB lA 

16 15 14 13 12 

DE OD OC OB OA 

06 OS 04 03 02 

Bank 3 

Bank 2 

Bank 1 

BankO 

a.) RAM Bit Addresses 

(LSB) 

-..;;.. 

79 78 

71 70 

69 68 

61 60 

59 58 

51 50 

49 48 

41 40 

39 38 

31 30 

29 28 

21 20 

19 18 

11 10 

09 08 

01 00 

Dlrecl BIIAddr ..... Hardware 
B~I. R.gliler 
Addre .. (MSB) (LSB) Symbol 

OFFH 

OFOH 

OEOH 

ODOH 

OB8H 

OBOH 

OA8H 

OAOH 

98H 

90H 

88H 

80H 

F7 FO B 

E7 EO ACC 

D7 00 PSW 

B8 IP 

B7 BO P3 

AF A8 IE 

A7 AO P2 

9F 98 SCON, 

97 90 PI 

8F 88 TCON 

87 80 PO 
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b.) Special Function Register Bit Addresses 

Figure 4. Bit Address Maps 

Data Memory. The instructions in Figure 3b can oper
ate directly upon 144 general purpose bits forming the 
Boolean processor "RAM." These bits can be used as 
software flags or to store program variables. Two oper
and instructions use the CPU's carry flag ("C") as a 
special one-bit register: in a sense, the carry is a "Boole
an accumulator" for logical operations and data trans
fers; 
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Input/Output. All 32 I/O pins can be addressed as indi
vidual inputs, outputs, or both, in any combination. 
Any pin can be a control strobe output, status (Test) 
input, or serial I/O link implemented via software. An 
additional 33 individually addressable bits reconfigure, 
control, and monitor the status of the CPU and all on
chip peripheral functions (timer counters, _serial port 
modes, interrupt logic, and so forth). 
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(MSS) (LSS) 

I Cy I AC I FO RS1 RSO OV 

Symbol Position Name and Significance 

CY PSW.7 Carry flag. 
Set! cleared by hardware or 
software during certain arith
metic and logical instructions. 

AC PSW.6 Auxiliary Carry flag. 
Set/cleared by hardware dur
ing addition or subtraction in
structions to indicate carry or 
borrow out of bit 3. 

FO PSW.5· Flag o. 
Set!cleared/tested by soft
ware as a user-defined status 
flag. 

RS1 PSW.4 Register bank Select control 
bits. 

RSO PSW.3 1 & o. Set/cleared by software 
to determine working register 
bank (see Note). 

OV 

P 

PSW.2 Overflow flag. 
Set!cleared by hardware dur
ing arithmetic instructions to 
indicate overflow conditions. 

PSW.1 (reserved) 

PSW.O Parity flag. 
Set! cleared by hardware each 
instruction cycle to indicate an 
odd/even number of "one" 
bits in the accumulator, i.e., 
even parity. 

Note· the contents of (RS1, RSO) 
enable the working register 
banks as follows: 
(0,0) - Bank 0 (00H-07H) 
(0,1) - Bank 1 (OBH-OFH) 
(1,0) - Bank 2 (10H-17H) 
(1,1) - Bank 3 (1BH-1FH) 

Figure 5. PSW-Program Status Word Organization 

(MSS) (LSS) 

I RD I WR I T1 I TO IINT1 I INTO I TXD I RXD I 
Symbol Position Name and Significance 

RD P3.7 Read data control output. 

WR 

T1 

TO 

P3.6 

P3.5 

P3.4 

Active low pulse generated by 
hardware when external data 
memory is read. 

Write data control output. 
Active low pulse generated by 
hardware when external data 
memory is written. 

Timer/counter 1 external input 
or test pin. 

Timer/counter 0 external input 
or test pin . 

INT1 

INTO 

TXD 

RXD 

P3.3 Interrupt 1 input pin. 
Low-level or falling-edge trig-
gered. 

P3.2 Interrupt 0 input pin. 
Low-level or falling-edge trig-
gered. 

P3.1 Transmit Data pin for serial 
port in UART mode. Clock out-
put in shift register mode. 

P3.0 Receive Data pin for serial 
port in UART mode. Data I/O 
pin in shift register mode. 

. Figure 6. P3-Alternate I/O Functions of Port 3 

Direct Bit Addressing 

The most significant bit of the direct address byte se
lects one of two groups of bits. Values between 0 and 
127 (OOH and 7FH) define bits in a block of 32 bytes of 
on-chip RAM, between RAM addresses 20H and 2FH 
(Figure 4a). They are numbered consecutively from the 
lowest-order byte's lowest-order bit through the high
est-order byte's highest-order bit. 
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Bit addresses between 12S and 255 (SOH and OFFH) 
correspond to bits in a number of special registers, 
mostly used for I/O or peripheral control. These posi
tions are numbered with a different scheme than RAM: 
the five high-order address bits match those of the reg
ister's own address, while the three low-order bits iden
tify the bit position within that register (Figure 4b). 
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Notice the column labeled "Symbol" in Figure 5. Bits 
with special meanings in the PSW and other registers 
have corresponding symbolic names. General-purpose 
(as opposed to carry-specific) instructions may access 
the carry like any other bit by using the mnemonic CY 
in place of C, PO, PI, P2, and P3 are the 8051's four 
I/O ports: secondary functions assigned to each of the 
eight pins of P3 are shown in Figure 6. 

Figure 7 shows the last four bit addressable registers. 
TCON (Timer Control) and SCON (Serial port Con
trol) control and monitor the corresponding peripher
als, while IE (Interrupt Enable) and IP (Interrupt Pri
ority) enable and prioritize the five hardware interrupt 
sources. Like the reserved hardware register addresses, 
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the five bits not implemented in IE and IP should not 
be accessed: they can not be used as software flags. 

Addressable Register Set. There are 20 special function 
registers iii the 8051, but the advantages of bit address
ing only relate to the II described below. Five poten
tially bit-addressable register addresses (OCOR, OC8R, 
OD8R, OE8R, & OF8H) are being reserved for possible 
future expansion in microcomputers based on the 
MCS-51 architecture. Reading or writing non-existent 
registers in the 8051 series is pointless, and may cause 
unpredictable results. Byte-wide logical operations can 
be used to manipulate bits in all non-bit addressable 
registers and RAM. 
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(MSB) (LSB) 

I TF1 I TR1 I TFO I TRO IIE1 IIT1 IlEa liTO I 

Symbol Position Name and Significance 

TF1 TCON.7 Timer 1 overflow Flag. 

TR1 TCON.6 

TFO TCON.5 

Set by hardware on timer/ 
counter overflow. Cleared 
when interrupt processed. 

Timer 1 Run control bit. 
Set/cleared by software to turn 
timer/counter on/off. 

Timer ° overflow Flag. 
Set by hardware on timer/ 
counter overflow. Cleared 
when interrupt processed. 

IE1 

IT1 

lEO 

TCON.3 Interrupt 1 Edge flag. 
Set by hardware when exter
nal interrupt edge detected. 
Cleared when interrupt pro
cessed. 

TCON.2 Interrupt 1 Type control bit. 
Set! cleared by software to 
specify falling edge/low level 
triggered external interrupts. 

TCON.1 Interrupt ° Edge flag. 
Set by hardware when exter
nal interrupt edge detected. 
Cleared when interrupt pro
cessed. 

ITO TCON.O Interrupt ° Type control bit. 
TRO TCON.4 Timer ° Run control bit. Set!cleared by software to 

Set!cleared by software to turn specify falling edge/low level 
timer/counter on/off. triggered external interrupts. 

a.) TCON-Timer/Counter Control/Status Register 

(MSB) (LSB) 

I SMa I SM1 I SM2 I REN I TBa I RBS I TI I RI I 

Symbol Position Name and Significance 

SMO SCON.7 Serial port Mode control bit 0. 
Set!cleared by software (see 
note). 

SM1 SCON.6 Serial port Mode control bit 1. 
Set!cleared by software (see 
note). 

SM2 SCON.5 Serial port Mode control bit 2. 
Set by software to disable re
ception of frames for which bit 
8 is zero. 

REN SCON.4 Receiver Enable control bit. 
Set! cleared by software to en
able/ disable serial data recep
tion. 

TB8 SCON.3 Transmit Bit 8. 
Set! cleared by hardware to de
termine state of ninth data bit 
transmitted in 9-bit UART 
mode. 

RB8 

TI 

RI 

SCON.2 Receive Bit 8. 
Set! cleared by hardware to in
dicate state of ninth data bit 
received. 

SCON.1 Transmit Interrupt flag. 
Set by hardware when byte 
transmitted. Cleared by soft
ware after servicing. 

SCON.O Receive Interrupt flag. 
Set by hardware when byte re
ceived. Cleared by software 
after servicing. 

Note· the state of (SMO, SM1) 
selects: 
(O,O)-Shift register I/O 

expansion. 
(0,1 )-8-bit UART, variable 

data rate. 
(1 ,0)-9-bit UART, fixed data 

rate. 
(1,1 )-9-bit UART, variable 

data rate. 

b.) SCON-Serial Port Control/Status Register 

Figure 7. Peripheral Configuration Registers 

7-7 
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(MSB) (LSB) 

I EA I - 1 -I ES 1 ET1 EX1 ET1 I EXO I 
Symbol Position Name and Significance 
EA IE. ? Enable All control bit. 

ES 

ET1 

Cleared by software to disable 
all interrupts, independent of 
the state of IE.4-IE.O. 

1E.6 (reserved) 

1E.5 

IE.4 

1E.3 

Enable Serial port control bit. 
Set! cleared by software to en
able/disable interrupts from TI 
or Rlflags. 

Enable Timer 1 control bit. 
Set!cleared by software to en
able/disable interrupts from 
timer/counter 1. 

EX1 

ETO 

EXO 

1E.2 

1E.1 

lE.O 

Enable External interrupt 1 
control bit. Set! cleared by 
software to enable/disable in
terrupts from INT1. 

Enable Timer 0 control bit. 
Set/cleared by software to en
able/disable interrupts from 
timer/ counter O. 
Enable External interrupt 0 
control bit. Set! cleared by 
software to enable/disable in
terrupts from INTO. 

c.) IE-Interrupt Enable Register 

(MSB) (LSB) 

I - I - I - I PS PT1 PX1 PTO I PXO I 
Symbol Position Name and Significance 

IP.? (reserved) 
IP.6 (reserved) 
IP.5 (reserved) 

PX1 IP.2 External interrupt 1 Priority 
control bit. Set! cleared by 
software to specify high/low 
priority interrupts for I NT1 . 

PS IP.4 Serial port Priority control bit. PTO IP.1 Timer 0 Priority control bit. 
Set!cleared by software to Set!cleared by software to 
specify high/low priority inter- specify high/low priority inter-
rupts for Serial port. rupts for timer/counter O. 

PT1 IP.3 Timer 1 Priority control bit. PXO IP.O External interrupt 0 Priority 
Set!cleared by software to control bit. Set!cleared by 
specify highllow priority inter- software to specify high/low 
rupts for timer/counter 1. priority interrupts for INTO. 

d.) IP-Interrupt Priority Control Register 

Figure 7. Peripheral Configuration Registers (Continued) 

The accumulator and B registers (A and B) are normal
ly involved in byte-wide arithmetic, but their individual 
bits can also be used as 16 general software flags. Add
ed with the 128 flags in RAM, this gives 144 general 
purpose variables for bit-intensive programs. The pro
gram status word (PSW) in Figure 5 is a collection of 
flags and machine status bits including the carry flag 
itself. Byte operations acting on the PSW can therefore 
affect the carry. 

Instruction Set 

Having looked at the bit variables available to the Boo
lean Processor, we will now look at the four classes of 
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instructions that manipulate these bits. It may be help
ful to refer back to Table 2 while reading this section. 

State Control. Addressable bits or flags may be set, 
cleared, or logically complemented in one instruction 
cycle with the two-byte instructions SETB, CLR, and 
CPL. (The "B" affixed to SETB distinguishes it from 
the assembler "SET" directive used for symbol defini
tion.) SETB and CLR are analogous to loading a bit 
with a constant: 1 or O. Single byte versions perform the 
same three operations on the carry. 

The MCS-51 assembly language specifies a bit address 
in any of three ways: 

• by a number or expression corresponding to the di
rect bit address (0-255): 
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• by the name or address of the register containing the 
bit, the dot operator symbol (a period: "."), and the 
bit's position in the register (7 -0): 

• in the case of control and status registers, by the 
predefined assembler symbols listed in the first col
umns of Figures 5-7. 

Bits may also be given user-defined names with the as
sembler "BIT" directive and any of the above tech
niques. For example, bit 5 of the PSW may be cleared 
by any of the four instructions. 

USR_FLG BIT PSW.5 User Symbol Definition 

CLR OD5H Absolute Addressing 
CLR PSW.5 Use of Dot Operator 
CLR FO Pre-Defined Assembler 

Symbol 
CLR USR_FLG User-Defined Symbol 

Data Transfers. The two-byte MOY instructions can 
transport any addressable bit to the carry in one cycle, 
or copy the carry to the bit in two cycles. A bit can be 
moved between two arbitrary locations via the carry by 
combining the two instructions. (If necessary, push and 
pop the PSW to preserve the previous contents of the 
carry.) These instructions can replace the multi-instruc
tion sequence of Figure 8, a program structure appear
ing in controller applications whenever flags or outputs 
are conditionally switched on or off. 

YES 

SET 
DESTINATION 

BIT 

ISOLATE 
SOURCE 

BIT 

CLEAR 
DESTINATION 

BIT 

270656-4 

Figure 8. Bit Transfer Instruction Operation 
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Logical Operations. Four instructions perform the logi
cal-AND and logical-OR operations between the carry 
and another bit, and leave the results in the carry. The 
instruction mnemonics are ANL and ORL; the absence 
or presence of a slash mark ("/") before the source 
operand indicates whether to use the positive-logic val
ue or the logical complement of the addressed bit. (The 
source operand itself is never affected.) 

Bit-test Instructions. The conditional jump instructions 
"JC rei" (Jump on Carry) and "JNC rei" (Jump on 
Not Carry) test the state of the carry flag, branching if 
it is a one or zero, respectively. (The letters "rei" de
note relative code addressing.) The three-byte instruc
tions "JB bit.rel" and "JNB bit.rel" (Jump on Bit and 
Jump on Not Bit) test the state of any addressable bit in 
a similar manner. A fifth instruction combines the 
Jump on Bit and Clear operations. "JBC bit.rel" condi
tionally branches to the indicated address, then clears 
the bit in the same two cycle instruction. This operation 
is the same as the MCS-48 "JTF" instructions. 

All 8051 conditional jump instructions use program 
counter-relative addressing, and all execute in two cy
cles. The last instruction byte encodes a signed dis
placement ranging from -128 to + 127. During execu
tion, the CPU adds this value to the incremented pro
gram counter to produce the jump destination. Put an
other way, a conditional jump to the immediately fol
lowing instruction would encode OOH in the offset byte. 

A section of program or subroutine written using only 
relative jumps to nearby addresses will have the same 
machine code independent of the code's location. An 
assembled routine may be repositioned anywhere in 
memory, even crossing memory page boundaries, with
out having to modify the program or recompute desti
nation addresses. To facilitate this flexibility, there is an 
unconditional "Short Jump" (SIMP) which uses rela
tive addressing as well. Since a programmer would have 
quite a chore trying to compute relative offset values 
from one instruction to another, ASM51 automatically 
computes the displacement needed given only the desti
nation address or label. An error message will alert the 
programmer if the destination is "out of range." 

The so-called "Bit Test" instructions implemented on 
many other microprocessors simply perform the logi
cal-AND operation between a byte variable and a con
stant mask, and set or clear a zero flag depending on 
the result. This is essentially equivalent to the 8051 
"MOY C.bit" instruction. A second instruction is then 
needed to conditionally branch based on the state of the 
zero flag. This does not constitute abstract bit-address
ing in the MCS-51 sense. A flag exists only as a field 
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within a register: to reference a bit the programmer Table 3. Other Instructions Affecting 
must know and specify both the encompassing register the Carry Flag 
and the bit's position therein~ This constraint severely 

Mnemonic Description Byte eyc limits the flexibility of symbolic bit addressing and re-
duces the machine's code-efficiency and speed. ADD A,Rn Add register to 1 

Accumulator 
Interaction with Other Instructions. The carry flag is ADD A,direct Add direct byte to 2 
also affected by the instructions listed in Table 3. It can Accumulator 
be rotated through the accumulator, and altered as a ADD A,@Ri Add indirect RAM to 
side effect of arithmetic instructions. Refer to the Us- Accumulator 
er's Manual for details on how these instructions oper- ADD A,#data Add immediate data 2 
ate. to Accumulator 

AD DC A,Rn Add register to 
Accumulator with 

Simple Instruction Combinations Carry flag 
ADDC A,direct Add direct byte to 2 

By combining general purpose bit operations with cer- Accumulator with 
tain addressable bits, one can "custom build" several Carry flag 
hundred useful instructions. All eight bits of the PSW ADDC A,@Ri Add indirect RAM to 
can be tested directly with conditional jump instruc- Accumulator with 
tions to monitor (among other things) parity and over- Carry flag 
flow status. Programmers can take advantage of 128 ADDC A,#data Add immediate data 2 
software flags to keep track of operating modes, re- to Acc with Carry flag 
source usage, and so forth. SUBB A,Rn Subtract register from 

Accumulator with 
The Boolean instructions are also the most efficient borrow 
way to control or reconfigure peripheral and I/O regis- SUBB A,direct Subtract direct byte 2 
ters. All 32 I/O lines become "test pins," for example, from Acc with borrow 
tested by conditional jump instructions. Any output pin SUBB A,@Ri Subtract indirect RAM 
can be toggled (complemented) in a single instruction from Acc with borrow 
cycle. Setting or clearing the Timer Run flags (TRO and SUBB A,#data Subtract immediate 2 
TRl) turu the timer/counters on or off; polling the data from Acc with 
same flags elsewhere lets the program determine if a borrow 
timer is running. The respective overflow flags (TFO MUL AB Multiply A & B 4 
and TFl) can be tested to determine when the desired DIV AB DivideAbyB 4 
period or count has elapsed, then cleared in preparation DA A Decimal Adjust 
for the next repetition. (For the record, these bits are all Accumulator 
part of the TCON register, Figure 7a. Thanks to sym- RLC A Rotate Accumulator 
bolic bit addressing, the programmer only needs to re- Left through the Carry 
member the mnemonic associated with each function. 
In other words, don't bother memorizing control word 

flag 
RRC A Rotate Accumulator 

layouts.) Right through Carry 

In the MCS-48 family, instructions corresponding to 
flag 

some of the above functions require specific opcodes. CJNE A,direct.rel Compare direct byte 3 2 
Ten different opcodes serve to clear complement the to Acc & Jump if Not 
software flags FO and Fl, enable/disable each inter- Equal 
rupt, and start/stop the timer. In the 8051 instruction CJNE A,#data:rel Compare immediate 3 2 
set, just three opcodes (SETB, CLR, CPL) .with a direct to Acc & Jump if Not 
bit address appended perform the same functions. Two Equal 
test instructions (JB and JNB) can be combined with CJNE Rn, # data. rei Compare immed to 3 2 
bit addresses to test the software flags, the 8048 I/O register & Jump if Not 
pins TO, Tl, and INT, and the eight accumulator bits, Equal 
replacing 15 more different instructions. CJNE @Ri,#data.rel Compare immed to 3 2 

indirect & Jump if Not 
Table 4a shows how 8051 programs implement soft- Equal 
ware flag and machine control functions associated 

All mnemonics copyrighted @ Intel Corporation 1980. with special opcodes in the 8048. In every case the 
MCS-51 solution requires the same number of machine 
cycles, and executes 2.5 times faster. 

7-10 
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Table 4a. Contrasting 8048 and 8051 Bit Control and Testing Instructions 

8048 
Bytes Cycles JASec 

8x51 
Bytes Cycles & fl.Sec Instruction Instruction 

Flag Control 
CLR C 1 1 2.5 CLR C 1 1 
CPL FO 1 1 2.5 CPL FO 2 1 

Flag Testing 
JNC offset 2 2 5.0 JNC rei 2 2 
JFO offset 2 2 5.0 JB FO.rel 3 2 
JB7 offset 2 2 5.0 JB ACC.7.rel 3 2 

Peripheral Polling 
JTO offset 2 2 5.0 JB TO.rel 3 2 
JN1 offset 2 2 5.0 JNB INTO.rel 3 2 
JTF offset 2 2 5.0 JBC TFO.rel 3 2 

Machine and Peripheral Control 
STRT T 1 1 2.5 SETB TRO 2 1 
EN 1 1 1 2.5 SETB EXO 2 1 
DIS TCNT1 1 1 2.5 CLR ETO 2 1 

Table 4b. Replacing 8048 Instruction Sequences with Single 8x51 Instructions 

8048 
Bytes Cycles fl.Sec 

8051 Bytes Cycles & fl.Sec Instruction Instruction 

Flag Control 
Set carry 

CLR C 
SETB C CPL C = 2 2 5.0 1 1 

Set Software Flag 
CLR FO 

SETB CPL FO = 2 2 5.0 FO 2 1 

Turn Off Output Pin 
ANL P1.#OFBH = 2 2 5.0 CLR P1.2 2 1 

Complement Output Pin 
IN A.P1 
XRL A.#04H 
OUTL P1.A = 4 6 15.0 CPL P1.2 2 1 

Clear Flag in RAM 
MOV RO.#FLGADR 
MOV ·A.@RO 
ANL A.#FLGMASK 
MOV @RO.A = 6 6 15.0 CLR USER FLG 2 1 

7·11 
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Table 4b. Replacing 8048 Instruction Sequences with Single 8x51 Instructions (Continued) 

8048 
Bytes Cycles 

Instruction 

Flag Testing: 
Jump if Software Flag is 0 

JFO $+4 
JMP offset = 4 

Jump if Accumulator bit is 0 
CPL A 
JB7 offset 
CPL A = 4 

Peripheral Polling 
Test if Input Pin is Grounded 

IN A.P1 
CPL A 
JB3 offset = 4 

Test if Interrupt Pin is High 
JN1 $+4 
JMP offset = 4 

3.0 BOOLEAN PROCESSOR 
APPLICATIONS 

4 

4 

5 

4 

So what? Then what does all this buy you? 

ftSec 

10.0 

10.0 

12.5 

10.0 

Qualitatively, nothing. All the same capabilities. could 
be (and often have been) implemented on other ma
chines using awkward sequences of other basic opera
tions. As mentioned earlier, any CPU can solve any 
problem given enough time. 

Quantitatively, the' differences between a solution al
lowed by the 8051 and those required by previous ar
chitectures are numerous. What the 8051 Family buys 
you is a faster, cleaner, lower-cost solution to micro
controller applications. 

The opcode space freed by condensing many specific 
8048 instructions into a few general operations has been 
used to add new functionality to the MCS-51 architec
ture-both for byte and bit operations. 144 software 
flags replace the8048's two. These flags (and the carry) 
may be directly set, not just cleared and complemented, 
and all can be tested for either state, not just one. Oper
ating mode bits previously inaccessible may be read, 
tested, or saved. Situations where the 8051 instruction 
set provides new capabilities are contrasted with 8048 
instruction sequences in Table 4b. Here the 8051 speed 
advantage ranges from 5x to 15x! 
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8x51 
Bytes Cycles & ftSec 

Instruction 

JNB FO.rel 3 2 

JNB ACC.7.rel 3 2 

JNB P1.3.rel 3 2 

JB INTO.rel 3 2 

Combining Boolean and byte-wide instructions can 
produce great synergy. An MCS-51 based application 
will prove to be: . 

• simpler to write since the architecture correlates 
more closely with the problems being solved: 

• easier to debug because more individual instructions 
have no unexpected or undesirable side-effects: 

• more byte efficient due to direct bit. addressing and 
program counter relative branching: 

• faster running because fewer bytes of instruction 
need to be fetched and fewer conditional jumps are 
processed: 

• lower cost because of the high level of system-inte
gration within one component. 

These. rather unabashed claims of excellence shall not 
go unsubstantiated. The rest of this chapter examines 
less trivial tasks simplified by the Boolean processor. 
The first three compare the 8051 with other micro
processors; the last two go into 8051-based system de
signs in much greater depth. 

Design Example # f-Bit Permutation 

First off, we'll use the bit-transfer instructions to per
mute a lengthy pattern of bits. 
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A steadily increasing number of data communication 
products use encoding methods to protect the security 
of sensitive information. By law, interstate financial 
transactions involving the Federal banking system must 
be transmitted using the Federal Information Pro
cessing Data Encryption Standard (DES). 

Basically, the DES combines eight bytes of "plaintext" 
data (in binary, ASCII, or any other format) with a 56-
bit "key", producing a 64-bit encrypted value for trans
mission. At the receiving end the same algorithm is 
applied to the incoming data using the same key, repro
ducing the original eight byte message. The algorithm 
used for these permutations is fixed; different user-de
fined keys ensure data privacy. 

It is not the purpose of this note to describe the DES in 
any detail. Suffice it to say that encryption/decryption 
is a long, iterative process consisting of rotations, exclu
sive -OR operations, function table look-ups, and an 
extensive (and quite bizarre) sequence of bit permuta
tion, packing, and unpacking steps. (For further details 
refer to the June 21, 1979 issue of Electronics maga
zine.) The bit manipulation steps are included, it is ru
mored, to impede a general purpose digital supercom
puter trying to "break" the code. Any algorithm imple
menting the DES with previous generation micro
processors would spend virtually all of its time diddling 
bits. 

The bit manipulation performed is typified by the Key 
Schedule Calculation represented in Figure 9. This step 
is repeated 16 times for each key used in the course of a 
transmission. In essence, a seven-byte, 56-bit "Shifted 
Key Buffer" is transformed into an eight-byte, "Permu
tation Buffer" without altering the shifted Key. The 
arrows in Figure 9 indicate a few of the translation 
steps. Only six bits of each byte of the Permutation 
Buffer are used; the two high-order bits of each byte are 

cleared. This means only 48 ofthe 56 Shifted Key Buff
er bits are used in anyone iteration. 

Different microprocessor architectures would best im
plement this type of permutation in different ways. 
Most approaches would share the steps of Figure lOa: 

• Initialize the Permutation Buffer to default state 
(ones or zeroes): 

• Isolate the state of a bit of a byte from the Key 
Buffer. Depending on the CPU, this might be ac
complished by rotating a word of the Key Buffer 
through a carry flag or testing a bit in memory or an 
accumulator against a mask byte: 

• Perform a conditional jump based on the carry or 
zero flag if the Permutation Buffer default state is 
correct: 

• Otherwise reverse the corresponding bit in the per
mutation buffer with logical operations and mask 
bytes. 

Each step above may require several instructions. The 
last three steps must be repeated for all 48 bits. Most 
microprocessors would spend 300 to 3,000 microsec
onds on each of the 16 iterations. 

Notice, though, that this flow chart looks a lot like 
Figure 8. The Boolean Processor can permute bits by 
simply moving them from the source to the carry to the 
destination-a total of two instructions taking four 
bytes and three microseconds per bit. Assume the Shift
ed Key Buffer and Permutation Buffer both reside in 
bit-addressable RAM, with the bits of the former as
signed symbolic names SKB_l, SKB_2, ... SKB_ 
56, and that the bytes of the latter are named PB_1, 
... PB_8. Then working from Figure 9, the software 
for the permutation algorithm would be that of Exam
ple 1a. The total routine length would be 192 bytes, 
requiring 144 microseconds. 

Permuted and Shifted 56·Bit Key Buffer 

~ ~ 

-----------------~---------------- ------------------~-----------------1. 1S l' 17 21 "21 32 33:M 

PERMUTATION BYTE 1 PERM BYTE 2 PERM BYTE 3 PERM BYTE. BYTE 5 BYTES 

48·8it Key K, 

Figure 9. DES Key Schedule Transformation 
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PERM BYTE 7 PERM BYTE 8 
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SET PERMUTATION 
BUFFER BIT 

PC20) 

(LEAVE PERMUTATION 
BUFFER lin' 
CLEARED) 

REPEAT 
FOR EACH 
BIT OF 
SHIFTED 
KEY 
BUFFER 
("TIMES) 
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Figure 10a. Flowchart for Key Permutation Attempted with a Byte Processor 
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J 
I CLEAR ACCUMULATOR 

LOAD BIT MAPPED ONTO BIT 5 OF 
PERMUTATION BYTE INTO CARRY 

l ROTATE LEFT INTO ACC. 

LOAD BIT MAPPED ONTO BIT 4 
OF PERMUTATION BYTE INTO CARRY 

I ROTATE LEFT INTO ACC. 

, 
LOAD BIT MAPPED ONTO BIT 0 
OF PERMUTATION BYTE INTO CARRY , 

I ROTATE LEFT INTO ACC. , 
STORE ACC. INTO PERMUTATION 
BUFFER 

I 

I , 

I 

J 

I 

J 

REPEAT 
FOR EACH 
BYTE OF 
PERMUTATION 
BUFFER. 
(8 TIMES) 

Figure 10b. DES Key Permutation with Boolean Processor 
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The algorithm of Figure lOb is just slightly more effi
cient in this time-critical application and iJlustrates the 
synergy of an integrated byte and bit processor. The 
bits needed for each byte of the Permutation Buffer are 
assimilated by loading each bit into the carry (1 jJ-s.) 
and shifting it into the accumulator (1 jJ-s.). Each byte 
is stored in RAM when completed. Forty-eight bits 
thus need a total of 112 instructions, some of which are 
listed in Example lb. 

Worst-case execution time would be 112 microseconds, 
since each instruction takes a single cycle. Routine 
length would also decrease, to 168 bytes. (Actually, in 
the context of the complete encryption algorithm, each 
permuted byte would be processed as soon .as it is as
similated-saving memory and cutting execution time 
by another 8 jJ-s.) 

To date, most banking terminals and other systems us
ing the DES have needed special boards or peripheral 
controller chips just for the encryption/decryption pro
cess, and still more hardware to form a serial bit stream 
for transmission (Figure 11 a). An 8051 solution could 
pack most of the entire system onto the one chip (Fig
ure lIb). The whole DES algorithm would require less 
than one-fourth of the on-chip program memory, with 
the remaining bytes free for operating the banking ter
minal (or whatever) itself. 

Moreover, since transmission and reception of data is 
performed through the on-board UART, the unen
crypted data (plaintext) never even exists outside the 
microcomputer! Naturally, this would afford a high de
gree of security from data interception. 
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Example 1. DES Key Permutation Software. 

a.) "Brute Force" technique 

MOV C,SKB_l 
MOV PB_l.l,C 
MOV C,SKR.2 
MOV PB_4.0,C 
MOV C,SKB_3 
MOV PB_2.5,C 
MOV C,SKB_4 
MOV PB_l.O,C 

MOV C,SKB_55 
MOV PB_5.0,C 
MOV C,SKB_56 
MOV PB_7.2,C 

b.) Using Accumulator to Collect Bits 

CLR A 
MOV C,SKB_14 
RLC A 
MOV C,SKB_17 
RLC A 
MOV C,SKB_ll 
RLC A 
MOV C,SKB_24 
RLC A 
MOV C,SKB_l 
RLC A 
MOV C,SKB_5 
RLC A 
MOV PB_l,A 

MOV C,SKB_29 
RLC A 
MOV C,SKB_32 
RLC A 
MOV PB_B,A 
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a.} Using Multi-Chip Processor Technology 
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b.) Using One Single-Chip Microcomputer 

Figure 11. Secure Banking Terminal Block Diagram 

Design Example # 2-Software 
Serial 110 

An exercise often imposed on beginning microcomput
er students is to write a program simulating a UART. 
Though doing this with the 8051 Family may appear to 
be a moot point (given that the hardware for a full 
UART is on~chip), it is still instructive to see how it 
would be done, and maintains a product line tradition. 

As it turns out, the 8051 microcomputers can receive or 
transmit serial data via software very efficiently using 
the Boolean instruction set. Since any I/O pin may be a 
serial input or output, several serial links could be 
maintained at once. 
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Figures 12a and 12b show algorithms for receiving or 
transmitting a byte of data. (Another section of pro
gram would invoke this algorithm eight times, synchro
nizing it with a start bit, clock signal, software delay, or 
timer interrupt.) Data is received by testing an input 
pin, setting the carry to the same state, shifting the 
carry into a data buffer, and saving the partial frame in 
internal RAM. Data is transmitted by shifting an out
put buffer through the carry, and generating each bit 
on an output pin. 

A side-by-side comparison of the software for this com
mon "bit-banging" application with three different mi
croprocessor architectures is shown in Table Sa and 5b. 
The 8051 solution is more efficient than the others on 
every count! . 
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a.) Reception 
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b.) Transmission 

Figure 12. Serial 110 Algorithms 
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Table 5. Serial 1/0 Programs for Various Microprocessors 

a.) Input Routine. 

8085 

I~ SERI'ORT 
A~I MASK 
.lZ 1.0 
CMC 

8048 8051 

MOV CSERI'I~ 

CI.R C 
.I~TO 1.0 
CI'I. C 

1.0: LXI HI..SERBlJF 
MOV A.M 

MOV RO.nSERBliF 
MOV A.(wRO MOV A.SERBUr 

RRC A RR RRC A 
MOV M.A MOV @R(l.A MOV SERBUF.A 

RESliITS: 

K I~STRlICTlO~S 
14 BYTES 

7 I~STR I'CTIO~S 
9 BYTES 

4 I. ... STRU('TIO~S 
7 BYTES 

51> STATES 
19 uSEe 

b.) Output Routine. 

8085 

9 CYCLES 
22.5 uSFC. 

8048 

4 CY('I.[S 
4 uSEe 

8051 

I.XI HI..SERBliF MOV RO.OSERRlIF 
MOV A.M MOV 
RR RRC 
MOV M.A MOV 
I~ SERPORT 
.IC HI .IC 

A.@RO 
A 
@RO.A 

HI 

MOV A.SERRlIF 
RR(, A 
MOV SERBUF.A 

1.0: A~I ~OT MASK A~1. SERPRT.#~OT MASK MOV SERPI~.C 
.IMP C~T .IMP on 

HI: ORI MASK HI: ORI. SERPRT.nMASK 
CNT: OliT SFRPORI C~T; 

RESliITS: 

10 INSTR lJCTIONS 
20 BYTES 

K INSTRU('TlONS 
IJ BYTES 

4INSTRU('TiONS 
7 BYTES 

12 STATES II CYCLES 
24 uSEe 27.5 uSEe 

Design Example # 3-Combinatorial 
Logic Equations 

Next we'll look at some simple uses for bit-test instruc
tions and logical operations. (This example is also pre
sented in Application Note AP-69.) 

Virtually all hardware designers have solved complex 
functions using combinatorial logic. While the hard
ware involved may vary from relay logic, vacuum 
tubes, or TTL or to more esoteric technologies like flu
idics, in each case the goal is the same: to solve a prob
lem represented by a logical function of several Boolean 
variables. 
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5 CYCl.ES 
5 uSEe 
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Figure 13 shows TTL and relay logic diagrams for a 
function of the six variables U through Z. Each is a 
solution of the equation. 

Q = (U • (V + W» + (X. Y) + Z 

Equations of this· sort might be reduced using Kar
naugh Maps or algebraic techniques, but that is not the 
purpose of this example. As the logic complexity in
creases, so does the difficulty of the reduction process. 
Even a minor change to the function equations as the 
design evolves would require tedious re-reduction from 
scratch. 
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b.) Using Relay Logic 

Figure 13. Hardware Implementations of Boolean Functions 

For the sake of comparison we will implement this 
function three ways, restricting the software to three 
proper subsets of the MeS-51 instruction set. We will 
also assume that U and V are input pins from different 
input ports, Wand X are status bits for two peripheral 
controllers, and Y and Z are software flags set up earli
er in the program. The end result must be written 
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to an output pin on some third port. The first two im
plementations follow the flow-chart shown in Figure 
14 .. Program flow would embark on a route down a 
test-and-branch tree and leaves either the "True" or 
"Not True" exit ASAP-as soon as the proper result 
has been determined. These exits then rewrite the out
put port with the result bit respectively one or zero. 
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Other digital computers must solve equations of this 
type with standard word·wide logical instructions and 
conditional jumps. So for the first implementation, we 
won't use any generalized bit-addressing instructions. 
As we shall soon see, being constrained to such an in
struction subset produces somewhat sloppy software 
solutions. MCS-51 mnemonics are used in Example 2a: 
other machines might further cloud the situation by 
requiring operation-specific mnemonics like INPUT, 
OUTPUT, LOAD, STORE, etc., instead of the MOV 
mnemonic used for all variable transfers in the 8051 
instruction set. 
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The code which results is cumbersome and error prone. 
It would be difficult to prove whether the software 
worked for all input combinations in programs of this 
sort. Furthermore, execution time will vary widely with 
input data. 

Thanks to the direct bit-test operations, a single in
struction can replace each move mask conditional jump 
sequence in Example 2a, but the algorithm would be 
equally convoluted (see Example 2b). To lessen the 
confusion "a bit" each input variable is assigned a sym
bolic name. 

A more elegant and efficient implementation (Example 
2c) strings together the Boolean ANL and ORL func
tions to generate the output function with straight-line 
code. When finished, the carry flag contains the result, 
which is simply copied out to the destination pin. No 
flow chart is needed--code can be written directly from 
the logic diagrams in Figure 14. The result is simplicity 
itself: fast, flexible, reliable, easy to design, and easy to 
debug. 

An 8051 program can simulate an N-input AND or 
OR gate with at most N + 1 lines of source program
one for each input and one line to store the results. To 
simulate NAND and NOR gates, complement the car
ry after computing the function. When some inputs to 
the gate have "inversion bubbles", perform the ANL or 
ORL operation on inverted operands. When the first 
input is inverted, either load the operand into the carry 
and then complement it, or use DeMorgan's Theorem 
to convert the gate to a different form. 

Example 2. Software Solutions to Logic Function of 
Figure 13. 

a.) Using only byte-wide logical instructions 

:BFUNCI SOLVE RANDOM LOGIC 
FUNCTION OF 6 VARIABLES 
BY LOADING AND MASKING 
THE APPROPRIATE BITS IN 
THE ACCUMULATOR. THEN 
EXECUTING CONDITIONAL 
JUMPS BASED ON ZERO 
CONDITION. (APPROACH USED 
BY BYTE-ORIENTED 
ARCHI TECTURES. ) BYTE AND 
MASK VALUES CORRESPOND TO 
RESPECTIVE BYTE ADDRESS 
AND BIT POSITIONS. 

OUTBUF DATA 22H 
;OUTPUT PIN STATE MAP 
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TESTV: MOV A,P2 
ANL A,#OOOOOIOOB 
JNZ TESTU 
MOV A,TCON 
ANL A,#OOIOOOOOB 
JZ TESTX 

TESTU: MOV A,PI 
ANL A,#OOOOOOIOB 
JNZ SETQ 

TESTX: MOV A,TCON 
ANL A,#OOOOIOOOB 
JZ TESTZ 
MOV A,20H 
ANL A,#OOOOOOOIB 
JZ SETQ 

TESTZ: MOV A,2IH 
ANL A,#OOOOOOIOB 
JZ SETQ 

CLRQ: MOV A,OUTBUF 
ANL A,#IIIIOIIIB 
JMP OUTQ 

SETQ: MOV A,OUTBUF 
ORL A,#OOOOIOOOB 

OUTQ: MOV OUTBUF,A 
MOV P3,A 

b.) Using only bit-test instructions 

:BFUNC2 SOLVE A RANDOM LOGIC 
FUNCTION OF 6 VARIABLES 
BY DIRECTLY POLLING EACH 
BIT. (APPROACH USING 
MCS-51 UNIQUE BIT-TEST 
INSTRUCTION CAPABILITY.) 
SYMBOLS USED IN LOGIC 
DIAGRAM ASSIGNED TO 
CORRESPONDING 8x51 BIT 
ADDRESSES. 
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U BIT PI.I 
V BIT P2.2 
W BIT TFO 
X BIT lEI 
Y BIT 20H.O 
Z BIT 2IH.I 
Q BIT P3.3 
, 
TEST_V: JB V,TEST_U 

JNB W, TEST_X 
TEST_U: JB U,SET_Q 
TEST_X: JNB X,TEST_Z 

JNB Y,SET_Q 
TEST_Z: JNB Z,SET_Q 
CLR_Q: CLR Q 

JMP NXTTST 
SET_Q: SETB Q 
NXTTST:(CONTINUATION OF 

:PROGRAM) 

c.} Using logical operations on Boolean variables 

:FUNC3 SOLVE A RANDOM LOGIC 
FUNCTION OF 6 VARIABLES 
USING STRAIGHT_LINE 
LOGICAL INSTRUCTIONS ON 
MCS-51 BOOLEAN VARIABLES. 

: 
MOV C,V 
ORL C,W 
ANL C,U 
MOV FO,C 
MOV C,X 
ANL C,Y 
ORL C,FO 
ORL C,Z 

MOV Q,C 

:OUTPUT OF OR GATE 
:OUTPUT OF TOP AND GATE 
:SAVE INTERMEDIATE STATE 

;OUTPUT OF BOTTOM AND GATE 
:INCLUDE VALUE SAVED ABOVE 
:INCLUDE LAST INPUT 
:VARIABLE 
:OUTPUT COMPUTED RESULT 
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An upper-limit can be placed on the complexity of soft
ware to simulate a large number of gates by summing 
the total number of inputs and outputs. The actual total 
should be somewhat shorter, since calculations can be 
"chained," as shown. The output of one gate is often 
the first input to another, bypassing the intermediate 
variable to eliminate two lines of source. 

Design Example # 4-Automotive 
Dashboard Functions 

Now let's apply these techniques to designing the soft
ware for a complete controller system. This application 
is patterned after a familiar real-world application 
which isn't nearly as trivial as it might first appear: 
automobile turn signals. 

Imagine the three position turn lever on the steering 
column as a single-pole, triple-throw toggle switch. In 
its central position all contacts are open. In the up or 
down positions contacts close causing corresponding 
lights in the rear of the car to blink. So far very simple. 

Two more turn signals blink in the front of the car, and 
two others in the dashboard. All six bulbs flash when 
an emergency switch is closed. A thermo-mechanical 
relay (accessible under the dashboard in case it wears 
out) causes the blinking. 

Applying the brake pedal turns the tail light filaments 
on constantly ... unless a turn is in progress, in which 
case the blinking tail light is not affected. (Of course, 
the front turn signals and dashboard indicators are not 
affected by the brake pedal.) Table 6 summarizes these 
operating modes. 

Table 6. Truth Table for Turn·Signal Operation 

Input Signals Output Signals 

Brake Emerg. 
Left Right Left Right 

Left Right 
Turn Turn Front Front Switch Switch 

Switch Switch & Dash & Dash 
Rear Rear 

0 0 0 0 Off Off Off Off 
0 0 0 1 Off Blink Off Blink 
0 0 1 0 Blink Off Blink Off 

0 1 0 0 Blink Blink Blink Blink 
0 1 0 1 Blink Blink Blink Blink 
0 1 1 0 Blink Blink Blink BIi'nk 

1 0 0 0 Off Off On On 
1 0 0 1 Off Blink On Blink 
1 0 1 0 Blink Off Blink On 

1 1 0 0 Blink Blink On On 
1 1 0 1 Blink Blink On Blink 
1 1 1 0 Blink Blink Blink On 
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But we're. not done yet. Each of the exterior turn signal 
(but not the dashboard) bulbs has a second, somewhat 
dimmer filament for the parking lights. Figure 15 
shows TTL circuitry which could control all six bulbs. 
The signals labeled "High Freq." and "Low Freq." rep
resent two square-wave inputs. Basically, when one of 
the turn switches is closed or the emergency switch is 
activated the low frequency signal (about I Hz) is gated 
through to the appropriate dashboard indicator(s) and 
turn signal(s). The rear signals are also activated when 
the brake pedal is depressed provided a turn is not be
ing made in the same direction. When the parking light 
switch is closed the higher frequency oscillator is gated 
to each front and rear turn signal, sustaining a low-in
tensity background level. (This is to eliminate the need 
for additional parking light filaments.) 

In most cars, the switching logic to generate these func
tions requires a number of multiple-throw contacts. As 
many as 18 conductors thread the steering column of 
some automobiles solely for turn-signal and emergency 
blinker functions. (The author discovered this recently 
to his astonishment and dismay when replacing the 
whole assembly because of one burned contact.) 

A multiple-conductor wiring harness runs to each cor
ner of the car, behind the dash, up the steering column, 
and down to the blinker relay below. Connectors at 

L. TURN 
EMERG 

BRAKE 

R. TURN 

PARK 

LO. 
FREQ. 

OSCILLATOR 

each termination for each filament lead to extra cost 
and labor during construction, lower reliability and 
safety, and more costly repairs. And considering the 
system's present complexity, increasing its reliability or 
detecting failures would be quite difficult. 

There are two reasons for going into such painful detail 
describing this example. First, to show that the messiest 
part of many system designs is determining what the 
controller should do. Writing the software to solve 
these functions will be comparatively easy. Secondly, to 
show the many potential failure points in the system. 
Later we'll see how the peripheral functions and intelli
gence built into a microcomputer (with a little creativi
ty) can greatly reduce external interconnections and 
mechanical part count. 

The Single·Chip Solution 

The circuit shown in Figure 16 indicates five input pins 
to the five input variables-left-turn select, right-turn 
select, brake pedal down, emergency switch on, and 
parking lights on. Six output pins turn on the front, 
rear, and dashboard indicators for each side. The mi
crocomputer implements all logical functions through 
software, which periodically updates the output signals 
as time elapses and input conditions change. 

}---..... ------ L. DASH 

l. FRNT 

L. REAR 

1--_+------ R. DASH 

HI. 
FREQ. 
OSCILLATOR 

R. FRNT 

R.REAR 
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Figure 15. TTL Logic Implementation of Automotive Turn Signals 
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Figure 16. Microcomputer Turn-Signal Connections 

Design Example # 3 demonstrated that symbolic ad
dressing with user-defined bit names makes code and 
documentation easier to write and maintain. Accord
ingly, we'll assign these I/O pins names for use 
throughout the program. (The format of this example 
will. differ somewhat from the others. Segments of the 
overall program will be presented in sequence as each is 
described.) 

INPUT PIN DECLARATIONS: 
;(ALL INPUTS ARE POSITIVE-TRUE LOGIC) 

BRAKE BIT Pl.O ;BRAKE PEDAL 
;DEPRESSED 

EMERG BIT Pl.l ;EMERGENCY BLINKER 
;ACTIVATED 

PARK BIT Pl.2 ;PARKING LIGHTS ON 
I_TURN BIT Pl.3 ;TURN LEVER DOWN 
R_TURN BIT Pl.4 ;TURN LEVER UP 

OUTPUT PIN DECLARATIONS: 

I_FRNT BIT Pl.5 ;FRONT LEFT-TURN 
;INDICATOR 

R_FRNT BIT Pl.6 ;FRONT RIGHT-TURN 
;INDICATOR 

I_DASH BIT Pl.7 ;DASHBOARD LEFT-TURN 
;INDICATOR 
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R_DASH BIT P2.0 ;DASHBOARD RIGHT
;TURN INDICATOR 

I_REAR BIT P2.l ;REAR LEFT-TURN 
;INDICATOR 

R_REAR BIT P2.2 ;REAR RIGHT-TURN 
;INDICATOR 

Another key advantage of symbolic addressing will ap
pear further on in the design cycle. The locations of 
cable connectors, signal conditioning circuitry, voltage 
regulators, heat sinks, and the like all affect p.e. board 
layout. It's quite likely that the somewhat arbitrary pin 
assignment defined early in the software design cycle 
will prove to be less than optimum; rearranging the I/O 
pin assignment could well allow a more compact mod
ule, or eliminate costly jumpers on a single-sided board. 
(These considerations apply especially to automotive 
and other cost-sensitive applications needing single
chip controllers.) Since other architectures mask bytes 
or use "clever" algorithms to isolate bits by rotating 
them into the carry, re-routing an input signal (from bit 
1 of port 1, for example, to bit 4 of port 3) could require 
extensive modifications throughout the software. 

The Boolean Processor's direct bit addressing makes 
such changes absolutely trivial. The number of the port 
containing the pin is irrelevent, and masks and complex 
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program structures are not needed. Only the initial 
Boolean variable declarations need to be changed; 
ASM51 automatically adjusts all addresses and symbol
ic references to the reassigned variables. The user is 
assured that no additional debugging or software verifi
cation will be required. 

;INTERRUPT RATE SUBDIVIDER 
SUB_DIV DATA 20H 
;HIGH-FREQUENCY OSCILLATOR BIT 
HI_FREQ BIT SUB_DIV,O 
;LOW-FREQUENCY OSCILLATOR BIT 

LO_FREQ BIT SUB_DIV,7 

JMP 
ORG 
INIT 

OOOOH 

ORG 100H 
;PUT TIMER 0 IN MODE 1 
INIT; MOV TMOD,#OOOOOOOlB 
;INITIALIZE TIMER REGISTERS 

MOV TLO,#O 
. MOV THO, #-16 

;SUBDIVIDE INTERRUPT RATE BY 244 
MOV SUB_DIV,#244 

;ENABLE TIMER INTERRUPTS 
SETB ETO 

;GLOBALLY ENABLE ALL INTERRUPTS 
SETB EA 

;START TIMER 
SETB TRO 

;(CONTINUE WITH BACKGROUND PROGRAM) 

;PUT TIMER 0 IN MODE 1 
;INITIALIZE TIMER REGISTERS 

;SUBDIVIDE INTERRUPT RATE BY 244 
;ENABLE TIMER INTERRUPTS 
;GLOBALLY ENABLE ALL INTERRUPTS 
;START TIMER 

Timer 0 (one of the two on-chip timer counters) re
places the thermo-mechanical blinker relay in the dash
board controller. During system initialization it is con
figured as a timer in mode 1 by setting the least signifi
cant bit of the timer mode register (TMOD). In this 
configuration the low-order byte (TLO) is incremented 
every machine cycle, overflowing and incrementing the 
high-order byte (THO) every 256 /Ls. Timer interrupt 0 
is enabled so that a hardware interrupt will occur each 
time THO overflows. 

An eight-bit variable in the bit-addressable RAM array 
will be needed to further subdivide the interrupts via 
software. The lowestcorder bit of this counter toggles 
very fast to modulate the parking lights: bit 7 will be 
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"tuned" to approximately I Hz for the turn- and emer
gency-indicator blinking rate. 

Loading THO with -16 will cause an interrupt after 
4.096 ms. The interrupt service routine reloads the 
high-order byte of timer 0 for the next interval, saves 
the CPU registers likely to be affected on the stack, and 
then decrements SUB~IV. Loading SUB_DIY. 
with 244 initially and each time it decrements to zero 
will produce a 0.999 second period for the highest-or
der bit. 

ORG OOOBH ;TIMER 0 SERVICE VECTOR 
MOV THO,#-16 
PUSH PSW 
PUSH ACC 
PUSH B 
DJNZ SUB_DIV,TOSERV 
MOV SUB_DIV,#244 

The code to sample inputs, perform calculations, and 
update outputs-the real "meat" of the signal control
ler algorithm-may be performed either as part of the 
interrupt service routine or as part of a background 
program loop. The only concern is that it must be exe
cuted at least serveral dozen times per second to pre
vent parking light flickering. We :will assume the for
mer case, and insert the code into the timer 0 service 
routine. 

First, notice from the logic diagram (Figure 15) that 
the subterm (PARK • H_FREQ), asserted when the 
parking lights are to be on dimly, figures into four of 
the six output functions. Accordingly, we will first 
compute that term and save it in a temporary . location 
named "DIM". The PSW contains two general purpose 
flags: FO, which corresponds to the 8048 flag of the 
same name, and PSW.1. Since the PSW has been saved 
and will be restored to its previous state after servicing 
the interrupt, we can use either bit for temporary stor
age. 

·DIM BIT 

MOV C,PARK 

PSW.1 ;DECLARE TEMP 
;STORAGE FLAG 

ANL HLFREQ 

;GATE PARKING 
;LIGHT SWITCH 
;WITH HIGH 
;FREQUENCY 
;SIGNAL 

MOV DIM,C ;AND SAVE IN 
;TEMP. VARIABLE 

This simple three-line section of code illustrates a re
markable point. The software indicates in very abstract 
terms exactly what function is being performed, inde-
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pendent of the hardware configuration. The fact that 
these three bits include an input pin, a bit within a 
program variable, and a software flag in the PSW is 
totally invisible to the programmer. 

Now generate and output the dashboard left tum sig
nal. 

ORL C,EMERG 

ANL C,LO_FREQ 

MOV LDASH,C 

;SET CARRY IF 
;TURN 
tOR EMERGENCY 
;SELECTED 
;GATE IN 1 HZ 
;SIGNAL 
;AND OUTPUT TO 
;DASHBOARD 

To generate the left front tum signal we only need to 
add the parking light function in FO. But notice that the 
function in the carry will also be needed for the rear 
signal. We can save effort later by saving its current 
state in FO. 

MOV FO,C ;SAVE FUNCTION 
;SO FAR 

ORL C,DIM ;ADD IN PARKING 
;LIGHT FUNCTION 

MOV L_FRNT,C ;AND OUTPUT TO 
;TURN SIGNAL 

Finally, the rear left tum signal should also be on when 
the brake pedal is depressed, provided a left tum is not 
in progress. 

MOV C,BRAKE ;GATE BRAKE 
;PEDAL SWITCH 

ANL C,L_TURN ;WITH TURN 
;LEVER 

ORL C,FO ;INCLUDE TEMP. 
;VARIABLE FROM DASH 

ORL C,DIM 

MOV L_REAR,C 

;AND PARKING 
;LIGHT FUNCTION 
;AND OUTPUT TO 
;TURN SIGNAL 

Now we have to go through a similar sequence for the 
right-hand equivalents to all the left-tum lights. This 
also gives us a chance to see how the code segments 
above look when combined. 

MOV C.R_TURN ;SET CARRY H-
; TURN 

ORL C.EMERG ;OR EMERGENCY 
;SELECTED 

ANL C,LO_FREQ ;IF SO. GATE IN 1 
;HZ SIGNAL 

MOV R_DASH.C ;AND OUTPUT TO 
;DASHBOARD 

MOV FO.C ;SAVE FUNCTION 
;SO FAR 

ORL C.DIM ;ADD IN PARKING 
;LIGHT FUNCTION 

MOV R_FRNT.C ;AND OUTPUT TO 
;TURN SIGNAL 

MOV C.BRAKE ;GATE BRAKE 
;PEDAL SWITCH 

ANL C. R_TURN ;WITH TURN 
;LEVER 

ORL C.FO ;INCLUDE TEMP. 
;VARIABLE FROM 
;DASH 

ORL C.DIM ;AND PARKING 
;LIGHT FUNCTION 

MOV R_REAR.C ;AND OUTPUT TO 
;TURN SIGNAL 

(The perceptive reader may notice that simply rear
ranging the steps could eliminate one instruction from 
each sequence.) 

Now that all six bulbs are in the proper states, we can 
return from the interrupt routine, and the program is 
finished. This code essentially needs to reverse the 
status saving steps at the beginning of the interrupt. 

Table 7 Non-Trivial Duty Cycles 

Sub_Dlv Bits Duty Cycles 
7 6 5 4 3 2 1 0 12.5% 25.0% 37.5% 50.0% 62.5% 75.0% 87.5% 

X X X X X 0 0 0 Off Off Off Off Off Off Off 
X X X X X 0 0 1 Off Off Off Off Off Off On 
X X X X X 0 1 0 Off Off Off Off Off On On 
X X X X X 0 1 1 Off Off Off Off On On On 
X X X X X 1 0 0 Off Off Off On On On On 
X X X X X 1 0 1 Off Off On On On On On 
X X X X X 1 1 0 Off On On On On On On 
X X X X X 1 1 1 On On On On On On On 
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POP B 

POP ACC 
POP PSW 
RETI 

;RESTORE CPU 
;REGISTERS. 

Program Refinements. The luminescence of an incan
descent light bulb filament is generally non-linear: the 
50% duty cycle of HI-Y'REQ may not produce the 
desired intensity. If the application requires, duty cy
cles of 25%, 75%, etc. are easily achieved by ANDing 
and ORing in additional low-order bits of SUB~IV. 
For example, 30 H/ signals of seven different duty cy
cles could be produced by considering bits 2-0 as 
shown in Table 7. The only software change required 
would be to the code which sets-up variable DIM; 

MOV C,SUB_DIV.l;START WITH 50 
;PERCENT 

ANL C,SUB_DIV.O;MASK DOWN TO 25 
;PERCENT 

ORL C,SUB_DIV.2;AND'BUILD BACK TO 
;62 PERCENT 

MOV DIM,C ;DUTY CYCLE FOR 
;PARKING LIGHTS. 

Interconnections increase cost and decrease reliability. 
The simple buffered pin-per-function circuit in Figure 
16 is insufficient when many outputs require higher
than-TTL drive levels. A lower-cost solution uses the 
8051 serial port in the shift-register mode to augment 
I/O. In mode 0, writing a byte to the serial port data 
buffer (SBUF) 'causes the data to be output sequentially 
through the "RXD" pin while a burst of eight clock 
pulses is generated on the "TXD" pin. A shift register 
connected to these pins (Figure 17) will load the data 
bYte as it is shifted out. A nUmber of special peripheral 

8051 

P3.1 ~----t elK 

driver circuits combining shift-register inputs with high 
drive level outputs have been introduced recently. 

Cascading multiple shift registers end-to-end will ex
pand the number of outputs even further. The data rate 
in the I/O expansion mode is one megabaud, or 8 ,.,.s. 
per byte. This is the mode which the serial port defaults 
to following a reset, so no initialization is required. 

The software for this technique uses the B register as a 
"map" corresponding to the different output functions. 
The program manipulates these bits instead of the out
put pins. After all functions have been calculated the B 
register is shifted by the serial port to the shift-register 
driver. (While some outputs may glitch as data is shift
ed through them, at I Megabaud most people wouldn't 
notice. Some shift registers provide an "enable" bit to 
hold the output states while new data is being shifted 
in.) 

This is where the earlier decision to Bddress bits sym
bolically throughout the program is going to payoff. 
This major 1,10 restructuring is. nearly as simple to im
plement as rearranging the input pins; Again, only the 
bit declarations need to be changed. 

I_FRNT BIT B.O 

LDASH BIT B.2 

R_DASH BIT B.3 

LREAR BIT B.4 

R_REAR BIT B.5 
I 

+12V 

8·81T SHIFT REGISTER 

;FRONT LEFT-TURN 
;INDICATOR 
;FRONT RIGHT-TURN 
;INDICATOR 
;DASHBOARD LEFT-TURN 
;INDICATOR 
;DASHBOARD RIGHT-TURN 
;INDICATOR , 
;REAR LEFT-TURN 
;INDICATOR 
;REAR RIGHT-TURN 
;INDICATOR 

270656-17 

Figure 17. Output Expansion Using Serial Port 
7-28 
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The original program to compute the functions need 
not change. After computing the output variables, the 
control map is transmitted to the buffered shift register 
through the serial port. 

MOV SBUF,B ;LOAD BUFFER AND TRANSMIT 

The Boolean Processor solution holds a number of ad
vantages over older methods. Fewer switches are re
quired. Each is simpler, requiring fewer poles and lower 
current contacts. The flasher relay is eliminated entire
Iy. Only six filaments are driven, rather than 10. The 
wiring harness is therefore simpler and less expensive
one conductor for each of the six lamps and each of the 
five sensor switches. The fewer conductors use far few
er connectors. The whole system is more reliable. 

And since the system is much simpler it would be feasi
ble to implement redundancy and or fault detection on 
the four main turn indicators. Each could still be a 

P1.5 ~-+-r 

P1.6 I--+-+" 

P1.7 

P2.0 ~-+-r 

P2.1 ~-+-t' 

P2.2 

+5V 

TO 

standard double filament bulb, but with the filaments 
driven in parallel to tolerate single-element failures. 

Even with redundancy, the lights will eventually fail. 
To handle this inescapable fact current or voltage sens
ing circuits on each main drive wire can verify that 
each bulb and its high-current driver is functioning 
properly. Figure 18 shows one such circuit. 

Assume all of the lights are turned on except one: i.e., 
all but one of the collectors are grounded. For the bulb 
which is turned off, if there is continuity from + 12V 
through the bulb base and filament, the control wire, all 
connectors, and the P.C. board traces, and if the tran
sistor is indeed not shorted to ground, then the collec
tor will be pulled to + 12V. This turns on the base of 
Q8 through the corresponding resistor, and grounds the 
input pin, verifying that the bulb circuit is operational. 
The continuity of each circuit can be checked by soft
ware in this way. 

WIRING 
HARNESS 

I 

+12V 

270656-18 

Figure 18 
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Now turn all the bulbs on, grounding all the collectors. 
Q7 should be turned off, and the Test pin should be 
high. However, a control wire shorted to + 12V or an 
open-circuited drive transistor would leave one of the 
collectors at the higher voltage even now. This too 
would turn on Q7, indicating a different type offailure. 
Software could perform these checks once per second 
by executing the routine every time the software count
er SUB-.DIV is reloaded by the interrupt routine. 

DJNZ SUB_DIV,TOSERV 
MOV SUB_DIV,#244 
ORL Pl,#lllOOOOOB 

ORL P2,#00000111B 
CLR LFRNT 

JB TO,FAULT 

SETB L_FRNT 

: 

CLR L_DASH 
JB TO,FAULT 
SETB L_DASH 
CLR L_REAR 
JB TO,FAULT 
SETB L_REAR 
CLR R_FRNT 
JB TO,FAULT 
SETB R_FRNT 
CLR R_DASH 
JB TO,FAULT 
SETB R_DASH 
CLR R_REAR 
JB. TO,FAULT 
SETB R:..REAR 

iRELOAD COUNTER 
iSET CONTROL 
iOUTPUTS HIGH 

iFLOAT DRIVE 
iCOLLECTOR 
iTO SHOULD BE 
iPULLED LOW 
iPULL COLLECTOR 
iBACK DOWN 

iWITH ALL COLLECTORS GROUNDED. TO 
SHOULD .BE HIGH 

iIF SO. CONTINUE WITH INTERRUPT 
ROUTINE. 

JB TO,TOSERV 
FAULT: 

TOSERV: 

iELECTRICAL 
iFAILURE 
iPROCESSING 
iROUTINE 
i(LEFT TO 
;READER'S 
;IMAGINATION) 
iCONTINUE WITH 
: INTERRUPT 
iPROCESSING 

The complete assembled program Iistiqg is printed in 
Appendix A. The resulting code consists of 67 program 
statements, not counting declarations and comments, 
which assemble into 150 bytes of object code. Each pass 
through the service routine requires (coincidently) 
67 /A-S plus 32 /A-s once per second for the electrical test. 
If executed every 4 ms as suggested this software would 
typically reduce the throughput of the background pro
gram by less than 2%. 

Once a microcomputer has been designed into a system, 
new features suddenly become virtually free. Software 
could make the emergency blinkers flash alternately or 

. at a rate faster than the turn signals. Turn signals could 
override the emergency blinkers. Adding more bulbs 
would allow multiple taillight sequencing and syncopa
tion-true flash factor, so to speak. 

Design Example # S-Complex Control 
_Functions 

Finally, we'll mix byte and bit operations to extend the 
use of 8051 into extremely complex applications. 

Programmers can arbitrarily assign 1/0 pins to input 
and output functions only if the total does not exceed 
32, which is insufficient for applications with a very 
large number of input variables. One way to expand the 
number of inputs is with a technique similar to multi
plexed-keyboard scanning. 

Figure 19 shows a block diagram for a moderately com
plex programmable industrial cOlitroller with the fol
lowing characteristics: 

• 64 input variable sensors: 

• 12 output signals: 

7-30 

• Combinational and sequential logic computations: 

• Remote operation with communications to a host 
processor via a high-speed full-duplex serial link: 

• Two prioritized external interrupts: 

• Internal real-time and time-of-day clocks. 

While many microprocessors could-be programmed to 
provide these capabilities with assorted peripheral sup
port chips, an 8051 microcomputer needs no other inte
grated circuits! 

The 64 input sensors are logically arranged as an 8x8 
matrix. The pins of Port 1 sequentially enable each col
umn of the sensor matrix: as each is enabled Port 0 
reads in the state of each sensor in that column. An 
eight-byte block in bit-addressable RAM remembers 
the data as it is read in so that after each complete scan 
cycle there is an internal map of the current state of all 
sensors. Logic functions can then directly address the 
elements of the bit map. 
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+5V 
~ 

1 1.OUF 

~ 
XTAl1 VCC RST 

12M_Z 
T.::.- XTAL2 

SERIAL I 
LINK / 

0 8 16 24 32 40 48 56 

1 57 

2 58 
3~ --~ 8.8 
r-~ SENSOR 

'60 4 I-- MATRIX r-~ 
5 61 

6 62 

7 15 2 3 31 39 47 S5 63 

t 

RXO 

TXO 

RETURN 
LINES 

~ 
PO.O 

PO.l 

PO.2 

PO.3 

PO.4 

PO.5 

PO.6 

PO.7 .... 

r" 
Pl.0 

Pl.l 

Pl.2 

Pl.3 

PH 

Pl.S 

Pl.6 

P1.7 

/"" 
SCAN 
LINES 

INTO 

INT1 

8051 

P3.4 

P3.5 

P3.6 

P3.7 

P2.0 

P2.1 

P2.2 

P2.3 

P2.4 

P2.S 

P2.6 

P2.7 

ALE 

PSEN 

VSS iA 

1: 

r-- N.C. 

'-- N.C. 

I ASYNCHRONANS 
I INTERRUPTS 

MACHINE 
ACTUATORS 

270656-19 

Figure 19. Block Diagram of 64-lnput Machine Controller 

The computer's serial port is configured as a nine·bit 
UART, transferring data at 17,000 bytes-per-second. 
The ninth bit may distinguish between address and data 
bytes. 

The 805 i serial port can be configured to detect bytes 
with the address bit set, automatically ignoring all oth
ers. Pins INTO and INTl are interrupts configured re
spectively as high-priority, falling-edge triggered and 
low-priority, low-level triggered. The remaining 12 I/O 
pins output TTL-level control signals to 12 actuators. 
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There are several ways to implement the sensor matrix 
circuitry, all logically similar. Figure 20a shows one 
possibility. Each of the 64 sensors consists of a pair of 
simple switch contacts in series with a diode to permit 
multiple contact closures throughout the matrix. 

The scan lili.es from Port 1 provide eight un"encoded 
active-high scan signals for enabling columns of the 
matrix. The return lines on rows where a contact is 
closed are pulled high and read as logic ones. Open 
return lines are pulled to ground by one of the 40 kO 
resistors and are read as zeroes. (The resistor values 
must be chosen to ensure all return lines are pulled 
above the 2.0V logic threshold, even in the worst-case, 
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where all contacts in an enabled column are closed.) 
Since PO is provided open-collector outputs and high
impedance MOS inputs its input loading may be con
sidered negligible. 

The circuits in Figures 20b-2Od are variations on this 
theme. When input signals must be electrically isolated 
from the computer circuitry as in noisy industrial envi
ronments, phototransistors can replace the sWitch diode 
pairs and provide optical isolation as in Figure 20b. 
Additional opto-isolators could also be used on the con
trol output and special signal lines. 

The other circuits assume that input signals are already 
at ttL levels. Figure 20c uses octal three-state buffers 
enabled by active-low scan signals to gate eight signals 
onto Port O. Port 0 is available for memory expansion 
or peripheral chip interfacing between sensor matrix 
scans. Eight-ta-one multiplexers in Figure 2Od· select 
one of eight inputs for each return line as determined 
by encoded address bits output on three pins of Port 1. 
(Five more output pins are thus freed for more control 
functions.) Each output can drive at least one standard 
TIL or up to 10 low-power TTL loads without addi
tional buffering. 

Going back to the original matrix circuit, Figure 21 
shows the method used to scan the sensor matrix. Two 
complete bit maps are maintained in the bit-addressable 
region of the RAM: one for the current state and one 
for the previous state read for each sensor. If the need 
arises, the program could then sense input transitions 
and or debounce contact closures by comparing each 
bit with its earlier value. 

The code in Example 3 implements the scanning alga
rithm for the circuits in Figure 20a. Each column is 
enabled by setting a single bit in a field of zeroes. The 
bit maps are positive logic: ones represent contacts that 
are closed or isolators turned on. 
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Example 3. 
INPUT_SCAN: ;SUBROUTINE TO READ 

;CURRENT STATE 

SCAN; 

;01 64 SENSORS AND 
;SAVE IN RAM 20H-27H 

MOV RO.#20H ;INITIALIZE 
;POINTERS 

MOV Rl.#28H ;FOR BIT MAP 
;BASES 

MOV A.#80H ;SET FIRST BIT 
;IN ACC 

MOV Pl.A ;OUTPUT TO SCAN 
;LINES 

RR A ;SHIFT TO ENABLE 
;NEXT COLUMN 
;NEXT 

MOVR2.A ;REMEMBER CUR-
;RENT. SCAN 
;POSITION 

MOV A.PO ;READ RETURN 
;LINES 

XCH A.@RO ;SWITCH WITH 
;PREVIOUS MAP 
;BITS 

MOV @Rl.A ;SAVE PREVIOUS 
;STATE AS WELL 

INC RO ;BUMP POINTERS 
INC Rl 
MOV A.R2 ;RELOAD SCAN 

;LINE MASK 
JNB ACC.7;SCAN;LOOP UN~IL ALL 

;EIGHT COLUMNS 
;READ 

RET 
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a.) Using Switch Contact/Diode Matrix 

Figure 20. Sensor Matrix Implementation Methods 
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Figure 20. Sensor Matrix Implementation Methods (Continued) 
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c.) Using TTL Three-State Buffers 

Figure 20. Sensor Matrix Implementation Methods (Continued) 
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d.) Using TTL Data Selectors 

Figure 20. Sensor Matrix Implementation Methods (Continued) 
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INITIALIZE MAP 
BUFFER POINTERS 
ANO SCAN MASK 

OUTPUT SCAN 
MASK TO SCAN 

LINES; 
STORE SHIFTED 

MASK 

READ RETURN 
LINES AND UPDATE 

BIT MAPS 

Figure 21 •. Flowchart for 
Reading In Sensor Matrix 
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What happens after the sensors have been scanned de
pends on the individual application. Rather than in-

7-37 

venting some artificial design problem, software corre
sponding to commonplace logic elements will be dis
cussed. 

Combinatorial Output Variables. An output variable 
which is a simple (or not so simple) combinational 
function of several input variables is computed in the 
spirit of Design Example 3. All 64 inputs are represent
ed in the bit maps: in fact, the sensor numbers in Figure 
20 correspond to the absolute bit addresses in RAMI 
The code in Example 4 activates an actuator connected 
to P2.2 when sensors 12, 23, and 34 are closed and 
sensors 45 and 56 are open. 

Example 4. 
Simple Combinatorial Output Variables. 

;SET P2.2=(12) (23) (34) ( 45) ( 56) 
MOV C,12 
ANL C,23 
ANL C,34 
ANL C, 45 
ANL C, 56 
MOV P2.2,C 

Intermediate Variables. The examination of a typical 
relay-logic ladder diagram will show that many of the 
rungs control not outputs but rather relays whose con
tacts figure into the computation of other functions. In 
effect, these relays indicate the state of intermediate 
variables of a computation. 

The MCS-51 solution can use any directly addressable 
bit for the storage of such intermediate variables. Even 
when all 128 bits of the RAM array are dedicated (to 
input bit maps in this example), the accumulator, PSW, 
and B register provide 18 additional flags for intermedi
ate variables. 

For example, suppose switches 0 through 3 control a 
safety interlock system. Closing any of them should de
activate certain outputs. Figure 22 is a ladder diagram 
for this situation. The interlock function could be re
computed for every output affected, or it may be com
puted once and save (as implied by the diagram). As 
the program proceeds this bit can qualify each output. 
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Example S. Incorporating Override signal into actu
ator outputs. 

; . 

I 
I 
I 

CALL INPUT_SCAN 
NOV C',O 
ORL C,l 
ORL C,2 
ORLC,3 
NOV FO,C 

COMPUTE FUNCTION O· 

ANL C, FO 
NOV PLO,C 

COMPUTE FUNCTION 1 

ANL C, FO 
MOV Pl,l,C 

COMPUTE FUNCTION 2 

ANL C, FO 
NOVP1,2,C 

"0" 

"'" I 
"2" 

"3" 
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Figure 22. Ladder Diagram for 
Output Override Circuitry 

7-38 

Latching Relays. A latching relay can be forced into 
either the ON or OFF state by two corresponding input 
signals, where it will remain until forced onto the oppo
site state-analogous to a TIL Set/Reset flip-flop. The 
relay is used as an intermediate variable for other calcu
lations. In the previous example, the emergency condi
tion could be remembered and remain active until an 
"emergency cleared" button is pressed. 

Any flag or addressable bit may represent a latching 
relay with a few lines of code (see Example 6). 

Example 6. Simulating a latching relay. 

;I_SET SET FLAG 0 IF C=l 
LSET: ORL C,FO 

NOV FO,C 

;I_RSET RESET FLAG 0 IF C=l 
I_RSET: CPS C 

ANL C,FO 
NOV FO,C 

Time Delay Relays. A time delay relay does not re
spond to an input signal until it has been present (or 
absent) for some predefmed time. For example, a bal
last or load resistor may be switched in series with a 
D.C. motor when it is first turned on, and shunted from 
the circuit after one second. This sort of time delay may 
be simulated by an interrupt routine driven by one of 
the two 8051 timer counters. The procedure followed 
by the routine depends heavily on the dewls of the 
exact function needed: time-outs or time delays with 
resettable or non-resetiable inputs are possible. If the 
interrupt routine is executed every 10 milliseconds the 
code in Example 7 will clear an intermediate variable 
set by the background program after it has been active 
for two seconds. 

Example 7. Code to clear USRFLG after a fixed 
time delay. 

NXTTST; 

JNB USR_FLG,NXTTST 
DJNZ PLAY_COUNT,NXTTST 
CLR USR_FLG 
NOV DLAY_COUNT,#200 
, ... 



intJ USING THE INTEL MCS®-51 BOOLEAN PROCESSING CAPABILITIES 

Serial Interface to Remote Processor. When it detects 
emergency conditions represented by certain input 
combinations (such as the earlier Emergency Override), 
the controller could shut down the machine immediate
ly and! or alert the host processor via the serial port. 
Code bytes indicating the nature of the problem could 
be transmitted to a central computer. In fact, at 17,000 
bytes-per-second, the entire contents of both bit maps 
could be sent to the host processor for further analysis 
in less than a millisecond! If the host decides that con
ditions warrant, it could alert other remote processors 
in the system that a problem exists and specify which 
shut-down sequence each should initiate. For more in
formation on using the serial port, consult the MCS-51 
User's Manual. 

Response Timing 

One difference between relay and programmed indus
trial controllers (when each is considered as a "black 
box") is their respective reaction times to input chang
es. As reflected by a ladder diagram, relay systems con
tain a large number of "rungs" operating in parallel. A 
change in input conditions will begin propagating 
through the system immediately, possibly affecting the 
output state within milliseconds. 

Software, on the other hand, operates sequentially. A 
change in input states will not be detected until the next 
time an input scan is performed, and will not affect the 
outputs until that section of the program is reached. 
For that reason the raw speed of computing the logical 
functions is of extreme importance. 

Here the Boolean processor pays off. Every instruction 
mentioned in this Note completes in one or two micro
seconds-the minimum instruction execution time for 
many other microcontrollers! A ladder diagram con
taining a hundred rungs, with an average of four con
tacts per rung can be replaced by approximately five 
hundred lines of software. A complete pass through the 
entire matrix scanning routine and all computations 
would require about a millisecond: less than the time it 
takes for most relays to change state. 

7-39 

A programmed controller which simulates each Boole
an function with a subroutine would be less efficient by 
at least an order of magnitude. Extra software is needed 
for the simulation routines, and each step takes longer 
to execute for three reasons: several byte-wide logical 
instructions are executed per user program step (rather 
than one Boolean operation): most of those instructions 
take longer to execute with microprocessors performing 
multiple off-chip accesses: and calling and returning 
from the various subroutines requires overhead for 
stack operations. 

In fact, the speed of the Boolean Processor solution is 
likely to be much faster than the system requires. The 
CPU might use the time left over to compute feedback 
parameters, collect and analyze execution statistics, 
perform system diagnostics, and so forth. 

Additional Functions and Uses 

With the building-block basics mentioned above many 
more operations may be synthesized by short instruc
tion sequences. 

Exclusive-OR. There are no common mechanical devic
es or relays analogous to the Exclusive-OR operation, 
so this instruction was omitted from the Boolean 
Processor. However, the Exclusive-OR or Exclusive
NOR operation may be performed in two instructions 
by conditionally complementing the carry or a Boolean 
variable based on the state of any other testable bit. 

;EXCLUSIVE-;OR FUNCTION IMPOSED ON CARRY 
;USINGFO IS INPUT VARIABLE. 
;XOR_FO: JNB FO.XORCNT ;(nJBn FOR X-NOR) 

CPL C 
;XORCNT: ••• • •••• 

XCH. The contents of the carry and some other bit may 
be exchanged (switched) by using the accumulator as 
temporary storage. Bits can be moved into and out of 
the accumulator simultaneously using the Rotate-, 
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through-carry instructions, though this would alter the 
accumulator data. 

;EXCHANGE CARRY WITH USRFLG 
XCHBIT: RLC A 

MOV C,USR_FLG 
RRC A 

. MOV USR_FLG. C 
RLC A 

Extended Bit Addressing. The 8051 can directly address 
144 general-purpose bits for all instructions in Figure 
3b. Similar operations may be extended to any bit any
where on the chip with some loss of efficiency. 

The logical operations AND, OR, and Exclusive-OR 
are performed on byte variables using six different ad
dressing modes, one of which lets the source be an im
mediate mask, and the destination any directly address
able byte. Any bit may thus be set, cleared, or comple
mented with a three-byte, two-cycle instruction if the 
mask has all bits but one set or cleared. 

Byte variables, registers, and indirectly addressed RAM 
may be moved to a bit addressable register (usually the 
accumulator) in one instruction. Once transferred, the 
bits may be tested with· a conditional jump, allowing 
any bit to be polled in 3 microseconds-still much fast
er than most architectures-orused for logical calcula
tions. (This technique can also simulate additional bit 
addressing modes with byte operations.) 

Parity of bytes or bits. The parity of the current accu
mulator contents is always available in the PSW, from 
whence it may be 'moved to the carry and further 
processed. Error-correcting Hamming codes and simi
lar applications require computing parity on groups of 
isolated bits. This can be done by conditionally comple
menting the carry flag based on those bits or by gather
ing the bits into the accumulator (as shown in the DES 
example) and then testing the parallel parity flag. 

Multiple byte shift and CRC codes 

Though the 8051 serial port can accommodate eight- or 
nine-bit data transmissions, some protocols involve 
much longer bit streams. The algorithms presented in 
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Design Example 2 can be extended quite readily to 16 
or more bits by using multi-byte input and output buff
ers. 

Many mass data storage peripherals and serial commu
nications protocols include Cyclic Redundancy (CRe) 
codes to verify data integrity. The function is generally 
computed serially by hardware using shift registers and 
Exclusive-OR gates, but it can be done with software . 
As each bit is received into the carry, appropriate bits 
in the multi-byte data buffer are conditionally comple
mented based on the incoming data bit. When finished, 
the CRC register contents may be checked for zero .by 
ORing the two bytes in the accumulator. 

4.0 SUMMARY 

A truly unique facet of the Intel MCS-51 microcomput
er family design is the. collection of features optimized 
for the one-bit operations so often desired in real-world, 
real-time control applications. Included are 17 special 
instructions, a Boolean accumulator, implicit and direct 
addressing modes, program and mass data storage, and 
many I/O options. These are the world's first single
chip microcomputers able to efficiently manipulate, op
erate on, and transfer either bytes or individual bits as 
data. 

This Application Note has detailed the information 
needed by a microcomputer system designer to make 
full· use of these capabilities. Five design examples were 
used to contrast the solutions allowed by the 8051 and 
those required by previous architectures. Depending on 
the individual application, the 8051 solution will be eas
ier to design, more reliable to implement, debug, and 
verify, use less .program memory, and run up to an or
der of magnitude faster than the same function imple
mented on previous digital computer architectures. 

Combining byte- and bit-handling capabilities in a sin
gle microcomputer has a strong synergistic effect: the 
power of the result exceeds the power of byte- and bit
processors laboring individually. Virtually all user ap
plications will benefit in some way from this duality. 
Data intensive applications will use bit addressing for 
test pin monitoring or· program control flags: control 
applications will use byte manipulation for parallel I/O 
expansion or arithmetic calculations. 

It is hoped that these design examples give the reader 
an appreciation of these unique features arid suggest 
ways to exploit them in his or her own application. 
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ISIS-II MCS-51 MACRO ASSEMBLER VI. 0 
OBJECT MODULE PLACED IN FOAP70.HEX 
ASSEMBLER INVO~ED BY: . fl.asm51 ap70 sre d~t~(328) 

LOC OBJ 

0090 
0091 
0092 
0093 
0094 

0095 
0096 
0097 
OOAO 
OOAI 
00A2 

00A3 

0020 
0000 
0007 

OODI 

LINE 

2 
3 
4 
:; 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 +1 

SOURCE 

UREF TlTLE(Ap·-70 APPENDIX) 
;******************************************************** 

THE FOLLOWING PROGRAM USES THE BOOLEAN INSTRUCTION SET 
OF THE INTEL g051 MICROCOMPUTER TO PERFORM A NUMBER OF 
AUTOMOTIVE DASHBOARD CONTROL FUNCTIONS RELATING TO 
TURN SIGNAL CONTROL. EMERGENCY BLIN~ERS. BRA~E LIGHT 
CONTROL. AND PAR~ING LIGHT OPERATION. 
THE ALGORITHMS AND HARDWARE ARE DESCRIBED IN DESIGN 
EXAMPLE 84 OF INTEL APPLICATION NOTE AP-70. 

"USING THE INTEL MCS-51(TM) 
BOOLEAN PROCESSING CAPABILITIES" 

i********************************************************* 

INPUT PIN DECLARATIONS: 
(ALL INPUTS ARE POSITIVE-TRUE LOGIC 

INPUTS ARE HIGH WHEN RESPECTIVE SWITCH CONTACT IS CLOSED. ) 

BRA~E BIT PI. 0 BRA~E PEDAL DEPRESSED 
EMERG BIT P I. I EMERGENCY BLIN~ER ACTIVATED 
PAR~ BIT Pl.2 PAR~ING LIGHTS ON 
L_TURN BIT PI. 3 TURN LEVER DOWN 
R_TURN BIT PI 4 TURN LEVER UP 

OUTPUT PIN DECLARATIONS: 
(ALL OUTPUTS ARE POSITIVE TRUE LOGIC 
BULB IS TURNED ON WHEN OUTPUT PIN IS HIGH. ) 

LfRNT BIT PI 5 FRONT LEFT-TURN INDICATOR 
R_FRNT BIT PI.6 FRONT RIGHT-TURN INDICATOR 
L_DASH BIT PI 7 DASHBOARD LEFT-TURN INDICATOR 
R_DASH BIT P2.0 DASHBOARD RIGHT-TURN INDICATOR 
L_REAR BIT P2. 1 REAR LEFT-TURN INDICATOR 
R_REAR BIT P2. 2 REAR RIGHT-TURN INDICATOR 

S_FAIL BIT P2. 3 ELECTRICAL SYSTEM FAULT INDICATOR 

INTERNAL VARIABLE DEFINITIONS: 

SUB DIV DATA 20H INTERRUPT RATE SUBDIVIDER 
HI_FREG BIT SUB DIV.O HIGH-FREOUENCY OSCILLATOR BIT 
LO_FREG BIT SUB_DIV. 7 LOW-FREGUENCY OSCILLATOR BIT 

DIM BIT PSW.l PAR~ING LIGHTS ON FLAG 

i======================================================= 
.EJECT 

_. 
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LOC OBJ LINE SOURCE 

I I l 49 ORG OOOOH RESET VECTOR 
0000 020040 :50 LJMP INIT 

51 
OOOB , :52 ORG OOOBH TIMER 0 SERVICE VECTOR 
OOOB 7:58CFO 53 MOV THO •• -16 HIGH TIMER BYTE ADJUSTED TO CONTROL INT. RATE c: 
OOOE CODO 54 PUSH PSW EXECUTE CODE TO SAVE ANY REGISTERS USED BELOW ~ 
0010 0154 55 AJMP UPDATE (CONTINUE WITH REST OF ROUTINE) Z 

56 C) 
0040 57 ORG 0040H -I 
0040 758AOO :58 INIT: MOV TLO •• O ZERO LOADED INTO LOW-ORDER BYTE AND :::I: 
0043 758CFO 59 MOV THO •• -16 -16 IN HIGH-ORDER BYTE GIVES 4 MSEC PERIOD m 
0046 758961 60 MOV TMOD •• 01100001B 8-BIT AUTO RELOAD COUNTER MODE FOR TIMER 1. Z 61 16-BIT TIMER MODE FOR TIMER 0 SELECTED -I 
0049 7:520F4 62 MOV SUB_DIV •• 244 SUBDIVIDE INTERRUPT RATE BY 244 FOR 1 HZ m 
004C D2A9 63 SETB ETO USE TIMER·O OVERFLOWS TO INTERRUPT PROGRAM r 
004E D2AF 64 SETB EA CONFIGURE IE TO GLOBALLY ENABLE INTERRUPTS i: 
0050 D28C 65 SETB TRO KEEP INSTRUCTION CYCLE COUNT UNTIL OVERFLOW 0 
0052 80FE 66 SJMP S START BACKGROUND PROGRAM EXECUTION (/) 

67 @ 

68 I 
U'I 

0054 D52038 69 UPDATE: DJNZ SUB_DIV.TOSERV EXECUTE SYSTEM TEST ONLY ONCE PER SECOND ... 
0057 7520F4 70 MOV SUB_DIV •• 244 GET VALUE FOR NEXT ONE SECOND DELAY AND aI 

71 GO THROUGH ELECTRICAL SYSTEM TEST CODE: 0 

~ 
005A 4390EO 72 ORL Pl •• 11100000B SET CONTROL OUTPUTS HIGH 0 
0050 43A007 73 ORL P2 .• 00000111B r 

I\) 0060 C295 74 CLR L_FRNT FLOAT DRIVE COLLECTOR m 
0062 20B428 75 JB TO. FAULT TO SHOULD8E PULLED LOW )0 

0065 D295 76 ·SETB L_FRNT PULL COLLECTOR BACK DOWN Z 
0067 C297 77 CLR L_DASH REPEAT SEGUENCE FOR L:.DASH. -0 
0069 20B421 78 JB TO. FAULT :D 
OObC D297 79 SETB L_DASH 0 
OObE C2Al 80 CLR L_REAR L REAR. 0 
0070 20D41A 81 JB TO. FAULT m 

(/) 
0073 D2Al 82 SETB L_REAR (/) 
0075 C296 83 CLR R_FRNT R FRNT. Z 0077 20B413 84 JD TO. FAULT C) 
007A D296 85 SETB RfRNT 
007C C2AO 86 CLR R_DASH R_DASH. 0 
007E 20D40C 87 JD TO. FAULT )0 

0081 D2AO 88 SETB R_DASH -0 
)0 

0083 C2A2 89 CLR R_REAR AND R._REAR !!! 0085 20D405 90 JD TO. FAULT 
ooee D2A2 91 SETD R_REAR r 

92 ::::j 
93 WITH ALL COLLECTORS GROUNDED. TO SHOULD BE HIGH iii 
94 IF SO. CONTINUE WITH INTERRUPT ROUTINE. (/) 

95 
008A 20B402 96 JD TO. TOSERV 
008D 82A3 97 FAULT: CPL S_FAIL ELECTRICAL FAILURE PROCESSING ROUTINE 

98 (TOGGLE INDICATOR ONCE PER SECOND) 
99 +1 SEJECT 
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_. 
LOC DB.! LINE SOURCE 

I I t 100 CONTINUE WITH INTERRUPT PROCESSING· 
101 
102 Il COMPUTE LOW BULB INTENSITY WHEN PARKING LIGHTS ARE ON. 
103 

008F A201 104 TOSERV: MOV C.SUB DIV 1 START WITH SO PERCENT. c: 
0091 8200 IDS ANL C.SUB:)IV 0 MASK DOWN TO 2S PERCENT. en 
0093 7202 106 ORL C.SUB_DIV 2 BUILD BACK TO 62.5 PERCENT. Z 
0095 8292 107 ANL C.PARK GATE WITH PARKING LIGHT SWITCH. Q 
0097 9201 108 MOV DIM.C AND SAVE IN TEMP. VARIABLE. -I 

109 ::t 
110 2) COMPUTE AND OUTPUT LEFT-HAND DASHBOARD INDICATOR m 
111 Z 0099 A293 112 MOV C.L_TURN SET CARRY IF TURN 

009B 7291 113 ORL C.EMERG OR EMERGENCY SELECTED. -I 
0090 8207 114 ANL C. LO_FRE<l IF 50. GATE IN 1 HZ SIGNAL m 

r-
009F 9297 115 MOV L_DASH.C AND OUTPUT TO DASHBOARD. 

i: 116 
117 3) COMPUTE AND OUTPUT LEFT·-HAND FRONT TURN SIGNAL. 0 
118 en 

@ 
OOAI 92D5 119 MOV FO. C SAVE FUNCTION 50 FAR. I 

00A3 7201 120 ORL C.DIM ADD IN PARKING LIGHT FUNCTION (II .-
00A5 9295 121 MOV L_FRNT. C AND OUTPUT TO TURN SIGNAL. a:I 122 0 123 4) COMPUTE AND OUTPUT LEFT-HAND REAR TURN SIGNAL. 

";'I 124 0 
~ 00A7 A290 125 MOV C.BRAKE GATE BRAKE PEDAL SWITCH r-
c.:I m 

00A9 B093 126 ANL C. IL_TURN WITH TURN LEVER. ~ 
OOAB 72DS 127 ORL C.FO INCLUDE TEMP. VARIABLE FROM DASH Z 
OOAD 7201 128 ORL C.DIM AND PARKING LIGHT FUNCTION 'V 
OOAF 92AI 129 MOV LYEAR. C AND OUTPUT TO TURN SIGNAL. ::a 

130 0 
131 S) REPEAT ALL OF ABOVE FOR RIGHT-HAND COUNTERPARTS. 0 
132 m 

OOBI A294 133 MOV C. R_TURN SET CARRY IF TURN en 
00B3 7291 134 ORL C.EMERG OR EMERGENCY SELECTED. en 
00B5 8207 135 ANL C.LO_FRE<l IF 50. GATE IN 1 HZ SIGNAL Z 
00B7 92AO 136 MOV R_DASH. C AND OUTPUT TO DASHBOARD. Q 
00B9 9205 137 MOV FO.C SAVE FUNCTION SO FAR. 0 OOBB 7201 138 ORL C.DIM ADD IN PARKING LIGHT FUNCTION ~ 
OOBD 9296 139 MOV R_FRNT. C AND OUTPUT TO TURN SIGNAL. 'V 
OOBF A290 140 MOV C.BRAKE GATE BRAKE PEDAL SWITCH ~ 
OOCI B094 141 ANL C./R_TURN WITH TURN LEVER. !!! 
00C3 72DS 142 ORL C.FO INCLUDE TEMP. VARIABLE FROM DASH r-
00C5 7201 143 ORL C.DIM AND PARKING LIGHT FUNCTION ~ 00C7 92A2 144 MOV R_REAR. C AND OUTPUT TO TURN SIGNAL. iii 14S 

146 RESTORE STATUS REGISTER AND RETURN. en 
147 

00C9 DODO 148 POP PSW RESTORE PSW 
OOCB 32 149 RETI AND RETURN FROM INTERRUPT ROUTINE 

150 
~SI END 
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USING THE INTEL MCS~·51 BOOLEAN PROCESSING CAPABILITIES 

XREF SYMBOL TABLE LISTING 

NAME 

BRAKE 
DIM 
EA. 
EMERG 
ETO 
FO. 
FAULT 
HI FREO 
INIT. 
L_DASH. 
L FRNT. 
L:REAR. 
L_TURN. 
LO_FREO 
Pl. 
P2. 
PARK. 
PSW 
R_DASH. 
R_FRNT. 
R_REAR 
R_TURN. 
S]AIL. 
SUD_DIV 
TO. 
TOSERV. 
THO 
TLO 
TMOD 
TRO 
UPDATE. 

TYPE 

N DSEG 
N BSEG 
N BSEG 
N BSEG 
N BSEG 
N DSEG 
L CSEG 
N DSEG 
L CSEG 
N DSEG 
N BSEG 
N BSEG 
N DSEG 
N DSEG 
N DSEG 
N DSEG 
N DSEG 
N DSEG 
N BSEG 
N DSEG 
N DSEG 
NDSEG 
N DSEG 
N DSEG' 
N DSEG 
L CSEG 
N DSEG 
N DSEG 
N DSEG 
N DSliG 
L CSEG 

VALUE AND REFERENCES 

0090H 
OOD1H 
OOAFH 611 

2011 125 140 
4511 108 120 128 138 143 

0091H 2111' 113 134 
OOA9H 63 
OOD5H 
008DH 
OOOOH 
0040H 
0097H 
0095H 
OOA1H 
0093H 
0007H 
0090H 
OOAOH 

119 127 137 142 
75 78 81 84 87 90 9711 
4211 
50 5811 
3211 77 79 115 
3011 74 76 121 
3411 80 82 129 
2311 112 126 
4311 114 135 
20 21 22 23 24 30 31 32 72 
33 34 35 37 73 

0092H 2211 107 
OODOH 45 54 148 
OOAOH 3311. 86 88 136 
0096H 3111 83 85 139 
OOA2H 3511 89 91 144 
0094H 2411· 133 141 
00A3H 3711 97 
0020H 4111 42 43'62 69 70 104 105 106 
00D41i .757881 84 87 90 96 
008FH' 69'96 10411 
008CH 53 59 
008AH 58 
0089H 60 
008CH 65 
0054H 55 6911 

ASSEMBLY COMPLETE. NO ERRORS FOUND 
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inter 
HARDWARE DESCRIPTION 

OF THE 8051, 8052 AND 80C51 

INTRODUCTION 

This chapter presents a comprehensive description of 
the on-chip hardware features of the MCS®-51 micro
controllers. Included in this description are 

• The port drivers and how they function both as 
ports and, for Ports 0 and 2, in bus operations 

• The Timer/Counters 

• The Serial Interface 

• The Interrupt System 

• Reset 
• The Reduced Power Modes in the CHMOS devices 

• The EPROM versions of the 8051AH, 8052AH, 
and 80C5IBH 

The devices under consideration are listed in Table 1. 
As it becomes unwieldy to be constantly referring to 
each of these devices by their individual names, we will 
adopt a convention of referring to them generically as 
8051s and 8052s, unless a specific member of the group 
is being referred to, in which case it will be specifically 
nained. The "8051s" include the 8051, 8051AH, and 
80C5IBH, and their ROMless and EPROM versions. 
The "8052s" are the 8052AH, 8032AH, and 8752BH. 

Figure 1 shows a functional block diagram of the 8051s 
and 8052s. 

Table 1. The MCS·S1 Family of Mlcrocontrollers 

Device ROMless EPROM ROM RAM 16-bit Ckt 
Name Version Version Bytes Bytes Timers Type 

8051 8031 (8751 ) 4K 128 2 HMOS 
8051AH 8031AH 8751H 4K 128 2 HMOS 
8052AH 8032AH 8752BH 8K 256 3 HMOS 

80C51BH 80C31BH 87C51 4K 128 2 CHMOS 

Special Function Registers 

A map of the on-chip memory area called SFR (Special Function Register) space is shown in Figure 2. SFRs marked 
by parentheses are resident in the 8052s but not in the 805 Is. 
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Figure 1. MCS-S1 Architectural Block Diagram 
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8 Bytes 
F8 
FO 
E8 
EO 
D8 
DO 
C8 
CO 
B8 
BO 
A8 
AO 
98 
90 
88 
80 

B 

ACC 

PSW 
(T2CON) 

IP 
P3 
IE 
P2 

SCON 
P1 

TCON 
PO 

SBUF 

TMOD 
SP 

(RCAP2L) (RCAP2H) 

TLO TL1 
DPL DPH 

(TL2) (TH2) 

THO TH1 
PCON 

FF 
F7 
EF 
E7 
DF 
D7 
CF 
C7 
BF 
B7 
AF 
A7 
9F 
97 
SF 
87 

Figure 2. SFR Map. ( ••• ) Indicates Resident in 8052s, not in 8051s 

Note that not all of the addresses are occupied. Unoc
cupied addresses are not implemented on the chip. 
Read accesses to these addresses will in general return 
random data, and write accesses will have no effect. 

User software should not write Is to these unimple
mented locations, since they may be used in future 
MCS-51 products to invoke new features. In that case 
the reset or inactive values of the new bits will always 
be 0, and their active values will be I. 

The functions of the SFRs are outlined below. 

ACCUMULATOR 

ACC is the Accumulator register. The mnemonics for 
Accumulator-Specific instructions, however, refer to 
the Accumulator simply as A. 

B REGISTER 

The B register is used during multiply and divide oper
ations. For other instructions it can be treated as anoth
er scratch pad register. 

PROGRAM STATUS WORD 

The PSW register contains program status information 
as detailed in Figure 3. 

STACK POINTER 

The Stack Pointer Register is 8 bits wide. It is incre
mented before data is stored during PUSH and CALL 
executions. While the stack may reside anywhere in on
chip RAM, the Stack Pointer is initialized to 07H after 
a reset. This causes the stack to begin at location OSH. 

DATA POINTER 

The Data Pointer (DPTR) consists of a high byte 
(DPH) and a low byte (DPL). Its intended function is 

8-3 

to hold a 16-bit address. It may be manipulated as a 
l6-bit register or as two independent S-bit registers. 

PORTS 0 TO 3 

PO, PI, P2 and P3 are the SFR latches of Ports 0, I, 2 
and 3, respectively. 

SERIAL DATA BUFFER 

The Serial Data Buffer is actually two separate regis
ters, a transmit buffer and a receive buffer register. 
When data is moved to SBUF, it goes to the transmit 
buffer where it is held for serial transmission. (Moving 
a byte to SBUF is what initiates the transmission.) 
When data is moved from SBUF,.it comes from the 
receive buffer. 

TIMER REGISTERS 

Register pairs (THO, TLO), (THl, TLl), and (TH2, 
TL2) are the 16-bit Counting registers for Timer/Coun
ters 0, I, and 2, respectively. 

CAPTURE REGISTERS 

The register pair (RCAP2H, RCAP2L) are the Cap
ture registers for the Timer 2 "Capture Mode. II In this 
mode, in response to a transition at the S052'5 T2EX 
pin, TH2 and TL2 are copied into RCAP2H and 
RCAP2L. Timer 2 also has a 16-bit auto-reload mode, 
and RCAP2H and RCAP2L hold the reload value for 
this mode. More about Tuner 2's features in a later 
section. 

CONTROL REGISTERS 

Special Function Registers IP,IE, TMOD, TCON, 
T2CON, SCON, and PCON contain control and status 
bits for the interrupt system, the Timer/Counters, and 
the serial port. They are described in later sections. 



intJ HARDWARE DESCRIPTION OF THE 8051, 8052 AND 80C51 

Symbol Position 

CY PSW.7 
AC PSW.6 

FO PSW.5 

ASI PSW.4 
ASO PSW.3 

(MSB) 

CY AC FO 

Name and Significance 

Carryllag. 
Auxiliary Carry Ilag. 
(For BCD operations.) 
Flag 0 . 

(Available to the user lor general 
purposes.) 

ASI 

Aegister bank select control bits I & 
O. Sell cleared by software to 
determine working register bank (see 
Note). 

ASO OV 

Symbol Position 

OV PSW.2 
PSW.I 

P PSW.O 

NOTE: 

(lSB) 

P 

Name and Significance 

Overflow Ilag. 
User definable lIag. 
Parity lIag. 
Sell cleared by hardware each 
instruction cycle to indicate an odd! 
even number 01 "one" bits in the 
Accumulator. i.e .• even parity. 

The contents 01 (ASI. ASO) enable the working register banks as 
lollows: 

(O.Q)-Bank 0 
(0.1 )-Bank I 
(1.0)-Bank 2 
(I.I)-Bank 3 

(00H-07H) 
(OBH-OFH) 
(IOH-17H) 
(IBH-IFH) 

Figure 3. PSW: Program Status Word Register 

INT. BUS 

WRITE 
TO 
LATCH 

READ 
PIN 

READ 
LATCH 

INT. BUS 

WRITE 
TO 
LATCH 

ADDR/DATA 

270252-2 

A. PortO Bit 

ADDR 
vcc 

CONTROL 

270252-4 

C. Port 2 Bit 

READ 
.LATCH 

WRITE 
TO 
LATCH 

READ 
PIN 

READ 
LATCH 

INT. BUS 

WRITE 
TO 
LATCH 

B. Port 1 Bit 
ALTERNATE 

OUTPUT 
FUNCTION 

ALTERNATE 
INPUT 

FUNCTION 

D. Port 3 Bit 

270252-3 

270252-5 

Figure 4. 8051 Port Bit Latches and 110 Buffers 
·See Figure 5 for details of the internal pullup. 

PORT STRUCTURES AND 
OPERATION 
All four ports in the 80S 1 are bidirectional. Each con
sists of a latch (Special Function Registers PO through 
P3), an output driver, and an input buffer. 

The output drivers of Ports 0 and 2, and the input buff
ers of Port 0, are used in accesses to external memory. 
In this application, Port 0 outputs the low byte of the 
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external memory address, time-multiplexed with the 
byte being written or read. Port 2 outputs the high byte 
of the external memory address when the address is 16 
bits wide. Otherwise the Port 2 pins continue to emit 
the P2 SFR content. 

All the Port 3 pins, and (in the 8052) two Port 1 pins 
are multifunctional. They are not only port pins, but 
also serve the functions of various special features as 
listed on the following page. 
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Port Pin 
·P1.0 

·P1.1 

P3.0 
P3.1 
P3.2 
P3.3 
P3.4 

P3.5 

P3.6 

P3.7 

Alternate Function 
T2 (Timer/Counter 2 
external input) 
T2EX (Timer/Counter 2 
Capture/Reload trigger) 
RXD (serial input port) 
TXD (serial output port) 
INTO (external interrupt) 
INT1 (external interrupt) 
TO (Timer/Counter 0 external 
input) 
T1 (Timer/Counter 1 external 
input) 
WR (external Data Memory 
write strobe) 
RD (external Data Memory 
read strobe) 

·P1.0 and P1.1 serve these alternate functions only on 
the 8052. 

The alternate functions can only be activated if the cor
responding bit latch in the port SFR contains a 1. Oth
erwise the port pin is stuck at O. 

I/O Configurations 

Figure 4 shows a functional diagram of a typical bit 
latch and I/O buffer in each of the four ports. The bit 
latch (one bit in the port's SFR) is represented as a 
Type D flip-flop, which will clock in a value from the 
internal bus in response to a "write to latch" signal 
from the cpu. The Q output of the flip-flop is placed 
on the internal bus in response to a "read latch" signal 
from the CPU. The level of the port pin itself is placed 
on the internal bus in response to a "read pin" signal 
from the CPU. Some instructions that read a port acti
vate the "read latch" signal, and others activate the 
"read pin" signal. More about that later. 

As shown in Figure 4, the output drivers of Ports 0 and 
2 are switchable to an internal ADDR and ADDR/ 
DATA bus by an internal CONTROL signal for use in 
external memory accesses. During external memory ac
cesses, the P2 SFR remains unchanged, but the PO SFR 
gets Is written to it. 

Also shown in Figure 4, is that if a P3 bit latch contains 
a I, then the output level is controlled by the signal 
labeled "alternate output function." The actual P3.x 
pin level is always available to the pin's alternate input 
function, if any. 

Ports I, 2, and 3 have internal pullups. Port 0 has open 
drain outputs. Each I/O line can be independently used 
as an input or an output. (ports 0 and 2 may not be 
used as general purpose I/O when being used as the 
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ADDR/DATABUS). To be used as an input, the port 
bit latch must contain a I, which turns off the output 
driver FET. Then, for Ports I, 2, and 3, the pin is 
pulled high by the internal pullup, but can be pulled 
low by an external source. 

Port 0 differs in not having internal pull ups. The pullup 
FET in the PO output driver (see Figure 4) is used only 
when the Port is emitting Is during external memory 
accesses. Otherwise the pullup FET is off. Consequent
ly PO lines that are being used as output port lines are 
open drain. Writing a 1 to the bit latch leaves both 
output FETs off, so the pin floats. In that condition it 
can be used a high-impedance input. 

Because Ports I, 2, and 3 have fixed internal pullups 
they are sometimes called "quasi-bidirectional" ports. 
When configured as inputs they pull high and will 
source current (ilL, in the data sheets) when externally 
pulled low. Port 0, on the other hand, is considered 
"true" bidirectional, because when configured as an in
put it floats. 

All the port latches in the 8051 have Is written to them 
by the reset function. If a 0 is subsequently written to a 
port latch, it can be reconfigured as an input by writing 
a 1 to it. 

Writing to a Port 

In the execution of an instruction that changes the val
ue in a port latch, the new value arrives at the latch 
during S6P2 of the final cycle of the instruction. How
ever, port latches are in fact sampled by their output 
buffers only during Phase 1 of any clock period. (Dur
ing Phase 2 the output buffer holds the value it saw 
during the previous Phase 1). Consequently, the new 
value in the port latch won't actually appear at the 
output pin until the next Phase I, which will be at SIPl 
of the next machine cycle. See Figure 39 in the Internal 
Timing section. 

If the change requires a O-to-l transition in Port I, 2, or 
3, an additional pullup is turned on during SlP1 and 
SlP2 of the cycle in which the transition occurs. This is 
done to increase the transition speed. The extra pullup 
can source about 100 times the current that the normal 
pullup can. It should be noted that the internal pullups 
are field-effect transistors, not linear resistors. The pull
up arrangements are shown in Figure 5. 

In HMOS versions of the 8051, the fixed part of the 
pullup is a depletion-mode transistor with the gate 
wired to the source. This transistor will allow the pin to 
source about 0.25 rnA when. shorted to ground. In 
parallel with the fixed pullup is an enhancement-mode 
transistor, which is activated during S 1 whenever the 
port bit does a 0-to-1 transition. During this interval, if 
the port pin is shorted to ground, this extra transistor 
will allow the pin to source an additional 30 rnA. 
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A. HMOS Configuration. The enhancement mode transistor 
Is turned on for 2 osc. periods after Q makes a O-to-1 transition. 
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B. CHMOSConfiguratlon. pFET 1 is turned on, for 2 osc. periods, after Q 
makes a O-to-1 transition. During this time,pFET 1 also turns on pFET 3 

through the inverter to form a latch which holds the 1. pFET 2 is also on. 

Figure 5. Ports 1 And 3 HMOS And CHMOS Internal Pullup Configurations. 
Port 2 is Similar, Except That It Holds The Strong Pullup On While Emitting 

1s That Are Address Bits. (See Text, "Accessing External Memory".) 

In the CHMOS versions, the pullup consists of three 
pFETs. It should be noted that an n-channel FET 
(nFET) is turned on when a logical 1 is applied to its 
gate, and is turned off when a logical 0 is applied to its 
gate. A p-channel FET (pFET) is the opposite: it is on 
when its gate sees a 0, and off when its gate sees a I. 

pFETI in Figure 5 is the transistor that is turned on for 
2 oscillator periods after a O-to-l transition in the port 
latch. While it's on, it turns on pFET3 (a weak pull
up), through the inverter. This inverter and pFET form 
a latch which hold the I. 

Note that if the pin is emitting a I, a negative glitch on 
the pin from some external source can turn off pFET3, 
causing the pin to go into a float state. pFET2 is a very 
weak pullup which is on whenever the nFET is off, in 
traditional CMOS style. It's only about '1,0 the strength 
of pFET3. Its function is to restore a 1 to the pin in the 
event the pin had a 1 and lost it to a glitch. 
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Port Loading and Interfacing 
The output buffers of Ports 1, 2, and 3 can each drive 4 
LS TTL inputs. These ports on HMOS versions can be 
driven in a normal manner by any TTL or NMOS cir
cuit. Both HMOS and CHMOS pins can be driven by 
open-collector and open-drain outputs, but note that 0-
to-I transitions will not be fast. In the HMOS device, if 
the pin is driven by an open-collector output, a O-to-l 
transition will have to be driven by the relatively weak 
depletion mode FET in Figure 5(A). In the CHMOS 
device, an input 0 turns off pullup pFET3, leaving only 
the very weak pullup pFET2 to drive the transition. 

In external bus mode, Port 0 output buffers can each 
drive 8 LS TTL inputs. As port pins, they require exter
nal pullups to drive any inputs. 
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Read-Modify-Write Feature 

Some instructions that read' a port read the latch and 
others read the pin. Which ones do which? The instruc
tions that read the latch rather than the pin are the ones 
that read a value, possibly change it, and then rewrite it 
to the latch. These are called "read-modify-write" in
structions. The instructions listed below are read-mod
ify-write instructions. When the destination operand is 
a port, or a port bit, these instructions read the latch 
rather than the pin: 

ANL (logical AND, e.g., ANL PI, A) 

ORL 

XRL 

JBC 

CPL 

INC 

DEC 

DJNZ 

(logical OR, e.g., ORL P2, A) 

(logical EX-OR, e.g., XRL P3, A) 

(jump if bit = I and clear bit, e.g., 
JBC Pl.1, LABEL) 

(complement bit, e.g., CPL P3.0) 

(increment, e.g., INC P2) 

(decrement, e.g., DEC P2) 

(decrement and jump if not zero, e.g., 
DJNZ P3, LABEL) 

MOV, PX.Y, C (move carry bit to bit Y of Port X) 

CLR px.y (clear bit Y of Port X) 

SETBPX.Y (set bit Y of Port X) 

It is not obvious that the last three instructions in this 
list are read-modify-write instructions, but they are. 
They read the port byte, all 8 bits, modify the addressed 
bit, then write the new byte back to the latch. 

The reason that read-modify-write instructions are di
rected to the latch rather than the pin is to avoid a 
possible misinterpretation of the voltage level at the 
pin. For example, a port bit might be used to drive the 
base of a transistor. When a I is written to the bit, the 
transistor is turned on. If the CPU then reads the same 
port bit at the pin rather than the latch, it will read the 
base voltage of the transistor and interpret it as a O. 
Reading the latch rather than the pin will return the 
correct value of 1. 

ACCESSING EXTERNAL MEMORY 

Accesses to external memory are of two types: accesses 
to external Program Memory and accesses to external 
Data Memory. Accesses to external Program Memory 
use signal PSEN (program store enable) as the read 
strobe. Accesses to external Data Memory use RD or 
WR (alternate functions of P3. 7 and P3.6) to strobe the 
memory. Refer to Figures 36 through 38 in the Internal 
Timing section. 

Fetches from external Program Memory always use a 
16-bit address. Accesses to external Data Memory can 
use either a 16-bit address (MOVX @DPTR) or an 
8-bit address (MOVX @Ri). 
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Whenever a 16-bit address is used, the high byte of the 
address comes out on Port 2, where it is held for the 
duration of the read or write cycle. Note that the Port 2 
drivers use the strong pullups during the entire time 
that they are emitting address bits that are Is. This is 
during the execution of a MOVX @DPTR instruction. 
During this time the Port 2 latch (the Special Function 
Register) does not have to contain Is, and the contents 
of the Port 2 SFR are not modified. If the external 
memory cycle is not immediately followed by another 
external memory cycle, the undisturbed contents of the 
Port 2 SFR will reappear in the next cycle. 

If an 8-bit address is being used (MOVX @Ri), the 
contents of the Port 2 SFR remain at the Port 2 pins 
throughout the external memory cycle. This will facili
tate paging. 

In any case, the low byte of the address is time-multi
plexed with the data byte on Port O. The ADDR/ 
DATA signal drives both FETs in the Port 0 output 
buffers. Thus, in this application the Port 0 pins are not 
open-drain outputs, and do not require external pull
ups. Signal ALE (Address Latch Enable) should be 
used to capture the address byte into an external latch. 
The address byte is valid at the negative transition of 
ALE. Then, in a write cycle, the data byte to be written 
appears on Port 0 just before WR is activated, and re
mains there until after WR is deactivated. In a read 
cycle, the incoming byte is accepted at Port 0 just be
fore the read strobe is deactivated. 

During any access to external memory, the CPU writes 
OFFH to the Port 0 latch (the Special Function Regis
ter), thus obliterating whatever information the Port 0 
SFR may have been holding. If the user writes to Port 0 
during an external memory fetch,' the incoming code 
byte is corrupted. Therefore, do not write to Port 0 if 
external program memory is used. 

External Program Memory is accessed under two con
ditions: 

I) Whenever signal EA is active; or 

2) Whenever the program counter (PC) contains a 
number that is larger than OFFFH (IFFFH for the 
8052). 

This requires that the ROMless versions have EA wired 
low to enable the lower 4K (SK for the 8032) program 
bytes to be fetched from external memory. 

When the CPU is executing out of external Program 
Memory, all 8 bits of Port 2 are dedicated to an output 
function and may not be used for general purpose I/O. 
During external program fetches they output the high 
byte of the PC. During this time the Port 2 drivers use 
the strong pullups to emit PC bits that are Is. 

TIMER/COUNTERS 
The 8051 has two 16-bit Timer/Counter registers: Tim
er 0 and Timer 1. The 8052 has these two plus one 
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more: Timer 2. All three can be configured to operate 
either as timers or event counters. 

In the "Timer" function, the register is incremented 
every machine cycle. Thus, one can think of it as count
ing machine cycles. Since a machine cycle consists of 12 
oscillator periods, the count rate is '/,2 of the oscillator 
frequency. 

In the "Counter" function, the register is incremented 
in response to a I-to-O transition at its corresponding 
external input pin, TO, TI or (in the 8052) T2. In this 
function, the external input is sampled during S5P2 of 
every machine cycle. When the samples show a high in 
one cycle and a' low in the next cycle, the count is incre
mented. The new count value appears in the register 
during S3PI of the cycle following the one in which the 
transition was detected. Since it takes 2 machine cycles 
(24 oscillator periods) to recognize a I-to-O transition, 
the maximum count rate is 'I.. of the oscillator fre
quency. There are no restrictions on the duty cycle of 
the external input signal, but to ensure that a given 
level is sampled' at least once before it changes, it 
should be held for at least one full machine cycle. 

In addition to the "Timer" or "Counter" selection, 
Timer 0 and Timer I have four operating modes from 
which to select. Timer 2, in the 8052" has three modes 
of operation: "Capture," "Auto-Reload" and "baud 
rate generator." 

Timer 0 and Timer 1 

These Timer/Counters are present in both the 8051 and 
the 8052. The "Timer" or "Counter" function is select
ed by control bits clf in the Special Function Register 
TMOD (Figure 6). These two Timer/Counters have 

(MSB) 

four operating modes, which are selected by bit-pairs 
(MI, MO) in TMOD. Modes 0, I, and 2 are the same 
for both Timer/Counters. Mode 3 is different. The four 
operating modes are described in the following text. 

MODE 0 

Either Timer in Mode 0 is an 8-bit Counter with a 
divide-by-32 prescaler. This 13-bit timer is MCS-48 
compatible. Figure 7 shows the Mode 0 operation as it 
applies to Timer 1. 

In this mode, the Timer register is configured as a 
13-Bit register. As the count rolls over from all Is to all 
Os, it sets the Timer interrupt flag TFI. The counted 
input is enabled to the Timer when TRI = I and either 
GATE = 0 or INTI = 1. (Setting GATE = I allows 
the Timer to be controlled by external input INTI, to 
facilitate pulse width measurements.) TRI is a control 
bit in the Special Function Register TCON (Figure 8). 
GATE is in TMOD. 

The 13-Bit register consists of all 8 bits ofTHI and the 
lower 5 bits of TLI. The upper 3 bits of TLl are inde
terminate and should be ignored. Setting the run flag 
(TR 1) does not clear the registers. 

Mode 0 operation is the same for Timer 0 as for Timer 
1. Substitute TRO, TFO and INTO for the correspond
ing Timer I signals in Figure 7. There are two different 
GATE bits, one for Timer 1 (TMOD.7) and one for 
Timer 0 (TMOD.3). 

MODE 1 

Mode 1 is the same as Mode 0, except that the Timer 
register is being run with all 16 bits. 

(LSB) l GATE CIT Ml MO ;C GATE clf Ml MO J 

GATE 

clf 

Timer 1 

Gating control when set. Timer/Counter "x" is enabled 
only while "INTx" pin is high and "TRx" control pin is 
set. When cleared Timer "x" is enabled whenever 
"TRx" control bit is set. 

Timer or Counter Selector cleared for Timer operation 
(input from internal system clock). Set for Counter 
operation (input from "Tx" input pin) .. 

M1 
o 

o 

• 
Timer 0 

MO 
O. 

o 

Operating Mode 
8·bit Timer/Counter "THx" with "TLx" as 5-bit 
prescaler. 

IS-bit Timer/Counter "THx',' and "TLx" are 
cascaded; there is no prescaler. 

'8-bit auto·reload Timer/Counter "THx" holds a 
value which is to be reloaded into "TLx" each 
time it overflows. 

(Timer 0) TLO is an 8-bit Timer/Counter 
controlled by the standard Timer 0 control bits. 
THO is an 8-bit timer only controlled by Timer 1 
control bits. 

(Timer 1) Timer/Counter 1 stopped. 

Figure 6. TMOD: Timer/Counter Mode Control Register 

8-8 
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c/f= a 
INTERRUPT 

______ -'t clf = 1 
CONTROL 

T1 PIN -
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Figure 7. Timer/Counter 1 Mode 0: 13-8it Counter 

(MSB) (LSB) 

TF1 TR1 TFO TRO IE1 IT1 lEO ITO 

Symbol Position Name and Significance Symbol Position Name and Significance 

TF1 TCON.7 Timer 1 overflow Flag. Set by IE1 TCON.3 Interrupt 1 Edge flag. Set by hardware 
hardware on Timer/Counter overflow. when external interrupt edge 
Cleared by hardware when processor detected. Cleared when interrupt 
vectors to interrupt routine. processed. 

TR1 TCON.6 Timer 1 Run control bit. Sellcleared IT1 TCON.2 Interrupt 1 Type control bit. Sell 
by software to turn Timer/Counter on/ cleared by software to specify falling 
off. edge/low level triggered external 

TFO TCON.5 . Timer a overflow Flag. Set by interrupts. 

hardware on Timer/Counter overflow. lEO TCON.1 Interrupt a Edge flag. Set by hardware 
Cleared by hardware when processor when external interrupt edge 
vectors to Interrupt routine. detected. Cleared when interrupt 

TRO TCONA Timer a Run control bit. Set/ cleared processed. 

by software to turn rimer/Counter on/ ITO TCON.O Interrupt 0 Type control bit. Sell 
off. cleared by software to specify falling 

edge/low level triggered external 
interrupts. 

Figure 8.TCON: Timer/Counter Control Register 

MODE 2 

Mode 2 configures the Timer register as an 8-bit Coun
ter (TLI) with automatic reload, as shown in Figure 9. 
Overflow from TLl not only sets TFI, but also reloads 
TLI with the contents ofTHI, which is preset by soft
ware. The reload leaves THI unchanged. 

Mode 2 operation is the same for Timer/Counter O. 

MODE 3 

Timer I in Mode 3 simply holds its count. The etTect is 
the same as setting TRI = O. 
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Timer 0 in Mode 3 establishes TLO and THO as two 
separate counters. The logic for Mode 3 on Timer 0 is 
shown in Figure 10. TLO uses the Timer 0 control bits: 
CIT, GATE, TRO, INTO, and TFO. THO is locked into 
a timer function (counting machine cycles) and takes 
over the use ofTRI and TFI from Timer 1. Thus, THO 
now controls the "Timer I" interrupt. 

Mode 3 is provided for applications requiring an extra 
8-bit timer or counter. With Timer 0 in Mode 3, an 
8051 can look like it has three Timer/Counters, and an 
8052, like it has four. When Timer 0 is in Mode 3, 
Timer I can be turned on and otT by switching it out of 
and into its own Mode 3, or can still be used by the 
serial port as a baud rate generator, or in fact, in any' 
application not requiring an interrupt. 
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INTERRUPT 

270252-10 

Figure 9. Timer/Counter 1 Mode 2: a-Bit Auto-Reload 
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Figure 10. Timer/Counter 0 Mode 3: Two a-Bit Counters 

Timer 2 
Table 2. Timer 2 Operating Modes 

Timer 2 is a I6-bit Timer/Counter which is present 
only in the 8052. Like Timers 0 and 1, it can operate 
either as a timer or as an event counter. This is selected 
by bit CIT2 in the Special Function Register T2CON 
(Figure 11). It has three operating modes: "capture," 
"auto-load" and "baud 'rate generator," which are se
lected by bits in T2CON as shown in Table 2. 
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RCLK + TCLK 

0 
0 
1 
X 

CP/RL2 

0 
1 
X 
X 

TR2 Mode 

1 16-bit Auto-Reload 
1 16-bit Capture 
1 Baud Rate Generator 
0 (off) 
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(MSB) 

TF2 

Symbol 

TF2 

EXF2 

RCLK 

TCLK 

EXEN2 

TR2 

C/T2 

CP/RL2 

EXF2 

Position 

T2CON.7 

T2CON.6 

T2CON.5 

T2CON.4 

T2CON.3 

T2CON.2 

T2CON.l 

T2CON.O 

(LSB) 

RCLK TCLK EXEN2 TR2 C/T2 CP/RL2 

Name and Significance 

Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by soitware. 
TF2 will not be set when either RCLK = 1 or TCLK = 1. 

Timer 2 external flag set when either a capture or reload is caused by a negative 
transition on T2EX and EXEN2 = 1. When Timer 2 interrupt is enabled, EXF2 = 1 
will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be 
cleared by soitware. 

Receive clock flag. When set, causes the serial port to use Timer 2 overflow 
pulses for its receive clock in Modes 1 and 3. RCLK = 0 causes Timer 1 overflow 
to be used for the receive clock. 

Transmit clock flag. When set, causes the serial port to use Timer 2 overflow 
pulses for its transmit clock in modes 1 and 3. TCLK = 0 causes Timer 1 
overflows to be used for the transmit clock. 

Timer 2 external enable flag. When set, allows a capture or reload to occur as a 
result of a negative transition on T2EX if Timer 2 is not being used to clock the 
serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX. 

Start/stop control for Timer 2. A logic 1 starts the timer. 

Timer or counter seleel. (Timer 2) 
o = Internal timer (OSC/12) 
1 = External event counter (falling edge triggered). 

Capture/Reload flag. When set, captures will occur on negative transitions at 
T2EX if EXEN2 = 1. When cleared, auto-reloads will occur either with Timer 2 
overflows or negative transitions at T2EX when EXEN2 = 1. When either RCLK 
= 1 or TCLK = I, this bit is ignored and the timer is forced to auto-reload on 
Timer 2 overflow. 

Figure 11. nCON: Timer/Counter 2 Control Register 

In the Capture Mode there are two options which are 
selected by bit EXEN2 in T2CON. If EXEN2 = 0, 
then Timer 2 is a 16-bit timer or counter which upon 
overflowing sets bit TF2, the Timer 2 overflow bit, 
which can be used to generate an interrupt. If EXEN2 
= I, then Timer 2 still does the above, but with the 
added feature that a I-to-O transition at external input 
T2EX causes the current value in the Timer 2 registers, 
TL2 and TH2, to be captured into registers RCAP2L 
and RCAP2H, respectively. (RCAP2L and RCAP2H 
·are new Special Function Registers in the 8052.) In 
addition, the transition at T2EX causes bit EXF2 in 
T2CON to be set, and EXF2, like TF2, can generate an 

added feature that a I-to-O transition at external input 
T2EX will also trigger the 16-bit reload and set EXF2. 

The auto-reload mode is illustrated in Figure 13. 

The baud rate generator mode is selected by RCLK = 
1 and/or TCLK = 1. It will be described in conjunc
tion with the serial port. 

SERIAL INTERFACE 

The serial port is full duplex, meaning it can transmit 
and receive simultaneously. It is also receive-buffered, 
meaning it can commence reception of a second byte 
before a previously received byte has been read from 
the receive register. (However, if the first byte still 
hasn't been read by the time reception of the second 
byte is complete, one of the bytes will be lost). The 
serial port receive and transmit registers are both ac
cessed at Special Function Register SBUF. Writing to 
SBUF loads the transmit register, and reading SBUf 
accesses a physically separate receive register. 

interrupt. I 

The Capture Mode is illustrated in Figure 12. 

In the auto-reload mode there are again two options, 
which are selected by bit EXEN2 in T2CON. If 
EXEN2 = 0, then when Timer 2 rolls over it not only 
sets TF2 but also causes the Timer 2 registers to be 
reloaded with the 16-bit value in registers RCAP2L 
and RCAP2H, which are preset by software_ IfEXEN2 

I, then Timer 2 still does the above, but with the 

8-11 
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EXEN2 

TIMER 2 
INTERRUPT 
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Figure 12. Timer 21n Capture Mode 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through RXD. 
TXD outputs the shift clock.· 8 bits are transmitted/re
ceived: 8 data bits (LSB first). The baud rate is fixed at 

. 1/12 the oscillator frequency. 

Mode 1: 10 bits are transmitted (through TXD) or re
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), and a stop bit (1). On receive, the stop bit goes 
into RB8 in Special Function Register SCON. The 
baud rate is variable. 

Mode 2: 11 bits are transmitted (through TXD) or re
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 9th data bit, and a stop bit (1). 
On Transmit, the 9th data bit (TB8 in SCON) can be 
assigned the value of 0 or 1. Or, for example, the parity 
bit (P, in the PSW) could be moved into TB8. On re
ceive, the 9th data bit goes into RB8 in Special Functon 
Register SCON, while the stop bit is ignored. The baud 
rate is programmable to either Va. or '164 the oscillator 
frequency. 

Mode 3: 11 bits are transmitted (through TXD) or re
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), a programmable 9th data bit and a stop bit (1). In 
fact, Mode 3 is the same. as Mode 2 in all respects 
except the baud rate. The baud rate in Mode 3 is vari
able. 

In all four modes, transmission is initiated by any in
struction that uses SBUF as a destination register. Re
ception is initiated in Mode 0 by the condition RI = 0 
and REN = 1. Reception is initiated in the other 
modes by the incoming start bit if REN = 1. 
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Multiprocessor Communications 
Modes 2 and 3 have a special provision for multipro
cessor communications. In these modes, 9 data bits are 
received. The 9th one goes into RB8. Then comes a 
stop bit. The port can be programmed such that when 
the stop bit is received, the serial port interrupt will be 
activated only if RB8 = 1. This feature is enabled by 
setting bit SM2 in SCON. A way to use this feature in 
multiprocessor systems is as follows. 

When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad
dress byte which identifies the target slave. An address 
byte differs from a data byte in that the 9th bit is 1 in an 
address byte and 0 in a data byte. With SM2 = I, no 
slave will be interrupted by a data byte. An address 
byte, however, will interrupt all slaves, so that each 
slave can examine the received byte and see if it is being 
addressed. The addressed· slave will clear its SM2 bit 
and prepare to receive the data bytes that will be com
ing. The slaves that weren't being addressed leave their 
SM2s set and go on about their business, ignoring the 
coming data bytes. 

SM2 has no effect in Mode 0, and in Mode 1 can be 
used to check the validity of the stop bit. In a Mode 1 
reception, if SM2 = I, the receive interrupt will not be 
activated unless a valid stop bit is received. 

Serial Port Control Register 

The serial port control and status register is the Special 
Function Register SCON, shown in Figure 14. This 
register contains not only the mode selection bits, but 
also the 9th data bit for transmit and receive (TB8 and 
RB8), and the serial port interrupt bits (TI and RI). 
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EXEN2 

TIMER 2 
INTERRUPT 
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Figure 13. Timer 2 In Auto-Reload Mode 

(MSB) 

SMO SM1 SM2 

Where SMO, SM1 specify the serial port mode, as follows: 

SMO SM1 
0 0 
0 1 

0 

• SM2 

• AEN 

Mode Description Baud Aate 
0 shift register f05c/12 

B-bitUAAT variable 
2 9-bitUAAT fose/64 

or 
1050/32 

3 9-bit UAAT variable 

enables the multiprocessor 
communication feature in Modes 
2 and 3.ln Mode 2 or3, H SM2 is 
set to 1 then AI will not be 
activated if the received 9th data 
bit (ABB) is O. In Mode 1, if SM2 
= 1 then AI will not be activated 
if a valid stop b~ was not 
received. In Mode 0, SM2 should 
beO. 

enables serial reception. Set by 
software to enable reception. 
Clear by software to disable 
reception. 

AEN TBB ABB 

• TBB 

. ABB 

. TI 

• AI 

TI 

(lSB) 

AI 

is the 9th data bit that will be 
transmitted in Modes 2 and 3. Set or 
clear by software as desired. 

in Modes 2 and 3, is the 9th data bit 
that was received. In Mode 1, H SM2 
= 0, ABB is the stop bit that was 
received. In Mode 0, ABB is not us8d. 

is transmit interrupt flag. Set by 
hardware at the end of the Bth bit time 
in Mode 0, or at the beginning of the 
stop bit in the other modes, In any 
serial transmission. Must be cleared 
by software. 

is receive interrupt flag. Set by 
hardware at the end 01 the Bth bit time 
in Mode 0, or halfway through the stop 
bit time in the other modes, in any 
serial reception (except see SM2). 
Must be cleared by software. 

Figure 14. SCON: Serial Port Control Register 

Baud Rates 

The baud rate in Mode 0 is fixed: 

M Oscillator Frequency 
ode 0 Baud Rate = 12 

The baud rate in Mode 2 depends on the value of bit 
SMOD in Special Function Register peON. If SMOD 
= 0 (which is the value on reset), the baud rate %. the 
oscillator frequency. If SMOD 1, the baud rate is 
'I.. the oscillator frequency. 
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2SMOD 
Mode 2 Baud Rate =--X (Oscillator Frequency) . 64 

In the 8051, the baud rates in Modes 1 and 3 are deter
mined by the Timer 1 overflow rate. In the 8052, these 
baud rates can be determined by Timer 1, or by Timer 
2, or by both (one for transmit and the other for re
ceive). 
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Using Timer 1 to Generate Baud Rates 

When Timer I is used as the baud rate generator, the 
baud rates in Modes I and 3 are determined by the 
Timer I overflow rate and the value of SMOD as fol
lows: ' 

Modes 1,3 2SMOD 
Baud Rate = n- X (Timer I Overflow Rate) 

The Timer I interrupt should be disabled in this appli
cation. The Timer itself can be configured for either 
"timer" or "counter" operation, and in any of its 3 
running modes. In the most typical applications, it is 
configured for "timer" operation, in the auto-reload 

Baud Rate fosc 

Mode 0 Max: 1 MHZ 12MHZ 
Mode 2 Max: 375K 12 MHZ 
Modes 1, 3: 62.5K 12MHZ 

19.2K 11.059 MHZ 
9.6K 11.059 MHZ 
4.8K 11.059 MHZ 
2.4K 11.059 MHZ 
1.2K 11.059 MHZ 
137.5 11.986 MHZ 
110 6MHZ 
110 12MHZ 

mode (high nibble of TMOD = 00 lOB). In that case, 
the baud rate is given by the formula 

Modes I, 3 2SMOD Oscillator Frequency 
Baud Rate = --- X ---:----==_-:-:-

32 12x [256 - (THI)l 

One can achieve very low baud rates with Timer I by 
leaving the Timer I interrupt enabled, and configuring 
the Timer to run as a 16-bit timer (high nibble of 
TMOD = OOOIB), and using the Timer I interrupt to 
do a 16-bit software reload. 

Figure 15 lists various commonly used baud rates and 
how they can be obtained from Timer 1. 

Timer 1 
SMOD Reload cif Mode Value 

X X X X 
1 X X X 
1 0 2 FFH 
1 0 2 FDH 
0 0 2 FDH 
0 0 2 FAH 
0 0 2 F4H 
0 0 2 E8H 
0 0 2 1DH 
0 0 2 72H 
0 0 1 FEEBH 

Figure 15. Timer 1 Generated Commonly Used Baud Rates 

Using Timer 2 to Generate Baud Rates 

In the 8052, Timer 2 is selected as the baud rate genera
tor by setting TCLK and/or RCLK in T2CON (Figure 

NOTE: OSC. FREQ. 19 DIVIDED BY 2, NOT 12. 

T2PIN-----' 

, T2U PIN 

£XEN2 

11). Note then the baud rates for transmit and receive 
can be simultaneously different. Setting RCLK and/or 
TCLK puts Timer 2 into its baud rate generator mode, 
as shown in Figure 16. 

"TIMER 2" 
INTERRUPT 

TIllER 1 
OVERFLOW 

RXCLOCK 

TXCLOCK 

L NOTE AVAILABILITY OF ADOmoNAL EXTERNAL INTERRUPT 

Figure 16. Timer 21n Baud Rate Generator Mode 
8-14 
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The baud rate generator mode is similar to the auto-re
load mode, in that a rollover in TH2 causes the Timer 2 
registers to be reloaded with the l60bit value in registers 
RCAP2H and RCAP2L, which are preset by software. 

Now, the baud rates in Modes 1 and 3 are determined 
by Timer 2's overflow rate as follows: 

M d 1 B d Timer 2 Overflow Rate 
o es ,3 au Rate = 16 

The Timer can be configured for either "timer" or 
"counter" operation. In the most typical applications, it 
is configured for "timer" operation (C/T2 = O). "Tim
er" operation is a little different for Timer 2 when it's· 
being used asa baud rate generator. Normally, as a 
timer it would increment every machine cycle (thus at 
'112 the oscillator frequency). As a baud rate generator, 
however, it increments every state time (thus at 'I. the 
oscillator frequency). In that case the baud rate is given 
by the formula 

Modes 1, 3 Oscillator Frequency 
Baud Rate = -""7------=----='------0-

32x [65536 - (RCAP2H, RCAP2L}1 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit unsigned in
teger. 

Timer 2 as a baud rate generator is shown in Figure 16. 
This Figure is valid only if RCLK + TCLK = 1 in 
T2CON. Note that a rollover in TH2 does not set TF2, 
and will not generate an interrupt. Therefore, the Timer 
2 interrupt does not have to be disabled when Timer 2 
is in the baud rate generator mode. Note too, that if 
EXEN2 is set, a I-to-O transition in T2EX will set 
EXF2 but will not cause a reload from (RCAP2H, 
RCAP2L) to (TH2, TL2). Thus when Timer 2 is in use 
as a baud rate generator, T2EX can be used as an extra 
external interrupt, if desired. 

It should be noted that when Timer 2 is running (TR2 
= I) in "timer" function in the baud rate generator 
mode, one should not try to read or write TH2 or TL2. 
Under these conditions the Timer is being incremented 
every state time, and the results of a read or write may 
not be accurate. The RCAP registers may be read, but. 
shouldn't be written to, because a write might overlap a 
reload and cause write and/or reload errors. Turn the 
Timer off (clear TR2) before accessing the Timer 2 or 
RCAP registers, in this case. 

More About Mode 0 
Serial data enters and exits through RXD. TXD out
puts the shift clock. 8 bits are transmitted/received: 8 
data bits (LSB first). The baud rate is fixed at 1/12 the 
oscillator frequency. 

Figure 17 shows a simplified functional diagram of the 
serial port in Mode 0, and associated timing. 
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Transmission is initiated by any instruction that uses 
SBUF as a destination register. The "write to SBUF" 
signal at S6P2 also loads a 1 into the 9th position of the 
transmit shift register and tells the TX Control block to 
commence a transmission. The internal timing is such 
that one full machine cycle will elapse between "write 
to SBUF," and activation of SEND. 

SEND enables the output of the shift register to the 
alternate output function line of P3.0, and also enables 
SHIFT CLOCK to the alternate output function line of 
P3.1. SHIFT CLOCK is low during S3, S4, and S5 of 
every machine cycle, and high during S6, SI and S2. At 
S6P2 of every machine cycle in which SEND is active, 
the contents of the transmit shift register are shifted to 
the right one position. 

As data bits shift out to the right, zeroes come in from 
the left. When the MSB of the data byte is at the output 
position of the shift register, then the 1 that was initial
ly loaded into the 9th position, is just to the left of the 
MSB, and all positions to the left of that contain zeroes. 
This condition flags the TX Control block to do one 
last shift and then deactivate SEND and set TI. Both of 
these actions occur at SIPl of the 10th machine cycle 
after "write to SBUF." 

Reception is initiated by the condition REN = 1 and 
Rl = O. At S6P2 of the next machine cycle, the RX 
Control unit writes the bits 11111110 to the receive 
shift register, and in the next clock phase activates RE
CEIVE. 

RECEIVE enables SHIFT CLOCK to the alternate 
output function line of P3.1. SHIFT CLOCK makes 
transitions at S3Pl and S6Pl of every machine cycle. 
At S6P2 of every machine cycle in which RECEIVE is 
active, the contents of the receive shift register are shift
ed to the left one position. The value that comes in 
from the right is the value that was sampled at the P3.0 
pin at S5P2 of the same machine cycle. 

As data bits come in from the right, Is shift out to the 
left. When the 0 that was initially loaded into the right
most position arrives at the leftmost position in the shift 
register, it flags the RX Control block to do one last 
shift and load SBUF. At SIPl of the 10th machine 
cycle after the write to SCON that cleared RI, RE
CEIVE is cleared and RI is set. 

More About Mode 1 
Ten bits are transmitted (through TXD), or received 
(throughRXD): a start bit (O), 8 data bits (LSB first), 
and a stop bit (I). On receive, the stop bit goes into 
RB8 in SCON. In the 8051 the baud rate is determined 
by the Timer 1 overflow rate. In the 8052 it is deter
mined either by the Timer·l overflow rate, or the Timer 
2 overflow rate, or both (one for transmit and the other 
for receive). 

Figure 18 shows a simplified functional diagram of the 
serial port hi Mode 1, and associated timings for trans
niit receive. 
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WRITE 

TO --T-:~~i:J=::""-:~:---~----1r'" SBUF 

56 --r-----t 

~---tRX CLOCK 

REN-..... --.,. R.XCONTROL SHIFT 
}------... START 1 1 1 1 1 1 1 0 

ALE 

-.It WRITE TO SBUF 

SEND seP2 I 

SHIFT 

RXD (DATA OUT) \ 

TXD (SHIFT CLOCK) 
TI 

-11 WRITE TO SCON (CLEAR RI) 

REAO. 
SBUF 

RXO 
P3.0ALT 
OUTPUT 

FUNCTION 

RXO 
P3.0ALT 

INPUT 
FUNCTION 

TXO 
P3.1 ALT 
OUTPUT 

FUNCTION 

TRANSMIT 

iii! .-
R~E~C~E~IV~E====j=::::::::::::::::::::::::::::::::::::::::::::::::::::~~ 
SHIFT RECEIVE 

RXD(DATA IN)-·-----IJ'=:::--{i=--IJ='~-_O="'--_U=--_lJ=--IJ='''---_i}'..:.....--

TXD (SHIFT CLOCK) 

270252-15 

Figure 17. Serial Port Mode 0 

8-16 



HARDWARE DESCRIPTION OF THE 8051, 8052 AND 80C51 

TIMER 1 
OVERFLOW 

TIMER2 
OVERFLOW 

WRITE 

TO ~-r---===~~~~--~~---'----r-~ __ -Y~ SBUF 

RXD 

"-....JI 
101102 D3 o. 
+'1 RESET 

RXD ., ..... , ltV Ii I OJ o. 
RECEIVE ., DITICTOR.".,...I TIM.I 

L-D I 
D5, I Di LliLJ 

0, Ai • .. 

TXD 

TRANSMIT 

STOP BIT 

DI STOP BIT 1
-,"XCLOC9 I I l--' 

SRHIIFT L--.JL-''-----'L------l'----' ____ ''-__ ..IL-__ ..JL.. __ ....... __ _ 
~ __________________________________________________ ~r____ 
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Figure 18. Serial Port Mode 1. TCLK, RCLK and Timer 2 are Present In the 8052/8032 Only. 

Transmission is initiated by any instruction that uses 
SBUP as a destination register. The "write to SBUP" 
signal also loads a I into the 9th bit position of the 
transmit shift register and flags the TX Control unit 
that a transmission is requested. Transmission actually 
commences at SIPI of the machine cycle following the 
next rollover in the divide-by-16 counter. (Thus, the bit 
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times are synchronized to the divide-by-16 counter, not 
to the "write to SBUF" signal). 

The transmission begins with activation of SEND, 
which puts the start bit at TXD. One bit time later, 
DATA is activated, which enables the output bit of the 
transmit shift register to TXD. The first shift pulse oc
curs one bit time after that. 
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As data bits shift out td the right, zeroes are clocked in 
from the left. When the MSB of the data byte is at the 
output position of the shift register, then the 1 that was 
initially loaded into the 9th position is just to the left of 
the MSB, and all positions to the left of that contain 
zeI:oes. This condition flags the TX Control unit to do 
one last shift and then deactivate SEND and set TI. 
This occurs at the 10th divide-by-16 rollover after 
"write to SBUF." , 

Reception is iniilitted by a detected I-to.:o transition at 
RXD. For this purpose RXD is sampled at a rate of 16 
times whatever baud rate has been established. When a 
transition is detected, the divide-by-16 counter is imme
diately reset, and IFFH is written into the input shift 
register. Resetting the divide-by-16 counter aligns its 
rollovers with the boundaries of the incoming bit times. 

The 16 states of the counter divide each bit time into 
16ths. At the 7th, 8th, and 9th counter states of each bit 
time, the bit detector samples the value of RXD. The 
value accepted is the value that was seen in at least 2·of 
the 3 samples. This is done for noise rejection. If the 
value accepted during the first bit time is not 0, the 
receive circuits are reset and the unit goes back to look
ing for another I-to.:o transition. This is to provide re
jection of false start bits. If the start bit proves valid, it 
is shifted into the input shift register, and reception of 
the rest of the frame will proceed. 

. As data bits come in from the right, Is shift out to the 
left. When the start bit arrives at the leftmost position 
in the shift register, (which in mode I is a 9-bit regis
ter), it flags the RX Control block to do one last shift, 
load SBUF and RB8, and set RI. The signal to load 
SBUF and RB8, and to set RI, will be generated if, and 
only if, the following conditions are met at the time the 
froal shift pulse is generated. 

1) RI = 0, and 
2) Either SM2 = 0, or the received stop bit = 1 

, If either of these two conditions is not met, the received 
frame is irretrievably lost. If' both conditions are met, 
the stop bit goes into RB8, the 8 data bits go into 
SBUF, and RI is activated. At this time, whether the 
above C()nditions are met or not, the unit goes back to 
looking for a I-to-O transition in RXD. 

More About Modes 2 and 3 

Eleven bits are transmitted (through TXD), or received 
(through RXD): a start bit (0), 8 data bits (LSB first), a 
programmable 9th data bit, and a stop bit (I). On trans-

, mit, the 9th data bit (TB8) can be assigned the value of 
o or 1. On receive, the 9th data bit goes into RB8 in 
SOON. The baud rate is programmable to either Yea or 
Yet the oscillator frequency in Mode 2. Mode 3 may 
have a variable baud rate generated from either Timer I 
or 2 depending on the state of TCLK and RCLK. 
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Figures 19 and 20 show a functional diagram of the 
serial port in Modes 2 and 3. The receive portion is 
exactly the same as in Mode 1. The transmit portion 
differs from Mode I only in the 9th bit of the transmit 
shift register. 

Transmission is initiated by any instruction that uses 
SBUF as a destination register. The "write to SBUF' 
signal also loads TB8 into the 9th bit position of the 
transmit shift register and flags the TX Control unit 
that. a transmission is requested. Transmission com-· 
mences at SIPI of the machine cycle following the next 
rollover in the divide-by-16 counter. (Thus, the bit 
times are synchronized to the divide-by-16 counter, not 
to the "write to SBUF" signal.) 

The transmission begins with activation of SEND, 
which puts the start bit at TXD. One bit time later, 
DATA is activated, which enables the output bit of the 
transmit shift register to TXD. The first shift pulse 00-
curs one bit time after that. The first shift clocks a I 
(the stop bit) into the 9th bit position of the shift regis
ter. Thereafter, only zeroes are clocked in. Thus, as 
data bits shift out to the right, zeroes are clocked in 
from the left. When TB8 is at the output position of the 
shift register, then the stop bit is just to the left of TB8, 
and all positions to the left of that contain zeroes. This 
condition flags the TX Control.unit to do one last shift 
and then deactivate SEND and set TI. This occurs at 
the 11th divide-by-16 rollover after "write to SBUF." 

Reception is initiated by a detected I-to-O transition at 
RXD. For this purpose RXD is sampled at a rate of 16 
times whatever baud rate has been established. When a 
transition is detected, the divide-by-16 counter is imme
diately reset, and IFFH is written to· the input shift 
register. 

At the 7th, 8th and 9th counter states of each bit time, 
th~ bit detector samples the value of RXD. The value 
accepted is the value that was seen in at least 2 of the 3 
samples. If the value accepted during the first bit time 
is not 0, the receive circuits are reset and the unit goes 
back to looking for another I-to-O transition. If the 
start bit proves valid, it is sbifted into the input shift 
register, and reception of the rest of the frame will pro
ceed. 
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WRITE 

TO ---~--~~~~~r----:~~--~--~r-~ __ -3~~ SBUF 
TXD 

PHASE 2 CLOCK 
('h fose) 

MODE2 

SMOD=1 SERIAL 
PORT 

INTERRUPT 

(SMOD IS PCON.7) L-...------J 

RXD 

STOP BIT GEN I 
CL'8'CK : 16 RESET 

DO 

TI 

01 

LOAD 
SBUF 

TRANSMIT 

STOP BIT 

RECEIVE SAMPLE TIMES ! RXD BIT DETECTORI ST •• T BIT I 

SHIFT ~---JL---~L----~L ____ jL-__ ~.L-__ -JL ____ JL ____ A-__ ~L-__ __ 
R~I ______________________________________________________________ Jr----
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Figure 19. Serial Port Mode 2 
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TIMER 1 TIMER 2 
OVERFLOW OVERFLOW 

RXD 

LOAD 
SBUF 
SHIFTt-.----..., 

a A I q L-JI I L---..R 
1iD\STAOT81l/ DO C1ff::x::MJ 03 ~m=I fBI 1 STOP BIT 

TI , 

STOP BIT GEN ---, , 
CL~CK '1S RESET 

RECEIVE SAMPLE TIMES 
sHIFT 

TXD 

TRANSMIT 

1 
RXD BIT. DETECTOR,SJART 81T I 

R~I~ __________________________________________________________ --Jr----
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Figure 20. Serial Port Mode 3. TCll(, RClK, and Timer 2 are PreSent In the 8052/8032 Only. 
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As data bits come in from the right, Is shift out to the 
left. When the start bit arrives at the leftmost position 
in the shift register (which in Modes 2 and 3 is a 9-bit 
register), it flags the RX Control block to do one last 
shift, load SBUF and RB8, and set RI. The signal to 
load SBUF and RB8, and to set RI, will be generated if, 
and only if, the following conditions are met at the time 
the final shift pulse is generated: 

1) RI = 0, and 
2) Either 8M2 = 0 or the received 9th data bit = 1 

If either of these conditions is not met, the received 
frame is irretrievably lost, and RI is not set. If both 
conditions are met, the received 9th data bit goes into 
RB8, and the first 8 data bits go into SBUF. One bit 
time later, whether the above conditions were met or 
not, the unit goes back to looking for a I-to-O transition 
at the RXD input. 

Note that the value of the received stop bit is irrelevant 
to SBUF, RB8, or RI. 

INTERRUPTS 

The 8051 provides 5 interrupt sources. The 8052 pro
vides 6. These are shown in Figure 21. 

The External Interrupts INTO and INTl can each be 
either level-activated or transition-activated, depending 
on bits ITO and ITl in Register TCON. The flags that 
actually generate these interrupts are bits lEO and IE 1 
in TCON. When an external interrupt is generated, the 
flag that generated it is cleared by the hardware when 
the service routine is vectored to only if the interrupt 

~o-----------------' 

~,--------------~~ 

INTERRUPT 
SOURCES 
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Figure 21. MCS®·51 Interrupt Sources 
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was transition-activated. If the interrupt was level-acti
vated, then the external requesting source is what con
trols the request flag, rather than the on-chip hardware. 

The Timer 0 and Timer 1 Interrupts are generated by 
TFO and TFl, which are set by a rollover in their re
spective Timer/Counter registers (except see Timer 0 in 
Mode 3). When a timer interrupt is generated, the flag 
that generated it is cleared by the on-chip hardware 
when the service routine is vectored to. 

The Serial Port Interrupt is generated by the logical OR 
of RI and TI. Neither of these flags is cleared by hard
ware when the service routine is vectored to. In fact, 
the service routine will normally have to determine 
whether it was RI or TI that generated the interrupt, 
and the bit will have to be cleared in software. 

In the 8052, the Timer 2 Interrupt is generated by the 
logical OR of TF2 and EXF2. Neither of these flags is 
cleared by hardware when the service routine is vec
tored to. In fact, the service routine may have to deter
mine whether it was TF2 or EXF2 that generated the 
interrupt, and the bit will have to be cleared in soft
ware. 

All of the bits that generate interrupts can be set or 
cleared by software, with the same result as though it 
had been set or cleared by hardware. That is, interrupts 
can be generated or pending interrupts can be canceled 
in software. 

(MSB) . (LSB) 

1~1-lrnl~lrnlwl~I~1 

Symbol 
EA 

ET2 

ES 

ET1 

EX1 

ETO 

EXO 

Enable Bit ~ 1 enables the interrupt. 
Enable Bit ~ 0 disables it. 

Position 
1E.7 

1E.6 

1E.5 

lEA 

1E.3 

IE.2 

1E.1 

IE.O 

Function 
disables all interrupts. If EA ~ 0, no 
interrupt will be acknowledged. If EA 
~ 1, each interrupt source is 
individually enabled or disabled by 
setting or clearing its enable bit. 

reserved. 

Timer 2 interrupt enable bit. 

Serial Port interrupt enable bit. 

Timer 1 interrupt enable bit. 

External interrupt 1 enable bit. 

Timer 0 interrupt enable bit. 

External interrupt 0 enable bit. 

User software should never write 1 s to unimplemented bits, 
since they may be used in future MeS-51 products. 

Figure 22. IE: Interrupt Enable Register 
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Each of these interrupt sources can be individually en
abled or disabled by setting or clearing a bit in Special 
Function Register IE (Figure 22). IE contains also a 
global disable bit, EA, which disables all interrupts at 
once. 

Note in Figure 22 that bit position IE.6 is unimple
mented. In the 8051s, bit position IE.5 is also unimple
mented. User software should not write Is to these bit 
positions, since they may be used in future MCS-51 
products. 

Priority Level Structure 

Each interrupt source can also be individually pro
grammed to one of two priority levels by setting or 
clearing a bit in Special Function Register IP (Figure 
23). A low-priority interrupt can itself be interrupted 
by'a high-priority interrupt, but not by another low-pri
ority interrupt. A high-priority interrupt can't be inter
rupted by any otherinterrupt source. 

(MSS) (LSS) 

1-1-lml~lml~lml~1 

Symbol 

PT2 

PS 

PTt 

PX1 

PTO 

PXO 

Priority bit = t assigns high priority. 
Priority bit = 0 assigns low priority. 

Position Function 
IP.7 reserved 

IP.6 reserved 

IP.5 Timer 2 interrupt priority bit. 

IP.4 Serial. Port Interrupt priority bit. 

IP.3 Timer 1 interrupt priority bit 

IP.2 Ext~rnallnterrupt 1 priority bit 

IP.1 Timer 0 Interrupt priority bH. 

IP.O Extemai interrupt 0 priority bit. 

User software should never write 1 s to unimplemented bits, 
sinee they may be used In future MCS·51 products. 

FIgure 23. IP: Interrupt Priority Register 

If two requests of different priority levels are received 
simultaneously, the request of higher priority level is 
serviced. If requests of the same priority level are re-

ceived simultaneously, an internal polling sequence de
termines which request is serviced. Thus within each 
priority level there is a second priority structure deter
mined by the polling sequence, as follows: 

1. 
2. 
3. 
4. 
5. 
6. 

Source 
lEO 
TFO 
IE1 
TF1 

RI +TI 
TF2 + EXF2 

Priority Within Level 
(highest) 

(lowest) 

Note that the "priority within level"structure is only 
used to resolve simultaneous requests of the same priori
tyleve! 

The IP register contains a number of unimplemented 
bits. IP.7 and IP.6 are vacant in the 8052s, and in the 
8051s these and IP.5 are vacant. User software should 
not write Is to these bit positions, since they may be 

'used in future MCS-51 products. 

How Interrupts Are Handled 

The interrupt flags are sampled at S5P2 of every ma
chine cycle. The samples are polled during the follow
ing machine cycle. The 8052's Timer 2 interrupt cycle 
is different, as described in the Response Time Section. 
If one of the flags was in a set condition at S5P2 of the 
preceding cycle; the polling cycle will find it and the 
interrupt system will generate an LCALL to the appro
priate service routine, provided this hardware~generat
ed LCALL is not blocked by any of the following con
ditions: 

1. An interrupt 'of equal or higher priority level is al
ready in progress. 

2. The current (polling) cycle is not the final cycle in 
the execution of the instruction in progress. 

3. The instruction in progress is RETI or any write to 
the IE or IP registers. 

Any of these three conditions will block the generation 
of the LCALL to the interrupt service routine. Condi
tion 2 ensures that, the instruction in progress will be 

····,···--Cl-... .-tI,...--C2--... I .... --C3--~I •• --C4--"_1 ... --C5--····· 
ISSP21 51 

........ ~~ .. --L--~ll\-i\ ---'--""";'{\l-[\_-.L._--

H 
'-__ ... _--J"-----__.. ... _-----"-----..... 

INTERRUPT INTERRUPT 
GOES LATCHED 

ACTIVE 

INTERRUPTS 
ARE POLLED 

LONG CALL TO 
INTERRUPT 

VECTOR ADDRESS 

INTERRUPT ROUTINE 
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This is the fastest possible response when C2 is the final cycle of an instruction other than RETI or an access to IE or IP. 

Figure 24. Interrupt Response Timing Diagram 
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completed before vectoring to any service routine. Con
dition 3 ensures that if the instruction in progress is 
RETI or any access to IE or IP, then at least one more 
instruction will be executed before any interrupt is vec
tored to. 

The polling cycle is repeated with each machine cycle, 
and the values polled are the values that were present at 
S5P2 of the previous machine cycle. Note then that if 
an interrupt flag is active but not being responded to for 
one of the above conditions, and is not still active when 
the blocking condition is removed, the denied interrupt 
will not be serviced. In other words, the fact that the 
interrupt flag was once active but not serviced is not 
remembered. Every polling cycle is new. 

The polling cycle/LCALL sequence is illustrated in 
Figure 24. 

Note that if an interrupt of higher priority level goes 
active prior to S5P2 of the machine cycle labeled C3 in 
Figure 24, then in accordance with the above rules it 
will be vectored to during CS and C6, without any in
struction of the lower priority routine having been exe
cuted. 

Thus the processor acknowledges an interrupt request 
by executing a hardware-generated LCALL to the ap
propriate servicing routine. In some cases it also clears 
the flag that generated the interrupt, and in other cases 
it doesn't. It never clears the Serial Port or Timer 2 
flags. This has to be done in the user's software. It 
clears an external interrupt flag (lEO or IE I) only if it 
was transition-activated. The hardware-generated 
LCALL pushes the contents of the Program Counter 
onto the stack (but it does not save the PSW) and re
loads the PC with an address that depends on the 
source of the interrupt being vectored to, as shown be
low. 

Source 
Vector 

Address 
lEO 0003H 
TFO OOOBH 
IE1 0013H 
TF1 001BH 

RI +TI 0023H 
TF2 + EXF2 002BH 

Execution proceeds from that location until the RETI 
instruction is encountered. The RETI instruction in
forms the processor that this interrupt routine is no 
longer in progress, then pops the top two bytes from the 
stack and reloads the Program Counter. Execution of 
the interrupted program continues from where it left 
off. 

Note that a simple RET instruction would also have 
returned execution to the interrupted program, but it 
would have left the interrupt control system thinking 
an interrupt was still in progress. 
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External Interrupts 

The external sources can be programmed to be level-ac
tivated or transition-activated by setting or clearing bit 
IT! or ITO in Register TCON. If ITx = 0, external 
interrupt x is triggered by a detected low at the INTx 
pin. If ITx = I, external interrupt x is edge-triggered. 
In this mode if successive samples of the INTx pin 
show a high in one cycle and a low in the next cycle, 
interrupt request flag lEx in TCON is set. Flag bit lEx 
then requests the interrupt. 

Since the external interrupt pins are sampled once each 
machine cycle, an input high or low should hold for at 
least 12 oscillator periods to ensure sampling. If the 
external interrupt is transition-activated, the external 
source has to hold the request pin high for at least one 
cycle, and then hold it low for at least one cycle to 
ensure that the transition is seen so that interrupt re
quest flag IEx will be set. lEx will be automatically 
cleared by the CPU when the service routine is called. 

If the external interrupt is level-activated, the external 
source has to hold the request active until the requested 
interrupt is actually generated. Then it has to deacti
vate the request before the interrupt service routine is 
completed, or else another interrupt will be generated. 

Response Time 

The INTO and INT! levels are inverted and latched 
into the interrupt flags lEO and IEI at S5P2 of every 
machine cycle. Similarly, the Timer 2 flag EXF2 and 
the Serial Port flags RI and TI are set at S5P2. The 
values are not actually polled by the circuitry until the 
next machine cycle. 

The Timer 0 and Timer I flags, TFO and TFI, are set at 
SSP2 of the cycle in which the timers overflow. The 
values are then polled by the circuitry in the next cycle. 
However, the Timer 2 flag TF2 is set at S2P2 and is 
polled in the same cycle in which the timer overflows. 

If a request is active and conditions are right for it to be 
acknowledged, a hardware subroutine call to the re
quested service routine will be the next instruction to be 
executed. The call itself takes two cycles. Thus, a mini
mum of three complete machine cycles elapse between 
activation of an external interrupt request and the be
ginning of execution of the first instruction of the serv
ice routine. Figure 24 shows interrupt response timings. 

A longer response time would result if the request is 
blocked by one of the 3 previously listed conditions. If 
an interrupt of equal or higher priority level is already 
in progress, the additional wait time obviously depends 
on the nature of the other interrupt's service routine. If 
the instruction in progress is not in its final cycle, the 
additional wait time cannot be more than 3 cycles, since 
the longest instructions (MUL and DIV) are only 4 
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cycles long, and if the instruction in progress is RET! 
or an access to IE or IP, the additional wait time can
not be more than 5 cycles (a maximum of one more 
cycle to complete the instruction in progress, plus 4 
cycles to complete the next instruction if the instruction 
is MUL or DIY). 

Thus, iiI a single-interrupt system, the response time is 
always more than 3 cycles and less than 9 cycles. 

SINGLE-STEP OPERATION 

The 8051 interrupt structure allows single-step execu
tion with very little software overhead. As previously 
noted, an interrupt request will not be responded to 
while an interrupt of equal priority level is still in prog
ress, nor will it be responded to after RETI until at 
least one other instruction has been executed. Thus, 
once an interrupt routine has been entered; it cannot be 
re-entered until at least one instruction of the interrupt
ed program is executed. One way to use this feature for 
single-stop operation is to program one of the external 
interrupts (say, INTO) to be level-activated. The service 
routine for the interrupt will terminate with the follow
ing code: 

JNB P3.2,$ ;Wait Here Till INTO Goes High 
JB P3.2,$ ;Now Wait Here Till it Goes Low 
RETI :Go Back and Execute One Instruction 

Now if the INTO pin, which is also the P3.2 pin, is held 
normally low, the. CPU will go right into the External 
Interrupt 0 routine and stay there until INTO is pulsed 
(from low to high to low). Then it will execute RET!, 
go back to the task program, execute one instruction, 
and immediately re-enter the External Interrupt 0 rou
tine to await the next pulsing of P3.2. One step of the 
task program is executed each time P3.2 is pulsed. 

!--12 OSC. PERIODS ---j 
1 S5 1 S6 1 S 1 1 S2 1 S3 1 S4 1 S5 1 S6 1 

~n Illlllllllt 
'-' l...-J 

SAMPLE RST SAMPLE RST 
I I 

PSEN: 

po: 

I 

RESET 

The reset input is the RST pin, which is the input to a 
Schmitt Trigger. 

A reset is accomplished by holding the RST pin high 
for at least two machine cycles (24 oscillator periods), 
while the oscillator is running. The CPU responds by 
generating an internal reset, with the timing shown in 
Figure 25. 

The external reset signal is asynchrorious to the internal 
clock. The RST pin is sampled during State 5 Phase 2 
of every machine cycle. The port pins will maintain 
their current activities for 19 oscillator periods after a 
logic I has been sampled at the RST pin; that is, for 19 
to 31 oscillator periods after the external reset signal 
has been applied to the RST pin. 

While the RST pin is high, ALE and PSEN are weakly 
pulled high. After RST is pulled low, it will take 1 to 2 
machine cycles for ALE and PSEN to start clocking. 
For this reason, other devices can not be synchronized 
to the internal timings of the 8051. 

Driving the ALE and PSEN pins to 0 while reset is 
active could cause the device to go into an indetermi
nate state. 

The internal reset algorithm writes Os to all the SFRs 
except the port latches, the Stack Pointer, and SBUF. 
The port latches are initialized to FFH, the Stack 
Pointer to 07H, and SBUF is indeterminate. Table 3 
lists the SFRs and their reset values. 

The internal RAM is not affected by reset. On power 
up the RAM content is indeterminate. 

SI 1 S2 1 S3 1 S4 I S5 1 S6 1 SI I S2 I S3 I S41 

C INTERNAL RESET SIGNAL 

--11 OSC. PERIODS -·,."-----19 OSC. PERIODS -----.,,, 

Figure 25. Reset Timing 
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Table 3. Reset Values of the SFRs 

SFR Name Reset Value 

PC OOOOH 

ACC OOH 

B OOH 

PSW OOH 

SP 07H 

DPTR OOOOH 

PO-P3 FFH 

IP (8051) XXXOOOOOB 

IP (8052) XXOOOOOOB 

IE (8051) OXXOOOOOB 
IE (8052) OXOOOOOOB 

TMOD OOH 

TCON OOH 

THO OOH 
TLO OOH 

TH1 OOH 

TL1 OOH 

TH2 (8052) OOH 

TL2 (8052) OOH 

RCAP2H (8052) OOH 

RCAP2L (8052) OOH 

SCON OOH 

SBUF Indeterminate 

PCON(HMOS) OXXXXXXXB 

PCON (CHMOS) OXXXOOOOB 

vee 

• 
10"'== 

vee -

8051 

RST 

8.2KIl 

VSS 

= 
270252-21 

Figure 26. Power on Reset Circuit 
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POWER-ON RESET 

For HMOS devices when Vee is turned on an automat
ic reset can be obtained by connecting the RST pin to 
Vee through a 10,.,.F capacitor and to VSS through an 
8.2 Kn resistor (Figure 26). The CHMOS devices do 
not require this resistor although its presence does no 
hi;lrm. In fact, for CHMOS devices the external resistor 
can be removed because they have an internal pulldown 
on the RST pin. The capacitor value could then be re
duced to I ,.,.F. 

When power is turned on, the circuit holds the RST pin 
high for an amount of time that depends on the capaci
tor value and the rate at which it charges. To ensure a 
valid reset the RST pin must be held high long enough 
to allow the oscillator to start up plus two machine 
cycles. 

On power up, Vee should rise within approximately 
ten milliseconds. The oscillator start-up time will de
pend on the oscillator frequency. For a 10 MHz crystal, 
the start-up time is typically 1 ms. For a 1 MHz crystal, 
the start-up time is typically 10 ms. 

With the given circuit, reducing Vee quickly to 0 caus
es the RST pin voltage to momentarily fall below OV. 
However, this voltage is internally limited and will not 
harm the device. 

NOTE: 
The port pins will be in a random state until 
the oscillator has started and the internal reset 
algorithm has written Is to them. 

Powering up the device without a valid reset could 
cause the CPU to start executing instructions from an 
indeterminate location. This is because the SFRs, spe
cifically the Program Counter, may not get properly 
initialized. 

POWER-SAVING MODES OF 
OPERATION 

For applications where power consumption is critical 
the CHMOS version provides power reduced modes of 
operation as a standard feature. The power down mode 
in HMOS devices is no longer a standard feature and is 
being phased out. 

CHMOS Power Reduction Modes 

CHMOS versions have two power-reducing modes, 
Idle and Power Down. The input through which back
up power is supplied during these operations is VCC. 
Figure 27 shows the internal circuitry which imple
ments these features. In the Idle mode (IDL = 1), the 
oscillator continues to run and the Interrupt, Serial 
Port, and Timer blocks continue to be clocked, but the 
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clock signal is gated otT to the CPU. IIi Power Down 
(PD = I), the oscillator is frozen. The Idle and Power 
Down modes are activated by setting bits in Special 
Function Register PCON. The address of this register 
is 87H. Figure 26 details its cOntents. 

In the HMOS devices the PCON register only contains 
SMOD .. The other four bits are implemented only in 
the CHMOS devices. User software should never write 
Is to unimplemented bits, since they may be used in 
future MCS-51 products. 

·IDLE MODE 

An instruction that sets PCON.O causes that to be the 
last instruction executed before going into the Idle 
mOde. In the Idle mode, the internal clock signal is 
gated otT to the CPU, but not to the Interrupt, Timer, 
and Serial Port functions. The CPU status is preserved 
in its entirety: the Stack Pointer, Program Counter, 
Program Status Word, Accumulator, and all other reg
isters maintain their data during Idle. The port pins 
hold the logical states they had at the time Idle was 
activated. ALE and PSEN hold at logic high levels. 

There are two ways to terminate the Idle. Activation of 
any enabled interrupt will cause PCON.O to be cleared 
by hardware, terminating the Idle mode. The interrupt 
will be serviced. and following RETI the next instruc
tion to be executed will be the one following the in
struction that put the device into Idle. 

pO~ 
XTAL 21-J;i XTAL, 

INTERRUPT, 
t-....... -I::>SERIAL PORT, 

TIMER BLOCKS 

CPU 

270252-22 

Figure 27. Idle and Power Down Hardware 
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(MSB) 

SMoci 

Symbol 

SMOD 

GF1 

GFO 

1- I - 1 
Position 

PCON.7 

(LSB) 

GF1 GFO PO IDL 

Name and Function 

Double Baud rate bit. When set to a 1 
and Timer 1 is used to generate baud 
rate, and the Serial Port is used in· 
modes 1,2, or 3. 

PCON.S, JReserved) 

. PCON.5 

PCON.4 

(Reserved) 

(Reserved) 

PCON.3 General-purpose flag bit. 

PCON.2 General-purpose flag bit. 

PO PCON.1 Power Down bit. Setting this bn 
aCtivates power down operation. 

IDL PCON.O Idle mode bit. Setting this bn activates 
idle mode operation. 

if 1 s are written to PO and IDL at the same time, PO takes 
precedence. The reset value of PCON is (OXXXOOOO). 
In the HMOS devices the PCON register only contains 
SMOD. The other four bHs are implemented only in the 
CHMOS devices. User software should never write 1 s to 
unimplemented bits, since they may be used in future MCS-
51 products. ' 

Figure 28. PCON: Power Control Register 

The flag bits OFO and OFI can be used to give an 
indication if an interrupt occurred during norinal oper
ation or during an Idle. For example, an instruction 
that activates Idle can also set one or both flag bits. 
When Idle is terminated by an interrupt, the interrupt 
service routine can examine the flag bits. 

The other way of termmating the Idle mode is with a ' 
hardware reset. Since the clock oscillator is still run
ning, the hardware reset needs to be held active for only 
two machine cycles (24 oscillator periods) to complete 
the reset. 

The signal at the RST pin clears the IDL bit directly 
and asynchronously. At this time the CPU resumes 
program execution from where it left otT; that is, at the 
instruction following the one that invoked the Idle 
Mode. As .shown in Figure 25, two or three machine 
cycles of program execution may take place before the 
internal reset algorithm takes control. On-chip hard
ware inhibits access to the internal RAM during this 
time, but access to the port pins is not inhibited. To 
eliminate the possibility of unexpected outputs at the 
port pins, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or to 
external Data RAM. 

POWER DOWN MODE 

An instruction that sets PCON.I causes that to be the 
last instruction executed before going into the Power 
Down mode. In the Power Down' mode, the on-chip 
oscillator is stopped. With the clock frozen, all func-
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Table 4. EPROM Versions of the 8051 and 8052 

Device EPROM EPROM Ckt VPP Time Required to 
Name Version Bytes Type Program Entire Array 

8051 (8751) 4K HMOS 21.0V 4 minutes 

8051AH B751H 4K HMOS 21.0V 4 minutes 

BOC51BH B7C51 4K CHMOS 12.75V 13 seconds 

B052AH B752BH BK HMOS 12.75V 26 seconds 

tions are stopped, but the on-chip RAM and Special 
Function Registers are held. The port pins output the 
values held by their respective SFRs. ALE and PSEN 
output lows. 

The only exit from Power Down for the SOC5! is a 
hardware reset. Reset redefines all the SFRs, but does 
not change the on-chip RAM. 

In the Power Down mode of operation, VCC can be 
reduced to as low as 2V. Care must be taken, however, 
to ensure that VCC is not reduced before the Power 
Down mode is invoked, and that VCC is restored to its 
normal operating level, before the Power Down mode is 
terminated. The reset that terminates Power Down also 
frees the oscillator. The reset should not be activated 
before VCC is restored to its normal operating level, 
and must be held active long enough to allow the oscil
lator to restart and stabilize (normally less than 10 
msec). 

EPROM VERSIONS 

The EPROM versions of these deviCes are listed in Ta
ble 4. The 875lH programs at VPP = 2lV using one 
50 msec PROG pulse per byte programmed. This re
sults in a total programming time (4K bytes) of appro x
imately 4 minutes. 

The 8752BH and 87C51 use the faster "Quick-Pulse" 
programming™ algorithm. These devices program at 
VPP = 12.75V using a series of twenty-five 100 /-Ls 
PROG pulses per byte programmed. This results in a 
total programming time of approximately 26 seconds 
for the 8752BH (8K bytes) and 13 seconds for the 
87C51 (4K bytes). 

Detailed procedures for programming and verifying 
each device are given in the data sheets. 

EXPOSURE TO LIGHT 

It is good practice to cover the EPROM window with 
an opaque label when the device is in operation. This is 
not so much to protect the EPROM array from inad
vertent erasure, but to protect the RAM and other on
chip logic. Allowing light to impinge on the silicon die 
while the device is operating can cause logical malfunc
tion. 

B-27 

Program Memory Locks 

In some microcontroller applications it is desirable that 
the Program Memory be secure from software piracy. 
Intel has responded to this need by implementing a 
Program Memory locking scheme in some of the MCS-
51 devices. While it is impossible for anyone to guaran
tee absolute security against all levels of technological 
sophistication, the Program Memory locks in the MCS-
51 devices will present a formidable barrier against ille
gal readout of protected software. 

One Lock Bit Scheme on 8751H 

The 8751H contains a lock bit which, once pro
grammed, denies electrical access by any external 
means to the on-chip Program Memory. The effect of 
this lock bit is that while it is programmed the internal 
Program Memory can not be read out, the device can 
not be further programmed, and it can not execute ex
ternal Program Memory. Erasing the EPROM array 
deactivates the lock bit and restores the device's full 
functionality. It can then be re-programmed. 

The procedure for programming the lock bit is detailed 
in the 8751H data sheet. 

Two-Level Program Memory Lock Scheme 

The 87C51 and 8752BH contain two Program Memory 
locking schemes: Encrypted Verify and Lock Bits. 

Encrypted Verify: These devices implement a 32-byte 
EPROM array that can be programmed by the custom
er, and which can then be used to encrypt the program 
code bytes during EPROM verification. The EPROM 
verification procedure is performed as usual, except 
that each code byte comes out X-NORed with one of 
the 32 key bytes. The key bytes are gone through in 
sequence. Therefore, to read the ROM code, one has to 
know the 32 key bytes in their proper sequence. 

Unprogrammed bytes have the value FFH. Therefore, 
if the Encryption Array is left unprogrammed all the 
key bytes have the value FFH. Since any code byte 
X-NORed with FFH leaves the code byte unchanged, 
leaving the Encryption Array unprogrammed in effect 
bypasses the encryption feature. 
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Lock Bits: Also on the chip are two Lock Bits which 
can be left unprogrammed (U) or programmed (P) to 
obtain the following features: 

BIt2 BI11 Additional Features 

U U None 

U P • Externally fetched code can not 
access internal Program Memory. 
• Further programming disabled. 

P U (Reserved for Future definition.) 

P P • Externally fetched code can not 
access internal Program Memory. 
• Further programming disabled. 
• Program verification is disabled. 

When Lock Bit I is programmed, the logic level at the 
EA pin is sampled and latched during·reset. If the de
vice is powered up without a reset, the latch initializes 
to a random value, and. holds that value until reset is 
activated. It is necessary that the liitched value of EA 
be in agreement with the current logic level at that pin 
in order for the device to function properly. 

ROM Protection 

The 80S1AHP and 80CSIBHP are ROM "Protected 
venions of the 8051AH and 8OCSIBH, respectively. To 
incorporate this Protection Feature, program verifica
tion has been disabled and external memory accesses 
have been limited to 4K. Refer to the data sheets on 
these parts for more information. 

XTAL1 

f 
SUBST. 

ONCE Mode. 

The ONCE ("on-circuit emulation") mode facilitates 
testing and debugging of systems using the device with
out the device having to be removed from the circuit. 
The ONCE mode is invoked by: . 

1. Pull ALE low while the device is in reset and PSEN 
is high; 

2~ Hold ALE low as RST is deactivated. 

While the device is in ONCE mode, the Port 0 pins go 
into a float state, and the other port pins and ALE and 
PSEN are weakly pulled high. The oscillator circuit 
remains active. While the device is in this mode, an 
emulator or test CPU can be used to drive the circuit. 
Normal operation is restored after a. normal reset is 

. applied. 

THE ON-CHIP OSCILLATORS 

HMOS Versions 

The on-chip oscillator. circuitry for the HMOS 
(HMOS-I and HMOS-II) members of the MCS-Sl fam~ 
i1y is a single stage linear inverter (Figure 29), intended 
for use as a crystal-controlled, positive reactance oscil
lator (Figure 30). In this application the crystal is oper~ 
ated in its fundamental response mode as an inductive 
reactance in parallel resonance with capacitance exter
nal to the crystal. 

Vee 

270252-23 

Figure 29. On-Chlp OSCillator Circuitry in the HMOS Versions of the MCS@·S1 Family 
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Q2 

Vss 

TO INTERNAL 
nMINGCKTS 

. __ -- QUARTZ CRYSTAL 

OR CERAMIC RESONATOR 

270252-24 

Figure 30. Using the HMOS On-Chip Oscillator 

The crystal specifications and capacitance values (Cl 
and C2 in Figure 30) are not critical. 30 pF can be used 
in these positions at any frequency with good quality 
crystals. A ceramic resonator can be used in place of 
the crystal in cost-sensitive applications. When a ce
ramic resonator is used, CI and C2 are normally select
ed to be of somewhat higher values, typically, 47 pF. 
The manufacturer of the ceramic resonator should be 

500 

~ 400 
::t: 
o 
.5 300 

'" ~ 200 

100 

4 8 12 16 

CRYSTAL fREQUENCY In ~Hz 
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Figure 31. ESR vs Frequency 
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consulted for recommendations on the values of these 
capacitors. 

In general, crystals used with these devices typically 
have the following specifications: 

ESR (Equivalent Series Resistance) 

Co (Shunt Capacitance) 

CL (Load Capacitance) 

Drive Level 

see Figure 31 

7.0 pF max. 

30pF ±3 pF 

IMW 

Frequency, tolerance and temperature range are deter
mined by the system requirements. 

A more in-depth discussion of crystal specifications, ce
ramic resonators, and the selection of values for C I and 
C2 can be found in Application Note AP-155, "Oscilla
tors for Microcontrollers," which is included in the 
Embedded Control Applications Handbook. 

To drive the HMOS parts with an external clock 
source, apply the external clock signal to XTAL2, and 
ground XTALI, as shown in Figure 32. A pullup resis
tor may be used (to increase noise margin), but is op
tional ifVOH of the driving gate exceeds the VIH MIN 
specification of XT AL2. 

VCC 

8051 

EXTERNAL 
~-+----I XTAL2 

OSCILLATOR t 
SIGNAL 

TTL 
GATE 
WITM 

TOTEM-POLE 
OUTPUT 

lCTALl 

270252-25 

Figure 32. Driving the HMOS MCS®-51 
Parts with an External Clock Source 
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CHMOS VERSIONS 

The on-chip oscillator circuitry for the SOCSlBH, 
shown in Figure 33, consists of a single stage linear 
inverter intended for use as a crystal-controlled, posi
tive reactance oscillator in the same manner as the 
HMOS parts. However, there .are some important dif
ferences. 

One difference is that the SOCSIBH is able to tum off 
its oscillator under software control (by writing a 1 to 
the PO bit in PCON). Another difference is that in the 
SOCSI BH the internal clocking circuitry is driven by 
the signal at XTAL1, whereas in the HMOS versions it 
is by the signal at XTAL2. 

XTALl 

TO INTERNAL 
TIMING CKTS 

4000 

r 
01 

02 

The feedback resistor Rr in Figure 33 consists of paral
leled n- and p- channel PETs controlled by the PO bit, 
such that Rr is opened when PO = 1. The diodes 01 
and 02, which act as clamps to VCC and VSS, are 
parasitic to the Rr FETs. 

The oscillator can be used with the same external com
ponents as the HMOS versions, as shown in Figure 34. 
Typically, Cl = C2 = 30 pF when the feedback ele
ment is a quartz crystal, and Cl = C2 = 47 pF when a 
ceramic resonator is used. ' 

To drive the CHMOS parts with an external clock 
source, apply the external clock signal to XTALl, and 
leave XTAL2 float, as shown in Figure 3S. 

VCC 

XTAL2 

PO 

270252-26 

Figure 33. On-Chip OSCillator Circuitry in the CHMOS Versions of the MCS®-S1 Family 
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TO INTERNAL 
TIMING CKTS 

VSS 

VCC 

R, 

-------- XTAL1----- XTAL2------
8OC51 

~-r--- QUARTZ CRYSTAL 
OR CERAMIC 
RESONATOR 
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Figure 34. Using the CHMOS On·Chlp Oscillator 

8OC51 

NC XTAL2 

EXTERNAL 
;>C~---t XTAL1 

OSCILLATOR t 
SIGNAL 

VSS 
CMOS GATE 
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Figure 35. Driving the CHMOS MCS®·51 
Parts with an External Clock Source 

The reason for this change from the way the HMOS 
part is driven can be seen by comparing Figures 29 and 
33. In the HMOS devices the internal timing circuits 
are driven by the signal at XT AL2. In the CHMOS 
devices the internal timing circuits are driven by the 
signal at XTALI. 
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INTERNAL TIMING 

Figures 36 through 39 show when the various strobe 
and port signals are clocked internally. The figures do 
not show rise and fall times of the signals, nor do they 
show propagation delays between the XT AL signal and 
events at other pins. 

Rise and fall times are dependent on the external load
ing that each pin must drive. They are often taken to be 
something in the neighborhood of 10 nsec, measured 
between 0.8V and 2.0V. 

Propagation delays are different for different pins. For 
a given pin they vary with pin loading, temperature, 
VCC, and manufacturing lot. If the XTAL waveform is 
taken as the timing reference, prop delays may vary 
from 25 to 125 nsec. 

The AC Timings section of the data sheets do not refer
ence any timing to the XTAL waveform. Rather, they 
relate the critical edges of control and input signals to 
each other. The timings published in the data sheets 
include the effects of propagation delays under the 
specified test conditions. 
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XTAL: 

ALE: 

~: 

XTAL: 

ALE: 

RD: 

PO: 

P2: 

I STATE , I STATE 21 STATE 31 STATE 41 STATE 51 STATE 'I STATE' I STATE 21 
~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ 

PCHOUT PCHOUT PCHOUT 

Figure 36. External Program Memory Fetches 

I STATE 41 STATE 51 STATE 81 STATE' 1 STATE 21 STATE 31 STATE 41 STATE 51 
~I~ ~I~~I~ ~I~ ~I~ ~I~ ~I~ ~I~ 

PCH OR 
P2SFR 

DPH OR P2 SFR OUT 

Figure 37. External Data Memory Read Cycle 

8·32 

PCH OR 
P2SFR 
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XTAL: 

ALE: 

WH: 

PO: 

P2 

XTAL: 

I STATE 41 STATE 51 STATE 81 STATE 1 I STATE 21 STATE 31 STATE 41 STATE 51 
~1P2 ~1P2 ~1P2 ~1P2 ~1P2 ~1P2 ~1P2 ~1P2 

------I DPL OR RI 
OUT 

PCH OR 
P2SFR 

DATA OUT 

DPH OR P2 SFR OUT 

PCL OUT IF 

r~~-IS EXTERNAL 

~f ~ 
PCH OR 
P2 SFR 

Figure 38. External Data Memory Write Cycle 

I STATE 41 STATE 51 STATE 81 STATE 1 I STATE 21 STATE 31 STATE 41 STATE 51 
~1P2 ~1P2 ~1P2 ~1P2 ~1P2 ~1P2 ~1P2 ~1P2 

INPUTS SAMPLED: ~'P1 PO'P1~ 

P2, P3, RST =:r-1--
MOV PORT, SRC: 

SERIAL PORT 
SHIFT CLOCK 
(MODE 0) 

P2, P3, RST 

OLD DATA NEW DATA 

-.r I-- RXD PIN SAMPLED RXD SAMPLED -+-! ~ 

Figure 39. Port Operation 
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ADDITIONAL REFERENCES 

The following application notes and articles are found in the Embedded Control Applications handbook, 
(Order Number: 270535) 

1. AP-125 "Designing Microcontroller Systems for Electrically Noisy Environments", 

2, AP-155 "Oscillators for Microcontrollers", 

3, AP-252 "Designing with the 8OC5IBH", 

4, AR-409 "Increased Functions in Chip Result in Lighter, Less Costly Portable Computer", 

5, AR-517 "Using the 8051 Microcontroller with Resonant Transducers", 
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MCS®-51 

• 
• 
• 
• 
• 
• 

8-BIT CONTROL-ORIENTED MICROCOMPUTERS 
8031/8051 

8031AH/8051 AH 
8032AH/8052AH 
8751H/8751H-8 

High Performance HMOS Process • Boolean Processor 

Internal Timers/Event Counters • Bit-Addressable RAM 

2-Level Interrupt Priority Structure • Programmable Full Duplex Serial 

32 I/O Lines (Four 8-Bit Ports) Channel 

64K Program Memory Space • 111 Instructions (64 Single-Cycle) 

Security Feature Protects EPROM Parts • 64K Data Memory Space 

Against Software Piracy 

The MCS®-51 products are optimized for control applications. Byte-processing and numerical operations on 
small data structures are facilitated by a variety of fast addressing modes for accessing the internal RAM. The 
instruction set provides a convenient menu of 8-bit arithmetic instructions, including multiply and divide instruc
tions. Extensive on-chip support is provided for one-bit variables as a separate data type, allowing direct bit 
manipulation and testing in control and logic systems that require Boolean processing. 

The 8051 is the original member of the MCS-51 family. The 8051 AH is identical to the 8051, but it is fabricated 
with HMOS II technology. 

The 8751 H is an EPROM version of the 8051 AH; that is, the on-chip Program Memory can be electrically 
programmed, and can be erased by exposure to ultraviolet light. It is fully compatible with its predecessor, the 
8751-8, but incorporates two new features: a Program Memory Security bit that can be used to protect the 
EPROM against unauthorized read-out, and a programmable baud rate modification bit (SMOD). The 8751 H-8 
is identical to the 8751 H but only operates up to 8 MHz. 

The 8052AH is an enhanced version of the 8051AH. It is backwards compatiblE1 with the 8051AH and is 
fabricated with HMOS II technology. The 8052AH enhancements are listed in the table below. Also refer to this 
table for the ROM, ROM less, and EPROM versions of each product. 

Device 
Internal Memory 

Program Data 

8052AH 8Kx8 ROM 256x8 RAM 
8051AH 4Kx8 ROM 128x8 RAM 
8051 4Kx8 ROM 128x8 RAM 
8032AH none 256x8 RAM 
8031AH none 128x8 RAM 
8031 none 128x.8 RAM 
8751H 4Kx8EPROM 128x8 RAM 
8751 H-8 4Kx 8 EPROM 128x8 RAM 
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Timersl 
Event Counters 

3x16-Bit 
2 x 16-Bit 
2 x 16-Bit 
3 x 16-Bit 
2 x 16-Bit 
2 x 16-Bit 
2 x 16-Bit 
2 x 16-Bit 

Interrupts 

6 
5 
5 
6 
5 
5 
5 
5 

October 1988 
Order Number: 270048-004 
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Vee: Supply voltage. 

Vss: Circuit ground. 
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Figure 1. MCS~·51 Block Diagram 

Package Type 
40-Pin Plastic DIP 
40-Pin CERDIP 
44-PinPLCC 

40-Pin Plastic DIP 
40-Pin CERDIP 
44-Pin PLCC 

40-Pin CERDIP 
44-Pin LCC 

Port 0: Port 0 is an 8-bit open drain bidirectional lID 
port. As an output port each pin can sink 8 LS TTL 
inputs. 

Port 0 pins that have 1s written to them float., and in 
that state can be used as high-impedance inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pullups when emitting 1 s and can source and 
sink 8 LS TTL inputs. 

8-36 

Port 0 also receives the code bytes during program
ming of the EPROM parts. and outputs the code 
bytes during program verification of the ROM and 
EPROM parts. External pullups are required during 
program verification. 



MCS®·51 

L~" 
805218032 ONLY 

PI.O 
T2EX PI.l 

Pl.2 
PI.3 
PI.4 
PI.S 
Pl.6 
PI.7 
RST 

RXD P3.0 
TXD P3.1 
INTO P3.2 
INT1 P3.3 

TO P3.4 
T1 P3.S 

WR P3.& 
RD P3.7 

XTAL2 
XTALI 

VS$ 21 

Pin (DIP) 

"EPROM only 

Vee 
PO.O ADO 
PO.I ADI 
PO.2 AD2 
PO.3 AD3 
PO.4 AD4 
PO.S ADS 
PO.6 AD6 
PO.7 AD7 
EAiVpp' 
ALEIPROG' 
PSEN 
P2.7 AIS 
P2.6A14 
P2.5 AI3 
P2.4 AI2 
P2.3 All 

P2.2.AIO 
P2.1 A9 
P2.0 AS 

INDEX 
CORNEA 

PI.5 

P1.11 :0:: ~~ PO.5 (ADS) 
P1.7 :-:J Df PO.6(AD8) 

RST iq~ [~ PO.7 (AD7) 
(AXD) P3.o in [j~ D!Vpp· 

NC i!; [~ He 
(TXD) P3.1 }! ~ n! ALE/JrIRRI· 
(INTO) PaZ E~ n~ JiIai 
(INT1)P3.3 m m PU(AIS) 

(TO) P3.4 !! ~ ~l! P:U (A 14) 
(T2) P3.5 m :~ P2.5 (A 13) 

:~1 rei :2: ~1 fr::l :~1 r~1 :let :-:1 ~: :=1 

Pad 
(LCC, PLCC) 
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Figure 2, MCS®·51 Connections 

Port 1: Port 1 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 1 output buffers can sinkl 
source 4 LS TTL inputs. Port 1 pins that have 1 s 
written to them are pulled high by the internal pull
ups, and in that state can be used as inputs. As 
inputs, Port 1 pins that are externally being pulled 
low will source current (IlL on the data sheet) be
cause of the internal pullups. 

Port 1 also receives the low-order address bytes 
during programming of the EPROM parts and during 
program verification of the ROM and EPROM parts. 

In the 8032AH and 8052AH, Port 1 pins P1.0 and 
P1.1 also serve the T2 and T2EX functions, respec
tively. 

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with 
internal pullups. The Port 2 output buffers can sinkl 
source 4 LS TTL inputs. Port 2 pins. that have 1 s 
written to them are pulled high by the internal pull
ups, and in that state can be used as inputs. As 
inputs. Port 2 pins that are externally being pulled 
low will source current (IlL on the data sheet) be
cause of the internal pullups. 

Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pull ups when emitting 1 s. Dur-
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ing accesses to external Data Memory that use8-bit 
addresses (MOVX @Ri). Port 2 emits the contents of 
the P2 Special Function Register. 

Port 2 also receives the high-order address bits dur
ing programming of the EPROM parts and during 
program verification of the ROM and EPROM parts. 

Port 3: Port 3 is an 8-bit bidirectional 1/0 port with 
internal pullups. The Port 3 output buffers can sinkl 
source 4 LS TTL inputs. Port 3 pins that have 1 s 
written to them are pulled high by the internal pull
ups, and in that state can be used as inputs. As 
inputs, Port 3 pins that are externally being pulled 
low will source current (IlL on the data sheet) be
cause of the pull ups. 

Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 

Port Alternative Function Pin 

P3.0 RXD (serial input port) 
P3.1 TXD (serial output port) 
P3.2 INTO (external interrupt 0) 
P3.3 INT1 (external interrupt 1) 
P3.4 TO (Timer 0 external input) 
P3.5 T1 (Timer 1 external input) 
P3.6 WR (external data memory write strobe) 
P3.7 RD (external data memory read strobe) 
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RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the de
vice. 

ALE/PROG: Address Latch Enable output pulse for 
latching the low byte of the address during accesses 
to external memory. This pin is also the program 
pulse input (PROG) during programming of the 
EPROM parts. 

In normal operation ALE is emitted at a constant 
rate of % the oscillator frequency, and may be used 
for external timing or clocking purposes. Note, how
ever, that one ALE pulse is skipped during each ac
cess to external Data Memory. 

PSEN: Program Store Enable is the read strobe to 
external Program Memory. 

When the device is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo
ry. 

EA/Vpp: External Access enable EA must be 
strapped to Vss in order to enable any MCS-51 de
vice to fetch code from external Program memory 
locations starting at OOOOH up to FFFFH. EA must 
be strapped to Vee for internal program execution. 

Note, however, that if the Security Bit in the EPROM 
devices is programmed, the device will not fetch 
code from any location in external Program Memory. 

This pin also receives the 21V programming supply 
voltage (VPP) during programming of the EPROM 
parts. 

C2 

r---JI~-+---I XTAL2 

o 
..... --JIt--... ---1 XTALI 

C1 

..... --------1 vss 

270048-4 
C1, C2 = 30 pF ± 10 pF for Crystals 

= 40 pF ± 10 pF for Ceramic Resonators 

Figure 3. Oscillator Connections 
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XTAL 1: Input to the inverting oscillator amplifier. 

XTAL2: Output from the inverting oscillator amplifi
er. 

OSCILLATOR CHARACTERISTICS 

XT AL 1 and XT AL2 are the input and output, respec
tively, of an inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli
cation Note AP-155, "Oscillators for Microcontrol
lers." 

To drive the device from an external clock source, 
XTAL 1 should be grounded, while XT AL2 is driven, 
as shown in Figure 4. There are no requirements on 
the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a 
divide-by-two flip-flop, but minimum and maximum 
high and low times specified on the Data Sheet must 
be observed. 

EXTERNAL 

OSCILLATOR ----t XTAL2 
SIGNAL 

~ XTAL1 

.....--t vss 

270048-5 

Figure 4. External Drive Configuration 

DESIGN CONSIDERATIONS 

If an 8751 BH or 8752BH may replace an 8751 H in a 
future design, the user should carefully compare 
both data sheets for DC or AC Characteristic differ
ences. Note that the VIH and IIH specifications for 
the EA pin differ significantly between the devices. 

Exposure to light when the EPROM device is in op
eration may cause logic errors. For this reason, it is 
suggested that an opaque label be placed over the 
window when the die is exposed to ambient light. 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ...... O·C to 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on EAlVpp Pin to Vss ... -0.5V to +21.5V 

Voltage on Any Other Pin to Vss .... - 0.5V to + 7V 

Power Dissipation .......................... 1.5W 

"Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS T A = O·C to 70·C· Vee = 5V + 10%· Vss = OV , - , 
Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage (Except EA Pin of -0.5 0.8 V 
8751 H & 8751 H-8) 

VIL1 Input Low Voltage to EA Pin of 0 0.7 V 
8751 H & 8751 H-8 

VIH Input High Voltage (Except XT AL2, 2.0 Vee + 0.5 V 
RST) 

VIH1 Input High Voltage to XT AL2, RST 2.5 Vee + 0.5 V XTAL1 = Vss 

VOL Output Low Voltage (Ports 1, 2, 3)" 0.45 V IOL = 1.6 mA 

VOL1 Output Low Voltage (Port 0, ALE, PSEN)* 

8751 H, 8751 H-8 0.60 V IOL = 3.2mA 
0.45 V IOL = 2.4 mA 

All Others 0.45 V IOL = 3.2mA 

VOH Output High Voltage (Ports 1, 2, 3, ALE, PSEN) 2.4 V IOH = -80 IJ-A 

VOH1 Output High Voltage (Port 0 in 2.4 V IOH = -400 IJ-A 
External Bus Mode) 

IlL Logical 0 Input Current (Ports 1, 2, 3, 
RST) 8032AH, 8052AH -800 IJ-A VIN = 0.45V 
All Others -500 IJ-A VIN = 0.45V 

IIL1 Logical 0 Input Current to EA Pin of -15 mA VIN = 0.45V 
8751 H & 8751 H-8 Only 

IIL2 Logical 0 I nput Current (XT AL2) -3.2 mA VIN = 0.45V 

III Input Leakage Current (Port 0) 
8751 H & 8751 H-8 ±100 IJ-A 0.45 ~ VIN ~ Vee 
All Others ±10 IJ-A 0.45 ~ VIN ~ Vee 

IIH Logical 1 Input Current to EA Pin of 500 IJ-A VIN = 2.4V 
8751 H & 8751 H-8 

IIH1 Input Current to RST to Activate Reset 500 IJ-A VIN < (Vee - 1.5V) 

Icc Power Supply Current: 
8031/8051 160 mA 
8031AH/8051AH 125 mA All Outputs 
8032AH/8052AH 175 mA Disconnected; 
8751 H/8751 H-8 250 mA EA = Vee 

CIO Pin Capacitance 10 pF Test freq = 1 MHz 

°NOTE: 
Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 1 
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-to-O 
transitions during bus operations. In the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE line may 
exceed O.8V. In such cases it may be desirable to quality ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. . 
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A.C. CHARACTERISTICS TA = O·Cto +70·C; vcc = 5V ±10%; vss = OV; 
Load Capacitance for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance for All Other Outputs = 80 pF 

Symbol Parameter 12 MHz OSCillator Variable Oscillator 

Min Max Min Max 

1/TCLCL . Oscillator Frequency 3.5 12.0 

TLHLL ALE Pulse Width 127 2TCLCL-40 

TAVLL Address Valid to ALE Low 43 TCLCL-40 

TLLAX Address Hold after ALE Low 48 TCLCL-35 

TLLlV ALE Low to Valid Instr In 
8751H 183 4TCLCL-150 
All Others 233 4TCLCL-100 

TLLPL ALE Low to PSEN Low 58 TCLCL-25 

TPLPH PSEN Pulse Width 
8751H 190 3TCLCL-60 
All Others 215 3TCLCL-35 

TPLIV PSEN Low to Valid Instr In 
8751H 100 3TCLCL-150 
All Others 125 3TCLCL '-125 

TPXIX Input Instr Hold after PSEN 0 0 

TPXIZ Input Instr Float after PSEN 63 TCLCL-20 

TPXAV PSEN to Address Valid 75 TCLCL-8 

TAVIV Address to Valid Instr In 
8751H 267 5TCLCL -' 150 
All Others 302 5TCLCL-115 

TPLAZ PSEN Low to Address Float 20 20 

TRLRH RD Pulse Width 400 6TCLCL-100 

TWLWH WR Pulse Width 400 6TCLCL-100 

TRLDV RD Low to Valid Data In 252 5TCLCL-165 

TRHDX Data Hold after RD 0 0 

TRHDZ Data Float after RD 97 2TCLCL-70 

TLLDV ALE Low to Valid Data In 517 8TCLCL-150 

TAVDV Address to Valid Data In 585 9TCLCL-165 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL-50 3TCLCL+50 

TAVWL Address to RD or WR Low 203 4TCLCL-130 

TQVWX Data Valid to WR Transition 
8751H 13 TCLCL-70 
All Others 23 TCLCL-60 

TQVWH Data Valid to WR High 433 7TCLCL-150 

TWHQX Data Hold after WR 33 TCLCL-50 

TRLAZ RD Low to Address Float 20 20 

TWHLH RD or WR High to ALE High 
8751H 33 133 TCLCL-50 TCLCL+50 
All Others 43 123 TCLCL-40 TCLCL+40 

NOTE: 
·This table does not include the 8751-8 A.C. characteristics (see next page). 
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Units 

MHz 

ns 

ns 

ns 

ns 
ns 

ns 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

ns 
ns 
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This Table is only for the 8751H·8 

A.C. CHARACTERISTICS T A = O°C to + 70°C; Vee = 5V ± 10%; Vss = OV; 
Load Capacitance for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance for All Other Outputs = 80 pF 

Symbol Parameter 
8 MHz Oscillator Variable Oscillator 

Min Max Min Max 

1/TCLCL Oscillator Frequency 3.5 8.0 

TLHLL ALE Pulse Width 210 2TCLCL-40 

TAVLL Address Valid to ALE Low 85 TCLCL-40 

TLLAX Address Hold after ALE Low 90 TCLCL-35 

TLLlV ALE Low to Valid Instr In 350 4TCLCL-150 

TLLPL ALE Low to PSEN Low 100 TCLCL-25 

TPLPH PSEN Pulse Width 315 3TCLCL-60 

TPLIV PSEN Low to Valid Instr In 225 3TCLCL-150 

TPXIX Input Instr Hold after PSEN 0 0 

TPXIZ Input Instr Float after PSEN 105 TCLCL-20 

TPXAV PSEN to Address Valid 117 TCLCL-8 

TAVIV Address to Valid Instr In 475 5TCLCL-150 

TPLAZ PSEN Low to Address Float 20 20 

TRLRH RD Pulse Width 650 6TCLCL-100 

TWLWH WR Pulse Width 650 6TCLCL-100 

TRLDV RD Low to Valid Data In 460 5TCLCL-165 

TRHDX Data Hold after RD 0 0 

TRHDZ Data Float after RD 180 2TCLCL-70 

TLLDV ALE Low to Valid Data In 850 8TCLCL-150 

TAVDV Address to Valid Data In 960 9TCLCL-165 

TLLWL ALE Low to RD or WR Low 325 425 3TCLCL-50 3TCLCL+50 

TAVWL Address to RD or WR Low 370 4TCLCL-130 

TOVWX Data Valid to WR Transition 55 TCLCL-70 

TOVWH Data Valid to WR High 725 7TCLCL-150 

TWHOX Data Hold after WR 75 TCLCL-50 

TRLAZ RD Low to Address Float 20 20 

TWHLH RD or WR High to ALE High 75 175 TCLCL-50 TCLCL+50 
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Units 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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ns 

ns 
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EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE 

PORTO 

PORT 2 

270048-6 
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EXTERNAL DATA MEMORY READ CYCLE 

ALE 

j+-----TLLOV -----I~ 

PORTO 

PORT 2 P2.0-P2.7 OR AB-A 15 FROM DPH A8-A15 FROM PCH 

270048-7 

EXTERNAL DATA MEMORY WRITE CYCLE 

I+--~TLHLL TWHLH 

ALE 

TLLWL --I~~"I----TWLWH -----I~ 

TQVWX 

I+-'~---I~ ~~~----TQVWH--------~~ 

PORTO DATA OUT 

PORT 2 P2.0-P2.7 OR A8-A15 FROM DPH A8-A15 FROM PCH 

270048-8 
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SERIAL PORT TIMING-SHIFT REGISTER MODE 
Test Conditions: T A = O·C to 70·C; VCC = 5V ± 10%; VSS = OV; Load Capacitance = 80 pF 

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units 
Min Max Min Max 

TXLXL Serial Port Clock Cycle Time 1.0 12TCLCL fJ-s 

TOVXH Output Data Setup to Clock Rising 700 1 OTCLCL - 133 ns 
Edge 

TXHOX Output Data Hold after Clock 50 2TCLCL-117 ns 
Rising Edge 

TXHDX Input Data Hold after Clock Rising 0 0 ns 
Edge 

TXHDV Clock Rising Edge to Input Data 700 1 OTCLCL -133 ns 
Valid 

SHIFT REGISTER TIMING WAVEFORMS 

INSTRUCTION 

ClOCIII 

I ... ,O .... H ... I J.-UHOI I 
\ X X X~ __ -JX~ __ ~X~ __ -JX~ __ ~X~ __ -JI 

I j t 
sun 

""0' ---..j 1--""0' 

t 

270048-9 
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EXTERNAL CLOCK DRIVE 
Symbol Parameter Min Max 

1/TClCl Oscillator Frequency (except 8751 H-8) 3.5 12 
8751H-8 3.5 8 

TCHCX High Time 20 

TClCX low Time 20 

TClCH Rise Time 20 

TCHCl Fall Time 20 

EXTERNAL CLOCK DRIVE WAVEFORM 

i4------TCLCL -------<0-1 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

"=:X x= 2.0 2.0 > TEST POINTS <. 
0.8 0.1 

0.45 

270048-11 
A.C. Testing: Inputs are driven at 2.4V for a Logic "I" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "I" and 0.8V for a ·Logic "a". 
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Units 

MHz 
MHz 

ns 

ns 

ns 

ns 
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EPROM CHARACTERISTICS 

Table 3. EPROM Programming Modes 

Mode RST 

Program 1 

Inhibit 1 

Verify 1 

Security Set 1 
NOTE: 
"1" = logic high for that pin 
"0" = logic low for that pin 
"X" = "don't care" 

PSEN 

0 

0 

0 

0 

Programming the EPROM 

ALE 

O· 
1 

1 

O· 

To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro
priate internal registers.) The address of an EPROM 
location to be programmed is applied to Port 1 and 
pins P2.0-P2.3 of Port 2, while the code byte to be 
programmed into that location is applied to Port....Q: 
The other Port 2 pins, and RST, PSEN, and EA 
should be held at the "Program" levels indicated in 
Table 3. ALE is pulsed low for 50 ms to program the 
code byte into the addressed EPROM location. The 
setup is shown in Figure 5. 

Normally EA is held at a logic high until just before 
ALE is to be pulsed. Then EA is raised to +21V, 
ALE is pulsed, and then EA is returned to a logic 
high. Waveforms and detailed timing specifications 
are shown in later sections of this data sheet. 

+ 5V 

VSS 

270046-12 

Figure 5. Programming Configuration 

EA P2.7 P2.6 P2.5 P2.4 

VPP 1 0 X X 
X 1 0 X X 
1 0 0 X X 

VPP 1 1 X X 

"VPP" = +21V ±0.5V 
'ALE is pulsed low for 50 ms. 

Note that the EAIVPP pin must not be allowed to go 
above the maximum specified VPP level of 21.5V for 
any amount of time. Even a narrow glitch above that 
voltage level can cause permanent damage to the 
device. The VPP source should be well regulated 
and free of glitches. 

8-46 

Program Verification 

If the Security Bit has not been programmed, the on
chip Program Memory can be read out for verifica
tion purposes, if desired, either during or after· the 
programming operation. The address of the Program 
Memory location to be read is applied to Port 1 and 
pins P2.0-P2.3. The other pins should be held at the 
"Verify" levels indicated in Table 3. The contents of 
the addressed location will come out on Port O. Ex
ternal pullups are required on Port 0 for this opera
tion. 

The setup, which is shown in Figure 6, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or maybe used as an active
low read strobe. 

+5V 

270046-13 

Figure 6. Program Verification 
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EPROM Security 

The security feature consists of a "locking" bit which 
when programmed denies electrical access by any 
external means to the on-chip Program Memory. 
The bit is programmed as shown in Figure 7. The 
setup and procedure are the same as for normal 
EPROM programming, except that P2.6 is held at a 
logic high. Port 0, Port 1, and pins P2.0-P2.3 may be 
in any state. The other pins should be held at the 
"Security" levels indicated in Table 3. 

Once the Security Bit has been programmed, it can 
be cleared only by full erasure of the Program Mem
ory. While it is programmed, the internal Program 
Memory can not be read out, the device can not be 
further programmed, and it can not execute out of 
external program memory. Erasing the EPROM, 
thus clearing the Security Bit, restores the device's 
full functionality. It can then be reprogrammed. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when the 
chip is exposed to light with wavelengths shorter 
than approximately 4,000 Angstroms. Since sunlight 
and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an ex
tended time (about 1 week in sunlight, or 3 years in 
room-level fluorescent lighting) could cause inadver
tent erasure. If an application subjects the device to 
this type of exposure, it is suggested that an opaque 
label be placed over the window. 

x 

x ; "DON'T CARE" 

VCC 

PI 

P2.0-

P2.3 8751H 

P2,4 

P2.5 

P2.6 

P2.7 

XTAL2 

L-__ +-t XTAL I 

vss 

ALE 

EA 

RST 

+5V 

x 

ALE/PROG 

EA.'VPP 

VIHI 

270048-14 

Figure 7. Programming the Security Bit 

The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat
ed dose of at least 15 W-sec/cm2. Exposing the 
EPROM to an ultraviolet lamp of 12,000 /kW/cm2 
rating for 20 to 30 minutes, at a distance of about 1 
inch, should be sufficient. 

Erasure leaves the array in an all 1 s state. 

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
TA = 21°C to 27°C; VCC = 5V ±10%; VSS = OV 

Symbol Parameter Min Max Units 

VPP Programming Supply Voltage 20.5 21.5 V 

IPP Programming Supply Current 30 mA 

1/TCLCL Oscillator Frequency 4 6 MHz 

TAVGL Address Setup to PROG Low 48TCLCL 

TGHAX Address Hold after PROG 48TCLCL 

TDVGL Data Setup to PROG Low 48TCLCL 

TGHDX Data Hold after PROG 48TCLCL 

TEHSH P2.7 (ENABLE) High to VPP 48TCLCL 

TSHGL VPP Setup to PROG Low 10 /ks 
TGHSL VPP Hold after PROG 10 /ks 
TGLGH PROGWidth 45 55 ms 

TAVQV Address to Data Valid 48TCLCL 

TELQV ENABLE Low to Data Valid 48TCLCL 

TEHQZ Data Float after ENABLE 0 48TCLCL 
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EPROM PROGRAMMING AND VERIFICATION WAVEFORMS 

PROGRAMMING VERIFICATION 

P1.0-P1.7 
ADDRESS ADDRESS 

'\. 
P2.0-P2.3 / 

- f.-TAVOV 

PORTO DATA IN DATA OUT 

TDVGL_ - f4 -TGHDX 

TAVGL I I- TGHAX 
LE/PROG 

\--' 
TSHGL 

TGLGH 
TGHSL 

21V '" .5V 

~ 
\ 

Ei./VPP 
TTL HIGH TTL HIGH TTL HIGH 

TEHSH - TELOV_ -- !--TEHQZ 

P2.7 , 
(EiWiLE) j J 

270048-15 
For programming conditions see Figure 5. For verification conditions see Figure 6. : 

DATA SHEET REVISION SUMMARY 

The following are the key differences between this and the -003 version of this data sheet: 
1. Introduction was expanded to include product descriptions. 
2. Package table was added. 
3. Design Considerations added. 
4. Test Conditions for IlL 1 and IIH specifications added to the DC Characteristics. 
5. Data Sheet Revision Summary added. 
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8051AHP 

MCS®-51 FAMILY 

• 
• 
• 
• 
• 
• 
• 

8-BIT CONTROL-ORIENTED MICROCONTROLLER 
WITH PROTECTED ROM 

High Performance HMOS Process • Bit-Addressable RAM 

Internal Timers/Event Counters • Programmable Full Duplex Serial 

2-Level Interrupt Priority Structure Channel 

32 I/O Lines (Four 8-Bit Ports) • 111 Instructions (64 Single-Cycle) 

4K Program Memory Space • 4K Data Memory Space* 
*Expandable to 64K 

Protection Feature Protects ROM Parts 
• Available in 40 Pin Plastic and CERDIP Against Software Piracy 

Packages 
Boolean Processor (See Packaging Outlines and Dimensions Order #231369) 

The MCS®-51 products are optimized for control applications. Byte-processing and numerical operations on 
small data structures are facilitated by a variety of fast addressing modes for accessing the internal RAM. The 
instruction set provides a convenient menu of 8-bit arithmetic instructions, including multiply and divide instruc
tions. Extensive on-chip support is provided for one-bit variables as a separate data type, allowing direct bit 
manipulation and testing in control and logic systems that require Boolean processing. 

MCS-51 HMOS Internal Memory Timers! Interrupts_ 
Family Device Program Data Event Counters 

8051AH 4Kx8 ROM 128x8 RAM 2 x 16-Bit 5 
8051AHP 4Kx8ROM 128x8 RAM 2 x 16-Bit 5 

The 8051AHP is identical to the 8051AH with the exception of the Protection Feature. To incorporate this 
Protection Feature, program verification has been disabled and external memory accesses have been limited 
to 4K. 

8-49 
September 1988 
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PO.O-PO 7 P2.o.P2.7 

Vee r - - - - - - - - - -~!fi:±fj:;- ~~~---~---------1 

lSI : 

Piiii 
ALE nMING I m II'----""""--"..:::..-------:::"""--.::::..~ __ ....J 

Ei CO:~OL I!''' f\r---:-?":;:-------------.-,.-----,""'---v1 
AST ~ ~ I! ~ ____ .J 

I L..--.... ..... ..J 

I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L n:n~-------_J 
XTAL 1 

P1.0-P1.7 P3.0-P3.7 

270279-1 

Figure 1. MCS®-51 Block Diagram 
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PACKAGES 
Part Prefix Package Type 

8051AHP P 40-Pin Plastic DIP 
D 40-Pin CERDIP 

Pl.0 vee 
Pl.1 PO.O ADO 
Pl.2 3 PO.l AD1 
Pl.l PO.2 AD2 
PU PO.l AD3 

PO .• AD .. 
PO.S ADS 

Pl.? B PO.6 A06 
RST 9 

RXD P3.0 
TXD Pl.l ALE 
INTO P3.2 PSEN 
INTI P3.3 P2.7 

TO P3.4 P2.6 
T1 P3.S P2.S 

WR P3.6 16 P2.4 
AD Pl.7 P2.l All 

P2.2 AID 
XTALI P2.1 A9 

V55 

270279-2 

Pin (PDIP, CERDIP) 

Figure 2. MCS®·51 Connections 

PIN DESCRIPTIONS 

Vee 
Supply voltage. 

Vss 
Circuit ground. 

PortO 

Port 0 is an 8-bit open drain bidirectional I/O port. As 
an output port each pin can sink 8 LS TTL inputs. 

Port 0 pins that have 1 s written to them float, and in 
that state can be used as high-impedance inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pullups when emitting 1 s and can source and 
sink 8 LS TTL inputs. 

Port 1 

Port 1 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 1 output buffers can sink source 4 

8-51 

LS TTL inputs. Port 1 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 1 
pins that are ex~ernally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

Port 2 

Port 2 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 2 output buffers can sink/source 4 
LS TTL inputs. Port 2 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL on the data sheet) because of the inter
nal pull ups. 

Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1 s. Bits 
P2.4 through P2.7 are forced to 0, effectively limiting 
external Data and Code space to 4K each in the 
8051AHP during external accesses·. During access
es to external Data Memory that use 8-bit addresses 
(MOVX @Ri), Port 2 emits the contents of the P2 
Special Function Register. 

Port 3 

Port 3 is an 8-bit bidirectional I/O port with internal 
pullups. The Port 3 output buffers can sink/source 4 
LS TTL inputs. Port 3 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL on the data sheet) because of the pull
ups. 

Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 

Port 
Alternative Function 

Pin 

P3.0 RXD (serial input port) 
P3.1 TXD (serial output port) 
P3.2 INTO (external interrupt 0) 
P3.3 INT1 (external interrupt 1) 
P3.4 TO (Timer 0 external input) 
P3.5 T1 (Timer 1 external input) 
P3.6 WR (external data memory write strobe) 
P3.7 RD (external data memory read strobe) 

'Protection feature 
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RST 

Reset input. A high on this pin for two machine cy~ 
cles while the oscillator is running resets the device. 

ALE 

Address Latch Enable output pulse for latching the 
low byte of the address during accesses to external 
memory. 

In normal operation ALE is emitted at a constant 
rate of Va the oscillator frequency, and may be used 
for external timing or clocking purposes. Note, how
ever, that one ALE pulse is skipped during each ac
cess to external Data Memory. . 

Program Store Enable is the read strobe to external 
Program Memory. 

When the device is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo
ry. 

External Access enable EA should be strapped to 
V cc for internal program executions. EA must be 
strapped to Vss in order to enable any MeS-51 de
vice to fetch code from external Program memory 
locations starting at OOOOH up to FFFFH. 

C2 

r---n-~p---I XTAL2 

o 
"'-"""'ii--+---4 XTALI 

Cl 

... --------4 vss 

270279-4 
Cl , C2 = 30 pF ± 10 pF for Crystals 

= 40 pF ± 10 pF for Ceramic Resonators 

Figure 3. Oscillator Connections 

XTAL1 

Input to the inverting oscillator amplifier. 

XTAL2 

Output from the inverting oscillator amplifier. 

OSCILLATOR CHARACTERISTICS 

XT AL 1 and XT AL2 are the input and output, respec
tively, of an inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli
.cation Note AP-155, "Oscillators for Microcontrol
lers." 

. To drive the device from an external clock source, 
XTAL1 should be grounded, while XTAL2 is driven, 
as shown in Figure 4. There are no requirements on 
the duty cycle of the external clock signal, since the 
input to the interrial clocking circuitry is through a 
divide-by-two flip-flop, but minimum and maximum 
high and low times specified on the Data Sheet must 
be observed. 
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EXTERNAL 
OSCILLATOR ----4 XTAL2 

SIGNAL 

~ XTALI 

....--4 vss 

270279-5 

Figure 4. External Drive Configuration 

DESIGN CONSIDERATION 

The 8051 AHP cannot access external Program or 
Data memory above4K. This means that the follow
ing instructions that use the Data Pointer only readl 
write data at address locations below OFFFH: 

MOVX A. @DPTR 
MOVX @DPTR. A 

When the Data Pointer contains an address above 
the 4K limit, those locations will not be accessed. 

To access Data Memory above 4K, the MOVX, @Ri, 
A or MOVX A, @Ri instructions must be used. 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias ..•. O·C to + 70·C 

Storage Temperature ....•.•... - 65·C to + 150·C 

Voltage on EAlVpp Pin to Vss ..• -0.5V to +21.5V 

Voltage on Any Other Pin to Vss ..•. -0.5V to + 7V 

Power Dissipation .•..... ; .•.•.....•.•..•••. 1.5W 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = O·Cto +70·C;Vee = 5V ±10%;Vss = OV 

Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage (Except XT AL2, RST) 2.0 Vee + 0.5 V 

VIH1 Input High Voltage to XTAL2, RST 2.5 Vee + 0.5 V XTAL1 = Vss 

VOL Output Low Voltage (Ports 1, 2, 3)" 0.45 V IOL = 1.6mA 

VOL1 Output Low Voltage (Port 0, ALE, PSEN)" 0.45 V IOL = 3.2mA 

VOH Output High Voltage (Ports 1, 2, 3, ALE, PSEN) 2.4 V IOH = -80/LA 

VOH1 Output High Voltage (Port 0 in External Bus Mode) 2.4 V IOH = -400/LA 

IlL Logical 0 Input Current -500 /LA VIN = 0.45V 

IIL2 Logical 0 Input Current (XT AL2) -3.2 mA VIN = 0.45V 

III Input Leakage Current (Port 0) ±10 /LA 0.45 ~ VIN s Vee 

IIH Input Current to RST to Activate Reset 500 /LA VIN < (Vee - 1.5V) 

Icc Power Supply Current 125 mA All Outputs 
Disconnected; 
EA = VCC 

CIO Pin Capacitance 10 pF Test freq = 1 MHz 

° NOTE: .. 
Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 1 
and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-to-0 
transitions during bus operations. In the worst cases (capacitive loading > 100 pF), the noise pulse on the ALE line may 
exceed O.BV. In such cases it may be. desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
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A.C. CHARACTERISTICS TA = O·Cto +70·C;Vcc = 5V ±10%;Vss = OV; 
Load Capacitance for Port 0, ALE, and PSEN = 100 pF; 
Load Capacitance for All Other Outputs = 80 pF 

Symbol Parameter 12 MHz Oscillator Variable Oscillator 

Min Max Min Max 

1/TCLCL Oscillator Frequency 3.5 12.0 

TLHLL ALE Pulse Width 127 2TCLCL-40 

TAVLL Address Valid to ALE Low 43 TCLCL-40 

TLLAX Address Hold after ALE Low 48 TCLCL-35 

TLLlV ALE Low to Valid Instr In 233 4TCLCL-100 

TLLPL ALE Low to PSEN Low 58 TCLCL-25 

TPLPH PSEN Pulse Width 215 3TCLCL-35 

TPLIV PSEN Low to Valid Instr In 125 3TQLCL-125 

TPXIX Input Instr Hold after PSEN 0 0 

TPXIZ Input Instr Float after PSEN 63 TCLCL-20 

TPXAV PSEN to Address Valid 75 TCLCL-8 

TAVIV Address to Valid Instr In 302 5TCLCL-115 

TPLAZ PSEN Low to Address Float 20 20 

TRLRH RD Pulse Width 400 6TCLCL-100 

TWLWH WR Pulse Width 400 6TCLCL-100 

TRLDV RD Low to Valid Data In 252 5TCLCL-165 

TRHDX Data Hold after RD 0 0 

TRHDZ Data Float after RD 97 2TCLCL-70 

TLLDV ALE Low to Valid Data In 517 8TCLCL-150 

TAVDV Address to Valid Data In 585 9TCLCL-165 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL-50 3TCLCL+50 

TAVWL Address to RD or WR Low 203 4TCLCL-130 

TOVWX Data Valid to WR Transition 23 TCLCL-60 

TOVWH Data Valid to WR High 433 7TCLCL-150 

TWHOX Data Hold after WR 33 TCLCL-50 

TRLAZ RD Low to Address Float 20 20 

TWHLH RD or WR High to ALE High 43 123 TCLCL-40 TCLCL+40 
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Units 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE 

PORT 0 

PORT 2 

270279-6 

EXTERNAL DATA MEMORY READ CYCLE 

ALE 

,..----TLLDV -----I 

...... -t .. >-----TRLRH +----1 

PORTO 

~-------TAVDV-------I 

PORT 2 P2.0-P2.7 OR AS-A15 FROM DPH AS-A 15 FROM PCH 

270279-7 
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EXTERNAL DATA MEMORY WRITE CYCLE 

I+--...... ~ TLHLL TWHLH 

ALE 

TLLWL-...... ·---TWLWH---.-j 

TOVWX 

t----.... =~ I+--+---TOVWH---..,....-t 

PORTO DATA OUT· 

PORT 2 P2.0-P2.7 OR A8-A15 FROM DPH A8-A15 FROM PCH 

270279-8 
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SERIAL PORT TIMING-SHIFT REGISTER MODE 
Test Conditions: T A = O·C to + 70·C; Vee = 5V ± 10%; Vss = OV; Load Capacitance = 80 pF 

Symbol Parameter 
12 MHz Oscillator Variable Oscillator 

Units 
Min Max Min Max 

TXLXL Serial Port Clock Cycle Time 1.0 12TCLCL p.s 

TOVXH Output Data Setup to Clock Rising 700 1 OTCLCL -133 ns 
Edge 

TXHOX Output Data Hold after Clock 50 2TCLCL-117 ns 
Rising Edge 

TXHDX Input Data Hold after Clock Rising 0 0 ns 
Edge 

TXHDV Clock Rising Edge to Input Data 700 1 OTCLCL -133 ns 
Valid 

SHIFT REGISTER TIMING WAVEFORMS 

\ X X X~ __ ~X~ __ ~X~ __ ~X~ __ ~X~ __ ~7 

nH"I~ j f-""o, t +-' WRITE TO S8U' 

t 
CLEAR AI 

270279-9 
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EXTERNAL CLOCK DRIVE 
Symbol Parameter Min Max Units 

1/TClCl Oscillator Frequency 3.5 12 MHz 

TCHCX High Time 20 ns 

TClCX low Time 20 ns 

TClCH Rise Time 20 ns 

TCHCl Fall Time 20 ns 

EXTERNAL CLOCK DRIVE WAVEFORM 

i-------TCLCL ------+-1 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

U:=J< x= 2.0 2.0 > TEST POINTS < 
0.8 0.8 

US 

270279-11 

A.c. Testing: Inputs are driven at 2.4V for a Logic "1" and OASV 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and O.SV for a Logic "0". 

Program Verification 

The program verification test mode has been elimi
nated on the 8051 AHP. It is not possible to verify the 
ROM contents using this mode, the way EPROM 
programmers typically do. Also, the ROM contents 
cannot be verified by a program executing out of 
external program memory due to the restricted ad
dressing on the 8051AHP. 
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DATA SHEET REVISION SUMMARY 

The following are the key differences between this 
and the -002 version of 8051AHP data sheet: 

1. Package Table was added. 

2. Added clearer explanation to DESIGN CONSID
ERATION. 

3. Data Sheet Revision Summary was added. 
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8031AH/8051AH 
8032AH/8052AH 
8751H/8751H-8 

EXPRESS 

• Extended Temperature Range • Burn-In 

The Intel EXPRESS system offers enhancements to the operational specifications of the MCS®-51 family of 
microcontrollers. These EXPRESS products are designed to meet the needs of those applications whose 
operating requirements exceed commercial standards. 

The EXPRESS program includes the commercial standard temperature range with burn-in, and an extended 
temperature range with or without burn-in. 

With the commercial standard temperature range operational characteristics are guaranteed over the temper
ature range of O·C to 70·C. With the extended temperature range option, operational characteristics are 
guaranteed over the range of - 40·C to + 85·C. 

The optional burn-in is dynamic, for a minimum time of 160 hours at 125·C with Vee = 5.5V ±0.25V, following 
guidelines in MIL-STD-883, Method 1015. 

Package types and EXPRESS versions are identified by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 1. 

For the extended temperature range option, this data sheet specifies the parameters which deviate from their 
commercial temperature range limits. The commercial temperature range data sheets are applicable for all 
parameters not listed here. 

Electrical Deviations from Commercial 
Specifications for Extended 
Temperature Range 

D.C. and A.C. parameters not included here are the 
same as in the commercial temperature range data 
sheets. 

D.C. CHARACTERISTICS T A = -40·C to + 85·C; Vee = 5V ± 10%; Vss = OV 

Symbol Parameter Min Max Unit 

VIL Input Low Voltage -0.5 0.75 V 

VIH Input High Voltage (Except 2.1 Vee + 0.5 V 
XTAL2, RST) 

lee Power Supply Current: 
8051AH,8031AH 135 mA 
8052AH, 8032AH 175 mA 
8751 H, 8751 H-8 265 mA 

11L2 Logic 0 Input Current (XT AL2) -4.0 mA 
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Test Conditions 

All Outputs 
Disconnected; 
EA = Vee 

Vin = 0.45V 

October 1987 
Order Number: 270007-002 



MCS®-S1 EXPRESS 

Table 1. Prefix Identification 

Prefix Package Type Temperature Range Burn-In 

P plastic commercial no 

D cerdip commercial no 

C ceramic commercial no 

N PLCC 'commercial no 

R LCC commercial no 

TP plastic extended no 

TO cerdip extended no 

TC ceramic extended no 

QP plastic commercial yes 

QD cerdip commercial yes 

QC ceramic commercial yes 

LP plastic' extended yes 

LD cerdip extended yes 

LC ceramic extended yes 

Please note: 

• Commercial temperature range is O°C to 70°C. Extended temperature range is - 40°C to + 85°C. 

• Burn-in is dynamic, for a minimum time of 160 hours at 125°C, Vee = 5.5V ±O.25V, following guidelines in 
MIL-STD-883 Method 1015 (Test Condition D). 

• The following devices are not available in ceramic packages: 
8051AH,8031AH 
8052AH, 8032AH 

• The following devices are not available in extended temperature range: 
8751H,8751H-8 

Examples: P8031AH indicates 8031AH in a plastic package and specified for commercial temperature range, 
without burn-in. LD8051 AH indicates 8051 AH in a cerdip package and specified for extended temperature 
range with burn-in. 

8-60 



intJ 
8751BH 

SINGLE-CHIP 8-BIT MICROCOMPUTER 
WITH 4K BYTES OF EPROM PROGRAM MEMORY 

• Program Memory Lock • Two 16-Bit Timer/Counters 

• 128 Bytes Data Ram • 5 Interrupt Sources 
• Quick Pulse Programming™ Algorithm • Programmable Serial Channel 

• 12.75 Volt Programming Voltage • 64K External Program Memory Space 

• Boolean Processor • 64K External Data Memory Space 

• 32 Programmable I/O Lines 

PO.O- PO.7 P2.0-P2.7 

r----------
~~ ~~~~ 
Vss -:F. 

PSEN. 
AL~~ 

RST 

Pt.O-P1.7 P3.0-P3.7 

270248-1 

Figure 1. 8751BH Block Diagram 
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PACKAGES 

Part Prefix Package.Type 

8751BH P 40-Pin Plastic DIP 
N 44-Pin PLCC 

Vee 
po.o (ADO) 

PO.I (ADI) 

PO.2 (A02) 

PO.3 (AD3) 

PI.S PO.4 (AD4) 

PI.6 PO.S (ADS) 

Pl.7 PO.6 (ADS) 

RESET PO.7 (AD7) 

(RXO) P3.0 EA/VPP 

(TXO) P3.1 ALEjPROG 

(INTO) P3.2 PSEN 

(INTI) P3.3 P2.7 (AIS) 

(TO) P3.4 P2.6 (A14) 

(TI) P3.S P2.S (A13) 

(iYR) P3.6 P2.4 (AI2) 

(iW) P3.7 P2.3 (All) 

XTAL2 P2.2 (Al0) 

XTALI P2.1 (A9) 

Vss P2.0 (AB) 

270248-2 

Pin (DIP) 

INDEX 
CORNER 
~~~~~~~~~. 

RST 
(RXD) P3.0 

Ne 
(TXD) P3.1 

(INTO) P3.2 
(INTI) P3.3 

(TO) P3.4 
(TI) P3.S 

PO.4 (AD4) 

PO.S (ADS) 

. PO.S (ADS) 
PO.7 (AD7) 
EA/Ypp 

8751BH NC 

Pad (PLCC) 

Figure 2. Pin Connections 

ALE/PROG 
PSEN . 

P2.7 (A1S) 
P2.S (A14) 
P2.S (A13) 

270248-14 

PIN DESCRIPTIONS 

Vee: Supply voltage. 

Vss: Circuit ground. 

Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. As an output port each pin ·can sink 8 LS TTL 
inputs. Port 0 pins that have 1 s written to them float, 
and in that state can be used as high-impedance 
inputs. . 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 

. Data Memory. In this application it uses strong inter
nal pullups when emitting 1 s, and can' source and 
sink 8 lS TTL inputs. -

Port 0 also receives the code bytes during EPROM 
programming, and outputs the code bytes during 
program verification. External .pull ups are required 
during program verification. 

Port 1: Port 1 is an a-bit bidirectional I/O port with 
internal pullups. The Port 1 output buffers can sink/ 
source 4 LSTTL inputs. Port 1 pins that have 1 s 
written to them are pulled high by the internal pull
ups, and in that state can be used as inputs. As 
inputs, Port 1 pins that are externally being pulled 
low will source current (IlL,' on the data sheet) be
cause of the internal pullups. 

Port 1 also receives the low-order address bytes 
during EPROM programming and program verifica-

. tion. 
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Port 2: Port 2is an a-bit bidirectional I/O port with 
internal pullups. The Port 2 output buffers can sink/ 
source 4 LS TTL inputs. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull
ups, and in that state can be used as inputs. As 
inputs, Port 2' pins that are externally being pulled 
low will source current (IlL, on the data sheet) be
cause of the internal pullups. 

Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1s. Dur
ing accesses to external Data Memory that use 8-bit 
addresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 

Port 2 also receives the high-order address bits dur
ing EPROM programming and program verification. 
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Port 3: Port 3 is an 8-bit bidirectional 1/0 port with 
internal pull ups. The Port 3 output buffers can sinkl 
source 4 LS TIL inputs. Port 3 pins that have 1 s 
written to them are pulled high by the internal pull
ups, and in that state can be used as inputs. As 
inputs, Port 3 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be
cause of the pullups. 

Port 3 also serves the functions of various special 
features of the MCS®-51 Family, as listed below: 

Port Pin Alternate Function 

P3.0 RXD (serial input port) 
P3.1 TXD (serial output port) 
P3.2 INTO (external interrupt 0) 
P3.3 INT1 (external interrupt 1) 
P3.4 TO (Timer 0 external input) 
P3.5 T1 (Timer 1 external input) 
P3.6 WR (external data memory write strobe) 
P3.7 RD (external data memory read strobe) 

RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the de
vice. 

ALE/PROG: Address Latch Enable output pulse for 
latching the low byte of the address during accesses 
to external memory. This pin is also the program 
pulse input (PROG) during EPROM programming. 

In normal operation ALE is emitted at a constant 
rate of 116 the oscillator frequency, and may be 
used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each 
'll-ccess to external Data Memory. 

PsEN: Program Store Enable is the Read strobe to 
External Program Memory. 

Whim the 8751 BH is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to External Data Memo
ry. 

EA/Vpp: External Access enable. EA must be 
strapped to VSS in order to enable the device to 
fetch code from External Program Memory locations 
starting at OOOOH up to FFFFH. Note, however, that 
if either of the Lock Bits are programmed, EA will be 
internally latched on reset. 

EA should be strapped to Vee for internal program 
executions. 

This pin also receives the 12.75V programming sup
ply voltage (Vpp) during EPROM programming. 

XTAL 1: Input to the inverting oscillator amplifier. 

8-63 

XTAL2: Output from the inverting oscillator amplifi
er. 

OSCILLATOR CHARACTERISTICS 

XTAL 1 and XT AL2 are the input and output, respec
tively, of an inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli
cations Note AP-155, "Oscillators for Microcontrol
lers." 

To drive the device from an external clock source, 
XTAL1 should be grounded, while XTAL2 is driven, 
as shown in Figure 4. There are no requirements on 
the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a 
divide-by-two flip-flop, but minimum and maximum 
high and low times specified on the Data Sheet must 
be observed. 

C2 
r--t---I XTAL2 

o 
r--t------I XTAL 1 

t--------t vss 

Cl. C2 = 30 pF ± 10 pF for Crystals 
= 40 pF ± 10 pF for Ceramic Resonators 

270248-3 

Figure 3. Oscillator Connections 

EXTERNAL 
OSCILLATOR----t XTAL2 

SIGNAL 

r- XTALl 

-...::-
270248-4 

Figure 4. External Clock Drive Configuration 

DESIGN CONSIDERATIONS 

If an 8751 BH is replacing an 8751 H in an existing 
design, the user should carefully compare both data 
sheets for DC or AC Characteristic differences. Note 
that the VIH and IIH specifications for the EA pin dif
fer significantly between the 8751 Hand 8751 BH. ' 
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ABSOLUTE MAXIMUM RATINGS'" 

Ambient Temperature Under Bias •... O·C to + 70·C 
Storage T-emperature .......... -65·C to + 150·C 
Voltage on EAlVpp Pin to Vss ... - 0.5V to + 13.0V 
Voltage on Any Other Pin to Vss .... - 0.5V to + 7V 
Maximum 10L Per 110 Pin .................. 15 mA 
Power Dissipation .......................... 1.5W 
(based on PACKAGE heat transfer limitations, not 
device power consumption) 

·Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device ,at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum,rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
fol/owing'tables are subject to change. 

D.C. CHARACTERISTICS (TA = O·Cto +70·C;Vcc = 5V ±10%;Vss = OV) 

Symbol Parameter Min Max Unit Test Conditions 

V,L Input Low Voltage (Except EA) -0.5 0.8 V 
, 

-
V,Ll Input Low Voltage EA Vss 0.7 V 

V,H Input High Voltage 2.0 Vcc+ 0.5 V 
(Except XTAL2, RST, EA) 

V,Hl Input High Voltage XTAL2, RST 2.5 Vcc+ 0.5 V XTAL1 = VSS 

V,H2 Input High Voltage to EA 4.5 5.5 V 

VOL Output Low Voltage (Note 3) 0.45 V 10L = 1.6 mA (Note 1) 
(Ports 1 , 2 and 3) 

VOLl Output Low Voltage (Note 3) 0.45 V 10L = 3.2 mA (Notes 1, 2) 
(Port 0, ALE/PROG, PSEN) 

VOH Output High Voltage 2.4 V 10H = -80 pA 
(Ports 1, 2, 3, ALE/PROG and PSEN) 

VOHl Output High Voltage 2.4 V 10H = -400 p.A 
(Port 0 in External Bus Mode), 

I,L Logical 0 Input Current -1 mA Y,N = 0.45V 
(Ports 1 , 2, 3 and RST) 

I'L1 Logical 0 Input Current (EA) -10 mA Y,N = VSS 

1'L2 Logical 0 Input Current (XT AL2) -3.2 mA Y,N = 0.45 V XTAL 1 = Vss 

III Input Leakage Current (Port 0) ±10 p.A 0.45 < Y,N < Vcc 

I'H Logical 1 Input Current (EA) 1 mA 4.5V < Y,N < 5.5V 

I'H1 Input Current to RST 500 p.A Y,N < (Vcc - 1.5Vi 
to Activate Reset 

Icc Power Supply Current 175 mA All Outputs Disconnected 

C,O Pin Capacitance 10 pF Test Freq = 1 MHz 

NOTES: . 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE/PROG 
and Ports 1 and 3. The noise is due to external bus capaCitance discharging into the Port 0 and Port 2 pins when these pins 
make 1-to·0 transitions during bus operations. In the worst cases (capacitive loading> 100 pF), the noise pulse on the 
ALE/PROG pin may exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address 
latch with a Schmitt Trigger STROBE input. 
2. ALE/PROG refers to a pin on the 8751BH. ALE refers to a timing signal that is output on the ALE/PROG pin. 
3. Under steady state (non·transient) conditions, IOL must be externally limited as follows: 

Maximum iOL PElr port pin: 10 mA 
Maximum IOL per 8·bit port • 

PortO: 26 mA 
Ports 1, 2, and 3: 15 mA 

Maximum total IOL for all output pins: 71 mA 
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 
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A.C. CHARACTERISTICS (TA = O·C to +70·C; vee = 5V ±10%; vss = OV); Load Capacitance for 
Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for All Other Outputs = 80 pF) 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 

Symbol Parameter 
12 MHzOsc Variable Oscillator 

Units 
Min Max Min Max 

1/TCLCL Oscillator Frequency 3.5 12.0 MHz 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL-40 ns 

TLLAX Address Hold After ALE Low 48 TCLCL-35 ns 

TLLlV ALE Low to Valid Instruction In 233 4TCLCL-100 ns 

TLLPL ALE Low to PSEN Low 58 TCLCL-25 ns 

TPLPH PSEN Pulse Width 215 3TCLCL-35 ns 

TPLIV PSEN Low to Valid instruction In 125 3TCLCL-125 ns 

TPXIX Input Instr Hold After PSEN 0 0 ns 

TPXIZ input Instr Float After PSEN 63 TCLCL-20 ns 

TPXAV PSEN to Address Valid 75 TCLCL-8 ns 

TAVIV Address to Valid Instruction In 302 5TCLCL-115 ns 

TPLAZ PSEN Low to Address Float 20 20 ns 

TRLRH RD Pulse Width 400 6TCLCL-100 ns 

TWLWH WR Pulse Width 400 6TCLCL-100 ns 

TRLDV RD Low to Valid Data In 252 5TCLCL-165 ns 

TRHDX Data Hold After RD 0 0 ns 

TRHDZ Data Float After RD 97 2TCLCL-70 ns 

TLLDV ALE Low to Valid Data In 517 8TCLCL-150 ns 

TAVDV Address to Valid Data In 585 9TCLCL-165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL-50 3TCLCL+50 ns 

TAVWL Address to RD or WR Low 203 4TCLCL-130 ns 

TQVWX Data Valid to WR Transition 23 TCLCL-60 ns 

TQVWH Data Valid to WR High 433 7TCLCL-150 ns 

TWHQX Data Held After WR 33 TCLCL-50 ns 

TRLAZ RD Low to Address Float 0 0 ns 

TWHLH RD or WR High to ALE High 43 123 TCLCL-40 TCLCL+40 ns 
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ALE 
--.I 

Pmi 
--.I 

PORT 0 __ .J 

PORT 2 A8-A15 

----,------------"'~~-----~ 270248-5 

External Program Memory Read Cycle 

ALE 

PSEN 
i+---'----TLLDV "' 

--of+---' TRLRH ----I 

PORTO=:~~~~~~~~~~~~~~~:jt:::::::::~~::::::::~::~IN:S:TR:.:IN: .. TAVWL 

PORT2 P2.0-P2.7 OR A8-A15 FROM DPH A8-A15 FROM PCH 

270248-6 

External Data Memory Read Cycle 

. ALE , r ~ ~ 

TLHLL- 4TWHLH 

~ ~ 

!-'--TLLWL TWLWH , 
J - TAVLL I--TLLAX-~ - :-TWHOX 

TOVWH 

PORTO ::::r rRoIAA~i~~ OPL DATA OUT K XAD-A7 FROM PCL INSTR. IN 

TAVWL 

~ P2.0-P2.7 OR A8-A15 FROM DPH X A8-A 15 FROM PCH -PORT 2 

270248-7 

External Data Memory Write Cycle 
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SERIAL PORT TIMING - SHIFT REGISTER MODE 

TEST CONDITIONS (T A = O·C to + 70·C; Vee = 5V ± 10%; Vss = OV; Load Capacitance = 80 pF) 

Symbol Parameter 12MHzOsc Variable OSCillator Units 
Min Max Min Max 

TXLXL Serial Port Clock Cycle Time 1.0 12TCLCL ,""S 

TQVXH Output Data Setup to 700 1 OTCLCL -133 ns 
Clock Rising Edge 

TXHQX Output Data Hold After 50 2TCLCL-117 ns 
Clock Rising Edge 

TXHDX Input Data Hold After 0 0 ns 
Clock Rising Edge 

TXHDV Clock Rising Edge to 700 1 OTCLCL -133 ns 
Input Data Valid 

270248-9 

External Clock Drive Waveforms 
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. EXTERNAL CLOCK DRIVE 

Symbol Parameter Min Max Units 

1/TClCl Oscillator Frequency 3.5 12 MHz 

TCHCX High Time 20 ns 

TClCX low Time 20 ns 

TClCH Rise Time 20 ns 

TCHCl Fall Time 20 ns 

EPROM CHARACTERISTICS 

Programming the EPROM 

To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro
priate internal registers.) The address of an EPROM 
location to be programmed is applied to Port 1 and 
pins P2.0 - P2.3 of Port 2, while the code byte to be 
programmed into that location is applied to Port O. 
The other Port 2 and 3 pins, and RST, PSEN, and 
EAlVpp should be held at the "Program" levels indi
cated in Table 1. AlEIPROG is pulsed low to pro
gram the code byte into the addressed EPROM lo
cation. The setup is shown in Figure 5. 

Normally E~is held at a logic higl"!J!ntii just 
before AlE/PROG is to be pulsed. Then EAlVpp is 
raised to Vpp, AlE/PROG is pulsed low, and then 
EAlVpp is returned to a valid high voltage. The volt
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 

Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
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AC TESTING INPUTIOUTPUT WAVEFORMS 

2.4=X )C' 2.0, 2.0 
. 0.8 TEST POINTS 0.8 

O.4SV - -
270248-10 

AC inputs during testing are driven at 2.4V for a logic "1" and 
0.45V for a logic "0"'. Timing measurements are made at 2.0V for 
a logic "1"' and 0.8V for a logic "0". 

amount of time. Even a narrow glitch above that volt
age level can cause permanent damage to the de
vice. The Vpp source should be well regulated and 
free of glitches. 

+5V 

8751BH 

Vss 

270248-11 

Figure 5. Programming the EPROM 
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Table 1. EPROM Programming Modes 

MODE 

Program Code Data 

Verify Code Data 

Program Encryption Table 
Use Addresses 0·1 FH 

Program Lock x=1 
Bits (LBx) x=2 

Read Signature 

NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 
"Vpp" = + 12.75V ±0.25V 

RST PSEN 
ALEI 
PROG 

1 0 O' 

1 0 1 

1 0 O' 

1 0 o· 
1 0 O· 

1 0 1 

EAI 
P2.7 P2.& P3.& P3.7 

Vpp 

Vpp 1 0 1 1 

1 0 0 1 1 

Vpp 1 0 0 1 

Vpp 1 1 1 1 
Vpp 1 1 0 0 

1 0 0 0 0 

• ALE/PROG is pulsed low for 100 uS for programming. (Quick·Pulse Programming™) 

QUICK-PULSE PROGRAMMINGTM 
ALGORITHM 

The 8751 BH can be programmed using the Quick· 
Pulse Programming Algorithm for microcontrollers. 
The features of the new programming method are a 
lower Vpp (12.75 volts as compared to 21 volts) and 
a shorter programming pulse. It is possible to pro
gram the entire 4K Bytes of EPROM memory in less 
than 13 seconds with this algorithm 

To program the part using the new algorithm, Vpp 
must be 12.75 ± 0.25 Volts. ALE/PROG is pulsed 
low for 100 ,.,.seconds, 25 times. Then, the byte just 
programmed may be verified. After programming, 
the entire array should be verified. The Program 
Lock features are programmed using the same 
method, but with the setup' as shown in Table 1. The 
only difference in programming Lock features is that 
the Lock features cannot be directly verified. In
stead, verification of programming is by observing 
that their features are enabled. 

PROGRAM VERIFICATION 

If the Lock Bits have not been programmed, the on
chip Program Memory can be read out' for verifica
tion purposes, if desired, either during or after the 
programming operation. The address of the Program 
Memory location to be read is applied to Port 1 and 
pins P2.0 - P2.3. The other pins should be held at 
the "Verify" levels indicated in Table 1. The con-
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tents of the addressed location will come out on Port 
O. External pullups are required on Port 0 for this 
operation. (If the Encryption Array in the EPROM 
has been programmed, the data present at Port 0 
will be Code Data XNOR Encryption Data. The user 
must know the Encryption Array contents to manual
ly "unencrypt" the data during verify.) 

The setup, which .is shown in Figure 6, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active 
low read strobe. 

8751BH 

PGt.I DATA 
(USE 10K 
PULLUPS) 

VI" 

VIH1 

270248-12 

Figure &. Verifying the EPROM 
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PROGRAM MEMORY LOCK 

The two~level Program Lock system consists of 2 
Lock bits and a 32-byte Encryption Array which are 
used to protect the program memory against soft
ware piracy. 

Encryption Array 

Within the EPROM array are 32 bytes of Encryption 
Array that are initially unprogrammed (all 1 s). Every 
time that a byte is addressed during a verify, 5 ad" 
dress lines are used to select a byte of the Encryp
tion Array. This byte is then exclusive-NORed 
(XNOR) with the code byte, creating an Encrypted 
Verify byte. The algorithm, with the array in the un
programmed state (all 1s), will return the code in its 
original, unmodified form. 

It is recommended that whenever the Encryption.Ar
ray is used, at least one of the Lock Bits be pro
grammed as well. 

Lock Bits 

Also included in the EPROM Program Lock scheme 
are two Lock Bits which function as shown in 
Table 2. 

Table 2. Lock Bits and their Features 

Lock Bits 
Logic Enabled 

LB1 LB2 

U U Minimum Program Lock features 
enabled. (Code Verify will still be 
encrypted by the Encryption 
Array) 

P U MOVC instructions executed from 
external program memory are 
disabled from fetching code bytes 
from internal memory, EA is 
sampled and latched on reset, 
and further programming of the 
EPROM is disabled 

P P Same as above, but Verify is also 
disabled 

U P Reserved for Future Definition 

P - Programmed 
U = Unprogrammed 
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To ensure proper functionality of the chip. the inter
nally latched value of the EA pin must agree with its 
external state. 

ERASURE CHARACTERISTICS 

This device is in a plastic package without a window 
and, therefore, cannot be erased. 

Reading the Signature Bytes 

The Signature bytes are read by the same procedure 
asa normal verification of locations 030H and 031 H, 
except that P3.6 and P3.7 need to be pulled to a 
logic low. the values returned are: 

(030H) ':" 89H indicates manufactured by Intel 
(031H) = 51H indicates 8751BH 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
(TA = 21°C to 2JDC, Vee = 5.0V ±10%, vss = OV) 

Symbol Parameter Min Max 

Vpp Programming Supply Voltage 12.5 13.0 

IPP Programming Supply Current 50 

1/TCLCL Oscillator Frequency 4 6 

TAVGL Address Setup to PROG Low 48TCLCL 

TGHAX Address Hold After PROG 48TCLCL 

TDVGL Data Setup to PROG Low 48TCLCL 

TGHDX Data Hold After PROG 48TCLCL 

TEHSH P2.7 (ENABLE) High to Vpp 48TCLCL 

TSHGL Vpp Setup to PROG Low 10 

TGHSL Vpp Hold After PROG 10 

TGLGH PROGWidth 90 110 

TAVQV Address to Data Valid 48TCLCL 

TELQV ENABLE Low to Data Valid 48TCLCL 

TEHQZ Data Float After ENABLE 0 48TCLCL 

TGHGL PROG High to PROG Low 10 

PROGRAMMING VERIFICATION 

P1.0-P1.7 _____ {:=::!~~~ 
P2.0-P2.3 

ADDRESS 

-TAVOV. 

Units 

V 

rnA 

MHz 

/-Lsec 

/-Lsec 

/-Lsec 

/-Lsec 

PORTO------1~=~~~'~~~------_i~D~A~~~O~U~T::~-------
TDVGL TGHDX 

ALE/PROG -------""1 

EA/Vpp 
EA/HIGH 

TELOV1Jl-___ .Jf __ T_EH_O_Z __ _ 
P2.7 

------' 
270248-13 

EPROM Programming and Verification Waveforms 
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DATA SHEET REVISION SUMMARY 

The following are the key differences between this and the -002 version of 8751BH data sheet: 

1. Status went from ADVANCE INFORMATION to PRELIMINARY. 

2. Package Table was added. 

3. PLCC pin connections shown. 

4. Design Considerations section replaced with reference to previous designs using the 8751H. 

5. Note 3 on maximum current specification was added to DC Characteristics. 

6. Table 1 updated to show Read Signature Mode. 

7. ERASING THE EPROM paragraph deleted. 

8. ERASURE CHARACTERISTICS section changed to indicate plastic packages only. 

9. Signature Bytes added. 

10. Data Sheet Revision Summary was added. 
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SINGLE-CHIP 8-BIT MICROCOMPUTER 

WITH 8K BYTES OF EPROM PROGRAM MEMORY 

• 2-Bit Program Memory Lock 

• 256 Bytes Data Ram 

• Quick Pulse Programming™ Algorithm 

• 12.75 Volt Programming Voltage 

• Boolean Processor 

• 32 Programmable I/O Lines 

• Three 16-Bit Timer/Counters 

PO.O-PO.7 

r----------v~ ~~~~ 
Vss 

E 

Pml 
ALE/i'lmll 

EA/VPP 
RST 

• 6 Interrupt Sources 

• Programmable Serial Channel 

• Separate Transmit/Receive Baud Rate 
Capability 

• 64K External Program Memory Space 

• 64K External Data Memory Space 

P2.0-P2.7 

-----------, 

270429-1 

Figure 1. Block Diagram 

8·73 
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PACKAGES 
Part Prefix Package Type 

8752BH P 40-Pin Plastic DIP 
0 40-Pin CERDIP 
N 44-Pin PLCC 
R 44-Pin LCC 

(T2) PI.0 1 

(T2EX) PI.t 

PI.2 

Pl.! 

PIA 

PI.' 
RESET 9 

(OXD) ".D 

(TXD) ".1 
(iNTO) Pl.2 

(iiffi) PS.S 13 

(TO) PS" ,. 

(TI) PS.' 
(WiI) PS.S 

(1ll5) ".7 17 

PSEN 

P2.7 (AI,) 

27 P2.& ,A'4) 

P2" (A13) 

P2.' (A12) 
24 P2.! (A11) 

P2.2 (AID) 

P2.1 (AO) 

21 P2.0 (AS) 
'------' 

DIP 

~e 
::~[R ~ii~i~~g~~~ 

8 S .. .5 2 1 44 43 42 ., 40 

PI.6 

270429-2 

PI.7 PO.S 

RST PO.7 

(RXD) Pl.D fi./Vpp 

NO 

(TXD) Pl.t 13 

(iNfO) P3.2 14 

(iN'i1) P3.3 15 P2.7 

(TO) P3.. 16 P2.6 

(Tl) P3.5 17 
18 19 20 21 22 23 24 2$ 26 27 28 

270429-15 

LCC/PLCC 

Figure 2. Pin Connections 

PIN DESCRIPTION 

Vee: Supply voltage. 

Vss: Circuit ground. 

Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. As an output port each pin can sink 8 LS TIL 
inputs. Port 0 pins that have 1 s written to them float, 
and in that state can be used as high-impedance 
inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesseS to external Program and 
Data Memory. In this application it uses strong inter
nal . pullups when emitting 1 s, and can source and 
sink 8 LS TIL inputs. 

Port 0 also receives the code bytes during EPROM 
programming, and outputs the code bytes during 
program verification. External pull ups are required 
during program verification. 

Port 1: Port 1 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 1 output buffers can sink/ 
source 4 LS TIL inputs. Port 1 pins that have 1 s 
written to them are pulled high by the internal pull
ups, and in that state can be used as inputs. As 
inputs, Port 1 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be
cause of the internal pullups. 

Port 1 also receives the low-order address bytes 
during EPROM programming and program verifica
tion. 

In addition, P1.0 and P1.1 serve the functions of the 
following special features of the MCSIBl-51 Family: 

Port Pin Alternate Function 

P1.0 T2 (Timer/Counter 2 External Input) 
P1.1 T2EX (Timer/Counter 2 

Capture/Reload Trigger) 

Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 2 output buffers can sink/ 
source 4 LS TIL inputs. Port 2 pins that have 1 s 
written to them are pulled high by the internal pull
ups, and in that state can be used as inputs. As 
inputs, Port 2 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be
cause of the internal pullups. 

Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application .it 
uses strong internal pullups when emitting 1 s. Dur
ing accesses to external Data Memory that use 8-bit 
addresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 

Port 2 also receives the high-order address bits dur
ing EPROM programming and program verification. 

. Port 3: Port 3 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 3 output buffers can sink/ 
source 4 LS TIL inputs. Port 3 pins that have 1 s 
written to them are pulled high by the internal pull
ups, and in that state can be used as inp.uts. As 
inputs, Port 3 pins that are externally being pulled 
low will source current (IlL, on the data sheet) be
cause of the pullups. 
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Port 3 also serves the functions of various special 
features of the MCS®-51 Family, as listed below: 

Port Pin Alternate Function 

P3.0 RXD (serial input port) 
P3.1 TXD (serial output port) 
P3.2 INTO (external interrupt 0) 
P3.3 INT1 (external interrupt 1) 
P3.4 TO (Timer 0 external input) 
P3.5 lliTimer 1 external input) 
P3.6 WR (external data memory write strobe) 
P3.7 RD (external data memory read strobe) 

RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the de
vice. 

ALE/PROG: Address Latch Enable output pulse for 
latching the low byte of the address during accesses 
to external memory. This pin is also the program 
pulse input (PROG) during EPROM programming on 
the 8752BH. 

In normal operation ALE is emitted at a constant 
rate of 1/6 the oscillator frequency, and may be 
used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each 
access to external Data Memory. 

PSEN: Program Store Enable is the Read strobe to 
External Program Memory. 

When the device is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to External Data Memo
ry. 

EA/Vpp: External Access enable. EA must be 
strapped to Vss in order to enable the device to 
fetch code from External Program Memory locations 
starting at OOOOH up to FFFFH. Note, however, that 
if either of the Lock Bits are programmed, EA will be 
internally latched on reset. 

EA should be strapped to Vee for internal program 
executions. 

This pin also receives the 12.75V programming sup
ply voltage (Vpp) during EPROM programming. 

XTAL 1: Input to the inverting oscillator amplifier. 

XT AL2: Output from the inverting oscillator amplifi
er. 

OSCILLATOR CHARACTERISTICS 
. XT AL 1 and XT AL2 are the input and output, respec
tively, of an inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
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may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli
cations Note AP-155, "Oscillators for Microcontrol
lers." 

To drive the device from an external clock source, 
XTAL1 should be grounded, while XTAL2 is driven, 
as shown in Figure 4. There are no requirements on 
the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a 
divide-by-two flip-flop, but minimum and maximum 
high and low times specified on the Data Sheet must 
be observed. 

270429-3 

~
2 o XTAL2 

Cl 
XTAL 1 

Vss 

Cl. C2 = 30 pF ± 10 pF for Crystals 
= 40 pF ± 10 pF for Ceramic Resonators 

Figure 3. Oscillator Connections 

EXTERNAL 
OSCILLATOR 

SIGNAL 
XTAL2 
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Figure 4. External Clock Drive Configuration 

DESIGN CONSIDERATIONS 
Exposure to light when the 8752BH is in operation 
may cause logic errors. For this reason, it is suggest
ed that an opaque label be placed over the window 
of the 8752BH when the die is exposed to ambient 
light. 

Due to a timing problem in the Timer/Counter 2 in
terrupt circuitry, the device may vector to location 
03H (External Interrupt 0 vector address). It happens 
when a low priority interrupt has been in progress for 
either 1 or 2 machine cycles and Timer/Counter 2 
generates a priority 1 interrupt. Therefore, Timer/ 
Counter 2 should only be assigned priority level O. 

If an 8752BH is replacing an 8751 H in an existing 
design, the user should carefully compare both data 
sheets for DC or AC characteristic differences. Note 
that the VIH and IIH specifications for the EA pin dif
fer significantly between the 8751 Hand 8752BH. 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias .....• O·C to 70·C 

Storage Temperature .•........ - 6S·C to + 1S0·C 

Voltage on EAlVpp Pin to VSS ... - O.SV to + 13.0V 

Voltage on Any Other Pin toVSS •... -O.SVto +7V 

Maximum IOL Per 1/0 Pin .................• 1S mA 

Power Dissipation .....•...............•.... 1.SW 
(based on PACKAGE heat transfer limitations, not 
device power consumption) 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE- Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (T A = O·C to + 70·C; Vcc = sv ± 10%; VSS = OV) 

Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage (Except EA) -0.5 O.S V 

VILl Input Low Voltage EA Vss 0.7 V 

VIH Input High Voltage 2.0 Vee+ 0.5 V 
(ExceptXTAL2, RST, EA) 

VIHl Input High Voltage XTAL2, RST 2.5 Vcc+ 0.5 V XTAL1 = Vss 

VIH2 Input High Voltage to EA 4.5 5.5 V 

VOL Output Low Voltage (Note 3) 0.45 V IOL = 1.6 rnA (Note 1) 
(Ports 1, 2 and 3) 

Vall Output Low Voltage (Note 3) 0.45 V IOL = 3.2 rnA (Note 1, 2) 
(Port 0, ALE/PROG, PSEN) 

VOH Output High Voltage 2.4 V IOH = -SO",A 
(Ports 1, 2, 3, ALE/PROG and PSEN) 

VOHl Output High Voltage 2.4 V IOH = -400 ",A 
(Port 0 in External Bus Mode) 

IlL Logical 0 I nput Current -500 ",A VIN = 0.45V 
(Ports 1, 2, 3 and RST) 

Illl Logical 0 Input Current (EA) -10 mA VIN = Vss 
500 ",A 

11L2 Logical 0 Input Current (XTAL2) -3.2 mA VIN = 0.45V XTAL1 = VSS 

III Input Leakage Current (Port 0) ±10 !J-A 0.45 < VIN < Vee 

IIH Logical 1 Input Current (EA) 1 mA 4.5V < VIN < 5.5V 

IIHl Input Current to RST 500 ",A. VIN < (Vee - 1.5V) 
to activate Reset 

Icc Power Supply Current 175 mA All Outputs Disconnected 

Cia Pin Capacitance 10 pF Test freq = 1 MHz 

NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE/PROG 
and Ports 1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins 
make Ho·O transitions during bus operations. In the worst cases (capacitive loading > 100 pF). the noise pulse on the 
ALE/PROG pin may exceed O.BV. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address 
latch with a Schmitt Trigger STROBE input. 
2. ALE/PROG refers to a pin on the device. ALE refers to a timing signal that is output on the ALE/PROG pin. 
3. Under steady siate (non·transient) conditions. IOl must be externally limited as follows: 

Maximum IOl per port pin: 10 mA 
Maximum IOl per B·bit port· 

Port 0: 26 mA 
Ports 1,2, and 3: 15 rnA 

Maximum total IOl for all output pins: 71 mA 
If IOL exceeds the test condition, Val may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

A:Address 
C:Clock 

L:Logic level LOW, or ALE 
P:PSEN 
Q:Output data 
R:RD signal 
T:Time 
V:Valid 
W:WR signal 
X:No longer a valid logic level 
Z:Float 

For example, 
D:lnput Data 
H:Logic level HIGH 
1:lnstruction (program memory contents) 

TAVLL = Time from Address Valid to ALE Low. 
TLLPL = Time from ALE Low to PSEN Low. 

A.C. CHARACTERISTICS (T A = O·C to + 70·C; Vcc = 5V ± 10%; VSS = OV); Load Capacitance for 
Port 0, ALE/PROG, and PSEN = 100 pF; Load Capacitance for All Other Outputs = 80 pF) 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 

Symbol Parameter 
12 MHz Osc Variable Oscillator 

Units 
Min Max Min Max 

1/TCLCL Oscillator Frequency 3.5 12.0 MHz 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL-40 ns 

TLLAX Address Hold After ALE Low 48 TCLCL-35 ns 

TLUV ALE Low to Valid Instruction In 233 4TCLCL-100 ns 

TLLPL ALE Low to PSEN Low 58 TCLCL-25 ns 

TPLPH PSEN Pulse Width 215 3TCLCL-35 ns 

TPUV PSEN Low to Valid Instruction In 125 3TCLCL-125 ns 

TPXIX Input Instr Hold After PSEN 0 0 ns 

TPXIZ Input Instr Float After PSEN 63 TCLCL-20 ns 

TPXAV PSEN to Address Valid 75 TCLCL-8 ns 

TAVIV Address to Valid Instruction In 302 5TCLCL -1.15 ns 

TPLAZ PSEN Low to Address Float 20 20 ns 

TRLRH RD Pulse Width 400 6TCLCL-100 ns 

TWLWH WR Pulse Width 400 6TCLCL-100 ns 

TRLDV RD Low to Valid Data in 252 5TCLCL-165 ns 

TRHDX Data Hold After RD 0 0 ns 

TRHDZ Data Float After RD 97 2TCLCL-70 ns 

TLLDV ALE Low to Valid Data In 517 8TCLCL-150 ns 

TAVDV Address to Valid Data in 585 9TCLCL-165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL-50 3TCLCL+50 ns 

TAVWL Address to RD or WR Low 203 4TCLCL-130 ns 

TOVWX Data Valid to WR Transition 23 TCLCL-60 ns 

TOVWH Data Valid to WR High 433 7TCLCL-150 ns 

TWHOX Data Held After WR 33 TCLCL-50 ns 

TRLAZ RD Low to Address Float 0 0 ns 

TWHLH RD or WR High to ALE High 43 123 TCLCL-40 TCLCL+40 ns 
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External Program Memory Read Cycle 

I------TLLDVOI 

--~--- TRLRH ---~ 

A8-A15 
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R5------+-----'""\ ],0----------

PORTO INSTR. IN 

PORT2 P2.0-P2.7 OR A8-A15 FROM DPH A8-A15 FROM PCH 

270429-6 

External Data Memory Read Cycle 

ALE -1.-TLHLL--': 

I ~ 

=t-TWHLH 

\. ~ 

~TLLWL TWLWH , 
J .... TAVLL r---- TLLAX"':' ~ - r-TWHQX 

TQVWH 

PORTO :::r fROtl~j'~~ DPL DATA OUT K XAO-A7 FROM PCL INSTR. IN 

TAVWL 

PORT2 :::::> P2.0-P2.7 OR A8-A15 FROM DPH A8-A 15 FROM PCH 

270429-7 

External Data Memory Write Cycle 
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SERIAL PORT TIMING-SHIFT REGISTER MODE 

TEST CONDITIONS T A = O'C to + 70'C; Vee = 5V ± 10%; Vss = OV; Load Capacitance = 80 pF 

Symbol Parameter 
12 MHz Osc Variable Oscillator 

Units 
Min Max Min Max 

TXLXL Serial Port Clock Cycle Time 1.0 12TCLCL /los 

TOVXH Output Data Setup to 700 1 OTCLCL -133 ns 
Clock Rising Edge 

TXHOX Output Data Hold After 50 2TCLCL-117 ns 
Clock Rising Edge 

TXHDX Input Data Hold After 0 0 ns 
Clock Rising Edge 

TXHDV Clock Rising Edge to 700 1 OTCLCL -133 ns 
Input Data Valid 

INSTRUCTION I 0 2 3 4 5 6 7 8 

ALE 

CLOCK 

OUTPUT DATA X 3 X 4 X 5 X 6 X 7 7 
I t 

WRITE TO SBUF SET TI 

INPUT DATA AUD AUD AUD AUD AUD 

I t 
CLEAR RI SET RI 

270429-8 

Shift Register Mode Timing Waveforms 

270429-9 

External Clock Drive Waveforms 
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EXTERNAL CLOCK DRIVE 

Symbol Parameter Min Max Units 

1/TClCl Oscillator Frequency 3.5 12 MHz 

TCHCX High Time 20 ns 

TClCX low Time 20 ns 

TClCH AiseTime 20 ns 

TCHCl Fall Time 20 ns 

EPROM CHARACTERISTICS 

Table 1 shows the logiC levels for programming the 
Program Memory, the Encryption Table, and the 
lock Bits and for reading the signature bytes. 

. Programming the EPROM 

To be programmed, the 8752BH must be running 
with a 4 to 6 MHz oscillator. (The reason the oscilla
tor needs to be running is that the internal bus is 
being used to transfer address and program data to 
appropriate internal registers.) The address of an 
EPROM location to be. programmed is applied to 
Port 1 and pins P2.0 - P2.4 of Port 2, while the code 
byte to be programmed into that location is applied 
to Port O . .The other Port 2 and 3 pins, and RST, 
PSEN, and EAlVpp should be held at the "Pro-· 

.--.---1 XTAL 2 

....... ~+--IXTAL 1 

Vss 

8752BH 

A.C. TESTING INPUT/OUTPUT WAVEFORMS 

2,.o
1=X )C 2.0 . 2.0 

0.8 TEST POINTS 0.8 . 

0.4SV - -
270429-10 

AC inputs during testing are driven at 2.4V for a logiC "1" and 
0.45V for a logic "0". Timing measurements are made at 2.0V for 
a logic "1" and O.IIV for a logic "0". 

gram" levels indicated in Table 1. AlE/PAOG is 
pulsed low to program the code byte into the ad
dressed EPROM location. The setup is shown in Fig
ure 5. 

Normally r~is held at a logic high...!!,ntil just 
before AlE/PROG is to be pulsed. Then EAlVpp is . 
raised to Vpp, AlE/PAOG is pulsed low, and then 
EAlVpp is returned to a valid high voltage. The volt
age on the EAlVpppin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing speCifications are shown in later 
sections of this data sheet. . 

Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt
age level can cause permanent damage to the de
vice. The Vpp source should be well regulated and 
free of glitches. 

+5V 

25 1001'" PULSES TO GND 

270429-11 

Figure 5. Programming the EPROM 
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Table 1. EPROM Programming Modes 

MODE 

Program Code Data 

Verify Code Data 

Program Encryption Table 
Use Addresses 0-1 FH 

Program Lock x=1 
Bits (LBx) x=2 

Read Signature 

NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 
"Vpp" = + 12.75V ±O.25V 

RST PSEN 
ALEI 
PROG 

1 0 O' 

1 0 1 

1 0 O' 

1 0 O· 
1 0 O' 

1 0 1 

EAI 
P2.7 P2.6 P3.6 P3.7 

Vpp 

Vpp 1 0 1 1 

1 0 0 1 1 

Vpp 1 0 0 1 

Vpp 1 1 1 1 
Vpp 1 1 0 0 

1 0 0 0 0 

*ALE/PROG is pulsed low for 100 uS for programming. (Quick-Pulse Programming™l 

QUICK-PULSE PROGRAMMINGTM 
ALGORITHM 

The 8752BH can be programmed using the Quick
Pulse Programming™ Algorithm for microcontrol
lers. The features of the new programming method 
are a lower VPP (12.75 volts as compared to 21 
volts) and a shorter programming pulse. It is possi
ble to program the entire 8K Bytes of EPROM mem
ory in less than 25 seconds with this algorithm! 

To program the part using the new algorithm, Vpp 
must be 12.75 ±0.25 Volts. ALE/PROG is pulsed 
low for 100 JJ.seconds, 25 times as shown in Figure 
6. Then, the byte just programmed may be verified. 
After programming, the entire array should be veri-. 
fied. The Program Lock features are programmed 
using the same method, but with the setup as shown 
in Table 1. The only difference in programming Lock 
features is that the Lock features cannot be directly 
verified. Instead, verification of programming is by 
observing that their features are enabled. 

PROGRAM VERIFICATION 

If the Lock Bits have not been programmed, the on
chip Program Memory can be read out for verifica
tion purposes, if desired, either during or after the 
programming operation. The address of the Program 
Memory location to be read is applied to Port 1 and 
pins P2.0 - P2.4. The other pins should be held at 
the "Verify" levels indicated in Table 1. The con
tents of the addressed location will come out on Port 
O. External pull ups are required on Port 0 for this 
operation. (If the Encryption Array in the EPROM 
has been programmed, the data present at Port 0 
will be Code Data XNOR Encryption Data. The user 
must know the Encryption Array contents to manual
ly "unencrypt" the data during verify.) 

The setup, which is shown in Figure 7, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logiC low, or may be used as an active 
low read strobe. 

'I 1 114*------25 PULSES 

ALE/PROG:~-----~ 
'-------' 

'- 10J." t.l'N11* 100Hs 'I ........... :t 1 OJ." 

ALE/i>ROO:---":""1 n n 
O~ __________ ~·~ __________ ~. ~ _____ _ 
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Figure 6. PROG Waveforms 
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+5V 

270429-13 

Figure 7. Verifying the EPROM 

PROGRAM MEMORY LOCK 

The two-level Program Lock system consists of 2 
Lock bits and a 32-byte Encryption Array which are 
used to protect the program memory against soft
ware piracy. 

ENCRYPTION ARRAY 

Within the EPROM array are 32 bytes of Encryption 
Array that are initially unprogrammed (all 1s). Every 
time that a byte is addressed during a verify, 5 ad
dress lines are used to select a byte of the Encryp
tion Array. This byte is then exclusive-NORed 
(XNOR) with the code byte, creating an Encrypted 
Verify byte. The algorithm, with the array in the un
programmed state (all 1 s), will return the code in its 
original, unmodified form. 

It is recommended that whenever the Encryption Ar
ray is used, at least one of the Lock Bits be pro
grammed as well. 

LOCK BITS 

Also included in the EPROM Program Lock scheme 
are two Lock Bits which function as shown in Table 
2. 

EraSing the EPROM also erases the Encryption Ar
ray and the Lock Bits, returning the part to full un
locked functionality. 

To ensure proper functionality of the chip, the inter
nally latched value of the EA pin must agree with its 
external state. 
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Table 2. Lock Bits and their Features 

Lock Bits 
Logic Enabled 

LB1 LB2 

U U Minimum Program Lock features 
enabled. (Code Verify will still be 
encrypted by the Encryption 
Array) 

P U MOVC instructions executed from 
external program memory are 
disabled from fetching code bytes 
from internal memory, EA is 
sampled and latched on reset, 
and further programming of the 
EPROM is disabled 

P P Same as above, but Verify is also 
disabled 

U P Reserved for Future Definition 
-P - Programmed 

U = Unprogrammed 

READING THE SIGNATURE BYTES 

The signature bytes are read by the same procedure 
as a normal· verification of locations 030H and 031 H, 
except that P3.6 and P3.7 need to be pulled to a 
logiC low. The values returned are: 

(030H) = 89H indicates manufactured by Intel 

(031H) = 52H indicates 8752BH 
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ERASURE CHARACTERISTICS 

Erasure of the EPROM begins to occur when the 
8752BH is exposed to light with wavelengths shorter 
than approximately 4,000 Angstroms. Since sunlight 
and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an ex
tended time (about 1 week in sunlight, or 3 years in 
room-level fluorescent lighting) could cause inadver
tent erasure. If an application subjects the device to 

this type of exposure, it is suggested that an opaque 
label be placed over the window. 

The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat
ed dose of at lease 15 W-secl cm. Exposing the 
EPROM to an ultraviolet lamp of 12,000 JLW/cm rat
ing for 30 minutes, at a distance of about 1 inch, 
should be sufficient. 

Erasure leaves the array in an all 1 s state. 

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
(TA = 21°C to 27°C, Vee = 5.0V ±10%, Vss = OV) 

Symbol Parameter Min Max 

Vpp Programming Supply Voltage 12.5 13.0 

Ipp Programming Supply Current 50 

1/TCLCL Oscillator Frequency 4 6 

TAVGL 

TGHAX 

TDVGL 

TGHDX 

TEHSH 

TSHGL 

TGHSL 

TGLGH 

TAVOV 

TELOV 

TEHOZ 

TGHGL 

Address Setup to PROG Low 48TCLCL 

Address Hold After PROG 48TCLCL 

Data Setup to PROG Low 48TCLCL 

Data Hold After PROG 48TCLCL 

P2.7 (ENABLE) High to Vpp 48TCLCL 

Vpp Setup to PROG Low 10 

Vpp Hold After PROG 10 

PROGWidth 90 110 

Address to Data Valid 48TCLCL 

ENABLE Low to Data Valid 48TCLCL 

Data Float After ENABLE 0 48TCLCL 

PROG High to PROG Low 10 

PROGRAMMING VERIFICATION 

P1.0-P1.7-----{=~~~::=r----_C=:!AD§D~RE~SS=::r----P2.0-P2.4 

PORT 0 --__ -K=~~~~::H------_{~~~:r----

ALE/PROG ------,,1 
TSHGLj-

TGLGH 
fi../vpp Jf vPP 

l=.iTEHSH 
P2.7 --..IJ1r------.....;...----...;.;;.;--, [1------'1 

EPROM Programming and Verification Waveforms 
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V 

mA 

MHz 
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JLs 
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DATA SHEET REVISION SUMMARY 

The following are the key differences between this and the -002 version of the .8752BH data sheet. 

1. PLCC pin connection diagram was added. 

2. Package table was added. 

3. Timer/Counter 2 Design Consideration was added. 

4. Design Consideration was added referring to previous designs using the 8751H. 

5. Note 3 was added to DC Characteristics to explain the maximum current specification. 

S. Signature Byte was corrected. 

7. Data Sheet Revision Summary was added. 
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EXPRESS 

• Extended Temperature Range • Burn-In 

The Intel EXPRESS system offers enhancements to the operational specifications of the MCS®-51 family of 
microcontrollers. These EXPRESS products are designed to meet the needs of those applications whose 
operating requirements exceed commercial standards. 

The EXPRESS program includes the commercial standard temperature range with burn-in, and an extended 
temperature range with or without burn-in. 

With the commercial standard temperature range operational characteristics are guaranteed over the temper
ature range of O.oC to 70°C. With the extended temperature range option, operational characteristics are 
guaranteed over the range of - 40°C to + 85°C. 

The optional burn-in is dynamic, for a minimum time of 160 hours at 125°C with Vee = 5.5V ± 0.25V, following 
guidelines in MIL-STD-883, Method 1015. 

Package types and EXPRESS versions are identified by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 1. 

For the extended temperature range option, this data sheet specifies the parameters which deviate from their 
commercial temperature range limits. The commercial temperature range data sheets are applicable for all 
parameters not listed here. 

Electrical Deviations from Commercial 
Specifications for Extended 
Temperature Range 

D.C. and A.C. parameters not included here are the 
same as in the commercial temperature range data 
sheets. 

D.C. CHARACTERISTICS TA = -40°C to + 85°C; Vee = 5V ±10%;Vss = OV 

Symbol Parameter Min Max Unit 

VIH Input High Voltage (Except 2.1 Vee + 0.5 V 
XTAL2, RST) 
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Table 1. Prefix Identification 

Prefix Package Type Temperature Range Burn-In 

P plastic commercial no 

D cerdip commercial no 

N PLCC commercial no 

R LCC commercial no 

TD cerdip extended no 

OP plastic commercial yes 

OD cerdip commercial yes 

LD cerdip extended yes 

Please note: 

• Commercial temperature range is O·C to 70·C. Extended temperature range is - 40·C to + 85·C . 

• Burn-in is dynamic, for a minimum time of 160 hours at 125·C, Vee = 5.5V ±0.25V, following guidelines in 
MIL-STD-883Method 1015 (Test Condition D). 

Examples: N8752BH indicates 8752BH in a PLCC package and specified for commercial temperature range, 
without burn-in. LD8752BH indicates 8752BH in a cerdip package and specified for extended temperature 
range with burn-in. 

8-86 



• 
• 
• 
• 
• 

SOC51 BH/SOC51 BH-1/S0C51 BH-2 
CHMOS SINGLE-CHIP S-BIT MICROCOMPUTER 
WITH FACTORY MASK-PROGRAMMABLE ROM 

SOC31BH/SOC31BH-1/S0C31BH-2 
CHMOS SINGLE-CHIP S-BIT CONTROL-ORIENTED 

CPU WITH RAM AND I/O 
BOCS1BH/BOC31BH-3.S to 12 MHz, Vee = SV ±20% 

BOCS1BH-1/BOC31BH-1-3.S to 16 MHz, Vee = sv ±20% 
BOCS1BH-2/BOC31BH-2-o.S to 12 MHz, Vee = SV ±20% 

Power Control Modes • High Performance CHMOS Process 

12B x B-Bit RAM • Boolean Processor 

32 Programmable I/O Lines • S Interrupt Sources 

Two 16-Bit Timer/Counters • Programmable Serial Port 

64K Program Memory Space • 64K Data Memory Space 

The MCS®-51 CHMOS products are fabricated on Intel's CHMOS III process and are functionally compatible 
with the standard MCS-51 HMOS and EPROM products. CHMOS III is a technology which combines the high 
speed and density characteristics of HMOS with the low power attributes of CHMOS. This combination ex
pands the effectiveness of the powerful MCS-51 architecture and instruction set. 

Like the MCS-51 HMOS versions, the MCS-51 CHMOS products have the following features: 4K byte of ROM 
(80C51BH/80C51BH-1/80C51BH-2 only); 128 bytes of RAM; 32 I/O lines; two 16-bit timer/counters; a five
source two-level interrupt structure; a full duplex serial port; and on-chip oscillator and clock circuitry. In 
addition, the MCS-51 CHMOS products have two software selectable modes of reduced activity for further 
power reduction-Idle and Power Down. 

The Idle mode freezes the CPU while allowing the RAM, timer/counters serial port and interrupt system to 
continue ,functioning. The Power Down mode saves the RAM contents but freezes the oscillator, causing all 
other chip functions to be inoperative. 
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80C51BH, -1, -2/80C31BH, -1,-2 

IDLE MODE 

In the Idle mode, the CPU puts itself to sleep while 
all the on chip peripherals stay active. The instruc
tion that invokes the Idle mode is the last instruction 
executed in the normal operating mode before Idle 
mode is activated. The content of CPU, the on chip 
RAM, and all the Special Function Registers remain 
intact during this mode. The Idle mode can be termi
nated either by any enabled interrupt, at which time 
the process is picked up at the interrupt service rou
tine and continued, or by a hardware reset which 
starts the processor the same as a power on reset. 

POWER DOWN MODE 

In the Power Down mode the oscillator is stopped, 
and the instruction that invokes Power Down is the 

last instruction executed. The on-chip RAM and 
Special Function Registers retain their values until 
the Power Down mode is terminated. 

The only exit from Power Down is a hardware reset. 
Reset redefines the SFRs but does not change the 
on-chip RAM. The reset should not be activated be
fore VCC is restored to its normal operating level and 
must be held active long enough to allow the oscilla
tor to restart and stabilize. 

The control bits for the reduced power modes are in 
the Special Function Register PCON. 

NOTE: 
For more detailed information on these reduced 
power modes refer to Application Note AP-252, 
"Designing with the 80C51 SH". 

Table 1. Status of the external pins during Idle and Power Down modes 

Mode 

Idle 

Idle 

Power Down 

Power Down 

PACKAGES 

P1.3 
Pl .• 
P1.5 
P1.6 
P1.7 
RST 

P3.lITXD 
P3.21INTO 
Pl.3INT1 

P3.41TO 
P3.51T1 

P3.6I'WR 
P3.71RD 

XTAL2 
XTAL1 

VSS 

Program 
ALE PSEN PORTO PORT 1 PORT 2 PORT 3 

Memory 

Internal 1 1 Data Data Data Data 

External 1 1 Float Data Address Data 

Internal 0 0 Data Data Data Data 

External 0 0 Float Data Data Data 

Part Prefix Package Type 

80C51SHI P 40-Pin Plastic DIP 
80C31SH* 0 40-Pin CERDIP 

N 44-Pin PLCC 

'The 80C51BH-1, 80C51BH-2, 80C31BH-1, and 80C31BH-2 
have the same packa,ge types. 

vee 
po,o 
PO,1 
PO,2 

INDEX 

CORNER, ~ ~ i ~ ~ ~ ~ g f ~ ~ 
~ ... ~ ~ .. ; ~"J ~"'j ~'"J ~; ~;j 19; ~;J ~J ~fl~ 

PO,3 P1.S :~ PO.4 

PO.4 Pl.6 :~ PO.S 
PO.5 P1.7 :~! PO.& 
PO.6 
PO.7 
EA 
ALE 

RST ~~ PO.7 
P3.D ~j! EA 

He :~ He 
PSEN P3.1 :j! ALE 

P2.7 Pl.2 :~ PSEN 
P2.6 Pl.3 ~ ji P2.7 
P2.5 
P2.' 

Pl.4 :M P2.6 

P2.3 Pl.5 ~~ P2.S 

P2.2 
P2.1 
P2.0 

270064-2 

Pin Pad 
270064-3 

Figure 2. Connection Diagrams 
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PIN DESCRIPTIONS 

Vee 
Supply voltage during normal, Idle, and Power Down 
operations. 

Vss 
Circuit ground. 

PortO 

Port 0 is an8-bit open drain bi-directional 110 port. 
Port 0 pins that have 1 's written to them float, and in 
that state can be used as high-impedance inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pullups when emitting 1 s. 

Port 1 

Port 1 is an 8-bit bidirectional I/O port with internal 
pullups. Port 1 pins that have 1 s written to them are 
pulled high by the internal pullups, and ill that state 
can be used as inputs. As inputs, Port 1 pins that are 
externally being pulled low will source current (IlL, on 
the data sheet) because of the internal pullups. 

Port 2 

Port 2 is an 8-bit bidirectional I/O port with internal 
pullups. Port 2 pins that have 1s written to them are 
pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 2 pins that are 
externally being pulled low will source current (IlL, on 
the data sheet) because of the internal pullups. 

Port 2 emits the high-order address by1e during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1 s. Dur
ing accesses to external Data Memory that use 8-bit 
addresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 
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Port 3 

Port 3 is an 8-bit bidirectional I/O port with internal 
pullups. Port 3 pins that have 1 s written to them are 
pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 3 pins that are 
externally being pulled low will source current (IlL, on 
the data sheet) because of the pull ups. 

Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 

Port Pin 

P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 

P3.7. 

RST 

Alternate Function 

RXD (serial input port) 
TXD (serial output port) 
INTO (external interrupt 0) 
INn (external interrupt 1) 
TO (Timer 0 external input) 
T1 (Timer 1 external input) 
WR (external data memory write 

strobe) 
RD (external data memory read 

strobe) 

Reset input. A high on this pin for two machine cy
cles while the oscillator is running resets the device. 
An internal diffused resistor to Vss permits Power
On resetusing only an external capacitor to Vee. 

ALE 

Address Latch Enable output pulse for latching the 
low by1e of the address during accesses to external 
memory. 

In normal operation ALE is emitted at a constant 
rate of 1/6 the oscillator frequency, and may be 
used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each 
access to external Data Memory. 

Program Store Enable is the read strobe to external 
Program Memory. 
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When the 80C51 BH is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo
ry. PSEN is not activated during fetches from inter-
nal program memory. . 

External Access enable. EA must be strapped to 
Vss in order to enable the device to fetch code from 
external Program Mem.Qry locations starting at 
OOOOH up to FFFFH. If EA is strapped to Vee the 
device executes from internal Program Memory un
less the program counter contains an address great
er than OFFFH. 

XTAL1 

Input to the inverting oscillator amplifier and input to 
the internal clock generator circuits. 

XTAL2 

Output from the inverting oscillator amplifier. 

..... -------4 Vss 

270064-4 

Figure 3. Crystal Oscillator 

Oscillator Characteristics 

XT AL 1 and XT AL2 are the input and output, respec
tively, of an inverting amplifier which can be config-
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ured for use as an on-chip oscillator, as shown in 
Figure 3. More detailed information concerning the 
use of the on-Chip oscillator is available in Applica
tion Note AP-155, "Oscillator for Microcontrollers". 

To drive the device from an external clock source, 
XT AL 1 should be driven, while XT AL2 is left uncon
nected, as shown in Figure 4. There are no require
ments on the duty cycle of the external clOCk signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 

Design Considerati.ons 
• At power on, the voltage on Vee and RST must 

come up at the same time for a proper start-up. 

• Before entering the Power Down mode the con
tents of the Carry Bit and B.7 must be equal. 

• When the Idle mode is terminated by a hardware 
reset, the device normally resumes program exe
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-Chip hardware inhibits access to inter
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory . 

~ XTAL2 

EXTERNAL 
OSCILLATOR -----------1 XTAL 1 
SIGNAL 

270064-5 

Figure 4. External Drive Configuration 



intJ 80C51BH,-1, -2/80C31BH, -1,-2 

ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... O°C to + 70°C 

Storage Temperature .......... - 65°C to + 150°C 

Voltage on any 
PintoVSS ................ -0.5VtoVcc +0.5V 

Voltage on Vce to Vss ............. -0.5V to 6.5V 

Maximum IOL per liD pin .................. 15 rnA 

Power Dissipation ......................... 1.0W· 
'This value is based on the maximum allowable die temperature and 
the thermal resistance of the package. 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam

'age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (T A = O°C to 70°C; Vcc = 5V ± 20%; Vss = OV) 

Symbol Parameter Min Typ(3) Max Unit Test Conditions 

VIL Input Low Voltage -0.5 0.2 Vee -0,1 V 

(ExceptEA) 

VILI Input Low Voltage (EA) -0.5 0.2 Vee - 0.3 V 

VIH Input High Voltage 0.2 Vee + 0.9 Vee + 0.5 V 

(Except XTAL 1. RST) 

VIHI Input High Voltage 0.7 Vee Vee + 0.5 V 

(XTAL1. RST) 

VOL Output Low Voltage (6) 0.45 V IOL = 1.6mA(I) 

(Ports 1. 2. 3) 

VOLI Output Low Voltage (6) 0.45 V IOL = 3.2 rnA (I) 

(Port O. ALE. PSEN) 

VOH Output High Voltage 2.4 V IOH = -60 ",A Vee = 5V ± 10% 

(Ports 1. 2. 3. ALE. PSEN) 
0.75 Vee V IOH = -25 ",A 

0.9 Vee V IOH = -10 ",A 

VOHI Output High Voltage 2.4 V IOH = -800 ",A Vee = 5V ±10% 

(Port 0 in External Bus n"'7~ " V iOH = -SOO",A 
Mode) 

V.I\J vee 

0.9 Vee V IOH = -80 ",A (2) 

IlL Logical 0 Input Current -50 ",A VIN = 0.45V 

(Ports 1. 2. 3) 

ITL Logical 1 to 0 Transition -650 ",A VIN = 2V 

Current (Ports 1. 2. 3) 

III Input Leakage Current ±10 ",A 0.45 < VIN < Vee 
(PortO. EA) 

RRST Reset Pulldown Resistor 50 150 KO 

CIO Pin Capacitance 10 pF Test Freq = 1 MHz. T A = 25°C 

Icc Power Supply Current: 

Active Mode. 12 MHz (4) 11 20 rnA 

Idle Mode. 12 MHz (4) 1.7 5 rnA (5) 

Power Down Mode 5 50 ",A 
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NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-
to-O transitions during bus operations. In the worst cases (capacitive loading> 100 pF). the noise pulse on the ALE line may 
exceed o.av. In such cases it may be desirable to qualify ALE with a Schmitt Trigger. or use an address latch with a Schmitt 
Trigger STROBE input. 
2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9 Vee 
specification when the address bits are stabilizing. 
3. "Typicals" are based on a limited number of samples taken from early manufacturing lots and are not guaranteed. The 
values listed are at room temperature. 5V. . 
4. ICCMAX at other frequencies is given by 

Active Mode: ICCMAX = 1.47 x FREQ + 2.35 
Idle Mode: ICCMAX = 0.33 x FREQ + 1.05 

where FREQ is the external oscillator frequency in MHz. ICCMAX is given in mAo See Figure 5. 
5. See Figures 6 through 9 for Icc test conditions. Minimum Vee for Power Down is 2V. 
6. Under steady state (non-transient) conditions. IOL must be externally limited as follows: 

Maximum IOL per port pin: 10 mA 
Maximum IOL per a-bit port-

Porto: 26 mA 
Portsi. 2. and 3: 15 mA 

Maximum total IOL for all output pins: 71 mA 
If IOL exceeds the test condition. VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

WAX 
25 ,...--...,----,r----,---" ACTIVE WODE 

201--+---f--~'---I 

151--+--1'rF--+--7I lYP (3) 
ACTIVE WODE 

WAX 
IDLE WODE 

lYP(3) 

~~d:::::t=!=J IDLE WODE 
4101Hz 8WHz 12101Hz 16WHz 

FREQ AT XTALI 
270064-13 

Figure 5. Icc vs. Frequency. 
Valid only within frequency specifications of 

the device under test. 
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Vec 

XTAL2 
XTALI 
vss 

270064-14 

Figure 6. Icc Test Condition, Active Mode. 
All other pins are disconnected. 

XTAL2 
XTALI 
vss 

270064-15 

Figure 7. Icc Test Condition, Idle Mode. 
All other pins are disconnected. 
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Vee-0.5 .------~~---""""" 0.7 Vee 
0.45V---'i0.2 Vee-O.l 

TCHCL 

270064-16 

Figure 8. Clock Signal Waveform for Icc Tests in Active and Idle Modes. TCLCH = TCHCL = 5 ns. 

PO 

RST EA 

XTAL2 
XTAL1 
vss 

270064-17 

Figure 9. ICC Test Condition, Power Down Mode. All other pins are disconnected. Vcc = 2V to 6V. 

EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or .the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

A: Address. 
C: Clock; 
D: Input data. 
H: Logic level HIGH. 
I: Instruction (program memory contents). 
L: Logic ievei LOW, or ALI:.. 
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P: PSEN. 
Q: Output data. 
R: RD signal. 
T: Time. 
V: Valid. 
W: WR signal. 
X: No longer a valid logic level. 
Z: Float. 

EXAMPLE: 

TAVLL = Time for Address Valid to ALE Low. 
TLLPL = Time for ALE Low tn PSEN Low. 
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A.C. CHARACTERISTICS 
(T A = ODC to 70DC, Vee = 5V ± 20%, Vss = OV, Load Capacitance for Port 0, ALE, and PSEN = 100 pF, 
Load Capacitance for All Other Outputs = 80 pF) 

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS 

Symbol Parameter 
12MHzOsc Variable Oscillator 

Units 
Min Max Min Max 

1/TCLCL Oscillator Frequency MHz 
80C51 BH/80C31 BH 3.5 12 
80C51 BH-1 180C31 BH-1 3.5 16 
80C51 BH-2/80C31 BH-2 0.5 12 

TLHLL ALE Pulse Width 127 2TCLCL - 40 ns 

TAVLL Address Valid to ALE Low 28 TCLCL - 55 ns 

TLLAX Address Hold After ALE Low 48 TCLCL - 35 ns 

TLLlV ALE Low to Valid Instr In 234 4TCLCL - 100 ns 

TLLPL ALE Low to PSEN Low 43 TCLCL - 40 ns 

TPLPH PSEN Pulse Width 205 3TCLCL - 45 ns 

TPLIV PSEN Low to Valid Instr In 145 3TCLCL - 105 ns 

TPXIX Input Instr Hold After PSEN 0 0 ns 

TPXIZ Input Instr Float After PSEN 59 TCLCL - 25 ns 

TAVIV Address to Valid Instr In 312 5TCLCL - 105 ns 

TPLAZ PSEN Low to Address Float 10 10 ns 

TRLRH RD Pulse Width 400 6TCLCL - 100 ns 

TWLWH WR Pulse Width 400 6TCLCL - 100 ns 

TRLDV RD Low to Valid Data In 252 5TCLCL - 165 ns 

TRHDX Data Hold After RD 0 0 ns 

TRHDZ Data Float After RD 97 2TCLCL - 70 ns 

TLLDV ALE Low to Valid Data In 517 8TCLCL - 150 ns 

TAVDV Address to Valid Data In 585 9TCLCL - 165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL - 50 3TCLCL + 50 ns 

TAVWL Address Valid to RD or WR Low 203 4TCLCL - 130 ns 

TQVWX Data Valid to WR Transition 23 . TCLCL - 60 ns 

TWHQX Data Hold After WR 33 TCLCL - 50 ns 

TRLAZ RD Low to Address Float 0 0 ns 

TWHLH RD or WR High to ALE High 43 123 TCLCL - 40 TCLCL + 40 ns 
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EXTERNAL DATA MEMORY READ CYCLE 

ALE 

I-----TLLDV-----

--TLLWL-I----TRLRH-+----

PORTO 

I------TAVDV------

PORT 2 P2.0·P2.7 OR A8·.415 FROM DPH 

EXTERNAL PROGRAM MEMORY READ CYCLE 

~~--i, / 

PORTO 

PORTZ 

-TAVLL- -- --TPLPH--
TLLPL 

TLLAX 

TLLlv 

-TPLU 

TPIIZI
TPXIX- -

INSTA 
IN 
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TWHLH 

A8·A 15 FROM PCH 

270064-6 

\'----

•• • .. '5 
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EXTERNAL DATA MEMORY WRITE CYCLE 

TWHLH 

ALE 

--TLLWL-I----TWLWH-----

TQVWX 

.i.. TWHQX 

-L 

PORTO DATA OUT 

PORT 2 P2.0 - P2.7 OR AS - A1S FROM DPH 
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INSTA 
IN 

AS - A1S FROM PCH 
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EXTERNAL CLOCK DRIVE 
Symbol Parameter Min Max Units 

1/TCLCL Oscillator Frequency MHz 
BOCS1 BH/BOC31 BH 3.S 12 
BOCS1 BH-1/BOC31 BH-1 3.S 16 
BOCS1 BH-2/BOC31 BH-2 O.S 12 

TCHCX High Time 20 ns 

TCLCX Low Time- 20 ns 

TCLCH Rise Time 20 ns 

TCHCL Fall Time 20 ns 

SERIAL TIMING-SHIFT REGISTER MODE 

Test Conditions: TA = O·C to 70·C; Vee = SV ±20%; Vss = OV; Load Capacitance = 80 pF 

Symbol Parameter 

TXLXL Serial Port Clock Cycle Time 

TQVXH Output Data Setup to Clock Rising Edge 

TXHQX Output Data Hold After Clock Rising Edge 

TXHDX Input Data Hold After Clock Rising Edge 

TXHDV Clock Rising Edge to Input Data Valid 

EXTERNAL CLOCK DRIVE WAVEFORM 

AC TESTING INPUT, OUTPUT WAVEFORMS 

VCC- D•5-y D.2 Vcc+ D•• >C 
0.45 V -..I\_D_.2_VCC=--_D._1 ___ _ 

270064-11 

AC Inputs during testing are driven at Vee - 0.5 for a logic "1" 
"and 0.45 V for a logic "0". Timing measurements are made at VIH 
min. for a logic "1" and VIL max. for a logic "0". 

DATA SHEET REVISION SUMMARY 

12 MHz Osc Variable Oscillator 
Units 

Min Max Min Max 

1.0 12TCLCL ,...s 

700 10TCLCL - 133 ns 

so 2TCLCL - 117 ns 

0 0 ns 

700 10TCLCL - 133 ns 

270064-10 

FLOAT WAVEFORMS 

TIMING REFERENCE 
POINTS 

VOH-0.1 V 

VOL +0.1 V 

270064-12 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
IOL/IOH :. ±20 mAo 

The following are the key differences between this and tha -OOS version of the 80CS1 BH data sheet: 

1. Package table was added. 

2. Note 6 on maximum current specifications added to DC Characteristics. 

3. Data Sheet Revision Summary was added. 
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80C31 BH/80C51 BH 
EXPRESS 

• Extended Temperature Range • 3.5 to 12 MHz Vee = 5V ± 20% 

• Burn-In 

The Intel EXPRESS system offers enhancements to the operational specifications of the MCSQl)-S1 family of 
microcontrollers. These EXPRESS products are designed to meet the needs of those applications whose 
operating requirements exceed. commercial standards. 

The EXPRESS program includes the commercial standard temperature range with burn-in and an extended 
temperature range with or without burn-in. 

With th~ commercial standard temperature range, operational characteristics are guaranteed over the temper
ature range of O"C to 70·C. With the extended temperature range option, operational characteristics are 
guaranteed over the range of - 40·C to + 8S·C. . 

The optional burn-in is dynamic for a minimum time of 160 hours at 12S·C with Vee = 6.9V ±0.2SV;foliowing 
guidelines in MIL-STO-883, Method 101S. . 
'. . . 

Package types and EXPRESS versions are identified by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 1. . . 

For the extended temperature range option, this data sheet specifies the parameters which deviate from their 
commercial temperature range limits. The commercial temperature range data sheets are applicable for all: 
parameters not listed here. . 

8·100 
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Electrical Deviations from Commercial Specifications for Extended Temperature 
Range 

D.C. and A.C. parameters not included here are the same as in the commercial temperature range data 
sheets. 

D.C. CHARACTERISTICS TA = -40'Cto +85'C;Vcc = 5V ±20%;Vss = OV 

Symbol Parameter 
Limits 

Unit Test 
Min Max Conditions 

VIL Input Low Voltage (Except EA) -0.5 0.2Vcc - 0.15 V 

VIL1 EA -0.5V 0.2Vcc - 0.35 V 

VIH Input High Voltage (Except XT AL 1, RST) 0.2Vcc + 1 Vcc + 0.5 V 

VIH1 Input High Voltage to XTAL 1, RST 0.7Vcc + 0.1 Vcc + 0.5 V 

IlL Logical 0 Input Current (Port 1, 2, 3) -75 !LA Yin = 0.45V 

ITL Logical 1 to 0 transition -750 p.A Yin = 2.0V 
Current (Ports 1, 2, 3) 

Table 1. Prefix Identification 
Prefix Package Type Temperature Range Burn-In 

P Plastic Commercial No 
D Cerdip Commercial No 

N PLCC Commercial No 
TP Plastic Extended No 
TO Cerdip Extended No 
TN PLCC Extended No 
OP Plastic Commercial Yes 

OD Cerdip Commercial Yes 
ON PLCC Commercial Yes 

LP Plastic Extended Yes 

LD Cerdip Extended Yes 

LN PLCC Extended Yes 

NOTE: 
• Commercial temperature range is O'C to 70'C. Extended temperature range is -40'C to +85'C. 
• Burn-in is dynamic for a minimum time of 160 hours at 125'C, Vee = 6.9V ±0.25V, following guidelines in MIL-STO-883 
Method 1015 (Test Condition 0). 

Examples: 

P80C31 BH indicates 80C31 BH in a plastic package and specified for commercial temperature range, without 
burn-in. 
LD80C51 BH indicates 80C51 BH in a cerdip package and specified for extended temperature range with burn
in. 
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• 
• 
• 
• 
• 
• 

CHMOS SINGLE-CHIP 8-BIT MICROCOMPUTER 
WITH PROTECTED ROM 

80CS1BHP-3.S-12 MHz, Vee = SV ± 20% 
80CS1BHP-1-3.S-16 MHz, Vee = sv ± 20% 
80CS1BHP-2-D.S-12 MHz, Vee = sv ± 20% 

Power Control Modes • High Performance CHMOS Process 

128 x 8-Blt RAM • Boolean Processor 

32 Programmable I/O Lines • S Interrupt Sources 

Two 16-Bit Timer/Counters • Programmable Serial Port 

4K Program Memory Space • 4K Data Memory Space 

Protection Feature Protects ROM Parts (Expandable to 64K) 

Against Software Piracy 

The MCS®·51 family of CHMOS products is fabricated on Intel's CHMOS III process and is functionally 
compatible with the standard 8051 HMOS and EPROM products. CHMOS III is a technology which combines 
the high speed and density characteristics of HMOS with the low power attributes of CMOS. This combination 
expands the effectiveness of the powerful 8051 architecture and instruction set. ' 

Like the 8051 HMOS versions, the 80C51 BHP has the following features: 4K byte of ROM; 128 bytes of RAM; 
321/0 lines; two 16·bit timer/counters; a five·source two-Ievelinterrupt structure; a full duplex serial port; and 
on-chip oscillator and clock circuitry. In addition, the 80C51 BHP has two software selectable modes of 
reduced activity for further power reduction-Idle and Power Down. 

The Idle mode freezes the CPU while allowing the RAM, timer/counters serial port and interrupt system to 
continue functioning. The Power Down mode saves the RAM contents but freezes the oscillator, causing all 
other chip functions to be inoperative. 

The 80C51 BHP is identical to the 80C51 BH with the exception of the Protection Feature. To incorporate this 
Protection Feature, program verification has been disabled and external, memory accesses have been limited 
to 4K. 

8-102 
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Figure 1. Block Diagram 
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IDLE MODE 

In the Idle mode, the CPU puts itself to sleep while 
all the on chip peripherals stay active. The instruc
tion that invokes the Idle mode is the last instruction 
executed in the normal operating mode before Idle 
mode is activated. The content ofthe on-chip RAM 
and all the Special Function Registers remain iritact 
during this mode. The Idle mode can be terminated 
either by any enabled interrupt, at which time the 
process is picked up at the interrupt service routine 
and continued, or by a hardware reset which starts 
the processor the same as a power on reset. 

POWER DOWN MODE 

In the Power Down mode the oscillator is stopped, 
and the instruction that invokes Power Down is the 
last instruction executed. The on-chip RAM and 
Special Function Registers retain their values until 
the Power Down mode is terminated. 

The only exit from Power Down is a hardware reset. 
Reset redefines the SFRs but does not change the 
on-chip RAM. The reset should not be activated be
fore Vee is restored to its normal operating level and 
must be held active long enough to allow the oscilla
tor to restart and stabilize. 

The control bits for the reduced power modes are in 
the Special Function Register PCON. 

NOTE: 
For more detailed information on these reduced 
power modes refer to Application Note AP-252, 
"Designing with the 80C51BH". 

PACKAGES 
Part Prefix Package Type 

80C51BHP P 40-Pin Plastic DIP 
N 44-Pin PLCC 

Table 1_ Status of the external pins during Idle and Power Down modes 

Mode 
Program 
Memory 

Idle Internal 

Idle External 

Power Down Internal 

Power Down External 

Pl.0 
Pl.l 
Pl.2 
Pl.3 
p, • 

Pl.S 
Pl.& 
Pl.7 
RST 

P3.0/RXD 
P3.lITXD 
P3.21INTO 
P3.3INTI 

P3.4/TO 
P3.S/TI 

P3.6/WR 
P3.7/RD 

XTAL2 
XTALI 

Vss 

Pin (PDIP) 

ALE PSEN 

1 1 

1 1 

0 0 

0 0 

Vee 
po.o 
PO.l 
PO.2 
~.:! 

PO.4 
PO.S 
PO.6 
PO.7 
EA 
ALE 
PSEN 
P2.7 
P2.6 
P2.S 
P2.4 
P2.3 
P2.2 
P2.1 
P2.0 
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PORTO PORT 1 PORT 2 PORT 3 

Data Data Data Data 

Float Data Address Data 

Data Data Data Data 

Float bata Data Data 

INDEX 
CORNER 

Pl.S ): 

Pl.6 :0: 
Pl.7 J: 
RST !~1 

P3.0 ]1 ~ 

Ne 1!~ 

P3.1 1~~ 

P3.2 j~; 

P3.3 1~~ 

[~ PO.S 
[~! PO.6 

~~ PO.7 

~~~ EA 
[~ Ne 
[~ ALE 

;~ PSEN 

~~! P2.7 

P3.4 }~~ ~~ P2.& 

P3.S }~] ~j! P2.S 
:~1 :~: :2: :;;: ;~: :13: :£ ;~; ~; :t; :~; 

270603-3 

Pad (PLCC) 

Figure 2_ Connection Diagrams 
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PIN DESCRIPTIONS 

Vee 
Supply voltage during normal, Idle, and Power Down 
operations. 

Vss 
Circuit ground. 

Port 0 

Port 0 is an 8-bit open drain bi-directional I/O port. 
Port 0 pins that have 1 's written to them float, and in 
that state can be used as high-impedance inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pullups when emitting 1 s. 

Port 1 

Port 1 is an 8-bit bidirectional I/O port with internal 
pullups. Port 1 pins that have 1 s written to them are 
pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 1 pins that are 
externally being pulled low will source current (IlL. on 
the data sheet) because of the internal pullups. 

Port 2 

Port 2 is an 8-bit bidirectional I/O port with internal 
pullups. Port 2 pins that have 1 s written to them are 
pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 2 pins that are 
externally being pulled low will source current (IlL. on 
the data sheet) because of the internal pullups. 

Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1 s. In the 
80C51 BHP, Bits 2.4 through 2.7 are forced to 0, 
effectively limiting external data and code space to 
4K each during external accesses (see Design Con
siderations). During accesses to external Data Mem-

ory that use 8-bit addresses (MOVX @Ri), Port 2 
emits the contents of the P2 Special Function Regis
ter. 

Port 3 

Port 3 is an 8-bit bidirectional 110 port with internal 
pullups. Port 3 pins that have 1 s written to them are 
pulled high by the internal pullups, and in that state 
can be used as inputs. As inputs, Port 3 pins that are 
externally being pulled low will source current (IlL. on 
the data sheet) because of the pullups. 

Port 3 also serves the functions of various special 
features of the 8051 Family, as listed below: 

Port Pin 

P3.0 
P3.1 
P3.2 
P3.3 
P3.4 
P3.5 
P3.6 

P3.7 

RST 

Alternate Function 

RXD (serial input port) 
TXD (serial output port) 
INTO (external interrupt 0) 
INT1 (external interrupt 1) 
TO (Timer 0 external input) 
T1 (Timer 1 external input) 
WR (external data memory write 

strobe) 
RD (external data memory read 

strobe) 

Reset input. A high on this pin for two machine cy
cles while the oscillator is running resets the device. 
An internal diffused resistor to Vss permits Power
On reset using only an external capacitor to Vee. 

ALE 

Address Latch Enable output pulse for latching the 
low byte of the address during accesses to external 
memory. 

In normal operation ALE is emitted at a constant 
rate of 1/6 the oscillator frequency, and may be 
used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each 
access to external Data Memory. 

Program Store Enable is the read strobe to external 
Program Memory. 
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When the device is executing code· from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo
ry. PSEN is not activated during fetches from inter
nal program memory. 

External Access enable. EA must be strapped to 
Vss in order to enable the device to fetch code from 
external Program Mem.Q!Y locations starting at 
OOOOH up to FFFFH. If EA is strapped to Vee the 
device executes from internal Program Memory un
less the program counter contains an address great
er than OFFFH. 

XTAL1 

Input to the inverting oscillator amplifier and input to 
the internal clock generator circuits. 

XTAL2 

Output from the inverting oscillator amplifier. 

270603-4 

Figure 3. Crystal Oscillator 

Oscillator Characteristics 

XT AL 1 and XT AL2 are the input and output, respec
tively, of an inverting amplifier which can be config
ured for use as an on-Chip oscillator, as shown in 
Figure 3. More detailed information concerning the 
use of the on-chip oscillator is available in Applica
tion Note AP-155, "Oscillator for Microcontrollers". 

To drive the device from an external clock source, 
XTAL 1 should be driven, while XTAL2 is left uncon
nected, as shown in Figure 4. There are no require
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 

Design Considerations 

• The 80C51 BHP cannot access external Program 
or Data memory above 4K. This means that the 
following instructions that use the Data Pointer 
only read/write data at address locations below 
OFFFH: 

MOVXA, @DPTR 
MOVX @DPTR, A 

When the Data Pointer contains an address 
above the 4K limit, those locations will not be ac
cessed. To access Data Memory above 4K, the 
MOVX @Ri, A or MOVX A, @Ri instructions must 
be used. 

• Before entering the Power Down mode the con
tents of the Carry Bitand B.7 must be equal. 

• When the Idle mode is terminated by a hardware 
reset, the device normally resumes program exe
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 

NC 
XTAL 2 

EXTERNAL 
OSCILLATOR -----------.-1 XTAL 1 
SIGNAL 

VSS 

270603-5 

Figure 4. External Drive Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... ooe to + 700 e 
Storage Temperature .......... -65°C to + 1500 e 
Voltage on any 

Pin to Vss ................ - 0.5V to VCC + 0.5V 

Voltage on Vcc to Vss ............. -0.5V to 6.5V 

Maximum IOL per I/O Pin .................. 15 mA 

Power Dissipation ......................... 1.0W· 
'This value is based on the maximum allowable die temperature and 
the thermal resistance of the package. 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (T A = ooe to + 70oe; Vcc = 5V ± 20%; Vss = OV) 

Symbol Parameter Min Typ(3) Max Unit Test Conditions 

VIL Input Low Voltage -0.5 0.2 Vee -0.1 V 
(Except EA) 

VILI Input Low Voltage (EA) -0.5 0.2 Vee - 0.3 V 

VIH Input High Voltage 0.2 Vee + 0.9 Vee + 0.5 V 

(Except XT AL 1, RST) 

VIHI Input High Voltage 0.7 Vee Vee + 0.5 V 

(XTAL1, ~ST) 

VOL Output Low Voltage (6) 0.45 V IOl = 1.6 mA (I) 

(Ports 1, 2, 3) 

VOLI Output Low Voltage (6) 0.45 V IOL = 3.2 mA (I) 

(Port 0, ALE, PSEN) 

VOH Output High Voltage 2.4 V IOH = -60 ,.,.AVee = 5V ±10% 
(Ports 1, 2, 3, ALE, PSEN) 

0.75 Vee V IOH = -25,.,.A 

0.9 Vee V IOH = -1O,.,.A 

VOHI Output High Voltage 2.4 V IOH = -800,.,.AVee = 5V ±10% 
(Port 0 in External Bus 

0.75 Vee V IOH = -300,.,.A 
Mode) 

0.9 Vee V IOH = -80,.,.A (2) 

IlL Logical 0 Input Current -50 ,.,.A VIN = 0.45V 
(Ports 1, 2, 3) 

ITl Logical 1 to 0 Transition -650 ,.,.A VIN = 2V 
Current (Ports 1, 2, 3) 

ILl Input Leakage Current ±10 ,.,.A 0.45 < VIN < Vee 
(PortO, EA) 

RRST Reset Pulldown Resistor 50 150 KO 

CIO Pin Capacitance 10 pF Test Freq = 1 MHz, T A = 25°C 

Icc Power Supply Current: 

Active Mode, 12 MHz (4) 11 20 mA 

Idle Mode, 12 MHz (4) 1.7 5 mA (5) 

Power Down Mode 5 50 ,.,.A 
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NOTES: 
1. Capacitive loading on Ports 0 and ,2 may. cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-
to-O transitions during bus operations. In the worst cases (capacitive loading> 100 pF), the noise pulse on the ALE line may 
exceed 0.8V. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9 Vee 
specification when the address bits are stabilizing. 
3. "Typicals" are based on a limited number of samples taken from early manufacturing, lots and are not guaranteed. The 
values listed are at room temperature, 5V. 
4. ICCMAX at other frequencies is given by 

Active Mode: ICCMAX = 1.47 X FREO + 2.35 
Idle Mode: ICCMAX = 0.33 x FREO + 1.05 

where FREO is the external oscillator frequency in MHz. ICCMAX is given in mA. See Figure 5. 
5. See Figures 6 through Ii for Icc test conditions. Minimum Vee for Power Down is 2V. 
6. Under steady state (non-transient) conditions, IOL must be externally limited as follows: 

Maximum IOL per Port Pin: 10 mA 
Maximum IOL per 8-Bit Port-

PortO: 26mA 
Ports 1, 2 and 3: 15 mA 

Maximum TotaiiOL for all output pins: 71 mA , 
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

MAX 
25 ..---,-----,r---,--"T'1 ACTIVE MODE 

20b---b--b--~-~ 

TYP(3) 
15b---b--''--t-F----t------..I ACTIVE MODE 

MAX 
IDLE MODE 

o I ~I 1:ri~E(~ODE 
4MHz 8MHz ,12MHz 16MHz 

FRED AT XTAL 1 

Figure 5. ICC vs. Frequency. 

270603-6 

Valid only within frequency specifications of 
the device under test. 
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RST EA 

XTAL2 
'XTAL1 
vss 
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Figure 6. Icc Test Condltlon,Actlve Mode. 
All other pins are disconnected. 

XTAL2 
XTALI 
vss 

270603-8 

Figure 7. Icc Test Condition, Idle Mode. 
All other pins are disconnected. 
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Vee-0.5 .------~~----
0.7 Vee 

0.45V---Tc0.2 Vee-O.l 
TCHCL 

270603-9 

Figure 8. Clock Signal Waveform for Icc Tests In Active and Idle Modes. TCLCH = TCHCL = 5 ns. 

XTAL2 
XTAL1 
vss 

270603-10 

Figure 9. Ice Test Condition, Power Down Mode. All other pins are disconnected. Vec = 2V to 6V. 

EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

A: Address. 
C: Clock. 
D: Input data. 
H: Logic level HIGH. 
I: Instruction (program memory contents). 
L: Logic level LOW, or ALE. 

P: PSEN. 
Q: Output data. 
A: AD signal. 
T: Time. 
V: Valid. 

. W: WA signal. 
X: No longer a valid logic level. 
Z: Float. 

EXAMPLE: 

TAVLL = Time for Address Valid to ALE Low. 
TLLPL = Time for ALE Low to PSEN Low. 
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A.C. CHARACTERISTICS 
(TA = O°C to 70°C, Vee = 5V ±20%, vss = OV, Load Capacitance for Port 0, ALE, and PSEN = 100 pF, 
Load Capacitance for All Other Outputs. = 80 pF) 

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS 

Synibol Parameter 
12 MHz Osc Variable Oscillator 

Units 
Min Max Min Max 

1/TCLCL Oscillator Frequency MHz 
80C51 BH/80C31 BH 3.5 12 
80C51 BH-1I80C31 BH-1 3.5 16 
80C51 BH-2/80C31 BH-2 0.5 12 

TLHLL ALE Pulse Width 127 2TCLCL - 40 ns 

TAVLL Address Valid to ALE Low 28 TCLCL - 55 ns 

TLLAX Address Hold After ALE Low 48 TCLCL - 35 ns 

TLLlV ALE Low to Valid Instr In 234 4TCLCL - 100 ns 

TLLPL ALE Low to PSEN Low 43 TCLCL - 40 ns 

TPLPH PSEN Pulse Width 205 3TCLCL - 45 ns 

TPLIV . PSEN Low to Valid Instr In 145 3TCLCL - 105 ns 

TPXIX Inputlnstr Hold After PSEN 0 0 ns 

TPXIZ Input Instr Float After PSEN 59 TCLCi.. - 25 ns 

TAVIV Address to Valid Instr In 312 5TCLCL- 105 ns 

TPLAZ PSEN Low to Address Float 10 10. ns 

TRLRH· RD Pulse Width 400 6TCLCL - 100 ns 

TWLWH WR Pulse Width 400 6TCLCL - 100 ns· 

TRLDV RD Low to Valid Data In 252 5TCLCL - 165 ns 

TRHDX Data Hold After RD ·0 0 ns 

TRHDZ Data Float After RD 97 2TCLCL ~ 70 ns 

TLLDV ALE Low to Valid Data In 517 ft,..""" • .,.... ~ ... -
DIVL\.IL - IOU ns 

. TAVDV Address to Valid Data In 585 9TCLCL - 165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL - 50 3TCLCL + 50 ns 

TAVWL Address Valid to RD or WR Low 203 4TCLCL - 130 ns 

TQVWX Data Valid to WR Transition 23 TCLCL - 60 ns 

TWHQX Data Hold After WR 33 TCLCL - 50 ns 

TRLAZ RD Low to Address Float 0 0 ns 

TWHLH RO or WR High to ALE High 43 123 TCLCL - 40 TCLCL + 40 ns 
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EXTERNAL DATA MEMORY READ CYCLE 

TWHLH 

ALE 

I------TLLDV----

--TLLWL--I-----TALAH-j----I 

iiii 

- -TRLAZ 

PDATO 

------TAVDV-------

PDAT2 P2.0-P2.7 OA "'1-A15 FADM DPH 

EXTERNAL PROGRAM MEMORY READ CYCLE 

I'OIITO 

I'OIIT 2 

-TAYLL- TWiL ---TPl.PH---

TLLIV 

TPllzl-
TPXII- -

8-111 

INSTA 
IN 

AI-A 15 FROM PCH 

270603-11 

..... ,S 
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EXTERNAL DATA MEMORY WRITE CYCLE 

TWHLH 

ALE 

JSilN 

-TLLWL--j TWLWH 

WR 

TOVWX 

.i.. TWHOX 

J.. 

PORTO DATA OUT INSTR 
IN 

PORT 2 P2.0 - P2.7 OR A8 - A15 FROM OPH A8 - A15 FROM PCH 

270603-13 
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Shift Register Mode Timing Waveforms 
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EXTERNAL CLOCK DRIVE 
Symbol Parameter Min Max Units 

1/TCLCL Oscillator Frequency MHz 
80CS1BHP 3.S 12 
80CS1BHP-1 3.S 16 
80CS1BHP-2 O.S 12 

TCHCX High Time 20 ns 

TCLCX Low Time 20 ns 

TCLCH Rise Time 20 ns 

TCHCL Fall Time 20 ns 

SERIAL TIMING-SHIFT REGISTER MODE 

Test Conditions: TA = O°C to 70°C; Vee = SV ±20%; Vss = OV; Load Capacitance = 80 pF 

Symbol Parameter 

TXLXL Serial Port Clock Cycle Time 

TQVXH Output Data Setup to Clock Rising Edge 

TXHQX Output Data Hold After Clock Rising Edge 

TXHDX Input Data Hold After Clock Rising Edge 

TXHDV Clock Rising Edge to Input Data Valid 

EXTERNAL CLOCK DRIVE WAVEFORM 

4r. T~~TINr. INDIIT nlITDIIT WA\lCCnDII .. --- --_._--- _ ... --, -_ .. _ ... .., .. -. _ ...... -
VCC-0.5-V- 0.2 VCC+0.9 >C 

0.45 V -A_0_.2_V,::;CC:..-_0_.1 ____ , 

270603-16 

AC Inputs during testing are driven at Vee - 0,5 for a logic "1" 
and OA5 V for a logic "0". Timing measurements are made at VIH 
min. for a logic "1" and VIL max. for a logic "0". 

DATA SHEET REVISION SUMMARY 

12MHzOsc Variable Oscillator Units 
Min 

1.0 

700 

SO 

0 

Max 

700 

Min Max 

12TCLCL 

10TCLCL - 133 

2TCLCL - 117 

0 

10TCLCL - 133 

270603-15 

TIMING REFERENCE 
POINTS 

,""S 

ns 

ns 

ns 

ns 

VOL +0.1 V 

270603-17 

For timing purposes a port pin is no longer floating when a 
1 00 mV change from load voltage occurs. and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs, 
IOLIiOH ;" ± 20 mAo 

The following are the key differences between this and the -001 version of the 80CS1 BHP data sheet: 

1. Package Table was added. 

2. Note 6 on Maximum Current Specifications was added to D.C. Characteristics. 

3. Data Sheet Revision Summary was added. 
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• 
• 
• 
• 
• 
• 
• 
• 

CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER 
WITH 4K BYTES OF EPROM PROGRAM MEMORY 

87C51-3.5 to 12 MHz, Vee = 5V ± 10% 
87C51-1-3.5 to 16 MHz, Vee = 5V ± 10% 
87C51-2--D.5 to 12 MHz, Vee = 5V ± 10% 

High Performance CHMOS EPROM • Programmable Serial Channel 

Quick-Pulse Programmlng™ Algorithm • TTL- and CMOS-Compatible Logic 

2-Level Program Memory Lock Levels 

Boolean Processor • 64K External Program Memory Space 

128-Byte Data RAM • 64K External Data Memory Space 

32 Programmable I/O Lines • IDLE and POWER DOWN Modes 

Two 16-Blt Timer/Counters • ONCETM Mode Facilitates System 
Testing 

5 Interrupt Sources 
LCC, PLCC, and DIP Packaging • Available 

The 87C51 is the EPROM version of the 80C51 BH. It is fabricated on Intel's CHMOS II-E process. It contains 
4K bytes of on-chip Program memory that can be electrically programmed, and can be erased by exposure to 
ultraviolet light. 

The 87C51 EPROM array uses a modified Quick-Pulse programming algorithm, by which the entire 4K-byte 
array can be programmed in about 12 seconds. 

The extremely low operating power, along with the two reduced power modes, Idle and Power Down, make 
this part very suitable for low power applications. The Idle mode freezes the CPU while allowing the RAM, 
timer/counters, serial port, and interrupt system to continue functioning. The Power Down mode saves the 
RAM contents but freezes the oscillator, causing all other chip functions to be inoperative. 
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87C51/87C51-1/87C51-2 
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I 
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I 
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PSEN 15 '" 
ALE TIMING;:: iii 
EA~ AND g -V;==~~~===========~~==::::~~=~ RST --'-+ CONTROL ~ l:ll' 

I ~'" 
I 

_____ ..1 

P1.0- P1.7 P3.0-P3.7 

270147-1 

Figure 1. MCS®-51 Architectural Block Diagram 

8-116 



87C51/87C51~1/87C51-2 

PACKAGES 
Part 

87C511 
87C51-1 I 
87C51-2 

P1.0 

P1.1 

P1.2 

P1.3 

Pl.4 

P1.5 

P1.6 

P1.7 

Prefix 

P 
o 
N 

RST 9 

(RXD) P3.0 

(TXD) P3.1 

(iNTO) P3.2 

(INn) P3.3 

(TO) P3.4 

(n) P3.5 

(ViR) P3.6 

(iID) P3.7 

XTAL2 

XTALI 

Vss 

DIP 

Package Type 

40-Pin Plastic DIP 
40-Pin CERDIP 
44-Pin PLCC 

Vee 
PO.O (ADO) 

PO.l (AD1) 

PO.2 (AD2) 

PO.3 (AD3) 

PO.4 (AD4) 

PO.5 (ADS) 

PO.6 (AD6) 

PO.7 (AD7) 

fA/vpp 
ALE/PROG 

PSEN 

P2.7 (A1S) 

P2.6 (AI4) 

P2.5 (AI3) 

P2.4 (AI2) 

P2.3 (All) 

P2.2 (AID) 

P2.1 (A9) 

P2.0 (A8) 

270147-2 

~~~~ 
INDEX 
CORNER 

"*: '1 t'! """: q u C! '": t'J "'1 __ .... __ u ueDeo 
~ ~ ~ ~ ~ z > ~ ~ ~ ~ 

~~~~~~~~~ 

PO.4 (A04) 

PO.S (ADS) 

PO.6 (AD6) 

RST PO.7 (A07) 

(RXD) P3.0 "IV" 
~ ~ 

(TXD) P3.1 ALE/PROG 

(INTO) P3.2 PSE" 

(lNT1) P3.3 

(TO) P3.4 P2 .• (Al4) 

. (T1) P3.5 P2.5 (AI3) 

270147-21 

PLCC 

Figure 2. Pin Connections 

PIN DESCRIPTION 
Vee: Supply voltage during normal, Idle, and Power 
Down operations. 

Vss: Circuit ground. 

Port 0: Port 0 is an 8-bit open drain bidirectional 1/0 
port. As an output port each pin can sink 8 LS TTL 
inputs. Port 0 pins that have 1 s written to them float, 
and in that state can be used as high-impedance 
inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external memory. In this 
application it uses strong internal pullups when emit
ting 1s. 

Port 0 also receives the code bytes during EPROM 
programming, and outputs the code bytes during 
program verification. External pullups are required 
during program verification. 

Port 1: Port 1 is an 8-bit bidirectional 1/0 port with 
internal pullups. Port 1 pins that have 1 s written to 
them are pulled high by the internal pull ups, and in 
that state can be used as inputs. As inputs, Port 1 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

Port 1 also receives the low-order address bytes 
during EPROM programming and program verifica
tion. 

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with 
internal pull ups. Port 2 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pull ups. 

Port 2 emits the high-order address byte during 
fetches from external Program memory and during 
accesses to external Data Memory that use 16-bit 
address (MOVX @DPTR). In this application it uses 
strong internal pullups when emitting 1 s. 

During .accesses to external Data Memory that use 
8-bit addresses (MOVX @Ri), Port 2 emits the con
tents of the P2Speciai Function Register. 

Port 2 also receives some control signals and the 
high-order address bits during EPROM programming 
and program verification. 

Port 3: Port 3 is an 8-bit bidirectional 1/0 port with 
internal pullups. Port 3 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins. that are externally being pulled low will source 
current (IlL, on the data sheet) because of the pull
ups. 
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Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 

Pin Name Alternate Function 

P3.0 RXD Serial input line 
P3.1 TXD Serial output line 
P3.2 INTO External Interrupt 0 
P3.3 INT1 External I nterrupt 1 
P3.4 TO Timer 0 external input 
P3.5 T1 Timer 1 external input 
P3.6 WR External Data Memory Write strobe 
P3.7 RD External Data Memory Read strobe 

Port 3 also receives some control signals for 
EPROM programming and program verification. 

RST: Reset input. A logic high on this pin for two 
machine cycles while the oscillator is running resets 
the device. An internal pulldown resistor permits a 
power-on reset to be generated using only an exter
nal capacitor to Vee. 

ALE/PROG: Address Latch Enable output signal for 
latching the low byte of the address during accesses 
to external memory. This pin is also the program 
pulse input (PROG) during EPROM programming. 

In normal operation ALE is emitted at a constant 
rate of1 /6 the oscillator frequency, and may be 
used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each 
access to external Data Memory. 

PSEN: Program Store Enable is the Read strobe to 
External Program Memory. When the 87C51 is exe
cuting from Internal Program Memory, PSEN is inac
tive (high). When the device is executing code from 
External Program Memory, PSEN is activated twice 
Gach iiiachine 0YC:e, exoept H-'ttl iwo FSEN activa .. 
tions are skipped during each access to External 
Data Memory. 

EA/Vpp: External Access enable. EA must be 
strapped to Vss in order to enable the 87C51 to 
fetch code from External Program Memory locations 
starting at OOOOH up to FFFFH. Note, however"that 
if either of the Lock Bits is programmed, the logic 
level at EA is internally latched during reset. 

EA must be strapped to Vee for internal program 
execution. 

This pin also receives the 12.75V programming sup
ply voltage (Vpp) during EPROM programming. 

XTAL 1: Input to the inverting oscillator amplifier and 
input to the internal clock generating circuits. 

XTAL2: Output from the inverting oscillator amplifi
er. 

XTAL2 

XTAL 1 

.... -----~vss 

270147-3 

Figure 3. Using the On-Chip OSCillator 

NC - XTAL2 

EXTERNAL 
OSCILLATOR ----I XTAL 1 

SIGNAL 

270147-4 

Figure 4. External Clock Drive 

OSCILLATOR CHARACTERISTICS 

XT AL 1 and XT AL2 are the input and output, respec
tively, of an inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. 

To drive the device from an external clock source, 
XT AL 1 should be driven, while XT AL2 is left uncon
nected, as shown in Figure 4. There are no require
ments on the duty cycle of the external clock signal, 
since the input to thE! ir!!~rna! c!ock!ng c!rct.!!try !s 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 

IDLE MODE 

In Idle Mode, the CPU puts itself to sleep while all 
the on-chip peripherals remain active. The mode is 
invoked by software. The content of the on-chip 
RAM and all the Special Functions Registers remain 
unchanged during this mode. The Idle Mode can be 
terminated by any enabled interrupt or by a hard
ware reset. 

It should be noted that when Idle is terminated by a 
hardware reset, the device normally resumes pro
gram execution, from where it left off, up to two ma
chine cycles before the internal reset algorithm 

. takes control. On-chip hardware inhibits access to 
internal RAM in this event, but access to the port 
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Table 1. Status of the external pins during Idle and Power Down 

Mode 
Program 

ALE PSEN PORTO PORT1 PORT2 PORTa 
Memory 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float Data Address Data 

Power Down Internal 0 0 Data Data Data Data 

Power Down External 0 0 Float Data Data Data 

NOTE: 
For more detailed information on the reduced power modes refer to current Embedded Controller Handbook, and Applica
tion Note AP-252, "Designing with the 80C51 BH." 

pins is not inhibited. To eliminate the possibility of an 
unexpected write to a port pin when Idle is terminat
ed by reset, the instruction following the one that 
invokes Idle should not be one that writes to a port 
pin or to external memory. 

POWER DOWN MODE 
In the Power Down mode the oscillator is stopped, 
and the instruction that invokes Power Down is the 
last instruction executed. The on-chip RAM and 
Special Function Registers retain their values until 
the Power Down mode is terminated. 

The only exit from Power Down is a hardware reset. 
Reset redefines the SFRs but does not change the 
on-chip RAM. The reset should not be activated be
fore V CC is restored to its normal operating level and 
must be held active long enough to allow the oscilla
tor to restart and stabilize. 

DESIGN CONSIDERATIONS 
Exposure to light when the device is in operation 
may cause logic errors. For this reason, it is suggest
ed that an opaque label be placed over the window 
when the die is exposed to ambient light. 

If using the 87C51 to prototype for the 80C51 BH, 
consult the Design Considerations section of the 
80C51 BH data sheet. 

PROGRAM MEMORY LOCK 
The 87C51 contains two program memory lock 
schemes: Encrypted Verify and Lock Bits. 

Encrypted Verify: The 87C51 implements a 32-
byte EPROM array that can be programmed by the 
customer, and which can then be used to encrypt 
the program code bytes during EPROM verification. 
The EPROM verification procedure is performed as 
usual, except that each code byte comes out logical
ly X-NORed with one of the 32 key bytes. The key 
bytes are gone through in sequence. Therefore, to 
read the ROM code, one has to know the 32 key 
bytes in their proper sequence. 

Lock Bits: Also on the chip are two Lock Bits which 
can be left unprogrammed (U) or can be pro
grammed (P) to obtain the following additional fea
tures: 

Bit 1 Bit 2 Additional Features 

U U none 

P U • Externally fetched code can not 
access internal Program Memory. 
• Further programming disabled. 

U P (Reserved for Future definition.) 

P P • Externally fetched code can not 
access internal Program Memory. 
• Further programming disabled. 
• Program verification is disabled. 

When Lock Bit 1 is programmed, the logic level at 
the EA pin is sampled and latched during reset. If 
the device is powered up without a reset, the latch 
initializes to a random value, and holds that value 
until reset is activated. It is necessary that the 
latched value of EA be in agreement with the current 
logic level at that pin in order for the device to func
tion properly. 

ONCETM MODE 

The ONCE ("on-circuit emulation") mode facilitates 
testing and debugging of systems using the 87C51 
without the 87C5i having to be removed from the 
circuit. The ONCE mode is invoked by: 

1. Pull ALE low while the device is in reset and 
PSEN is high; 

2. Hold ALE low as RST is deactivated. 

While the device is in ONCE mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir
cuit remains active. While the 87C51 is in this mode, 
an emulator or test CPU can be used to drive the 
circuit. Normal operation is restored when a normal 
reset is applied. 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... O°C to + 70°C 

Storage Temperature .......... -65°C to + 150°C 

Voltage on EAlVpp Pin to VSS ....... OV to + 13.0V 

Voltage on Any Other Pin to Vss .. - 0.5V to + 6.5V 

Maximum IOL per 1/0 Pin .................. 15 rnA 

Power Dissipation .......................... 1.5W 

(Based on package heat transfer limitations, not de
vice power consumption). 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

O.C. CHARACTERISTICS: (TA = O°C to + 70°C; VCC = 5V ± 10%; Vss = OV) 

Symbol Parameter Min Typ(1) Max Unit Test Conditions 

VIL Input Low Voltage (Except EA) -0.5 .2Vcc-·1 V 

VIL1 Input Low Voltage to EA 0 .2VCC-·3 V 

VIH Input High Voltage (Except XTAL 1, RST) .2Vcc+·9 Vcc+·5 V 

VIH1 Input High Voltage (XTAL1, RSn 0.7Vcc Vcc+·5 V 

VOL Output Low Voltage (Ports I, 2, 3) (7) 0.45 V IOL = 1.6 mA (2) 

VOL1 Output Low Voltage (Port 0, ALE, PSEN) (7) 0.45 V IOL = 3.2 mA (2) 

VOH Output High Voltage (Ports I, 2, 3, ALE, PSEN) 2.4 V IOH = -60/LA. 

.75Vcc V IOH = -25/LA 

.9Vcc V IOH =. -10 /LA 

VOH1 Output High Voltage (Port 0 in 2.4 V IOH = '- 800 /LA 

.75VcC V IOH = -300/LA 
External Bus Mode) 

.9Vcc V IOH = -80 /LA (3) 

IlL Logical 0 Input Current (Ports I, 2, 3) -50 /LA VIN = 0.45 V 

ITL Logical l-to-O transition current -650 /LA (4) 
(Ports I, 2, 3) 

III Input Leakage Current (Port 0) ±10 /LA VIN = VIL or YIH 

Icc Power Supply Current: 
Active Mode @ 12 MHz (5) 11.5 25 mA 
IlilA M0d~ @ 12 MHz {5} LS 4 mA (6) 
Power Down Mode 3 50 /LA 

RRST Internal Reset Pulldown Resistor 50 300 kO 

CIO Pin Capacitance 10 pF 

NOTES: 
1. "Typicals" are based on a limited number of samples taken from early manufacturing lots and are not guaranteed. The 
values listed are at room temp, 5V. 
2. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-
to-O transitions during bus operations. In the worst cases (capacitive loading> 100pF), the noise pulse on the ALE pin may 
exceed O.SV. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
3. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE.and PSEN to momentarily fall below the 0.9Vcc specifi
cation when the address bits are stabilizing. 
4. Pins of Ports 1. 2. and 3 source a transition current when they are being externally driven from 1 to O. The transition 
current reaches its maximum value when VIN is approximately 2V. 
5. IccMAX at other frequencies is given by: 

Active Mode: IccMAX = 0.94 x FREQ + 13.71 

Idle Mode: IccMAX = 0.14 X FREQ + 2.31 

where FREQ is the external oscillator frequency in MHz. IccMAX is given in mAo See Figure 5. 
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6. See Figures 6 through 9 for lee test conditions. Minimum Vee for Power Down is 2V. 
7. Under steady state (non-transient) conditions, IOL must be externally limited as follows: 

Maximum IOL per port pin: 10 mA 
Maximum IOL per B-bit port-

PortO: 26 mA 
Ports 1, 2, and 3: 15 mA 

Maximum totallOL for all output pins: 71 mA 
If IOL exceeds the test condition, VOL may exceed the related specification. 
Pins are not guaranteed to sink greater than the listed test conditions. 

~AX 
ACTIVE ~ODE 

lOI--I-~I---;~--j 

RST 

XTAL2 
KTALI 
Vss 

270147-18 

Figure 7. Icc Test Condition, Idle Mode. 

I--tr--ll----I--j MAX 
IDLE ~ODE 

TYP(I) 
~=I=::::it::j=:J IDLE MODE 

4MHz B~Hz 12MHz 16~Hz 

FREQ AT XTAL I 

270147-16 

Figure 5. Icc vs. FREQ. Valid only 
within frequency specifications of the 

device under test. 

270147-17 

Figure 6. Icc Test Condition, Active Mode. 
All other pins are disconnected. 

All other pins are disconnected. 

RST 

KTAL2 
XTALI 
Vss 

270147-20 

Figure 9. Icc Test Condition, Power Down 
Mode. All other pins are disconnected. 

Vce = 2Vto 5.5V. 

270147-19 

Figure 8. Clock Signal Waveform for 
Icc tests In Active and Idle Modes. 

TCLCH = TCHCL = 5 ns. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

A:Address. 
C:Clock. 

L:L09~C level LOW, or ALE. 
P:PS N. 
Q:Output data. 
A:AD signal. 
T:Time. 
V:Valid. 
W:WA signal. 
X:No longer a valid logic level. 
Z:Float. 

For example, 
D:lnput data. 
H:Logic level HIGH. 
1:lnstruction (program memory contents). 

TAVLL = Time from Address Valid to ALE Low. 
, TLLPL = Time from ALE Low to PSEN Low. 

A.C. CHARACTERISTICS: (T A = O·C to + 70·C; Vee = 5V ± 10%; Vss = OV; Load Capacitance for 
Port 0, ALE, and PSEN = 100 pF; Load Capacitance for All Other Outputs = 80 pF) 

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS 

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units 
Min Max Min Max 

1/TCLCL Oscillator Frequency 
87C51 3.5 12 MHz 
87C51-1 3.5 16 
87C51-2 0.5 12 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 
TAVLL Address Valid to ALE Low 28 TCLCL-55 ns 
TLLAX Address Hold After ALE Low 48 TCLCL-35 ns 
TLLlV ALE Low to Valid Instr In 234 4TCLCL-100 ns 
TLLPL ALE Low to PSEN Low 43 TCLCL-40 ns 
TPLPH PSEN Pulse Width 205 3TCLCL-45 ns 
TPLIV PSEN Low to Valid Instr In 145 3TCLCL-105 ns 
TPXIX Input Instr Hold After PSEN 0 0 ns 
TPXIZ Input Instr Float After PSEN 59 TCLCL-25 ns 
TAViV Address to Vaiid instr In 312 5TCLCL-105 ns 
TPLAZ PSEN LoW to Address Float 10 10 ns 
TALAH AD Pulse Width 400 6TCLCL-100 ns 
TWLWH WA Pulse Width 400 6TCLCL-100 ns 
TALDV AD Low to Valid Data In 252 5TCLCL-165 ns 
TAHDX Data Hold After AD 0 0 ns 
TAHDZ Data Float After AD 97 2TCLCL-70 ns 
TLLDV ALE Low to Valid Data In 517 8TCLCL-150 ns 
TAVDV Address to Valid Data In 585 9TCLCL-165 ns 
TLLWL ALE Low to AD or WA Low 200 300 3TCLCL-50 3TCLCL+50 ns 
TAVWL Address to AD or WA Low . 203 4TCLCL-130 ns 
TQVWX Data Valid to WA Transition 23 TCLCL-60 ns 
TWHQX Data Hold After WA 33 TCLCL-50 ns 
TALAZ AD Low to Address Float 0 0 ns 
TWHLH AD or WA High to ALE High 43 123 TCLCL-40 TCLCL+40 ns 
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ALE __ J 

PSEN 
--..I 

PORT a 
----"' 

PORT 2 A8-A15 

---,-----------',~--------270147-5 

External Program Memory Read Cycle 

ALE 

PSEN 

PORTO -
FROt.! RI OR DPL INSTR. IN 

TAVWL 
TAVOV 

PORT 2 P2.0-P2.7 OR A8-A 15 FROM DPH A8-A 15 FROM PCH 

----"'.~-------------------"~-----------270147-6 

External Data Memory Read Cycle 

ALE 

PSEN 

TLLWL ---<~--- TWLWH ---~ 

WR 

PORTO FROt.! RI OR DPL DATA OUT INSTR. IN 

I----TAVWL---..! 

PORT2 P2.0-P2.7 OR A8-A15 FROM OPH A8-A 15 FROM PCH 

270147-7 

External Data Memory Write Cycle 
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EXTERNAL CLOCK DRIVE EXTERNAL CLOCK DRIVE WAVEFORM 

Symbol Parameter Min Max Units 

1/TCLCL Oscillator Frequency 
87CS1 3.S 12 MHz 
87CS1-1 3.S 16 
87CS1-2 O.S 12 

TCHCX High Time 20 ns 270147-8 

TCLCX Low Time 20 ns 

TCLCH Rise Time 20 ns 

TCHCL Fall Time 20 ns 

SERIAL PORT TIMING-SHIFT REGISTER MODE 

Symbol Parameter 

TXLXL Serial Port Clock Cycle Time 

TQVXH Output Data Setup to Clock Rising Edge 

TXHQX Output Data Hold After Clock Rising Edge 

TXHDX Input Data Hold After Clock Rising Edge 

TXHDV Clock Rising Edge to Input Data Valid 

SHIFT REGISTER MODE TIMING WAVEFORMS 

INSTRUCTION I 
ALE 

CLOCK 

12MHz 
Oscillator 

Min Max 

1.0 

700 

SO 

0 

700 

4 

Variable Oscillator 
Units 

Min Max 

12TCLCL ","S 

1 OTCLCL -133 ns 

2TCLCL-117 ns 

0 ns 

1 OTCLCL - 133 ns 

5 

-----.r---:-....i..\ r-~...J.., ,..---:-~X,..---:-~X,..~. ~X,..------.X,..---:-~X / 
OUTPUT DATA • '-......;.._~ 

t t 
WRITE TO SBur SET TI 
. INPUT DATA -----.....",.......,.,......,.1, ..."" ... I"-,r----.,r-_,.,..,-:-=.,----..r---...~_...,--....... r-... r __ 'I"'-',__,.1 

t 
CLEAR RI 

A.C. TESTING: 

INPUT, OUTPUT WAVEFORMS 

Vee-O•S =x >C 0.2 Vee+0.9 

0.2 Vee-O.l : 
OASV -~.;....-----. 

270147-10 

AC inputs during testing are driven at Vee - 0.5 for a Logic "I" 
and 0.45V for a Logic "0." Timing measurements are made at VIH 
min for a Logic "I" and Vil max for it Logic "0". 

t 
SET RI 

270147-9 

FLOAT WAVEFORM 

8-124 

270147-11 
For timing purposes a port pin is no longer floating when a 100 
mV change from load voltage occurs, and begins to float when a 
100 mV change from the loaded VOHIVOl level occurs. IOl/lOH 
;, ±20 rnA. 



87C51/87C51·1/87C51·2 

EPROM CHARACTERISTICS 

The 87C51 is programmed by a modified Quick
Pulse Programming™ algorithm. It differs from older 
methods in the value used for Vpp (Programming 
Supply Voltage) and in the width and number of the 
ALE/PROG pulses. 

The 87C51 contains two signature bytes that can be 
read and used by an EPROM programming system 

to identify the device. The signature bytes identify 
the device as an 87C51 manufactured by Intel. 

Table 2 shows the logic levels for reading the signa
ture byte, and for programming the Program Memo
ry, the Encryption Table, and the Lock Bits. The cir
cuit configuration and waveforms for Quick-Pulse 
Programming™ are shown in Figures 1 0 and 11. 
Figure 12 shows the circuit configuration for normal 
Program Memory verification. 

Table 2. EPROM Programming Modes 

MODE 

Read Signature 

Program Code Data 

Verify Code Data 

Pgm Encryption Table 

Pgm Lock Bit 1 

Pgm Lock Bit 2 

NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 
Vpp = 12.75V ± 0.25V 

RST PSEN 

1 0 

1 0 

1 0 

1 0 

1 0 

1 0 

Vce = 5V ± 10% during programming and verification 

ALE! 
PROG 

1 

O· 

1 

O· 

O· 

O· 

EA! 
P2.7 P2.6 P3.7 P3.6 

Vpp 

1 0 0 0 0 

Vpp 1 0 1 1 

1 0 0 1 1 

Vpp 1 0 1 0 

Vpp 1 1 1 1 

Vpp 1 1 0 0 

*ALE/PROG receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse is low for 100 ",S(±10 
",5) and high for a minimum of 10 ",5. , 

+5V 

Vce 

AO-A7 PI PO PGM DATA 

RST EA/Vpp +12.75V 

P3.6 
ALE/PROG 25 100}'s PULSES TO GND 

87C51 PSEN 0 

P3.7 
P2.7 

XTAL2 P2.6 0 

P2.0 XTAL 1 AS-All 
-P2.3 

Vss 

270147-12 

Figure 10. Programming Configuration 
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III'" ,>-------25 PULSES ------1'1 
ALE/PROG:~-----~ 

~ 

'-. IOJ's IAIN11" I00l!:.s 
'I :I: IOJ's 

ALE/PROG: 01 n n 
270147-13 

Figure 11. PROG Waveforms 

Quick-Pulse Programming™ 

The setup for Microcontroller Quick-Pulse Program
mingTM is shown in Figure 10. Note that the 87C51 
is running with a 4 to 6 MHz oscillator. The reason 
the oscillator needs to be running is that the device 
is executing internal address and program data 
transfers. 

The address of the EPROM location to be pro
grammed is applied to Ports 1 and 2, as shown in 
Figure 10. The code byte to be programmed into 
that location is applied to Port O. RST, PSEN, and 
pins of Ports 2 and 3 specified in Table 2 are held at 
the "Program Code Data" levels indicated in Table 
2. Then ALE/PROG is pulsed low 25 times as 
shown in Figure 11. 

To program the Encryption Table, repeat the 25-
pulse programming sequence for addresses 0 

through 1 FH, using the "Pgm Encryption Table" lev
els. Don't forget that after the Encryption Table is 
programmed, verify cycles will produce only encrypt
ed data. 

To program the Lock Bits, repeat the 25-pulse pro
gramming sequence using the "Pgm Lock Bit" lev· 
els. After one Lock Bit is programmed, further pro
gramming of the Code Memory and Encryption Ta
ble is disabled. However, the other Lock Bit can still 
be programmed. 

Note that the EAlVpppin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt
age level can cause permanent damage to the de
vice. The Vpp source should be well regulated and 
free of glitches and overshoot. 
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AO-A7 PI 

RST 

P3.6 

P3.7 

XTAL2 

---'-"-r--!XTAL 1 

+5V 

Vee 

PGM 
PO DATA 

EA/Vpp 

ALE/PROG 

B7C51 PSEN 0 

P2.7 0 

P2.6 0 

P2.0 I/L--A~B--All 
-P2.3 

(ENABLE) 

270147-14 

Figure 12. Program Verification 

Program Verification 

If Lock Bit 2 has not been programmed, the on-chip 
Program Memory can be read out for program verifi
cation. The address of the Program Memory location 
to be read is applied to Ports 1 and 2 as shown in 
Figure 12. The other pins are held at the "Verify 
Code Data" levels indicated in Table 2. The con
tents of the addressed location will be emitted on 
Port O. External pullups are required on Port 0 for 
this operation. Detailed timing specifications are 
shown in later sections of this data sheet. 

If the Encryption Table has been programmed, the 
data presented at Port 0 will be the Exclusive NOR 
of the program byte with one of the encryption bytes. 
The user will have to know the Encryption Table 
contents in order to correctly decode the verification 
data. The Encryption Table itself can not be read 
out. 

Reading the Signature Bytes 

The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031 H, 
except that P3.6 and P3.7 need to be pulled to a 
logic low. The values returned are: 

(030H) = 89H indicates manufactured by Intel 

(031 H) = 57H indicates 87C51 

Program/Verify Algorithms 

Any algorithm in agreement with the conditions list
ed in Table 2, and which satisfies the timing specifi
cations, is suitable. 

Erasure Characteristics 

Erasure of the EPROM begins to occur when the 
chip is exposed to light with wavelengths shorter 
than approximately 4,000 Angstroms. Since sunlight 

. and fluorescent lighting have wavelengths in this 
range, exposure to these light sources over an ex
tended time (about 1 week in sunlight, or 3 years in 
room level fluorescent lighting) could cause inadver
tent erasure. If an application subjects the device to 
this type of exposure, it is suggested that an opaque 
label be placed over the window. 

The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat
ed dose of at least 15 W-sec/cm2. Exposing the 
EPROM to an ultraviolet lamp of 12,000 p.W/cm2 
rating for 30 minutes, at a distance of about 1 inch, 
should be sufficient. 

Erasure leaves the array in an all 1 s state. 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS: 
(TA = 21°C to 27°C, vee = 5V ±10%, VSS = OV) 

Symbol Parameter Min 

Vpp Programming Supply Voltage 12.5 

Ipp Programming Supply Current 

1/TCLCL Oscillator Frequency 4 

TAVGL Address Setup to PROG Low 48TCLCL 

TGHAX Address Hold After PROG 48TCLCL 

TDVGL Data Setup to PROG Low 48TCLCL 

TGHDX Data Hold After PROG 48TCLCL 

TEHSH P2.7 (ENABLE) High to Vpp 48TCLCL 

TSHGL Vpp Setup to PROG Low 10 

TGHSL Vpp Hold After 'PROG 10 

TGLGH PROGWidth 90 

TAVaV Address to Data Valid 

TELaV ENABLE Low to Data Valid 

TEHaZ Data Float After ENABLE 0 

TGHGL 'PROG High to ~ Low 10 

EPROM Programming and Verification Waveforms 

P1.0-P1.7 
P2.0-P2.3 

PORT D 

ALE/I'ROG 

PROGRAMMING-

ADDRESS 

DATA IN 

TDVGL..,! - 0 TGHDX 
TAVGL-~ TGHAX 

TSHGLr=: ~G~ _TGHGL ___ TGLGH 1_ITr.~I3L 

I LOGIC 1 

-----
r- _______ !;2,G!£..D _____ 

- TEHSH TELQV-
P2.7 I 

(ENABLE) --...II 

VERIFICATION-

ADDRESS 

-TAVQV 

DATA OUT 

LOGIC 1 

----
-

'FOR PROGRAMMING CONDITIONS SEE FIGURE 10. 
FOR VERIFICATION CONDITIONS SEE FIGURE 12. 

DATA SHEET REVISION SUMMARY 

Max 

13.0 

50 

6 

110 

48TCLCL 

48TCLCL 

48TCLCL 

------
I-TEHQZ 

Units 

V 

mA 

MHz 

/los 

/los 

/los 

J.l.s 

270147-15 

The following are the key differences between this and the -004 version of the 87C51 BH data sheet: 

1. Package table was added. 

2. Note 7 on maximum current specifications added to DC Characteristics. 

3. Data Sheet Revision Summary was added. 
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• Extended Temperature Range 

• Burn-In 

87C51 
EXPRESS 

• 3.S MHz to 12 MHz Vee = SV ± 10% 

The Intel EXPRESS system offers enhancements to the operational specifications of the MCS®-S1 family of 
microcontrollers. These EXPRESS products are designed to meet the needs of those applications whose 
operating requirements exceed commercial standards. 

The EXPRESS program includes the commercial standard temperature range with burn-in and an extended 
temperature range with or without burn-in. 

With the commercial standard temperature range, operational characteristics are guaranteed over the temper
ature range of O·C to + 70·C. With the extended temperature range option, operational characteristics are 
guaranteed over the range of - 40·C to + 8S·C. 

The optional burn-in is dynamic for a minimum time of 160 hours at 12S·C with Vee = 6.9V ± 0.25V, following 
guidelines in MIL-STD-883, Method 101S. 

Package types and EXPRESS versions are identified by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 1. 

For the extended temperature range option, this data sheet specifies the parameters which deviate from their 
commercial temperature range limits. The commercial temperature range data sheets are applicable for all 
parameters not listed here. 

8-129 
September 1988 

Order Number: 270430-002 



intJ 87C51 EXPRESS 

Electrical Deviations from Commercial Specifications 
for Extended Temperature Range 

D.C. and A.C. parameters not included here are the same as in the commercial temperature range data 
sheets. 

D.C. CHARACTERISTICS TA =-40·Cto + 85·C; Vee = 5V ±10%; Vss = OV 

Symbol Parameter LImits 
Unit Test 

Min Max Conditions 

VIL Input Low Voltage (Except EA) -0.5 0.2Vee - 0.15 V 

VIL1 EA 0 0.2Vee - 0.35 V 

VIH Input High Voltage (Except XTAL 1, RST) 0.2Vee + 1 Vee + 0.5 V 

VIH1 Input High Voltage to XTAL 1, RST. 0.7Vee + 0.1 Vee + 0.5 V 

IlL Logical 0 Input Current (Port 1, 2, 3) -75 /LA VIN == 0.45V 

ITL Logical 1 to 0 transition -750 /LA VIN = 2.0V 
Current (Ports 1, 2, 3) 

Icc Power Supply Current (Note 1) 
Active Mode 35 mA 
Idle Mode 6 mA 
Power Down Mode 50 /LA 

NOTE: 
1. Vee = 4.SV-S.SV, Frequency Range = 3.S MHz-12 MHz. 
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Table 1. Prefix Identification 

Prefix Package Type Temperature Range(2) Burn-ln(3) 

P Plastic Commercial No 

D Cerdip Commercial No 

N PLCC Commercial No 

TP Plastic Extended No 

TD Cerdip Extended No 

TN PLCC Extended No 

ap Plastic Commercial Yes 

aD Cerdip Commercial Yes 

aN PLCC Commercial Yes 

LP Plastic Extended Yes 

LD Cerdip Extended Yes 

LN PLCC Extended Yes 

NOTES: 
2. Commercial temperature range is O'C to +70'C. Extended temperature range is -40'C to +85'C. 
3. Burn·in is dynamic for a minimum time of 160 hours at + 125'C, Vee = 6.9V ±0.25V, following guidelines in MIL·STD· 
883 Method 1015 (Test Condition D). 

Examples: 

P87C51 indicates 87C51 in a plastic package and specified for commercial temperature range, without burn·in. 
LDB7C51 indicates 87C51 in a cerdip package and specified for extended temperature range with burn·in. 

8-131 
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HARDWARE DESCRIPTION OF THE 83C51FA/FB 

1.0 INTRODUCTION 

The 80CSIFA and 80CSIFB are highly integrated 8-bit 
microcontrollers based on the MCSI!)-SI architecture. 
Their key feature is the programmable counter array 
(PCA) which is capable of measuring and generating 
pulse information on five I/O pins. Also included are 
an enhanced serial port for multi-processor communi
cations, an up/down timer/counter, and a program 
lock scheme for the on-chip program memory. Since 
these products are CHMOS, they have two software 
selectable reduced power modes: Idle Mode and Power 
Down Mode. As a member of the MCS-S I family, the 
80CSIFAIFB are optimized for control applications. 

This document presents a comprehensive description of 
the on-chip hardware features of the 8XCSIFA/FB. It 
begins with a discussion of the on-chip memory and 
then discusses each of the peripherals as follows: 

• 8K Bytes On-Chip EPROM/ROM (on the 
87CS IF A/83CS IFA) 

• 16K Bytes On-Chip EPROM/ROM (on the 
87CS IFB/83CS IFB) 

• 2S6 Bytes On-Chip Data RAM 

• Special Function Registers (SFR) 

• Four 8-bit bidirectional parallel ports 

• Three 16-bit Timer/Counters with 

- One Up/Down Timer/Counter 

• Programmable Counter Array with 

- Compare/Capture 

- Software Timer 

- High Speed Output 

- Pulse Width Modulator 

- Watchdog Timer 

• Full-Duplex Programmable Serial Interface with 

- Framing Error Detection 

- Automatic Address Recognition 

• Interrupt Structure with 

- Seven interrupt sources 

- Two Priority levels 

• Reduced Power Modes 

- Idle Mode 

- Power Down Mode 

The 8XC51FA/FB uses the standard 8051 instruction 
set and is pin-for-pin compatible with the existing 
MCS-51 family of products. The 83C51FA/FB is the 
factory masked ROM device; the 80C51FA is the 
ROMless device; and the 87CSIFA/FB is the EPROM 
device. The designation 8XCSIFA/FB refers to any of 
these devices. 
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Figure 1 shows a functional block diagram of the 
8XC51FA/FB. 

2.0 MEMORY ORGANIZATION 

All MCS-51 devices have a separate address space for 
Program and Data Memory. Up to 64K bytes each of 
external Program and Data Memory can be addressed. 

2.1 Program Memory 

The only difference between the 8XC51FA and 
8XC51FB is the program memory size. The 8XC51FA 
has 8K bytes of internal ROM or EPROM, whereas the 
8XC51FB has 16K bytes. 

If the EA pin is connected to V ss, all program fetches 
are directed to external memory. On the 83C51FA (or 
87C51FA), if the EA pin is connected to· Vee. then 
program fetches to addresses OOOOH through IFFFH 
are directed to internal ROM and fetches to addresses 
2000H through FFFFH are to external memory. 

On the 83C51FB (or 87C51FB) if EA is connected to 
VCC, program fetches to addresses OOOOH through 
3FFFH are directed to internal ROM, and fetches to 
addresses 4000H through FFFFH are to external mem
ory. 

2.2 Data Memory 

The 8XC51FA/FB implement 256 bytes of on-chip 
data RAM. The upper 128 bytes occupy a parallel ad
dress space to the Special Function Registers. That 
means they have the same addresses, but they are phys
ically separate from SFR space. 

\Vh€" iilliiistfu..;;iiull acct:8sc:s an iniemai iocation above 
address 7FH, the CPU knows whether the access is to 
the upper 128 bytes of data RAM or to SFR space by 
the addressing mode used in the instruction. Instruc
tions that use direct addressing access SFR space. For 
example, 

MOV OAOH, # data 

accesses the SFR at location OAOH (which is P2). In
structions that use indirect addressing access the upper 
128 bytes of data RAM. For example, 

MOV @RO,#data 

where RO contains OAOH, accesses the data byte at ad
dress OAOH, rather than P2 (whose address is OAOH). 
Note that stack operations are examples of indirect ad
dressing, so the upper 128 bytes of data RAM are avail
able as stack space. 
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P2 .0- P2.7 

-, 

PSEN 
ALE/~ 

£A/VPP 
RST 

TIMING CII~~~=~::;;;======~====~~===~"':=~ AND 
CONTROL 8 

0: 

Pl.O- Pl.7 P3.0- P3.7 
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Figure 1. 8XC51FA/FB Functional Block Diagram 

3.0 SPECIAL FUNCTION REGISTERS 

A map of the on-chip memory area called the SFR 
(Special Function Register) space is shown in Table I. 
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Note that not all of the addresses are occupied. Unoc
cupied addresses are not implemented on the chip. 
Read accesses to these addresses will in general return 
random data, and write accesses will have no effect. 
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User software should not write I s to these unimple
mented locations, since they may be. used in future 
MCS-51 products to invoke new features. In that case 
the reset or inactive values of the new bits will always 
be 0, and their active values will be I. 

The functions of the SFRs are outlined below. More 
information on the use of specific SFRs for each periph
eral is included in the description of that peripheral. 

Accumulator ACC is the Accumulator register. The 
mnemonics for Accumulator-Specific instructions, 
however, refer to the Accumulator simply as A. 

Table 1. SFR Mapping and Reset Values 

F8 CH CCAPOH CCAP1H CCAP2H CCAP3H CCAP4H 
00000000 xxxxxxxx xxxxxxxx XXXXXXXX XXXXXXXX XXXXXXXX 

FO 'S 
00000000 . 

E8 CL CCAPOL CCAP1L CCAP2L CCAP3L CCAP4L 
00000000 xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx 

EO • ACC 
00000000 

D8 CCON CMOD CCAPMO CCAPM1 CCAPM2 CCAPM3 CCAPM4 
OOXOOOOO OOXXXOOO XOOOOOOO XOOOOOOO XOOOOOOO XOOOOOOO XOOOOOOO 

DO • PSW 
00000000 

C8 T2CON T2MOD RCAP2L RCAP2H TL2 TH2 
00000000 XXXXXXXO 00000000 00000000 00000000 00000000 

co 

S8 • IP SADEN 
XOOOOOOO 00000000 

SO • P3 
11111111 

A8 • IE SAD DR 
00000000 00000000 

AO • P2 
11111111 

98 'SCON • SSUF 
00000000 xxxxxxxx 

90 • P1 
11111111 

88 " TCON *TMOD • TLO • TL1 • THO • TH1 
00000000 00000000 00000000 00000000 00000000 00000000 

80 * PO * SP • DPL • DPH 
11111111 00000111 00000000 00000000 

. . 
* = Found In the 8051 core (See 8051 Hardware DeSCription for explanations of these SFRs) . 

*. = See description of PCON SFR. Bit PCON.4 is not affected by reset. 
X = Undefined. . 
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CF 
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SF 
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AF 

A7 

9F 
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Table 2. PSW: Program Statue Word Register 

PSW 

Symbol 

Address = ODOH 

Bit Addressable 

CY 
Bit 7 

Function 

Carry flag. 

AC 

6 

Reset Value = 0000 OOOOB 

FO RS1 RSO OV P 

5 4 3 2 o 

CY 
AC 
FO 
RS1 
RSO 

Auxiliary Carry flag. (For BCD Operations) 
Flag O. (Available to the user for general purposes). 
Register bank select bit 1. 
Register bank select bit o. 

RS1 
o 

RSO 
o 

Working Register Bank and Address 
Bank 0 (00H-07H) 

o 1 Bank 1 (OBH-OFH) 
1 o Bank 2 (10H-17H) 

Bank 3 (1BH-1 FH) 
OV Overflow flag. 

User definable flag. 
P Parity flag. Set! cleared by hardware each instruction cycle to indicate an odd/ even 

number of "one" bits in the Accumulator, i.e., even parity. 

B Register The B register is used during multiply and 
divide operations. For other instructions it can be treat
ed as another scratch pad register. 

Stack Pointer The Stack Pointer Register is S bits wide. 
It is incremented before data is stored during PUSH 
and CALL executions. The stack may reside anywhere 
in on-chip RAM. On reset, the Stack Pointer is initial
ized to 07H causing the stack to begin at location OSH. 

Data Pointer The Data Pointer (DPTR) consists of a 
high byte (DPH) and a low byte (DPL). Its intended 
function is to hold a l6-bit address, but it may be ma
nipulated as a 16-bit register or as two independent 
S-bit registers. 

Program Status Word The PSW register contains pro
gram status information as detailed in Table 2. 

Ports 0 to 3 Registers PO, PI, P2, and P3 are the SFR 
latches of Port 0, Port I, Port 2, and Port 3 respective
ly. 

Timer Registers Register pairs (THO, TLO), (THI, 
TLl), and (TH2, TL2) are the 16-bit count registers for 
Timer/Counters 0, I, and 2 respectively. Control and 
status bits are contained in registers TCON and TMOD 
for Timers 0 and I and in registers T2CON and 
T2MOD for Timer 2. The register pair (RCAP2H, 
RCAP2L) are the capture/reload registers for Timer 2 
in 16-bit capture mode or 16-bit auto-reload mode. 
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Programmable Counter Array (PCA) Registers The 16-
bit PCA timer/counter consists of registers CH and 
CL. Registers CCON and CMOD contain the control 
and status bits for the PCA. The CCAPMn (n = 0, I, 
2, 3, or 4) registers control the mode for each of the five 
PCA modules. The register pairs (CCAPnH, CCAPnL) 
are the 16-bit compare/capture registers for each PCA 
module. 

Serial Port Registers The Serial Data Buffer, SBUF, is 
actually two separate registers: a transmit buffer and a 
receive buffer register. When data is moved to SBUF, it 
goes to the transmit buffer where it is held for serial 
transmission. (Moving a byte to SBUF initiates the 
transmission). When data is moved from SBUF, it 
comes from the receive buffer. Register SCON·contains 
the control and status bits for the Serial Port. Registers 
SADDR and SADEN are used to define the Given and 
the Broadcast addresses for the Automatic Address 
Recognition feature. 

Interrupt Registers The individual interrupt enable bits 
are in the IE register. Two priorities can be set for each 
of the 7 interrupts in the IP register. 

Power Control Register PCON controls the Power Re
duction Modes. Idle and Power Down Modes. 
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4.0 PORT STRUCTURES AND 
OPERATION 

All four ports in the SXC5IFA/FB are bidirectional. 
Each consists of a latch (Special Function RegisterS PO 
through P3), an output driver, and an input buffer. 

The output drivers of Ports 0 and 2, and the input buff
ers of Port 0, are used in accesses to external memory. 
In this application, Port 0 outputs the low byte of the 
external memory address, time-multiplexed with the 
byte being written or read. Port 2 outputs the high byte 
of the external memory address when the address is 
16 bits wide. Otherwise the Port 2 pins continue to emit 
the P2 SFR content. 

All the Port I and Port 3 pins are multifunctional. 
They are not only port pins, but also serve the functions 
of various special features as listed in Table 3. 

The alternate functions can only be activated if the cor
responding bit latch in the port SFR contains al. Oth
erwise the port pin is stuck at O. 

4.1 I/O Configurations 

Figure 2 shows a functional diagram of a typical bit 
latch and I/O buffer in each of the four ports. The bit 
latch (one bit in the port's SFR) is represented as a 
Type D flip-flop, which clocks in a value from the in
ternal bus in response to a "writ!; to latch" signal froIp. 
the CPU. The Q output of the flip-flop is placed on the 
internal bus in response to a "read latch" signal from 
the CPU. The level of the port pin itself is placed on the 
internal bus in response to a "read pin" signal from the 
CPU. Some instructions that read a port activate the 
"read latch" signal, and others activate the "read pin" 
signal. See the Read-Modify-Write Feature section. 

As shown in Figure 2, the output drivers of Ports 0 and 
2 are switchable to an internal ADDRESS and AD
DRESS/DATA bus by an internal CONTROL signal 
for use in external memory accesses. During external 
memory accesses, the P2 SFR remains unchanged, but 
the PO SFR gets I s written to it. 
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Table 3. Alternate Port Functions 

Port Pin Alternate Function 

PO.O/ ADO- Multiplexed Byte of Address/Data for 
PO.7/AD7 External Memory 

Pl.0/T2 Timer 2 External Clock Input 

Pl.l/T2EX Timer 2 Reload/Capture/Direction 
Control 

P1.2/ECI PCA External Clock Input 

P1.3/CEX3 PCA Module 0 Capture Input, Com
pare/PWM Output 

Pl.4/CEX4 PCA Module I Capture Input, Com
pare/PWM Output 

Pl.5/CEX5 PCA Module 2 Capture Input, Com
pare/PWM Output 

Pl.6/CEX6 PCA Module 3 Capture Input, Com
pare/PWM Output 

Pl.7/CEX7 PCA Module 4 Capture Input, Com
pare/PWM Output 

P2.0/AS
P2.7/AI5 

High Byte of Address for External 
Memory 

P3.0/RXD Serial Port Input 

P3.I/TXD Serial Port Output 

P3.2/INTO External Interrupt 0 

P3.3/INT 

P3.4/T0 

P3.5/TI 

P3.6/WR 

P3.7/RD 

External Interrupt I 

Timer 0 External Clock Input 

Timer I External Clock Input 

Write Strobe for External Memory 

Read Strobe·for External Memory 
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WRITE 
TO 
LATCH 

A. Port 0 Bit 
ADDR/DATA 

VCC 
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WRITE 
TO 
LATCH 

B. Port 1 or Port 3 Bit 
ALTERNATE 

OUTPUT 
FUNCTION 

ALTERNATE 
INPUT 

FUNCTION 
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c. Port 2 Bit 

READ 
LATCH 

INT. BUS 

WRITE 
TO 
LATCH 

·See Figure 4 for details of the internal pullup 

ADDR 
VCC 

CONTROL 
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Figure 2. 8XC51FA/FB Port Bit Latches and 1/0 Buffers 

Also shown in Figure 2 is that if a PI or P3 latch 
contains ai, then the output level is controlled by the 
signal labeled "alternate output function." The actual 
pin level is always available to the pin's alternate input 
function, if any. 

Ports 1, 2, and 3 have internal pullups. Port 0 has open 
drain outputs. Each I/O line can be independently used 
as an input or an output (Ports 0 and 2 may not be used 
as general purpose I/O when being used as the AD
DRESS/DATA BUS). To be used as an input, the port 
bit latch must contain a 1, which turns off the output 
driver FET. On Ports 1, 2, and 3, the pin is pulled high 
by the internal pullup, but can be pulled low by an 
external source. 

Port 0 differs from the other ports in not having inter
nal pullups. The pullup FET in the PO output driver 
(see Figure 2) is used only when the Port is emitting Is 
during external memory accesses. Otherwise the pullup 
FET is off. Consequently PO lines that are being used as 
output port lines are open drain. Writing a 1 to the bit 
latch leaves both output FETs off, which floats the pin 
and allows it to be used as a high-impedance input. 
Because Ports 1 through 3 have fixed internal pull ups 
they are sometimes call "quasi-bidirectional" ports. 
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When configured as inputs they pull high and will 
source current (IlL in the data sheets) when externally 
pulled low. Port 0, on the other hand, is considered 
"true" bidirectional, because it floats when configured 
as an input. 

All the port latches have Is written to them by the reset 
function. If a 0 is subsequently written to a port latch, it 
can be reconfigured as an input by writing a 1 to it. 

4.2 Writing to a Port 

In the execution of an instruction that changes the 
value in a port latch, the new value arrives at the latch 
during State 6 Phase 2 of the final cycle of the instruc
tion. However, port latches are in fact sampled by their 
output buffers only during Phase 1 of any clock period. 
(During Phase 2 the output buffer holds the value it 
saw during the previous Phase 1). Consequently, the 
new value in the port latch won't actually appear at the 
output pin until the next Phase 1, which will be at SIPl 
of the next machine cycle. Refer to Figure 3. For more 
information on internal timings refer to the CPU Tim
ing section. 
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I STATE 4/ STATE 5/ STATE 61 STATE 1 I STATE 2/ STATE 31 STATE 4/ STATE 5/ 
~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ 

:XTAL1: 

INPUTS SAMPLED: ~
O'PI 

P2, P3, RST 

PO'Pl~ 

P2,P3'RST~ 

MDV PORT, SRC: 

SERIAL PORT 
SHIFT CLOCK 
(MODE 0) 

OLD DATA NEW DATA 

'---_r 
--+I ~ RXD PIN SAMPLED RXD SAMPLED --I f-o-

270653-33 

Figure 3. Port Operation 

If the change requires a O-to-l transition in Ports I, 2, 
and 3, an additional pullup is turned on during SIPl 
and S1P2 of the cycle in which the transition occurs, 
This is done to increase the transition speed. The extra 
pullup can source about 100 times the current that the 
normal pullup can. The internal pullups are field-effect 
transistors, not linear resistors. The pull-up arrange
ments are shown in Figure 4. 

The pullup consists of three pFETs. Note that an 
n-channel FET (nFET) is turned on when a logical 1 is 
applied to its gate, and is turned off when a logical 0 is 
applied to its gate. A p-channel FET (pFET) is the 
opposite: it is on when its gate sees a 0, and off when its 
gate sees a 1. 

a 
FROM PORT 

LATCH 

pFET 1 in is the transistor that is turned on for 2 oscil
lator periods after a O-to-l transition in the port latch. 
A 1 at the port pin turns on pFET3 (a weak pull-up), 
through the invertor. This invertor and pFET form a 
latch which hold the 1. 

If the pin is emitting a I, a negative glitch on the pin 
from some external source can turn off pFET3, causing 
the pin to go into a float state. pFET2 is a very weak 
pullup which is on whenever the nFET is off, in tradi
tional CMOS style. It's only about '/10 the strength of 
pFET3. Its function is to restore a 1 to the pin in the 
event the pin had a 1 and lost it to a glitch. 

Vcc Vcc Vcc 
T T T 

INPUT o---'--c 1---<11--0< 
DATA 

READ 
PORT PIN 

270653-5 
CHMOS Configuration. pFET 1 is turned on for 2 osc. periods after "0 makes a O-to-1 transition. During this time, pFET 1 
also turns on pFET 3 through the inverter to form a latch which holds the 1. pFET 2 is also on. Port 2 is similar except 
that it holds the strong pullup on while emitting lsthat are address bits. (See .text, "Accessing External Memory".) 

Figure 4. Ports 1 and 3 Internal Pull up Configurations 
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4.3 Port Loading and Interfacing 

The output buffers of Ports 1, 2, and 3 can each sink 
1.6 rnA at 0.45 V. These port pins can be driven by 
open-collector and open-drain outputs although O-to-l 
transitions will not be fast since there is little current 
pulling the pin up. An input 0 turns off pullup pFET3, 
leaving only the very weak pullup pFET2 to drive the 
transition. 

In external bus mode, Port 0 output buffers can each 
sink 3.2 rnA at 0.45 V. However, as port pins they 
require external pullups to be able to drive any inputs. 

See the latest revision of the data sheet for design-in 
information. 

4.4 Read-Modify-Wrlte Feature 

Some instructions that read a port read the latch and 
others read the pin. Which ones do which? The instruc
tions that read the latch rather than the pin are the ones 
that read a value, possibly change it, and then rewrite it 
to the latch. These are called "read-modify-write" in
structions. Listed below are the read-modify-write in
structions. When the destination operand is a port, or a 
port bit, these instructions read the latch rather than 
the pin: 

ANL 
ORL 
XRL 
JBC 

CPL 
INC 
DEC 

(logical AND, e.g., ANL PI, A) 
(logical OR, e.g., ORL P2, A) 
(logical EX-OR, e.g., XRL P3, A) 
(jump if bit = 1 and clear bit, e.g., 
JBC PI. I, LABEL) 
(complement bit, e.g., CPL P3.0) 
(increment, e.g., INC P2) 
(decrement, e.g., DEC P2) 

DJNZ 

MOV,PX.Y,C 
CLRPX.Y 
SETBPX.Y 

(decrement and jump if not zero, e.g., 
DJNZ P3, LABEL) 
(move carry bit to bit Y of Port X) 
(clear bit Y of Port X) 
(set bit Y of Port X) 

It is not obvious that the last three instructions in this 
list are read-modify-write instructions, but they are. 
They read the port byte, all 8 bits, modify the addressed 
bit, then write the new byte back to the latch. 

The reason that read-modify-write instructions are di
rected to the latch rather than the pin is to avoid a 
possible misinterpretation of the voltage level at the 
pin. For example, a port bit might be used to drive the 
base of a transistor. When a I is written to the bit, the 
transistor is turned on. If the CPU then reads the same 
port bit at the pin rather than the latch, it will read the 
base voltage of the transistor and interpret it as a O. 
Reading the latch rather than the pin will return the 
correct value of 1. 

4.5 Accessing External Memory 

Accesses to external memory are of two types: accesses 
to external Program Memory and accesses to external 
Data Mem~ccesses to external Program Memory 
use signal PSEN (program store enable) as the read 
strobe. Accesses to external Data Memory use RD or 
WR (alternate functions ofP3.7 and P3.6) to strobe the 
memory. Refer to Figures 5 through 7. 

Fetches from external Program Memory always use a 
16-bit address. Accesses to external Data Memory can 
use either a 16-bit address (MOVX @ DPTR) or an 
8-bit address (MOVX @ Ri). 

I STATE 11 STATE 21 STATE 31 STATE 41 STATE 51 STATE 61 STATE 1 I STATE 21 
~I~ .~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ 

XTAL1: 

~: PCHOUT PCH OUT PCHOUT 

. 270653-30 

Figure 5. External Program Memory Fetches 

9-11 



inter 

XTAL1: 

ALE: 

Ro: 

PO: 

P2: 

XTAL1: 

ALE: 

WR: 

PO: 

P2 
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I STATE 41 STATE 51 STATE 61 STATE 1 I STATE 21 STATE 31 STATE 41 STATE 51 
~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ . 

PCH OR 
P2 SFR . 

DPH OR P2 SFR OUT PCH OR 
P2SFR 

Figure 6. External Data Memory Read Cycle 

I STATE 41 STATE 51 STATE 'I STATE 1 I STATE 21 STATE 'ISTATE 4 1 STATE 51 
~I~ ~J~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ 

___ -; DPL OR RI 
Q!!! 

PCH OR 
P2 SFR 

DATA OUT 

DPH OR P2 SFR OUT 

PCLOUT IF 

~ PROGRAM MEMORY 
IS EXTERNAL 

~~~ l 
Iuu'l I 

PCH OR 
P2 SFR 

Figure 7. External Data Memory Write Cycle 
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Whenever a 16-bit address is used, the high byte of the 
address comes out on Port 2, where it is held for the 
duration of the read or write cycle. The Port 2 drivers 
use the strong pullups during the entire time that they 
are emitting address bits that are Is. This occurs when 
the MOVX @ DPTR instruction is executed. During 
this time the Port 2 latch (the Special Function Regis
ter) does not have to contain Is, and the contents of the 
Port 2 SFR are not modified. If the external memory 
cycle is not immediately followed by another external 
memory cycle, the undisturbed contents of the Port 2 
SFR will reappear in the next cycle. 

If an S-bit address is being used (MOVX @ Ri), the 
contents of the Port 2 SFR remain at the Port 2 pins 
throughout the external memory cycle. In this case, 
Port 2 pins can be used to page the external data mem
ory. 

In either case, the low byte of the address is time-multi
plexed with the data byte on Port O. The ADDRESS/ 
DATA signal drives both FETs in the Port 0 output 
buffers. Thus, in external bus mode the Port 0 pins are 
not open-drain outputs and do not require external 
pullups. The ALE (Address Latch Enable) signal 
should be used to capture the address byte into an ex
ternal latch. The address byte is valid at the negative 
transition of ALE. Then, in a write cycle, the data byte 
to be written appears on Port 0 just before WR is acti
vated, and remains there until after WR is deactivated. 
In a read cycle, the incominK.EYte is accepted at Port 0 
just before the read strobe (RD) is deactivated. 

During any access to external memory, the CPU writes 
OFFH to the Port 0 latch (the Special Function Regis
ter), thus obliterating the information in the Port 0 
SFR. Also, a MOV PO instruction must not take place 
during external memory accesses. If the user writes to 
Port 0 during an external memory fetch, the incoming 
code byte is corrupted. Therefore, do not write to Port 
o if external program memory is used. 

External Program Memory is accessed under two con
ditions: 

1. Whenever signal EA is active, or 

2. Whenever the program counter (PC) contains an ad
dress greater than IFFFH (SK) for the SXC51FA or 
3FFFH (16K) for the 8XC5IFB. 

,This requires that the ROMless versions have EA wired 
to VSS enable the lower SK or 16K program bytes to be 
fetched from external memory. 

When the CPU is executing out of external Program 
Memory, all S bits of Port 2 are dedicated to an output 
function and may not be used for general purpose I/O. 
During external program fetches they output the high 
byte of the PC with the Port 2 drivers using the strong 
pullups to emit bits that are Is. 
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5.0 TIMERS/COUNTERS 

The SXC5IFA/FB has three 16-bit Timer/Counters: 
Timer 0, Timer I, and Timer 2. Each consists of two 
8-bit registers, THx and TLx, (x = 0, I, an~ 2). All 
three can be configured to operate either as timers or 
event counters. 

In the Timer function, the TLx register is incremented 
every machine cycle. Thus one can think of it as count
ing machine cycles. Since a machine cycle consists of 12 
oscillator periods, the count rate is 1112 of the oscilla
tor frequency. 

In the Counter function, the register is incremented in 
response to a I-to-O transition at its corresponding ex
ternal input pin-TO, n, or T2. In this function, the 
external input is sampled during S5P2 of every machine 
cycle. When the samples show a high in one cycle and a 
low in the next cycle, the count is incremented. The 
new count value appears in the register during S3PI of 
the cycle following the one in which the transition was 
detected. Since it takes 2 machine cycles (24 oscillator 
periods) to recognize a I-to-O transition, the maximum 
count rate is Y24 of the oscillator frequency. There are 
no restrictions on the duty cycle of the external input 
signal, but to ensure that a given level is sampled at 
least once before it changes, it should be held for at 
least one full machine cycle. 

In addition to the Timer or Counter selection, Timer 0 
and Timer I have four operating modes from which to 
select: Modes 0 - 3. Timer 2 has three modes of opera
tion: Capture, Auto-Reload, and Baud Rate Generator. 

5.1 Timer 0 and Timer 1 

The Timer or Counter function is selected by control 
bits cif in the Special Function Register TMOD (Ta
ble 4). These two Timer/Counters have four operating 
modes, which are selected by bit-pairs (MI, MO) in 
TMOD. Modes 0, I, and 2 are the same for both Tim
er/Counters. Mode 3 operation is different for the two 
timers. 

MODE 0 

Either Timer 0 or Timer I in Mode 0 is an 8-bit Coun
ter with a divide-by-32 prescaler. Figure S shows the 
Mode 0 operation for either timer. . 

In this mode, the Timer register is configured as a 
13-bit register. As the count rolls over from allIs to all 
Os, it sets the Timer interrupt flag TFx. The counted 
input is enabled to the Timer when TRx = I and either 
GATE = 0 or INTx = 1. (Setting GATE = I allows 
the Timer to be controlled by external input INTx, to 
facilitate pulse width measurements). TRx and TFx are 
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MODE 2 control bits in SFR TCON (Table 5). The GATE bit is 
in TMOD. There are two different GATE bits, one for 
Timer 1 (TMOD.7) and one for Timer 0 (TMOD.3). 

The I3-bit register consists of all 8 bits of THx and the 
lower 5 bits of TLx. The upper 3 bits of TLx are inde
terminate and should be ignored. Setting the run flag 
(TRx) does not clear these registers. 

Mode 2 configures the Timer register as an 8-bit Coun
ter (TLx) with automatic reload, as shown in Figure 10. 
Overflow from TLx not only sets TFx, but also reloads 
TLx with the contents of THx, which is preset by soft
ware. The reload leaves THx unchanged. 

MODE 1 

Mode 1 is the same as Mode 0, except that the Timer 
register uses all 16 bits. Refer to Figure 9. In this mode, 
THx and TLx are cascaded; there is no prescaler. 

TMOD 

Symbol 

GATE 

CIT 

Table 4. TMOD: Timer/Counter Mode Control Register 

Address = 89H Reset Value = 0000 OOOOB 

Not Bit Addressable 

Bit 

Function 

Gating control when set. Timer/Counter 0 or 1 is enabled only while INTO or INT1 pin 
is high and TRO or TR1 control pin is set. When cleared, Timer 0 or 1 is enabled 
whenever TRO or TR1 control bit is set. 
Timer or Counter Selector. Clear for Timer operation (input from internal system 
clock). Set for Counter operation (input from TO or T1 input pin). 

M1 MO Operating Mode 
o 0 8-bit Timer/Counter. THx with TLx as 5-bit prescaler. 
o 1 16-bit Timer/Counter. THx and TLx are cascaded; there is no prescaler. 
1 0 8-bit auto-reload Timer/Counter. THx holds a value which is to be reloaded into TLx 

.aa(;iJ tknt= it ovtniiows. 
(Timer 0) TlO is an 8-bit Timer/Counter controlled by the standard Timer 0 control 
bits. THO is an 8-bit timer only controlled by Timer 1 control bits. 
(Timer 1) Timer/Counter stopped. 

Tx PIN -------' 

GATE 

Figure 8. Timer/Counter 0 or 11n Mode 0: 13-81t Counter 
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Symbol 

TF1 

TA1 

TFO 

TAO 

IE1 

In 

lEO 

ITO 

MODE 3 

83C51FA/FB HARDWARE DESCRIPTION 

Table 5. TCON: Timer/Counter Control Register 

Address = aaH Reset Value = 0000 OOOOB 

Bit Addressable 

TF1 TR1 TFO TRO IE1 IT1 lEO ITO 

Bit 7 6 5 4 3 2 o 

Function 

Timer 1 overflow Flag. Set by hardware on Timer/Counter overflow. Cleared by 
hardware when processor vector!:! to interrupt routine. 

Timer 1 Aun control bit. Set/cleared by software to turn Timer/Counter 1 on/off. 

Timer 0 overflow Flag. Set by hardware on Timer/Counter 0 overflow. Cleared by 
hardware when processor vectors to interrupt routine. 

Timer 0 Aun control bit. Set/cleared by software to turn Timer/Counter 0 on/off. 

Interrupt 1 flag. Set by hardware when external interrupt 1 edge is detected 
(transmitted or level-activated). Cleared when interrupt processed only if transition
activated. 

Interrupt 1 Type control bit. Set/cleared by software to specify falling edge/low level 
triggered external interrupt 1. 

Interrupt 0 flag. Set by hardware when external interrupt 0 edge is detected 
(transmitted or level-activated). Cleared when interrupt processed only if transition
activated. 

Interrupt 0 Type control bit. Set/ cleared by software to specify falling edge/low level 
triggered eXternal interrupt O. 

jCif~l 

TxPIN ------'. 

TRx-----t 

THx TLx 

Figure 9. Timer/Counter 0 or 11n Mode 1: 16-Bit Counter 

INTERRUPT 

x = Oorl 

270653-34 

Timer 1 in Mode 3 simply holds its count. The effect is 
the same as setting TRI = o. 

a timer function (counting machine cycles) and takes 
over the use ofTRI and tFI from Timer 1. Thus THO 
now controls the Timer 1· interrupt. 

Timer 0 in Mode 3 establishes TLO and THO as two 
separate cOunters. The logic for Mode 3 on Timer 0 is 
shown in Figure 11. TLO uses the Timer 0 control bits: 
elf, GATE, TRO, INTO, and TFO. THO is locked into 
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Mode 3 is provided for applications requiring an extra 
8-bit timer or counter. When Timer 0 is in Mode 3, 
Timer 1 can be turned on and offby switching it out of 
and ·into its own Mode 3, or can still be used by the 
serial port as a baud rate generator, or in any applica
tion not requiring an interrupt. 
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eiT • 0 

t elf· 1 

Tx PIN ---------'-

GATE 

INTx PIN 

Figure 10. Timer/Counter 1 Mode 2: 8-Blt Auto-Reload 

ose J---B- 1/12 lose 

1112 lose ------., 

INTERRUPT 

270653-7 

1---- INTERRUPT 

TO PIN------~ 
eONTROL 

/. I I THII I I I __ ... 
:::2 :OSC -----------+-0'": . I -, (Iblta) n T1'1 "N I ~HHU'" 

_______ ~I CONTROL .... --O~VERFLO~W~--
TRI -
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Figure 11. Timer/Counter 0 Mode 3: Two 8-Bit Counters 

5.2 Timer 2 Table 6. Timer 2 Operating Modes 

Timer 2 is a 16-bit Timer/Counter which can operate 
either as a timer or as an event counter. This is selected 
by bit C/T2 in the Special Function Register T2CON 
(Table 7). It has three operating modes: capture, auto
reload (up or down counting), and baud rate generator. 
The modes are selected by bits in T2CON as shown in 
Table 6. 
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RCLK + TCLK 

0 
0 
1 
X 

CP/RL2 

0 
1 
X 
X 

TR2 Mode 

1 16-Bit Auto-Reload 
1 16-Bit Capture 
1 Baud Rate Generator 
0 (Off) 
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Table 7. T2CON: Timer/Counter 2 Control Register 

T2CON Address = OC8H Reset Value = 0000 OOOOB 

Bit Addressable 

TF2 EXF2 RCLK TCLK I EXEN21 TR2 C/T2 ICP/RL21 

Bit 7 6 5 4 3 2 o 

Symbol Function 

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will 
not be set when either RCLK = 1 or TCLK = 1. 

EXF2 

RCLK 

TCLK 

EXEN2 

TR2 
C/T2 

CP/RL2 

Timer 2 external flag set when either a capture or reload is caused by a negative transition 
on T2EX and EXEN2 = 1. When Timer 2 interrupt is enabled EXF2 = 1 will cause the CPU 
to vector to the Timer 2 interrupt routine. EXF2 must be cleared by software. EXF2 does not 
cause an interrupt in up/down counter mode (DCEN = 1). 
Receive clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 
receive clock in serial port Modes 1 and 3. RCLK = 0 causes Timer 1 overflow to be used 
for the receive clock. 
Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its 
transmit clock in serial port Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used 
for the transmit clock. 
Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a 
negative transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = 0 
causes Timer 2 to ignore events at T2EX. 
Start/stop control for Timer 2. A logic 1 starts the timer. 
Timer or counter select. (Timer 2) 
o = Internal timer (OSC/12 or OSC/2 in baud rate generator mode). 
1 = External event counter (falling edge triggered). 
Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if 
EXEN2 = 1. When cleared, auto-reloads will occur either with Timer 2 overflows or 
negative transitions at T2EX when EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this 
bit is ignored and the timer is forced to auto-reload on Timer 2 overflow. 

CAPTURE MODE 16-bit timer or counter which upon overflow sets bit 
TF2 in T2CON. This bit can then be used to generate 
an interrupt. If EXEN2 = 1, Timer 2 still does the 
above, but with the added feature that a 1-to-0 tran-

In the capture mode there are two options selected by 
bit EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 

_ ... c/'f2 = 1 
T2 PIN u------' 

T2EX PIN 

TRANSITION 
DETECTION 

EXEN2 

Figure 12. Timer 2 in Capture Mode 
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sition at external input T2EX causes the current value. 
in the Timer 2 registers, TH2 and TL2, to be captured 
into registers RCAP2H and RCAP2L, respectively. In 
addition, the transition at T2EX causes bit EXF2 in 
T2CON to be set. The EXF2 bit, like TF2, can generate 
an interrupt. The capture mode is illustrated in Figure 
12. 

AUTO-RELOAD MODE 
(UP OR DOWN COUNTER) 

Timer 2 can be programmed to count up or down when 
configured in its l6-bit auto-reload mode. This feature 
is invoked by a bit named DCEN (Down Counter En
able) located in the SFR T2MOD (see Table 8). Upon 
reset the DCEN bit is set to 0 so that Timer 2 

will default to. count up. When DCEN is set, Timer 2 
can count up or down depending on the value of the 
T2EX pin. 

Figure 13 shows Timer 2 automatically counting up 
when DCEN = O. In this mode there are two options 
selected by bit EXEN2 in T2CON. If EXEN2 = 0, 
Timer 2 counts up to OFFFFH and then sets the TF2 
bit upon overflow. The overflow also causes the timer 
registers to be reloaded with the l6-bit value in 
RCAP2H and RCAP2L. The values in RCAP2H and 
RCAP2L are preset by. software. If EXEN2 = 1, a 16-
bit reload can be triggered either by an overflow or by a 
l-to-O transition at external input T2EX. This tran
sition also sets the EXF2 bit. Either the TF2 or EXF2 
bit can generate the Timer 2 interrupt if it is enabled. 

Table 8. T2MOD: Timer 2 Mode Control Register 

T2MOD Address = OC9H Reset Value = XXXX XXXOB 

Not Bit Addressable 

DCEN 

Bit 7 6 5 4 3 2 o 

Symbol Function 

Not implemented, reserved for future use. • 
DECN When set, this bit ·allows Timer 2 to be configured as an up/down counter. 

"NOTE: 
User software should not write 1 s to reserved bits. These bits may be used in future 8051 family products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value 
read from a reserved bit is indeterminate. 

_ + c/i'2 = 1 
T2 PIN [J---' 

T2EX PIN 

TRANSITION 
DETECTION 

TR2 

. EXEN2 

Figure 13. Timer 2 Auto Reload Mode (DCEN = 0) 

9-18 

TIMER 2 
INTERRUPT 

270653-10 



inter 83C51FA/FB HARDWARE DESCRIPTION 

Setting the DCEN bit enables Timer 2 to count up or 
down as shown in Figure 14. In this mode the T2EX 
pin controls the direction of count. A logic I at T2EX 
makes Timer 2 count up. The timer will overflow at 
OFFFFH and set the TF2 bit which can then generate 
an interrupt if it is enabled. This overflow also causes a 
the 16-bit value in RCAP2H and RCAP2L to be re
loaded into the timer registers, TH2 and TL2, respec
tively. 

A logic 0 at T2EX makes Timer 2 count down. Now 
the timer underflows when TH2 and TL2 equal the 
values stored in RCAP2H and RCAP2L. The under
flow sets the TF2 bit and causes OFFFFH to be reload
ed into the timer registers. 

The EXF2 bit toggles whenever Timer 2 overflows or 
underflows. This bit can be used as a 17th bit of resolu
tion if desired. In this operating mode, EXF2 does not 
generate an interrupt. 

BAUD RATE GENERATOR MODE 

The baud rate generator mode is selected by setting the 
RCLK and/or TCLK bits in T2CON. Timer 2 in this 
mode will be described in conjunction with the serial 
port. 

6.0 PROGRAMMABLE COUNTER 
ARRAY 

The Programmable Counter Array (PCA) consists of a 
16-bit timer/counter and five 16-bit compare/capture 

modules as shown in Figure 15. The PCA timer/coun
ter serves as a common time base for the five modules 
and is the only timer which can service the PCA. Its 
clock input can be programmed to count anyone of the 
following signals: 

• oscillator frequency ..;- 12 

• oscillator frequency ..;- 4 

• Timer 0 overflow 

• external input on ECI (P 1.2). 

Each compare/capture module can be programmed in 
anyone of the following modes: 

• rising and/or falling edge capture 

• software timer 

• high speed output 

• pulse width modulator. 

Module 4 can also be programmed as a watchdog tim
er. 

When the compareicapture modules are programmed 
in the capture mode, software timer, or high speed out
put mode, an interrupt can be generated when the mod
ule executes its function. All five modules plus the PCA 
timer overflow share one interrupt vector (more about 
this in the PCA Interrupt section). 

(DOWN COUNTING RELOAD VALUE) 

T2PINo-i 

(UP COUNTING RELOAD VALUE) 

TOGGLE 

COUNT 
DIRECTION 
1 = UP 
0= DOWN 

T2EX PIN 

Figure 14. Timer 2 Auto Reload Mode (DCEN = 1) 
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- 16 BITS EACH --

~:,-_M_O_D_U_L_E _0 __ 1:·1-"'0:::. P1.3/CEXO 

MODULE 11+-1 ....... 0_- P1.4/CEX1 '-_____ ... 1 

-16BITS-

L peA TIMER/COUNTER :1---1--.... MODULE 2 ........... :0::: P1.5/CEX2 ..... _--_ ... 
........... ~O::: P1.6/CEX3 '----_ .... MODULE 3 

........... ~O::: Pl.7/CEX4 ..... _--_ ... MODULE 4 

270653-12 

Figure 15. Programmable Counter Array 

The PCA timer/counter and compare/capture modules 
share Port I pins for external I/O. These pins are listed 
below. If the port pin is not used for the PCA, it can 
still be used for standard I/O. 

PCA Component 
16-bit Counter 
16-bit Module 0 
16-bit Module 1 
16-bit Module 2 
16-bit Module 3 
16-bit Module 4 

External I/O Pin 
P1.2 / ECI 
P1.3 / CEXO 
P1.4 / CEX1 
P1.5 / CEX2 
P1.6 / CEX3 
P1.7 / CEX4 

6.1 PCA 16·Bit Timer/Counter 

The PCA has a free-running 16-bit timer!counter con
sisting of registers CH and CL (the high and low bytes 
of the count value). These two registers can be read or 
written to at any time. Figure 16 shows a block dia-

FOSC/12 

FOSC/4 
TIMER 0 

OVERFLOW 
EXTERNAL 

INPUT 
(ECI) 

CIDL 

PROCESSOR IN 
IDLE MODE 

gram of this timer. The clock input can be selected 
from the following four modes: 

• Oscillator frequency .;- 12 
The PCA timer increments once per machine cycle. 
With a 16 MHz crystal, the timer increments every 
750 nanoseconds. 

• Oscillator frequency .;- 4 
The PCA timer increments three times per machine 
cycle. With a 16 MHz crystal, the timer increments 
every 250 nanoseconds. 

• Timer 0 overflows 
The PCA timer increments whenever Timer 0 over
flows. This mode allows a programmable input fre
quency to the PCA. 

• External input 
The PCA timer increments when a I-to-O transi
tion is· detected on the ECI pin (P1.2). The max
imum input frequency in this mode is oscillator 
frequency .;- 8. 

I--t-<Y. cHl--_ INTERRUPT 

270653-13 

Figure 16, PCA Timer/Counter 
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The mode register CMOD contains the Count Pulse 
Select bits (CPS I and CPSO) to specify the clock input. 
CMOD is shown in Table 9. This register also contains 
the ECF bit which enables the PCA counter overflow 
to generate the PCA interrupt. In addition, the user has 
the option of turning off the PCA timer during Idle 
Mode by setting the Counter Idle bit (CIDL). The 
Watchdog Timer Enable bit (WDTE) will be discussed 
in a later section. 

The CCON register, shown in Table 10, contains two 
more bits which are associated with the PCA timer/ 
counter. The CF bit gets set by hardware when the 
counter overflows, and the CR bit is set or cleared to 
turn the counter on or off. The other five bits in this 
register are the event flags for the compare/capture 
modules and will be discussed in the next section. 

Table 9. CMOD: PCA Counter Mode Register 

CMOD Address = OD9H Reset Value = OOXX XOOOB 

Not Bit Addressable 

CIDL I WDTE I CPS1 CPSO ECF 

Bit 7 6 5 4 3 2 o 

Symbol Function 

CIDL Counter Idle control: CIDL = 0 programs the PCA Counter to continue functioning during 
idle Mode. CIDL = 1 programs it to be gated off during idle. 

WDTE Watchdog Timer Enable: WDTE = 0 disables Watchdog Timer function on PCA Module 4. 
WDTE = 1 enables it. 

Not implemented, reserved for future use.' 

CPS1 PCA Count Pulse Select bit 1. 

CPSO PCA Count Pulse Select bit o. 
CPS1 CPSO Selected PCA Input"' 
o 0 Internal clock, Fosc.;- 12 
o 1 Internal clock, Fosc.;- 4 

o Timer 0 overflow 
1 External clock at ECI/P1.2 pin (max. rate = Fosc.;- 8) 

ECF PCA Enable Counter Overflow interrupt: ECF = 1 enables CF bit in CCON to generate an 
interrupt. ECF = 0 disables that function of CF. 

NOTE: 
'User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value 
read from a reserved bit is indeterminate . 
•• Fosc = oscillator frequency 
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CCON 

Symbol 

CF 

CR 

CCF4 

CCF3 

CCF2 

CCF1 

CCFO 

"NOTE: 
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Table 10. CCON: PCA Counter Control Register 

Address = 008H Reset Value = OOXO OOOOB 

Bit Addressable 

CF 

Bit 7 

Function 

CR 

6 

CCF4 I CCF3 CCF2 CCF1 CCFO 

5 4 3 2 o 

PCA Counter Overflow flag. Set by hardware when the counter rolls over. CF flags an 
interrupt if bit ECF in CMOO is set. CF may be set by either hardware or software but can 
only be cleared by software. 

PCA Counter Run control bit. Set by software to turn the PCA counter on. Must be cleared 
by software to turn the PCA counter off. 

Not implemented, reserved for future use". 

PCA Module 4 interrupt flag. Set by hardware when a match or capture occurs. Must be 
cleared by software. 

PCA Module 3 interrupt flag. Set by hardware when a match or capture occurs. Must be 
cleared by software. 

PCA Module 2 interrupt flag. Set by hardware when a match or capture occurs. Must be 
cleared by software. 

PCA Module 1 interrupt flag. Set by hardware when a match or capture occurs. Must be 
cleared by software. 

PCA Module 0 interrupt flag. Set by hardware when a match or capture occurs. Must be 
cleared by software. 

User software should not write 1 s to reserved bits. These bits may be used in future 8051 family products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value 
read from a reserved bit is indeterminate. 

6.2 Capture/Compare Modules 

Each of the five compare/capture modules has six pos
sible functions it can perform: 

l6-bit Capture, positive-edge triggered 

, - 16-bit Capture, negative-edge triggered 

- 16-bit Capture, both positive and negative-edge 
triggered 

- 16-bit Software Timer 

- 16-bit High Speed Output 

- 8-bit Pulse Width Modulator. 

In addition, module 4 can be used as a Watchdog Tim
er. The modules can be programmed in any combina
tion of the different modes. 

Each module has a mode register called CCAPMn 
(n = 0, 1, 2, 3, or 4) to select which function it will 
perform. The CCAPMn register is shown in Table 11. 
Note the ECCFn bit which enables the PCA interrupt 

9-22 

when a module's event flag is set. The event flags 
(CCFn) are located in the CCON register and get set 
when a capture event, software timer, or high speed 
output event occurs for a given module. 

Table' 12 shows the combinations of bits in the 
CCAPMn register that are valid and have a defined 
function. Invalid combinations will produce undefined 
results. 

Each module also has a pair of 8-bit compare/capture 
registers (CCAPnH and CCAPnL) associated with it. 
These registers store the time when a capture event oc
curred or when a compare event should occur. For the 
PWM mode, the high byte regiser CCAPnH controls 
the duty cycle of the waveform. 

The next five sections describe each of the compare/· 
capture modes in detail. 
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Table 11. CCAPMn: PCA Modules Compare/Capture Registers 

CCAPMn Address CCAPMO OOAH 
(n = 0-4) CCAPM1 OOSH 

CCAPM2 OOCH 
CCAPM3 ODDH 
CCAPM4 ODEH 

Not Sit Addressable 

I ECOMnl CAPPn I CAPNn I 
Sit 7 6 5 4 

Symbol Function 

Not implemented, reserved for future use'. 

Reset Value = XOOO OOOOS 

MATn TOGn I PWMn I ECCFn I 
3 2 0 

ECOMn Enable Comparator. ECOMn = 1 enables the comparator function. 

CAPPn Capture Positive, CAPPn = 1 enables positive edge capture. 

CAPNn Capture Negative, CAPNn = 1 enables negative edge capture. 

MATn Match. When MATn = 1, a match of the PCA counter with this module's compare/ capture 
register causes the CCFn bit in CCON to be set, flagging an interrupt. 

TOGn Toggle. When TOGn = 1, a match of the PCA counter with this module's compare/capture 
register causes the CEXn pin to toggle. 

PWMn Pulse Width Modulation Mode. PWMn = 1 enables the CEXn pinto be used as a pulse width 
modulated output. 

ECCFn Enable CCF interrupt. Enables compare/capture flag CCFn in the CCON register to generate 
an interrupt. 

NOTE: 
'User software should not write 1 s to reserved bits. These bits may be used in future 8051 family products to invoke 
new features. In that case,the reset or inactive value of the new bit will be 0, and its active value will be 1. The value 
read from a reserved bit is indeterminate. 

Table 12. PCA Module Modes (CCAPMn Register) 

- ECOMn CAPPn CAPNn MATn TOGn PWMn ECCFn Module Function 

X 0 0 0 0 0 0 0 No operation 

X X 1 0 0 0 0 X 16-bit capture by a postive-edge trigger on CEXn 

X X 0 1 0 0 0 X 16-bit capture by a negative-edge trigger on CEXn 

X X 1 1 0 0 0 X 16-bit capture by a transition on CEXn 

X 1 0 0 1 0 0 X 16-bit Software Timer 

X 1 0 0 1 1 0 X 16-bit High Speed Output 

X 1 0 0 0 0 1 0 8-bit PWM 

X 1 0 0 1 x 0 x Watchdog Timer 

x = Don't Care 
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6.3 16·Bit Capture Mode 

Both positive and negative transitions can trigger a cap
ture with the PCA. This gives the PCA the flexibility to 
measure periods, pulse widths, duty cycles, and phase 
differences on up to five separate inputs. Setting the 
CAPPn and/or CAPNn in the CCAPMn mode register 
select the input trigger-positive and/or negative tran
sition-for module n. Refer to Figure 17. 

The external input pins CEXO through CEX4 are sam
pled for a transition. When a valid transition is detected 
(positive and/or negative edge), hardware loads the 
16-bit value of the PCA timer (CH, CL) into the mod
ule's capture registers (CCAPnH, CCAPnL). The re
sulting value in the capture registers reflects the PCA 
timer value at the time a transition was detected on the 
CEXn pin. 

Upon a capture, the module's. event flag (CCFn) in 
CCON is set, and an interrupt is flagged if the ECCFn 
bit in the mode register CCAPMn is set. The PCA in
terrupt will then be generated if it is enabled. Since the 
hardware does not clear an event flag when the inter
rupt is vectored to, the flag must be cleared in software. 

CEXn 
PIN 

CCAPMn MODE REGISTER 

In the interrupt service routine, the 16-bit capture value 
must be saved in RAM before the next capture event 
occurs. A subsequent capture on the same CEXn pin 
will write over the first capture value in CCAPnH and 
CCAPnL. 

6.4 16·Bit Software Timer Mode 

In the compare mode, the 16-bit value of the PCA tim
er is compared with a 16-bit value pre-loaded in the 
module's compare registers (CCAPnH, CCAPnL). The 
comparison occurs three times per machine cycle in 
order to recognize the fastest possible clock input (Le. 
'I. x oscillator frequency). Setting the ECOMn bit in 
the mode register CCAPMn enables the comparator 
function as shown in Figure 18. 

For the Software Timer mode, the MATn bit also needs 
to be set. When a match occurs between the PCA timer 
and the compare registers, a match signal is generated 
and the module's event flag (CCFn) is set. An interrupt 
is then flagged if the ECCFn bit is set. The PCA inter
rupt is generated only if it has been properly enabled. 
Software must clear the event flag before the next inter
rupt will be flagged. 

-+---. INTERRUPT 

PCA 
L--t-___ .J TIMER/COUNTER 

n ~ 0, 1, 2, 3 or 4 
x = Don't Care 

270653-14 

Figure 17. PCA 16-Bit Capture Mode 
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During the interrupt routine, a new 16-bit compare val
ue can be written to the compare registers (CCAPnH 
and CCAPnL). Notice, however, that a write to 
CCAPnL clears the ECOMn bit which temporarily dis
ables the comparator function while these registers are 
being updated so an invalid match does not occur. A 
write to CCAPnH sets the ECOMn bit and re-enables 
the comparator. For this reason, user software should 
write to CCAPnL first, then CCAPnH. 

6.5 High Speed Output Mode 

The High Speed Output (HSO) mode toggles a CEXn 
pin when a match occurs between the PCA timer and a 
pre-loaded value in a module's compare registers. For 
this mode, the TOGn bit needs to be set in addition to 
the ECOMn and MATn bits as seen in Figure 18. By 
setting or clearing the pin in software, the user can 
select whether the CEXn pin will change from a logical 
o to a logical 1 or vice versa. The user also has the 
option of flagging an interrupt when a match event oc
curs by setting the ECCFn bit. 

The HSO mode is more accurate than toggling port 
pins in software because the toggle occurs before 
branching to an interrupt. That is, interrupt latency 
will not effect the accuracy of the output. If the user 
does not change the compare registers in an interrupt 
routine, the next toggle will occur when the PCA timer 
rolls over and matches the last compare value. 

PCA 
TIMER/COUNTER '--__ ....... 

ENABLE 

6.6 Watchdog Timer Mode 

A Watchdog Timer is a circuit that automatically in
vokes a reset unless the system being watched. sends 
regular hold-off signals to the Watchdog. These circuits 
are used in applications that are subject to electrical 
noise, power glitches, electrostatic discharges, etc., or 
where high reliability is required. 

The Watchdog Timer function is only available on 
peA module 4. In this mode, every time the count in 
the PCA timer matches the value stored in module 4's 
compare registers, an internal reset is generated. (See 
Figure 19.) The bit that selects this mode is WDTE in 
the CMOD register. Module 4 must be set up in either 
compare mode as a Software Timer or High Speed Out
put. 

To hold off the reset, the user has three options: 

(I) periodically change the compare value so it will 
never match the PCA timer, 

(2) periodically change the PCA timer value so it will 
never match the compare value, 

(3) disable the Watchdog by clearing the WDTE bit 
before a match occurs and then later re-enable it. 

The first two options are more reliable because the 
Watchdog Timer is never disabled as in option # 3. The 
second option is not recommended if other PCA mod
ules are being used since this timer is the time base for 
all five modules. Thus, in most applications the first 
solution is the best option. 

If a Watchdog Timer is not needed, module 4 can still 
be used in other modes. 

CEXn PIN 

CCAPMn MODE REGISTER 

RESET 
WRITE TO 

CCAPnL 

WRITE TO 
CCAPnH 

"I" 

n ~ 0, I, 2, 3 or 4 
x ~ Don'l Care 
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Figure 18. PCA 16-Bit Comparator Mode: Software Timer and High Speed Output 
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6.7 Pulse Width Modulator Mode 

Any or all of the five PCA modules can be pro
grammed to be a Pulse Width Modulator. The PWM 
output can be used to convert digital data to an analog 
signal by simple external circuitry. The frequency of the 
PWM depends on tIie clock sources for the PCA timer. 
With a 16 MHz crystal the maximum frequency of the 
PWM waveform is 15.6 KHz. 

PCA 
TIMER/COUNTER !-__ OJ 

RESET 

WRITE TO 
CCAP4L 

WRITE TO 
CCAP4H 

"'" 

The PCA generates 8-bit PWMs by· comparing the low 
byte of the PCA timer (CL) with the low byte of the 
module's compare registers (CCAPnL). Refer to Figure 
20. When CL < CCAPnL the output is low. When CL 
~ CCAPnL the output is high. The value in CCAPnL 
controls the duty cycle of the waveform. To change the 
value in CCAPnL without output glitches, the user 
must write to the high byte register (CCAPnH). This 
value is then shifted by hardware into CCAPnL when 
CL rolls over from OFFH to DOH which corresponds to 
the next period of the output. 

F:'::'---I-' --1--+ RESET 

ENABLE 

CCAPM4 MODE REGISTER 

x =Oon't Care 

270653-16 

Figure 19. Watchdog TImer Mode 

. I ;:H I 
;;.~A~~ __ ~. . 

TRANSITION 

n = 0,1,2,30r4 
x = Don't Care 

"0" 

CL < CCAPnL 

CL ... CCAPnL 

"'" 

CCAPMn MODE REGISTER 

Figure 20. peA 8-Blt PWM Mode 
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DUTY CYCLE CCAPnH OUTPUT WAVEFORM 

100% 00 

90% 25 

50% 128 

10% 230 

0.4% 255 

0% CLR P1.X 

270653-18 

Figure 21. CCAPnH Varies Duty Cycle 

CCAPnH can contain any integer from 0 to 255 to vary 
the duty cycle from a 100% to 0.4% (see Figure 21). A 
0% duty cycle can be obtained by writing directly to 
the port pin with the CLR bit instruction. 

7.0 SERIAL INTERFACE 

The serial port is full duplex, meaning it can transmit 
and receive simultaneously. It is also receive-buffered, 
meaning it can commence reception of a second byte 
before a previously received byte has been read from 
the receive register. (However, if the first byte still 
hasn't been read by the time reception of the second 
byte is complete, one of the bytes will be lost). The 
serial port receive and transmit registers are both ac
cessed through Special Function Register SBUF. Actu
ally, SBUF is two separate registers, a transmit buffer 
and a receive buffer. Writing to SBUF loads the trans· 
mit register, and reading SBUF accesses a physically 
separate receive register. 

The serial port control and status register is the Special 
Function Register SCON, shown in Table 13. This reg· 
ister contains the mode selection bits (SMO and SM1); 
the SM2 bit for the multiprocessor modes (see Multi· 
processor Communications section); the Receive En
able bit (REN); the 9th data bit for transmit and receive 
(TBS and RBS); and the serial port interrupt bits (TI 
and RI). 

The serial port can operate in 4 modes: 

Mode 0: Serial data enters and exits through RXD. 
TXD outputs the shift clock. S bits are transmitted/re
ceived: S data bits (LSB first). The baud rate is fixed at 
1/12 the oscillator frequency. 

Mode 1: 10 bits are transmitted (through TXD) or re
ceived (through RXD): a start bit (0), S data bits (LSB 
first), and a stop bit (1). On receive, the stop bit goes 
into RBS in Special Function Register SCON. The 
baud rate is variable. 

Mode 2: 11 bits are transmitted (through TXD) or re
ceived (through RXD): a start bit (0), S data bits (LSB 
first), a programmable 9th data bit, and a stop bit (1). 
Refer to Fiugre 22. On Transmit, the 9th data bit (TBS 
in SCON) can be assigned the value of 0 or 1. Or, for 
example, the parity bit (P in the PSW) could be moved 
into TB8. On receive, the 9th data bit goes into RBS in 
SCON, while the stop bit is ignored. (The validity of 
the stop bit can be checked with Framing Error Detec
tion.) The baud rate is programmable to either '/32 or 
'/64 the oscillator frequency. 

DATA BYTE ---1+1 -.--1-, I ...... ~ . 
\ STOP BIT 

NINTH DATA BIT (!.lodes 2 and 3 only) 

Figure 22. Data Frame: Modes 1, 2 and 3 
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Mode 3: 11 bits are transmitted (through TXD) or re
ceived (through RXD): a start bit (0), 8 data bits (LSB 
first), a prograrnmable 9th data bit and a stop bit (1). In 
fact, Mode 3 is the same as Mode 2 in all respects 
except the baud rate. The baud rate in Mode 3 is vari
able. 

In all four modes, transmission is initiated by any in
struction that uses SBUF as a destination register. Re
ception is initiated in Mode 0 by the condition RI = 0 
and REN = 1. Reception' is initiated in the other 
modes by the incoming start bit if REN = 1. For more 
detailed information on each serial port mode, refer to 
the "Hardware Description of the 8051, 8052, and 
80C51." 

7.1 Framing Error Detection 

Framing Error Detection allows the serial port to check 
for valid stop bits in modes 1,2, or 3. A missing stop bit 
can be caused, for example, by noise on the serial lines, 
or transmission by two CPUs simultaneously. 

If a stop bit is missing, a Framing Error bit FE is set. 
The FE bit can be checked in software after each recep
tion to detect communication errors. Once set, the FE 
bit must be cleared in software. A valid stop bit will not 
clear FE. 

The FE bit is located in SCON and shares the same bit 
address as SMO. Control bit SMODO in the PCON reg
ister (location PCON.6) determines whether the SMO 
or FE bit is accessed. If SMODO = 0, then accesses to 
SCON.7 are to SMO. If SMODO = 1, then accesses to 
SCON.7 are to FE. 

7.2 Multiprocessor Communications 

Modes 2 and .3 provide a ~-blt mode to tacilitate multi
processor comunication. The 9th bit allows the control
ler to distinguish between address and data bytes. The 
9th bit is set to 1 for address bytes and set to 0 for data 
bytes. When receiving, the 9th bit goes into RB8 in 
SCON. When transmitting, TB8 is set or cleared in 
software. 

The serial port can be programmed such that when the 
stop bit is received the serial port interrupt will be acti
vated only if the received byte is an address byte (RB8 
= 1). This feature is enabled by setting the SM2 bit in 
SCON. A way to use this feature in multiprocessor sys
tems is as follows. 

When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad
dress byte which identifies the target slave. Remember, 
an address byte has its.9th bit set to 1, whereas a data 
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byte has its 9th bit set to O. All the slave processors 
should have their SM2 bits set to 1 so they will only be 
interrupted by an address byte. In fact, the 8XC51FAI 
FB has an Automatic Address Recognition feature 
which allows only the addressed slave to be interrupted. 
That is, the address comparison occurs in hardware, 
not software. (On the 8051 serial port, an address byte 
interrupts all slaves for an address comparison.) 

The addressed slave then clears its SM2 bit and pre
pares to receive the data bytes that will be coming. The 
other slaves are unaffected by these data bytes. They 
are still waiting to be addressed since their SM2 bits are 
all set. 

7.3 Automatic Address Recognition 

Automatic Address Recognition reduces the CPU time 
required to service the serial port. Since the CPU is 
only interrupted when it receives its own address, the 
software overhead to compare addresses is eliminated. 
With this feature enabled in one of the 9-bit modes, the 
Receive Interrupt (RI) flag will only get set when. the 
received byte corresponds to either a Given or Broad~ 
cast address. 

The feature works the same way in the 8-bit mode 
(Mode 1) as in the 9-bit modes, except that the stop bit 
takes the place of the 9th data bit. If SM2 is set, the RI 
flag is set only if the received byte matches the Given or 
Broadcast Address and is terminated by a valid stop 
bit. Setting the SM2 bit has no effect in Mode O. 

The master can selectively communicate with groups of 
slaves by using the Given Address. Addressing all 
slaves at once is possible with the Broadcast Address. 
These addresses are defined for each slave by two Spe
cial Function Registers: SADDR and SAD EN. 

A slave's individual address is specified in SADDR. 
SADEN is a mask byte that defines don't-cares to form 
the Given Address. 'These don't-cares allow flexibility 
in the user-defined protocol to address one or more 
slaves at a time. The following is an example of how the 
user could define Given Addresses to selectively ad-
dress different slaves. ' 

Slave 1: 
SADDR 1111 0001 
SADEN 1111 1010 

GIVEN 1111 OXOX 

Slave 2: 
SADDR 1111 0011 
SADEN 1111 1001 

GIVEN 1111 OXX1 



SCON 

Symbol 

FE 

SMO 

SM1 

5M2 

REN 

TB8 

RB8 

TI 

RI 
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Table 13. SCON: Serial Port Control Register 

Address = 98H Reset Value = 0000 OOOOB 

Bit Addressable 

ISMO/FEI SM1 

Bit: 7 6 
(SMODO = 0/1)* 

Function 

SM2 REN 

5 4 

TB8 RB8 TI RI 

3 2 o 

Framing Error bit. This bit is set by the receiver when an invalid stop bit is detected. The FE 
bit is not cleared by valid frames but should be cleared by software. The SMODO* bit must be 
set to enable access to the FE bit. 

Serial Port Mode Bit 0, (SMODO must = 0 to access bit SMO) 

Serial Port Mode Bit 1 
SMO SM1 
o 0 
o 1 

o 

Mode Description Baud Rate" 
o shift register Fose/12 
1 8-bit UART variable 
2 9-bit UART Fose/64 or Fose/32 
3 9-bit UART variable 

Enables the Automatic Address Recognition feature in Modes 2 or 3. If SM2 = 1 then RI will 
not be set unless the received 9th data bit (RB8) is 1, indicating an address, and the received 
byte is a Given or Broadcast Address. In Mode 1, if SM2 = 1 then RI will not be activated 
unless a valid stop bit was received, and the received byte is a Given or Broadcast Address. 
In Mode 0, SM2 should be O. 

Enables serial reception. Set by software to enable reception. Clear by software to disable 
reception. 

The 9th data bit that will be transmitted in Modes 2 and 3. Set or clear by software as 
desired. 

In modes 2 and 3, the 9th data bit that was received. In Mode 1, if SM2 = 0, RB8 is the stop 
bit that was received. In Mode 0, RB8 is not used. 

Transmit interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the 
beginning of the stop bit in the other modes, in any serial transmission. Must be cleared by 
software. 

Receive interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or halfway 
through the stop bit time in the other modes, in any serial reception (except see SM2). Must 
be cleared by software. 

'SMODO is located at peON6 . 
•• Fosc = oscillator frequency 

The SADEN byte are selected such that each slave can 
be addressed separately. Notice that bit 1 (LSB) is a 
don't-care for Slave 1 's Given Address, but bit 1 = 1 
for Slave 2. Thus, to selectively communicate with just 
Slave 1 the master must send an address with bit 1 = 0 
(e.g. 1111 0000). 

Similarly, bit 2 = 0 for Slave 1, but is a don't-care for 
Slave 2. Now to communicate with just Slave 2 an ad
dress with bit 2 = 1 must be used (e.g. 1111 0111). 

Finally, for a master to communicate with both slaves 
at once the address must have bit 1 = 1 and bit 2 = O. 
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Notice, however, that bit 3 is a don't-care for both 
slaves. This allows two different addresses to select 
both slaves (1111 0001 or 1111 0101). If a third slave 
was added that required its bit 3 = 0, then the latter 
address could be used to communicate with Slave 1 and 
2 but not Slave 3. 

The master can also communicate with all slaves at 
once with the Broadcast Address. It is formed from the 
logical OR of the SADDR and SADEN registers with 
zeros defined as don't-cares. The don't-cares also allow 
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flexibility in defining the Broadcast Address, but in 
most applications a Broadcast Address will be OFFH. 

SADDR and SADEN are located at address A9H and 
B9H, respectively. On reset, the SADDR and SADEN 
registers are initialized to DOH which defines the Given 
and Broadcast Addresses as XXXX XXXX (all don't
cares). This assures the 8XC5IFA/FB serial port to be 
backwards compatibility with other MCS®-51 products 
which do not implement Automatic Addressing. 

7.4 Baud Rates 

The baud rate in Mode 0 is fixed: 

M d 0 B d R Oscillator Frequency 
o e au ate = 12 

The baud rate in Mode 2 depends on the value of bit 
SMODI in Special Function Register PCON. If 
SMODI = 0 (which is the value on reset), the baud 
rate is '164 the oscillator frequency. IfSMODI = I, the 
baud rate is '132 the oscillator frequency. 

Mode 2 Baud Rate = 2SMOD1 x Oscillator Frequency 
64 

The baud rates in Modes 1 and 3 are determined by the 
Timer 1 overflow rate, or by Timer 2 overflow rate, or 
by both (one for transmit and the other for receive). 

7.5 Using Timer 1 to Generate Baud 
Rates 

When'Timer 1 is used as the baud rate generator, the 
baud rates in Modes 1 and 3 are determined by the 
Timer 1 overflow rate and the value of SMODI as fol
lows: 

Modes 1 and 3 = 2SMOD1 x Timer 1 Overflow Rate 
Baud Rate 32 

The Timer 1 interrupt should be disabled in this appli
cation. The Timer itself can be configured for either 
"timer" or "counter" operation, and in any of its 3 
running modes. In most applications, it is configured 
for "timer" operation in the auto-reload mode (high 
nibble of TMOD =, 00 1 OB). In this case, the baud rate 
is given by the formula: 

Modes 1 and 3 2SMOD1, x Oscillator Frequency 
Baud Rate 32 x 12 x [256 - (TH1)] 

One can achieve very low baud rates with Timer I by 
leaving the Timer ,I interrupt enabled, and configuring 
the Timer to run as a 16-bit timer (high nibble of 
TMOD = OOOIB), and using the Timer 1 interrupt to 
do a 16-bit software reload. 

Table 14 lists various commonly used baud rates and 
how they can be obtained from Timer I. 

7.6 Using Timer 2 to Generate Baud 
Rates 

Timer 2 is selected as the baud rate generator by setting 
TCLK and/or RCLK in T2CON (Table 7). Note that 
the baud rates for transmit and receive can be simulta
neously different. Setting RCLK and/or TCLK puts 
Timer 2 into its baud rate generator mode, as shown in 
Figure 23. 

The baud rate generator mode is similar to the auto-re
load mode, in that a rollover in TH2 causes the Timer 2 
registers to be reloaded with the 16-bit value in registers 
RCAP2H and RCAP2L, which are preset by software. 

Table 14. Timer 1 Generated Commonly Used Baud Rates 

Timer 1 
Baud Rate fosc SMOD Reload clf Mode 

Value 

Mode 0 Max: 1 MHz 12MHz X X X X 
Mode 2 Max: 375K 12MHz 1 X X X 
Modes 1, 3: 62.5K 12MHz 1 0 2 FFH 

19.2K 11.059 MHz 1 0 2 FDH 
9.6K 11.059 MHz 0 0 2 FDH 
4.8K 11.059 MHz 0 0 2 FAH 
2.4K 11.059 MHz 0 0 2 F4H 
1.2K 11.059 MHz 0 0 2 E8H 
137.5 11.986 MHz 0 0 2 1DH 
110 6MHz 0 0 2 72H 
110 12MHz 0 0 1 FEEBH 
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The baud rates in Modes 1 and 3 are determined by 
Timer 2's overflow rate as follows: 

Md' 1 d 3 B d R Timer 2 Overtlow Rate 
o es an au ates = 16 

The Timer can be configured for either "timer" or 
"counter" operation. In most a~ications, it is config
ured for "timer" operation (C/T2 = 0). The "Timer" 
operation is different for Timer 2 when it's being used 
as a baud rate generator. Normally, as a timer, it incre
ments every machine cycle (1/12 the oscillator frequen
cy). As a baud rate generator, however, it increments 
every state time ('/. the oscillator frequency). The baud 
rate formula is given below: 

Modes 1 and 3 Oscillator Frequency 
Baud Rate 32 x [65536 - (RCAP2H, RCAP2L)1 

where (RCAP2H, RCAP2L) is the content of 
RCAP2H and RCAP2L taken as a 16-bit unsigned 
integer. 

Timer 2 as a baud rate generator is shown in Figure 23. 
This figure is valid only if RCLK and/or TCLK = 1 in 
T2CON. Note that a rollover in TH2 does not set TF2, 
and will not generate an interrupt. Therefore, the Timer 
2 interrupt does not have to be disabled when Timer 2 
is in the baud rate generator mode. Note too, that if 
EXEN2 is set, a I-to-O transition in T2EX will set 

NOTE: OSC. FREQ. IS DlVIDEO BY Z. NOT 12. 

TZ PIN-------' 

TZEX PIN 

EXENZ 

EXF2 but will not cause a reload from (RCAP2H, 
RCAP2L) to (TH2, TL2). Thus when Timer 2 is in use 
as a baud rate generator, T2EX can be used as an extra 
external interrupt, if desired. 

It should be noted that when Timer 2 is running (TR2 
= 1) in "timer" function in the baud rate generator 
mode, one should not try to read or write TH2 or TL2. 
Under these conditions the Timer is being incremented 
every state time, and the results of a read or write may 
not be accurate. The RCAP2 registers may be read, but 
shouldn't be written to, because a write might overlap a 
reload and cause write and/or reload errors. The timer 
should be turned off (clear TR2) before accessing the 
Timer 2 or RCAP2 registers. 

Table 15 lists commonly used baud rates and how they 
can be obtained from Timer 2. 

Baud 
Rate 

375K 
9.6K 
4.SK 
2.4K 
1.2K 
300 
110 
300 
110 

"TillER Z·· 
INTERRUPT 

Table 15. Timer 2 Generated 
Commonly Used Baud Rates 

Osc 
Freq 

12 MHz 
12 MHz 
12 MHz 
12MHz 
12MHz 
12 MHz 
12MHz 
6MHz 
6MHz 

Timer 2 

RCAP2H 

FF 
FF 
FF 
FF 
FE 
FB 
F2 
FD 
F9 

nliER 1 
OVERFLOW 

RCAP2L 

FF 
D9 
B2 
64 
CS 
1E 
AF 
SF 
57 

RX CLOCK 

TX CLOCK 

L NOTE AVAILABILrry Of ADDITIONAL EXTERNAL INTERRUPT 

270653-20 

Figure 23. Timer 2 in Baud Rate Generator Mode 
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8.0 INTERRUPTS 

The 8XC5IFA/FB has a total of 7 interrupt vectors: 
two external interrupts (INTO and INTI), three timer 
interrupts (Timers 0, I, and 2), the PCA interrupt, and 
the serial port interrupt. These interrupts are all shown 
in Figure 24. 

INTO---cr ITO 

All of the bits that generate interrupts can be set or 
cleared by software, with the same result as though it 
had been set or cleared by hardware. That is, interrupts 
can be generated or pending interrupts can be cancelled 
in software. 

Each of these interrupts will be briefly described fol
lowed by a discussion of the interrupt enable bits and 
the interrupt priority levels. 

T.O--------------------------------------------~~ 

INTt---a' ITt 

T.l ~ 

C.---:JEC. 

INTERRUPT 
SOURCES 

It 

fD ~ 

O! 

CC'n 

~t'~! I 
TI D ~ 
RI 

T.2 D ~ 
EX.2 

270653-21 
(See exceptions when Timer 2 is used as baud rate generator or an up/down counter.) 

Figure 24. Interrupt Sources 
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8.1 External Interrupts 

External Interrupts INTO and INTI can each be either 
level-activated or transition-activated, depending on 
bits ITO and ITI in register TCON. If ITx = 0, exter
nal interrupt x is triggered by a detected low at the 
INTx pin. If ITx = I, external interrupt x is negative 
edge-triggered. The flags that actually generate these 
interrupts are bits lEO and lEI in TCON. These flags 
are cleared by hardware when the service routine is 
vectored to only if the interrupt was transition-activat
ed. If the interrupt was level-activated, then the exter
nal requesting source is what controls the request flag, 
rather than the on-chip hardware. 

Since the external interrupt pins are sampled once each 
machine cycle, an input high or low should hold for at 
least 12 oscillator periods to ensure sampling. If the 
external interrupt is transition-activated, the external 
source has to hold the request pin high for at least one 
cycle, and then hold it low for at least one cycle to 
ensure that the transition is seen so that interrupt re
quest flag lEx will be set. lEx will be automatically 
cleared by the CPU when the service routine is called. 

If external interrupt INTO or INTI is level-activated, 
the external source has to hold the request active until 
the requested interrupt is actually generated. Then it 
has to deactivate the request before the interrupt serv
ice 'routine is completed. or else another interrupt will 
be generated. 

8.2 Timer Interrupts 

Timer 0 and Timer I Interrupts are generated by TFO 
and TFI in register TCON, which are set by a rollover 
in their respective Timer/Counter registers (except see 
Timer 0 in Mode 3). When a timer interrupt is generat
ed, the flag that generated it is cleared by the on-chip 
hardware when the service routine is vectored to. 

Timer 2 Interrupt is generated by the logical OR of bits 
TF2 and EXF2 in register T2CON. Neither of these 
flags is cleared by hardware when the service routine is 
vectored to. In fact, the service routine may have to 
determine whether it was TF2 or EXF2 that generated 
the interrupt, and the bit will have to be cleared in 
software. 

9-33 

8.3 peA Interrupt 

The PCA interrupt is generated by the logical OR of 
CF, CCFO, CCFI, CCF2, CCF3, and CCF4 in register 
CCON. None of these flags is cleared by hardware 
when the service routine is vectored to. Normally the 
service routine will have to determine which bit flagged 
the interrupt and clear that bit in software. The PCA 
interrupt is enabled by bit EC in the Interrupt Enable 
register (see Table 16). In addition, the CF flag and 
each of the CCFn flags must also be enabled by bits 
ECF and ECCFn in registers CMOD and CCAPMn 
respectively, in order for that flag to be able to cause an 
interrupt. 

8.4 Serial Port Interrupt 

The serial port interrupt is generated by the logical OR 
of bits RI and TI in register SCON. Neither of these 
flags is cleared by hardware when the service routine is 
vectored to. The service routine will normally have to 
determine whether it was RI or TI that generated the 
interrupt, and the bit will have to be cleared in soft
ware. 

8.5 Interrupt Enable 

Each of these interrupt sources can be individually en
abled or disabled by setting or clearing a bit in the 
Interrupt Enable (IE) register. (See Table 16.) Note 
that IE also contains a global disable bit, EA. If EA is 
set (I), the interrupts are individually enabled or dis
abled by their corresponding bits in IE. If EA is clear 
(O), all interrupts are disabled. 

8.6 Priority Level Structure 

Each interrupt source can also be individually pro
grammed to one of two priority levels, by setting or 
clearing a bit in the Interrupt Priority (IP) register 
shown in Table 17. A low-priority interrupt can itself 
be interrupted by a higher priority interrupt, but not by 
another low-priority interrupt. A high priority inter
rupt cannot be interrupted by any other interrupt 
source. 
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IE 

Symbol 

" Table 16. IE: Interrupt Enable Register 

Address = OASH 

Bit Addressable 

I EA I EC I" ET2 I" ES 

Bit 7 6 5 4 
Enable Bit = 1 enables the interrupt. 
Enable Bit = 0 disables it. 

Function 

ET1 EX1 

3 2 

Reset Value = 0000 OOOOB 

ETO EXO 

o 

EA Global disable bit. If EA = 0, all Interrupts are disabled. If EA = 1, each Interrupt can be 
individually enabled or disabled by setting or clearing its enable bit. 

EC 

ET2 

ES 

ET1 

EX1 

ETO 
EXO 

PCA Interrupt enable bit. 

Timer 2 Interrupt enable bit. 

Serial Port Interrupt enable bit. 

Timer"1 Interrupt enable bit. 

External Interrupt 1 enable bit. 

Timer 0 Interrupt enable bit. 

External Interrupt 0 enable bit. 

Table 17. IP: Interrupt Priority Registers 

IP Address = OBSH 

Bit Addressable 

PPC PT2 PS 

Bit 7 6 5 4 
Priority Bit = 1 assigns high priority 
Priority Bit = 0 assigns low priority 

Symbol Function 

Not implemented, reserved for future use. • 

PPC PCA Interrupt priority bit. 

PT2 Timer"2lnterrupt priority bit. 

PS Serial Port Interrupt priority bit. 

PT1 Timer 1 Interrupt priority bit. 

PX1 External Interrupt 1 priority bit. 

PTO Timer 0 Interrupt priority bit. 

PXO External Interrupt 0 priority bit. 

NOTE: 

PT1 PX1 

3 2 

Reset Value = XOOO OOOOB 

PTO PXO 

o 

·User software should not write 1 s to reserved bits. Tl)ese bits may be used in future 8051 family products to invoke 
new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value 
read from a reserved bit is indeterminate. 

9·34 
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If two requests of different priority levels are received 
simultaneously, the request of higher priority level is 
serviced. If requests of the same priority level are re
ceived simultaneously, an internal polling sequence de
termines which request is serviced. Thus within each 
priority level there is a second priority structure deter
mined by the polling sequence shown in Table 18. 

Note that the "priority within level" structure is only 
used to resolve simultaneous requests of the same priori
ty level. 

Table 18_ Interrupt Priority 
. within Level POlling Sequence 

1 (Highest) INTO 
2 Timer 0 
3 INT1 
4 
5 
6 
7 (Lowest) 

How Interrupts are Handled 

Timer 1 
peA 
Serial Port 
Timer 2 

The interrupt flags are sampled at S5P2 of every ma
chine cycle. The samples are polled during the follow
ing machine cycle. The Timer 2 interrupt cycle is 
slightly different, as described in the Response Time 
section; If one of the flags was in a set condition at 
S5P2 of the preceding cycle, the polling cycle will find 
it and the interrupt system will generate an LCALL to 
the appropriate service routine, provided this hard
ware-generated LCALL is not blocked by any of the 
following conditions: 

1. An interrupt of equal or higher priority level is al
ready in progress. 

2. The current (polling) cycle is not the final cycle in 
the execution of the instruction in progress. 

3. The instruction in progress is RETI or any write to 
the IE or IP registers. 

Any of these three conditions will block the generation 
of the LCALL to the interrupt service routine. Condi
tion 2 ensures that the instruction in progress will be 
completed before vectoring to any service routine. Con
dition 3 ensures that if the instruction in progress is 
RETI or any write to IE or IP, then at least one more 
instruction will be executed before any interrupt is vec
tored to . 

The polling cycle is repeated with each machine cycle, 
and the values polled are the values that were present at 
S5P2 of the previous machine cycle. If the interrupt 
flag for a level-sensitive external interrupt is active but 
not being responded to for one of the above conditions 
and is not still active when the blocking condition is 
removed, the denied interrupt will not be serviced. In 
other words, the fact that the interrupt flag was once 
active but not serviced is not remembered. Every poll
ing cycle is new. 

The polling cycle/LCALL sequence is illustrated in 
Figure 25. 

Note that if an interrupt of a higher priority level goes 
active prior to S5P2 of the machine cycle labeled C3 in 
Figure 25, then in accordance with the above rules it 
will be vectored to during C5 and C6, without any in
struction of the lower priority routine having been exe
cuted. 

••·•· .... __ ·-C1--.-tI .... --C2--...... Ij-.--C3--..... _1 •• --C4,--..... I .... ---C5--.. ••• 

ISSP21 S6 

........ ~'\-, ---'-----.,ll~l----'----..,11:l----'-----

M 
INTERRUPT INTERRUPT 

GOES LATCHED 
ACTIVE 

INTERRUPTS 
ARE POLLED 

LONG CALL TO 
INTERRUPT 

VECTOR ADDRESS 

INTERRUPT ROUTINE 

270653-22 
This is the fastest possible response when C2 is the final cycle of an instruction other than RETI or write IE or IP. 

Figure 25. Interrupt Response Timing Diagram 
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Thus the processor acknowledges an interrupt request 
by executing a hardware-generated LCALL to the ap
propriate servicing' routine. The hardware-generated 
LCALL pushes the contents of the Program Counter 
onto the stack (but it does not save the PSW) and re
loads the PC with an address that depends on the 
source of the interrupt being vectored to, as shown in 
Table 19. 

Table 19. Interrupt Vector Address 

Interrupt Interrupt - Cleared by Vector 
Source Request Bits Hardware Address 

INTO lEO No (level) 0003H 
Yes (trans.) 

TIMER 0 TFO Yes OOOBH 

iN'i'T IE1 No (level) 0013H 
Yes (trans.) 

TIMER 1 TF1 Yes 001BH 

SERIAL PORT RI, TI No 0023H 

TIMER 2 TF2, EXF2 No 002BH 

PCA CF,CCFn No 0033H 
(n = 0-4) 

Execution proceeds from that location until the RETI 
instruction is encountered. The RETI instruction in
forms the processor that this interrupt routine is no 
longer in progress, then pops the top two bytes from the 
stack and reloads the Program Counter. Execution of 
the interrupted program continues from where it left 
off. • 

Note that a simple RET instruction would also have 
returned execution to the interrupted program, but it 
would have left the interrupt control system thinking 
interrupt was still in progress. 

Note that the starting addresses of consecutive inter
rupt service routines are only 8 bytes apart. That means 
if consecutive interrupts are being used (lEO 'and TFO, 
for example, or TFO and lEI), and if the first interrupt 
routine is more than 7 bytes long, then that routine will 
have to execute a jump to some other memory location 
where the service routine can be completed without 
overlapping the starting address of the next interrupt 
routine. 
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8.7 Response Time 

The INTO and INTI levels are inverted and latched 
into the Interrupt Flags lEO and lEI at S5P2 of every 
machine cycle. Similarly, the Timer 2 flag EXF2 'and 
the Serial Port flags RI and TI are set at S5P2. The 
values are not actually polled by the circuitry until the 
next machine cycle. ' 

The Timer 0 and Timer 1 flags, TFO and TF1, are set at 
S5P2 of the cycle in which the timers overflow. The 
values are then polled by the circuitry in the next cycle. 
However, the Timer 2 flag TF2 is set at S2P2 and is 
polled in the same cycle in which the timer overflows. 

If a request is active and conditions are right for it to be 
acknowledged, a hardware subroutine call to the re
quested service routine will be the next instruction to be 
executed. The call itself takes two cycles. Thus, a mini
mum of three complete machine cycles elapses between 
activation of an external interrupt request and the be
ginning of execution of the service routine's first in
struction. Figure 25 shows interrupt response timing. 

A longer response time would result if the request is 
blocked by one of the 3 previously listed conditions. If 
an interrupt o( equal or higher priority level is already 
in progress, the additional wait time obviously depepds 
on the nature of the other interrupt's service routine. If 
the instruction in progress is not in its final cycle, the 
additional wait time cannot be more than 3 cycles, since 
the longest instructions (MUL and DIV) are only 4 
cycles long, and if the instruction in progress is RETI 
or write to IE or IP, the additional wait time cannot be 
more than 5 cycles (a maximum of one or more cycle to 
complete the instruction in progress, plus 4 cycles to 
complete the next instruction if the instruction is MUL 
or DIV). 

Tnus, in a single-interrupt system, the response time is 
always more than 3 cycles and less than 9 cycles. 

9.0 RESET 

The reset input is the RST pin, which has a Schmitt 
Trigger input. A reset is accomplished by holding the 
RST pin high for at least two machine cycles (24 oscil
lator periods) while the oscillator is running. rIte CPU 
responds by generating an internal reset, with the tim
ing shown in Figure 26. 

The external reset signal is asynchronous to the internal 
clock. The RST pin is sampled during State 5 Phase 2 
of every machine cycle. The port pins, ALE, and PSEN 
will maintain their current activities for the 19 oscilla
tor periods after a logic 1 has been sampled at the RST , 
pin; that is, for 19 to 31 oscillator periods after the 
external reset signal has been applied to the RST pin. 
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I-- 12 OSC. PERIODS -----j 

I S5 I S6 I S 1 I S2 I S3 I S4 I 55 I S6 I 

RST: / IIIIIIIII /: 
'--' '--' 

SAMPLE RST SAMPLE RST , , 

ALE: 11...;-' ........ nl..._ ..... 
P5EN: 

po: 
, 

51 I 52 I 53 I 54 I 55 I S6 I 51 I 52 I 53 I S4 I 

C INTERNAL RESET SIGNAL 

--11 OSC. PERIOD5 --· .. ,,1-------19 OSC. PERIODS ------;,.." 
270653-23 

Figure 26. Reset Timing 

While the RST pin is high, the port pins, ALE and 
PSEN are weakly pulled high. After RST is pulled low, 
it will take 1 to 2 machine cycles for ALE and PSEN to 
start clocking. For this reason, other devices can not be 
synchronized to the internal timings of the 8XC51FAI 
FB. 

Driving the ALE and PSEN pins to 0 while reset is 
active could cause the device to go into an indetermi-' 
nate state. 

The internal reset algorithm redefines all the SFRs. Ta
ble 1 lists the SFRs and their reset values. The internal 
RAM is not affected by reset. On power up the RAM 
content is indeterminate. 

9.1 Power-On Reset 

For CHMOS devices, when VCC is turned on, an auto
matic reset can be obtained by connecting the RST pin 
to VCC through a 1 J-LF capacitor (Figure 27). The 
CHMOS devices do not require an external resistor like 
the HMOS devices because they have an internal pull
down on the RST pin. 

When power is turned on, the circuit holds the RST pin 
high for an amount of time that depends on the capaci
tor value and the rate at which it charges. To ensure a 
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Vcc---1~----------------' 

+ Vcc 

BXC51 FA/FB 
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Figure 27. Power on Reset Circuitry 

valid reset the RST pin must be held high long enough 
to allow the oscillator to start up plus two machine 
cycles. 

On power up, Vee should rise within approximately 
ten milliseconds. The oscillator start-up time will de
pend on the oscillator frequency. For a 10 MHz crystal, 
the start-up time is typically 1 msec. For a I MHz 
crystal, the start-up time is typically 10 msec. 
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With the given circuit, reducing vee quickly to 0 caus
es the RST pin voltage to momentarily fall below OV. 
However, this voltage is internally limited and will not 
harm the device. 

Note that the port pins will be in a random state until the 
oscillator has started and the internal reset algorithm 
has written Is to them. 

Powering up the device without a valid reset could 
cause the CPU to start executing instructions from an 
indeterminate location. This is because the SFRs, spe
cifically the Program Counter, may not get properly 
initialized. 

10.0 POWER-SAVING MODES OF 
OPERATION 

For applications where power consumption is critical, 
the 8XC5IFA/FB provides two power reducing modes 
of operation: Idle and Power Down. The input through 
which backup power is supplied during these opera
tions is Vee. Figure 28 shows the internal circuitry 
which implements these features. In the Idle mode 
(IDL = 1), the oscillator continues to run and the In
terrupt, Serial Port, PCA, and Timer blocks continue 
to be clocked, but the clock signal is gated off to the 
CPU. In Power Down (PD = I), the oscillator is fro
zen. The Idle and Power Down modes are activated by 
setting bits in Special Function Register PCON (Table. 
20). 

10.1 Idle Mode 

An instruction that sets PCON.O causes that to be the 
last instruction executed before going into the Idle 

~!~ 
XTAL 2 = XTAL 1 

mode. In the Idle mode, the internal clock signal is 
gated off to the CPU, but not to the Interrupt, Timer, 
and Serial Port functions. The PCA can be pro
grammed either to pause or continue operating during 
Idle (refer to the peA section for more details). The 
CPU status is preserved in its entirety: the Stack Point
er, Program Counter, Program Status Word, Accumu
lator, and all other registers maintain their data during 
Idle. The port pins hold the logical states they had at 
the time Idle was activated. ALE and PSEN hold at 
logic high levels. 

There are two ways to terminate the Idle Mode. Activa
tion of any enabled interrupt will cause PCON.O to be 
cleared by hardware, terminating the Idle mode. The 
interrupt will be serviced, and following RET! the next 
instruction to be executed will be the one following the 
instruction that put the device into Idle. 

The flag bits (GFO and GFI) can be used to give an 
indication if an interrupt occurred during normal oper
ation or during Idle. For example, an instruction that 
activates Idle can also set one or both flag bits. When 
Idle is terminated by an interrupt, the interrupt service 
routine can examine the flag bits. 

The other way of terminating the Idle mode is with a 
hardware reset. Since the clock oscillator is still run
ning, the hardware reset needs to be held active for only 
two machine cycles (24 oscillator periods) to complete 
the reset. 

The signal at the RST pin clears the IDL bit directly 
and asynchronously. At this time the CPU resumes 
program execution from where it left off; that is, at the 
instruction following the one that invoked the Idle 
Mode. As shown in Figure' 26, two or three machine 
cycles of program execution may take place before the 

INTERRUPT, 
1-.... --t:>SERIAL PORT, 

TIMER BLOCKS 

CPU 

270653-25 

Figure 28. Idle and Power Down Hardware 
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Table 20. PCON: Power Control Register 

PCON Address = 87H Reset Value = OOXX OOOOB 

Not Bit Addressable 

I SMOD1 1 SMODO 1 POF GF1 GFO PD I. IDL 

Bit 7 6 5 4 3 2 o 

Symbol Function 

SMOD1 Double Baud rate bit. When set to a 1 and Timer 1 is used to generate baud rates, and the 
Serial Port is used in modes 1, 2, or 3. 

SMODO When set, Read/Write accesses to SCON.7 are to the FE bit. When clear, Read/Write 
accesses to SCON.7 are to the SMO bit. 

. Not implemented, reserved for future use. • 

POF Power Off Flag. Set by hardware on the rising edge of Vee. Set or cleared by software. This 
flag allows detection of a power failure caused reset. Vee must remain above 3V to retain 
this bit. 

GF1 General-purpose flag bit. 

GFO General-purpose flag bit. 

PD Power Down bit. Setting this bit activates Power Down operation. 

IDL Idle mode bit. Setting this bit activates idle modes operation. 
If 1 s are written to PD and IDL at the same time, PD takes precedence. 

NOTE: 
'User software should not write 1s to unimplemented bits. These bits may be used in future 8051 family products to 
invoke new features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. 
The value read from a reserved bit is indeterminate 

internal reset algorithm takes control. On-chip hard
ware inhibits access to the internal RAM during this 
time, but access to the port pins is not inhibited. To 
eliminate the possibility of unexpected outputs at the 
port pins, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or to 
external Data RAM. 

10.2 Power Down Mode 

An instruction that sets PCON.I causes that to be the 
last instruction executed before going into the Power 
Down mode. In this mode the on-chip oscillator is 
stopped With the clock frozen, all functions are 
stopped, but the on-chip RAM and Special Function 
Registers are held. The port pins output the values held 
by their respective SRFs, and ALE and PSEN output 
lows. In Power Down Vee can be reduced to as low as 
2V. Care must be taken, however, to ensure that Vee is 
not reduced before Power Down is invoked. 

The 8XC51FA/FB can exit Power Down with either a 
hardware reset or external interrupt. Reset redefines all 
the SFRs but does not change the on-chip RAM. An 
external interrupt allows both the SFRs and the on
chip RAM to retain their values. 
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To properly terminate Power Down the reset or exter
nal interrupt should not be executed before Vee is 
restored to its normal operating level and must be held 
active long enough for the oscillator to restart and sta
bilize (normally less than 10 msec). 

With an external interrupt, INTO or INTI must be en
abled and configured as level-sensitive. Holding the pin 
low restarts the oscillator and bringing the pin back 
high completes the exit. After the RETI instruction is 
executed in the interrupt service routine, the next in
struction will be the one following the instruction that 
put the device in Power Down. 

10.3 Power Off Flag 

The Power Off Flag (POF) is set by hardware when 
Vee rises from 0 to 5 Volts. POF can also be set or 
cleared by software. This allows the user to distinguish 
between a "cold start" reset and a "warm start" reset. 

A cold start reset is one that is coincident with Vee 
being turned on to the device after it was turned off. A 
warm start reset occurs while Vee is still applied to the 
device and could be generated, for example, by a 
Watchdog Timer or an exit from Power Down. 
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Immediately after reset, the user's software can check 
the status of the POF bit. POF = I would indicate a 
cold start. The software then clears POF and com
mences its tasks. POF = 0 immediately after reset 
would indicate a warm start. 

Vee must remain above 3 volts for POF to retain a O. 

11.0 EPROM VERSIONS 

The 87CSIFAlFB uses the fast "Quick-Pulse" pro
gramming™ algorithm. The devices program at Vpp 
= 12.7SV (and Vee = S.OV) using a series of twenty
five 100 /Ls .PROG pulses per byte programmed. This 
results in a total programming time of approximately 
26 seconds for the 87CSIFA's 8K bytes and approxi
mately SO seconds for the 87CSIFB's 16K bytes. 

11~1 Two-Level Program Memory 
Lock 

In some microcontroller applications it is desirable that 
the Program Memory be secure from software piracy. 
The 8XCSIFA/FB has a two-level program lock feac 

ture which protect the code of the on-chip EPROM or 
ROM. The two-level scheme consists of a 32-byte en
cryption array and two lock bits. 

Encryption Array: Within the EPROM/ROM are 32 
bytes of Encryption Array that are initially unpro
grammed (all I's). The user can program the Encryp
tion Array to encrypt the program code bytes during 
EPROM/ROM verification. The verification proce
dure is performed as usual except that each code byte 
comes out exclusive-NOR'ed (XNOR) with one of the 
key bytes. Therefore, to read the ROM code the user 
has to know the 32 key bytes in their proper sequence, 

Unprogrammed bytes have the value OFFH. So if the 
Encryption Array IS len unprogrammed, all the key 
bytes have the value OFFH. Since any code byte 
XNORed with OFFH leaves the byte unchanged, leav
ing the Encryption Array unprogrammed in effect by
passes the encryption feature. 

Program Lock Bits: Also included in the Program 
Lock scheme are two Lock Bits which can be pro
grammed as shown in Table 21. 

Erasing the EPROM also erases the Encryption Array 
and the Lock Bits, returning the part to full functionali
ty. 

Exposure to Light: The EPROM window must be cov
ered with an opaque label when the device is in opera
tion. This is not so much to protect the EPROM array 
from inadvertent erasure, but to protect the RAM and 
other on-chip logic. Allowing light to impinge on the 
silicon die while the device is operating can cause logi
cal malfunction. 
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Table 21. EPROM Lock Bits 

Program 
Lock Bits Logic Enabled 

LB1 LB2 

U U No Program Lock features 
enabled. (Code Verify will still be 
encrypted by the Encryption 
Array.) 

P U MOVC instructions executed from 
external program memory are 
disabled from fetching code bytes 
from internal memory, EA is 
sampled and latched on reset, 
and futher programming of 
EPROM is disabled. 

P P Same as above, but Verify is also 
disabled (option available on 
EPROM only) 

U P Reserved for Future Definition 

12.0 ONCE MODE 

The ONCE (ON-Circuit Emulation) mode facilitates 
testing and debugging of systems using the 8XCSIFA/ 
FB without having to remove the device from the cir
cuit. The ONCE mode is invoked by: 

I. Pulling ALE low while the device is in reset and 
PSEN is high; 

2. Holding ALE low as RST is deactivated. 

While the device is in ONCE mode, the Port 0 pins go 
into a float state, and the other port pins, ALE, and 
PSEN are weakly pulled high. The oscillator circuit 
remains active. While the device is in this mode, an 
emulator or test CPU can be used to drive the circuit. 

Normal operation is restored after a valid reset is ap
plied. 

13.0 ON-CHIP OSCILLATOR 

The on-chip oscillator for the CHMOS devices, shown 
in Figure 29, consists of a single stage linear inverter 
intended for use as a crystal-controlled, positive reac
tance oscillator. In this application the crystal is operat
ing in its fundamental response mode as an inductive 
reactance in parallel resonance with capacitance exter
nal to the crystal (Figure 30). 

The oscillator on the CHMOS devices can be turned off 
under software control by setting the PD bit in the 
PCON register. The feedback resistor Rr in Figure 29 
consists of paralleled n- and p-channel FETs controlled 
by the. PD bit, such that Rf is opened when 
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PO = 1. The diodes 01 and 02, which act as clamps 
to vee and V ss, are parasitic to the Rr FETs. 

The crystal specifications and capacitance values (Cl 
and C2 in Figure 30) are not critical. 30 pF can be used 
in these positions at any frequency with good quality 
crystals. In general, crystals used with these devices 
typically have the following specifications: 

ESR (Equivalent Series Resistance) see Figure 32 

Co (shunt capacitance) 

CL (load capacitance) 

OriveLevel 

7.0 pF maximum 

30 pF ±3 pF 

IMW 

Frequency, tolerance, and temperature range are deter
mined by the system requirements. 

A ceramic resonator can be used in place of the crystal 
in cost-sensitive applications. When a ceramic resona-

XTALl 

TO INTERNAL 
TIMING CKTS 

4000 

r 
01 

02 

tor is used, Cl and C2 are normally selected as higher 
values, typicallY 47 pF. The manufacturer of the ceram
ic resonator should be consulted for recommendations 
on the values of these capacitors. 

A more in-depth discussion of crystal specifications, ce
ramic resonators, and the selection of values for Cl and 
C2 can be found in Application Note AP-155, "Oscilla
tors for Microcontrollers" in the Embedded Control 
Applications handbook. 

To drive the CHMOS parts with an external clock 
source, apply the external clock signal to XTALI and 
leave XTAL2 floating as shown in Figure 31. This is an 
important difference from the HMOS parts. With 
HMOS, the external clock source is applied to XT AL2, 
and XTALI is grounded. 

VCC 

RI 
XTAL2 
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Figure 29. On-Chip Oscillator Circuitry 
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Figure 30. Using the CHMOS On-Chip OSCillator 
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8XC51FAlFB 
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Figure 31. Driving the CHMOS Parts 
with an External Clock Source 
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Figure 32. ESR vs Frequen~y 

14.0 CPU TIMING 

The internal clock generator defines the sequence of 
states that make up a machine cycle. A machine cycle 
consists of 6 states, numbered SI through S6. Each 
state time lasts for two oscillator periods. Thus a ma
chine cycle takes 12 oscillator periods or 1 microsecond 
if the oscillator frequency is 12 MHz. Each state is then 
divided into a Phase 1 and Phase 2 half. 

Figure 3 and Figures 5 through 7 show when the vari
ous strobe and port signals are clocked internally. The· 
figures do not show rise and fall times of the signals, 
nor do they show propagation delays between the 
XTALI signal and events at other pins. 

Rise and fall times are dependent on the extemalload
ing that each pin must drive. They are approximately 
10 nsec, measured between O.SV and 2.0V. 

Propagation delays are different for different pins. For 
Ii given pill lucy vary with pin loading, temperature, 
Vee; and manufacturing lot. If the XTALI waveform 
is taken as the timing reference, propagation delays 
may vary from 25 to 125 nsec. 

The AC Timings section of the data sheets do not refer
ence any timing to the XTALI waveform. Rather, they 
relate the critical edges of control and input signals to 
each other. The timings published in the data sheets 
include the effects of propagation delays under the 
specified test condition. 

ADDITIONAL REFERENCES 

The following application notes provide supplemental 
information to this document and can be found in the 
Embedded Control Applications handbook. 

1. AP-125 "Designing Microcontroller Systems for 
Electrically Noisy Environments" 

2. AP-lSS "oScillators for Microcontrollers" 
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3. AP-2S2 "Designing with the SOCSIBH" 

4. AP-41O "Enhanced Serial Port on the S3CSIFA" 

S. AP-41S "S3CSIFAIFB PCA Cookbook" 

O. AB-4l "Software serial Port Implemented with the 
PCA" 

7. AP-425 "Small DC Motor Control" 
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• 
• 

• 

• 
• 
• 
• 

CHMOS SINGLE-CHIP 8-BIT MICROCOMPUTER 
83C51FA-8K Bytes of Factory Mask Programmable ROM 

80C51FA-CPU with RAM and I/O 
83C51 FA/80C51 FA-3.5 MHz to 12 MHz, Vee = 5V ± 10% 

83C51FA-1/80C51FA-1-3.5 MHz to 16 MHz, Vee = 5V ± 10% 
83C51 FA-2/S0C51 FA-2-Q.5 MHz to 12 MHz, Vee = 5V ± 10% 

High Performance CHMOS EPROM • 7 Interrupt Sources 

Three 16-Bit Timer/Counters • Programmable Serial Channel with: 
- Timer 2 is an Up/Down - Framing Error Detection 

Timer/Counter - Automatic Address Recognition 

Programmable Counter Array with: • TTL and CMOS Compatible Logic 
- High Speed Output, Levels 
- Compare/Capture, • 64K External Program Memory Space 
- Pulse Width Modulator, 
- Watchdog Timer capabilities • 64K External Data Memory Space 

Program Lock System • MCS®-51 Fully Compatible Instruction 

256 Bytes of On-Chip Data RAM 
Set 

Boolean Processor • Power Saving Idle and Power Down 
Modes 

32 Programmable I/O Lines • ONCETM (On-Circuit Emulation) Mode 

MEMORY ORGANIZATION 

PROGRAM MEMORY: Up to 8K bytes of the program memory can reside in the on-chip ROM (83C51 FA only). 
In addition the device can address up to 64K of program memory external to the chip. 

DATA MEMORY: This microcontrolier has a 256 x 8 on-chip RAM. In addition it can address up to 64K bytes of 
external data memory. 

The Intel 83C51 FA is a single-chip control oriented microcontrolier which is fabricated on Intel's reliable 
CHMOS III technology. Being a member of the 8051 family, the 83C51 FA uses the same powerful instruction 
set, has the same architecture, and is pin for pin compatible with the existing MCS-51 products. The 83C51 FA 
is an enhanced version of the 80C51 BH. It's added features make it an even more powerful microcontrolier for 
applications that require Pulse Width Modulation, High Speed I/O, and up/down counting capabilities such as 
motor control. It also has a more versatile serial channel that facilitates multi-processor communications. 

For the remainder of this document, the 83C51 FA and 80C51 FA will be referred to as the 83C51 FA. 

9-43 
October 1988 

Order Number: 270538-002 



intJ 83C51FA/80C51FA 

PO.O-PO.7 

,. --
v~ 

-----------, 
Vss .r 

PSEN 
ALE/f'Rlill 

rA/VPP 
RST 

TIMING ~ 
CO~~~OL 81C==~:;~~====~:;:=~==~===:;~==:> 

'" 

~ I 

--lflitlfl- -
P3.0- P3.7 

~-~---ftltl!l{----~---XTAL lfo;:[XTAL2 

T P1.0- Pl.7 

Figure 1. 83C51FA Block Diagram 
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PACKAGES 

Part 

83C51FA 
80C51FA 

(T2) PLO 

(T2EX) Pl.l 

(ECI) Pl.2 

(CEXO) Pl.3 

(CEX1) Pl.4 

(CEX2) Pl.S 

(CEX3) Pl.6 

RESET 

(RXO) P3.0 

(TXO) P3.1 

(INTO) P3.2 

(iNTi) P3.3 

RST 

P3.0 

NC 

P3.1 

P3.2 

P3.3 

P3.4 

P3.S 

(TO) P3.4 

(T1) P3.S 

(ViR) PM 

(RO) P3.7 

XTAL2 

XTALl 

Vss 

Prefix 

P 
0 
N 

4 

S 

DIP 

PLCC 

83C51FA/80C51FA 

Package Type 

40-Pin Plastic DIP 
40-Pin CERDIP 
44-Pin PLCC 

Vee 
PO.O (ADO) 

PO.l (11.01) 

PO.2 (11.02) 

PO.3 (11.03) 

PO.4 (11.04) 

PO.S (ADS) 

PO.6 (11.06) 

PO.7 (11.07) 

EA 
ALE 

pffij 

P2.7 (A1S) 

P2.6 (11.14) 

P2.S (11.13) 

P2.4 (11.12) 

P2.3 (All) 

P2.2 (11.10) 

P2.1 (A9) 

P2.0 (11.8) 

270538-2 

PO.4 

PO.5 

PO.6 

PO.7 

Ei 
NC 

ALE 

jiffi 

P2.7 

P2.& 

P2.5 

270538-19 

Port 0: Port 0 is an 8-bit, open drain, bidirectional I/O 
port. As an output port each pin can sink several LS 
TTL inputs. Port 0 pins that have 1's written to them 
float, and in that state can be used as high-imped
ance inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pullups when emitting1's, and can source and 
sink several LS TTL inputs. 

Port 0 outputs the code bytes during program verifi
cation on the 83C51FA. External pullup resistors are 
required during program verification. 

Port 1: Port 1 is an 8-bit bidirectional I/O port with 
internal pull ups. The Port 1 output buffers can drive 
LS TTL inputs. Port 1 pins that. have 1's written to 
them are pulled high by the internal pull ups, and in 
that state can be used as inputs. As inputs, Port 1 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

In addition, Port 1 serves the functions of the follow
ing special features of the 83C51 FA: 

Port Pin Alternate Function 

P1.0 T2 (External Count Input to Timer/ 
Counter 2) 

P1.1 T2EX (Timer/Counter 2 Capture/ 
Reload Trigger and Direction Control) 

P1.2 ECI (External Count Input to the PCA) 

P1.3 CEXO (External I/O for Compare/ 
Capture Module 0) 

P1.4 CEX1 (External I/O for Compare/ 
Capture Module 1) 

P1.5 CEX2 (External I/O for Compare/ 
Capture Module 2) 

P1.6 CEX3 (External I/O for Compare/ 
Capture Module 3) 

P1.7 CEX4 (External I/O for Compare/ 
Capture Module 4) 

Port·1 receives the low-order address bytes during 
ROM verification. 

Figure 2. Pin Connections 
Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. The Port 2 output buffers can drive 
LS TTL inputs. Port 2 pins that have 1's written to 
them are pulled high by the internal pull ups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

PIN DESCRIPTIONS 

V cc: Supply voltage. 

Vss: Circuit ground. 
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Port 2 emits the high-order address byte during 
fetches from external Program Memory arid during 
accesses to external Data Memory that use t6-bit 
addresses (MOVX @DPTR). In. this application it 
uses strong internal pull ups when emitting 1 'so Dur
ing accesses to external Data Memory that use a-bit 
addresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 

Some Port 2 pins receive the high-order address bits 
during program verification. 

Port 3: Port 3 is an a-bit bidirectional 1/0 port with 
internal pullups. The Port 3 output buffers can drive 
LS TIL inputs. Port 3 pins that have 1 's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the pull
ups. 

Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 

Port Pin Alternate Function 

P3.0 RXD (serial input port) 
P3.1 TXD (serial output port) 
P3.2 INTO (external interrupt 0) 
P3.3 INT1 (external interrupt 1) 
P3.4 TO (Timer 0 external input) 
P3.5 T1 (Timer 1 external input) 
P3.6 WR (external data memory write strobe) 
P3.7 RD (external data memory read strobe) 

RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the de
vice. An internal pulldown resistor permits a power
on reset with only a capacitor connecte(i to Vee. 

ALE: Address Latch Enable output pulse for latching 
the low byte of the address during accesses to ex
ternal memory. 

In normal operation ALE is emitted at a constant 
rate of % the oscillator frequency, and may be used 
for external timing or clocking purposes. Note, how
ever, that one ALE pulse is skipped during each ac
cess to external Data Memory. 

PSEN: Program Store Enable is the read strobe to 
external Program Memory. 
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When the 80C51 FA is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo
ry. 

EAlVpp: External Access enable. EA must be 
strapped to Vss in order to enable the device to 
fetch code from external Program Memory locations 
OOOOH to OFFFFH. Note, however, that if either of 
the Program Lock bits are programmed, EA will be 
internally latched on reset. 

EA should be strapped to Vee for internal program 
executions. 

XTAL 1: Input to the inverting oscillator amplifier. 

XTAL2: Output from the inverting oscillator amplifier. 

OSCILLATOR CHARACTERISTICS 

XT AL 1 and XT AL2 are the input and output, respec
tively, of a inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli
cation Note AP-155, "Oscillators for Microcontrol
lers." 

To drive the device from an external clock source, 
XT AL1 should be driven, while XT AL2 floats, as 
shown in Figure 4. There are no requirements on the 
duty cycle of the external clock signal, since the in
put to the internal clocking circuitry is through a di
vide-by-two flip-flop, but minimum and· maximum 
high and low times specified on the data sheet must 
be observed. 

C2 
~-""""--I XTAL2 

o 
~-~--I XTAL 1 

...... -------1 vss 

Cl, C2 ~ 30 pF ± 10 pF for Crystals 
~ 10 pF for Ceramic Resonators 

270538-3 

Figure 3_ Oscillator Connections 
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NIC 

EXTERNAL 
OSCILLATOR 

SIGNAL 

XTAL2 

XTAL 1 

vss 

270538-4 

Figure 4. External Clock Drive Configuration 

IDLE MODE 

The user's software can invoke the Idle Mode. When 
the microcontroller is in this mode, power consump
tion is reduced. The Special Function Registers and 
the onboard RAM retain their values during Idle, but 
the processor stops executing instructions. Idle 
Mode will be exited if the chip is reset or if an en
abled interrupt occurs. The PCA timer/counter can 
optionally be left running or paused during Idle 
Mode. 

POWER DOWN MODE 

To save even more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the instruction that invoked Power 
Down is the last instruction executed. The on-chip 
RAM and Special Function Registers retain their val
ues until the Power Down mode is terminated. 

On the 83C51 FA either a hardware reset or an ex
ternal interrupt can cause an exit from Power Down. 
Reset redefines all the SFRs but does not change 
the on-chip RAM. An external interrupt allows both 
the SFRs and on-chip RAM to retain their values. 

To properly terminate Power Down the reset or ex
ternal interrupt should not be executed before Vcc is 
restored to its normal operating level and must be 

held active long enough for the oscillator to restart 
and stabilize (normally less than 10 ms). 

With an external interrupt, INTO and INT1 must be 
enabled and configured as level-sensitive. Holding 
the pin low restarts the oscillator but bringing the pin 
back high completes the exit. Once the interrupt is 
serviced, the next instruction to be executed after 
RETI will be the one following the instruction that put 
the device into Power Down. 

DESIGN CONSIDERATION 

• When the idle mode is terminated by a hardware 
reset, the device normally resumes program exe
cution, from where it left off. up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 

ONCETM MODE 

The ONCE ("On-Circuit Emulation") Mode facilitates 
testing and debugging of systems using the 
83C51 FA without the 83C51 FA having to be re
moved from the circuit. The ONCE Mode is invoked 
by: 

1) Pull ALE low while the device is in reset and 
PSEN is high; 

2) Hold ALE low as RST is deactivated. 

While the device is in ONCE Mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir
cuit remains active. While the 83C51 FA is in this 
mode, an emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when a nor
mal reset is applied. 

Table 1. Status of the External Pins during Idle and Power Down 

Mode Program ALE PSEN PORTO PORT1 PORT2 PORT3 
Memory 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float Data Address Data 

Power Down Internal 0 0 Data Data Data Data 

Power Down External 0 0 Float Data Data Data 

NOTE: 
For more detailed information on the reduced power modes refer to current Embedded Controller Handbook, and Applica· 
tion Note AP·252, "Designing with the BOC51BH." 
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ABSOLUTE MAXIMUM RATINGS· 

AmbientTemperature Under Bias .... O"C to + 70·C 
Storage Temperature .......... - 65·C to + 150·C 
Voltage on EAlVpp Pin to Vss ........ OV to +6.5V 
Voltage on Any Other Pin to Vss ' .. - 0.5V to + 6.5V 
Maximum IOL per 1/0 Pin .................. 15 rnA 
Power Dissipation .............. , ........... 1.5W 

(based on PACKAGE heat transfer limitations, not 
device power consumption) 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE' Specifications contained within the 
folloWing tables are subject to change. 

D.C. CHARACTERISTICS: TA = O·Cto +70"C;Vee = 5V ±10%;Vss = OV 

Symbol Parameter Min 
Typical 

Max Unit Test Conditions 
(4) 

VIL Input Low Voltage (Except EA) -0.5 0.2Vcc-0.1 V 

VIL1 Input Low Voltage EA 0 0.2Vce-0.3 V 

VIH Input High Voltage 0.2 Vee + 0.9 Vee + 0.5 V 
. (Except XT AL 1, RST) 

VIH1 Input High Voltage 0,7 Vee Vee + 0.5 V 
(XTAL1, RST) 

VOL Output Low Voltage (5) 0.3 V IOL = 100 p.A 
(Ports 1, 2 and 3) 0.45 V IOL = 1.6 rnA (1) 

1.0 V IOL = 3.5 rnA 

VOL1 Output Low Voltage (5) 0.3 V IOL = 200 p.A 
(Port 0, ALE/PROG, PSEN) 0.45 V IOL =. 3.2 rnA . (1) 

1.0 V IOL = 7.0 rnA 

VOH Output High Voltage Vee- 0.3 V IOH == -10 p.A 
(Ports 1, 2 and 3 Vee- 0.7 V IOH = -30p.A (2) 
ALE/PROG and PSEN) Vee- 1.5 V IOH = -60 p.A 

VOH1 Output High Voltage Vee- 0.3 V IOH = - 200 p.A 
(Port 0 in External Bus Mode) Vc.r;-0.7 V !OH - -3.2 rnA (2j 

Vec- 1.5 V IOH = -7.0 rnA 

. IlL Logical 0 Input Current -10 -50 p.A VIN = 0.45V 
(Ports 1, 2, and 3) 

III Input leakage Current 0.02 ±10 p.A VIN = VIL or VIH 
(Port 0 and EA) 

ITL Logical 1 to 0 Transition Current -265 . -650 p.A VIN = 2V 
(Ports 1, 2, and 3) 

RRST RST Pulldown Resistor 40 100 225 KO, 

CIO Pin Capacitance 10 pF @1MHz,25·C 

lee Power Supply Current: 
Running at 12 MHz (Figure 5) 15 30 rnA (Note 3) 
Idle Mode at 12 MHz (Figure 5) 5 7.5 rnA 
Power Down Mode 5 75 p.A 
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NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLs of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1 to 
o transitions during bus operations. In applications where capacitance loading exceeds 100 pFs, the noise pulse on the ALE 
signal may exceed O.SV. In these cases, it may be desirable to qualify ALE with a Schmitt Trigger, or use an Address Latch 
with a Schmitt Trigger Strobe input. 
2. Capacitive loading on Ports 0 and 2 cause the VOH on ALE and PSEN to drop below the 0.9 VCC specification when the 
address lines are stabilizing. 
3. See Figures 6-9 for test conditions. Minimum VCC for power down is 2V. 
4. Typicals are based on limited number of samples, and are not guaranteed. The values listed are at room temperature and 
5V. ' 
5. Under steady state (non-transient) conditions, IOL must be externally limited as follows: 

Maximum IOL per port pin: 10 mA 
Maximum IOL per S-bit port -

Port 0: 26 mA 
Ports 1, 2, and 3: 15 mA 

Maximum total IOL for all output pins: 71 mA 
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

40~r-------~------~------'-------~ 

30~r-------+-------+-----=;~~----4 

41.tHz 8t.tHz 

ICC Max at other frequencies. is given by: 
Active Mode 

Icc MAX = 2.2 x FREO + 3.1 
Idle Mode 

Icc MAX = 0.49 x FREO + 1.6 

12h4Hz 

Where FREQ is in MHz, IccMAX is given in rnA. 

Figure 5. Icc vs Frequency 

All other pins disconnected 
TCLCH = TCHCL = 5 ns 

16h4Hz 

270538-5 

270538-7 

Figure 7. Icc Test Condition Idle Mode 

Vee PO 

All other pins disconnected 
TCLCH = TCHCL = 5 ns 

270538-6 

Figure 6. Icc Test Condition, Active Mode 

vee 
PO 

RST fA 

83CSIFA .-

XTAL2 
XTALI 
vss 

All other pins disconnected 
270538-8 

Figure 8. Icc Test Condition, Power Down Mode. 
Vcc = 2.0Vto6.0V. 

270538-9 

Figure 9. Clock Signal Waveform for Icc Tests in Active and Idle Modes. TCLCH = TCHCL = 5 ns. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

A: Address 
C: Clock 
D: Input Data 

L: Logic level LOW, or ALE 
P:PSEN 
Q: Output Data 
R: RD signal 
T: Time 
V:. Valid 
W: WR signal 
X: No longer a valid logic level 
Z: Float 

For example, 

H: Logic level HIGH 
I: Instruction (program memory contents) 

TAVLL = Time from Address Valid to ALE Low 
TLLPL = Time from ALE Low to PSEN Low 

A.C. CHARACTERISTICS T A = O°C to + 70°C, Vee = 5V ± 20%, Vss = OV, Load Capacitance for 
Port 0, ALE and PSEN = 100 pF, Load Capacitance for All Other Outputs = 80 pF 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units 
Min Max Min Max 

1/TCLCL Oscillator Frequency 
83C51FA 3.5 12 MHz 
83C51FA-1 3.5 16 
83C51FA-2 0.5 12 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL-40 ns 

TLLAX Address Hold After ALE Low 53 TCLCL-30 ns 

jTLLlV ALE Low to Valid Instruction In 234 4TCLCL-100 ns 

TLLPL ALE Low to PSEN Low 53 TCLCL-30 ns 

TPLPH PSEN Pulse Width 205 3TCLCL-45 ns 

ITPLIV PSEN Low to Valid Instruction In 145 3TCLCL-105 ns 

TPXIX Input Instruction Hold After PSEN 0 0 ns 

!PXIZ Input Instruction Float After PSEN 59 TCLCL-25 ns 

TAVIV Address to Valid Instruction In 312 5TCLCL-1C5 ,"y 

TPLAZ PSEN Low to Address Float 10 10 ns 

ITRLRH RD Pulse Width 400 6TCLCL-100 ns 

~LWH WR Pulse Width 400 6TCLCL-100 ns 

TRLDV RD Low to Valid Data In 252 5TCLCL-165 ns 

TRHDX Data Hold After RD 0 0 ns 

TRHDZ Data Float After RD 107 2TCLCL-60 ns 

TLLDV ALE Lowto Valid Data In 517 8TCLCL-150 ns 

TAVDV Address to Valid Data In 585 9TCLCL-165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL-50 3TCLCL+50 ns 

TAVW/-. Address Valid to RD or WR Low 203 4TCLCL-130 ns 

TQVWX Data Valid to WR Transition 33 TCLCL-50 ns 

TWHQX Data Hold after WR 33 TCLCL-50 ns 

!QVWH Data Valid to WR High 433 7TCLCL-70 ns 

TRLAZ RD Low to Address Float 0 0 ns 

TWHLH RD or WR High to ALE High 43 123 TCLCL-40 TCLCL+40 ns 
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EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE __ J 

PSEN __ ..I 

TPXIZ 

PORT 0 __ ..I AO-A7 

PORT 2 AB - A 15 

-------,,~---------------------"''-----------------270538-10 

EXTERNAL DATA MEMORY READ CYCLE 

ALE 

PSEN 
i+-----TLLDV 'I -----0.,.....-- TRLRH ---J 

RD 

PORTO INSTR. IN 

PORT2 P2.0-P2.7 OR AB-A 15 FROM DPH 

---"'~----------------------------------'" 
AB-A 15 FROM PCH 

270538-11 
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EXTERNAL DATA MEMORY WRITE CYCLE 

~TLHLL~ I \. 
PTWHLH 

ALE 

\. 
-TLLWL TWLWH 

- TAVLL - " j 
-TLLAX-~ .. I-TWHOX 

TOVWH 

PORTO :::r FRm.t~iSR DPL DATA OUT K XAO-A7 FROM PCL INSTR. IN 

TAVWL 

PORT2 :::::> P2.0-P2.7 OR AB-A 15 FROM DPH AB-A 15 FROM PCH 

270538-12 

A.C. TESTING INPUT 

Input, Output Waveforms 

VCC-O.5-V0.2VCC+0.9 >C 
0.45 V ---.I\_O_.2_V,;:;CC:..-_0_.1 ____ . 

270538-15 
AC Inputs during testing are driven at Vcc-0.5V for a Logic "1" 
and OA5V for a Logic "0". Timing measurements are made at VIH 
min for a Logic "1" and VOL max for a Logic "0". 

Float Waveforms 

nMING REFERENCE 
POINTS 

VOL+0.1 V 

270538-16 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOL level occurs. 
IOLIiOH <: ± 20 mAo 

SERIAL PORT TIMING-5HIFT REGISTER MODE 

Test Conditions: T A = O°C to + 70°C; Vee = 5V ± 20%; Vss = OV; Load Capacitance = 80 pF , 

Symbol Parameter 
12 MHz Osclliator Variable OSCillator 

Units 
Min Max Min Max 

TXLXL Serial Port Clock Cycle Time 1 12TCLCL p,s 

TOVXH Output Data Setup to Clock 700 1 OTCLCL -133 ns 
Rising Edge 

TXHOX Output Data Hold after 50 2TCLCL-117 ns 
Clock Rising Edge 

TXHDX Input Data Hold After Clock 0 0 ns 
Rising Edge 

TXHDV Clock Rising Edge to Input 700 1 OTCLCL -133 ns 
Data Valid 
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SHIFT REGISTER MODE TIMING WAVEFORMS 

INSTRUCTION I 0 2 3 4 5 6 7 B 

ALE 

CLOCK 

OUTPUT DATA 

I 
X 3 X 4 X 5 X 6 X 7 I 

~~~~~~~~J t 

WRITE TO saur SET TI 
INPUT DATA -----...~~-w~~-~~,..... __ ~,..~~u__..~:.v__~~-~~ 

I 
CLEAR RI 

EXTERNAL CLOCK DRIVE 
Symbol Parameter 

1/TClCl Oscillator Frequency 
83C51 FAl80C51 FA 
83C51FA-1/80C51FA-1 
83C51 FA-2/80C51 FA-2 

TCHCX High Time 

TClCX low Time 

TClCH Rise Time 

TCHCl Fall Time 

EXTERNAL CLOCK DRIVE WAVEFORM 

ROM CHARACTERISTICS 

Min Max 

3.5 12 
3.5 16 
0.5 12 

20 

20 

20 

20 

270538-14 

t 
SET RI 

270538-13 

Units 

MHz 

ns 

ns 

ns 

ns 

Table 2 shows the logic levels for verifying the code data and reading the signature bytes on the 83C51 FA. 

Mode 

Verify Code Data 

Read Signature 

NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 

RST 

1 

1 

Table 2_ ROM Modes 

PSEN ALE EA 

0 1 1 

0 1 1 
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Program Verification 

If the Program Lock Bit has not been programmed, 
the on-chip Program Memory can be read out for 
verification purposes, if desired. The address of the 
Program Memory location to be read is applied to 
Port 1 and pins P2.0-P2.4. The other pins should be 
held at the "Verify" levels indicated in Table 2. The 
contents of the addressed locations will come out 
on Port o. External pullups are required on Port 0 for 
this operation. 

AO-A7 P1 

RST 

P3.6 

If the Encryption Array in the ROM has been pro
grammed, the data present at Port 0 will be Code 
Data XNOR Encryption Data. The user must know 
the Encryption Array contents to manually "unen
crypt" the data during verify. 

Figure 1 0 shows the setup for verifying the program 
memory. 

vee 

PO PGM 
DATA 

EA 

ALE 

83C51 FA PSEN 0 

P3.7 
P2.7 

P2.6 

Figure 10. Verifying the ROM 

ROM VERIFICATION CHARACTERISTICS 
TA = 21°C to 2rc; Vee = 5V±O.25V; Vss = OV 

0 (ENABLE) 

0 

270538-17 

ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN INFORMATION 
Symbol Parameter. Min Max Units 

1/TCLCL Oscillator Frequency 4 6 MHz 

TAVQV Address to Data Valid 48TCLCL 

TELQV ENABLE Low to Data Valid 48TCLCL 

TEHQZ Data Float after ENABLE 0 48TCLCL 
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ROM VERIFICATION WAVEFORMS 

VERIFICATION 

P1.0-P1.7 ----j~:=!AD§D~R~ES§S=:J)~---P2.0-P2.4 " . 

-TAVQV 

PORTO------~D~A~TA~OU~T~~------

P2.7 
TELQV11'-_-___ )~ I-TEHQZ 

ROM Program Lock 

The Program Lock system consists of one Program 
Lock bit and a 32 byte Encryption Array which are 
used to protect the program memory against soft
ware piracy. 

Table 3 outlines the features of programming the 
Lock Bit. 

Encryption Array 

Within the ROM array are 32 bytes of Encryption 
Array that are initially unprogrammed (all 1's). Every 
time that a byte is addressed during a verify, 5 ad
dress lines are used to select a byte of the Encryp-

270538-18 

tion Array. This byte is then exclusive-NOR'ed 
(XNOR) with the code byte, creating an Encrypted 
Verify byte. The algorithm, with the array in the un
programmed state (aIl1's), will return the code in it's 
original, unmodified form. 

Reading the Signature Bytes 

The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031 H, 
except that P3.S and P3.7 need to be pulled to a 
logic low. The values returned are: 

(030H) = B9H indicates manufacture by Intel 
(031 H) = 53H indicates B3C51 FA 

Table 3. Program Lock Bit and Its Features 

Program Lock Bit 
Logic Enabled LB1 

U No Program Lock features enabled. (Code Verify will still be 
encrypted by the Encryption Array.) 

P MOVC instructions executed from external program memory 
~ disabled from fetching code byt,es from internal memory, 
EA is sampled and latched on reset. 
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DATA SHEET REVISION SUMMARY 

The following are the key differences between this and the -001 version of the 83C51 FAl80C51 FA data sheet: 

1. Data sheet was upgraded from ADVANCE INFORMATION to PRELIMINARY. 

2. The old device name (83C252/80C252) was removed from the title. 

3. PLCC pin connection diagram was added. 

4. Package table was added. 

5. Exit from Power Down Mode was clarified. 

6. Maximum IOL per I/O pin was added to the ABSOLUTE MAXIMUM RATINGS. 

7. Note 4 was added to explain the maximum safe current spec. 

8. Ipd was improved from 100 /LA to 75 /LA. 
9. Typical DC characteristics were added for: IlL, Ill, ITL' RRST, Icc. 

10. Note 5 was added to explain the test conditions for typical values. 

11. Maximum clock frequency was added to the AC table. 

12. Timing spec's improved for: 

TAVLL changed from TCLCL-55 to TCLCL-40 
TLLAX changed from TCLCL-35 to TCLCL-30 
TLLPL changed from TCLCL-40 to TCLCL-30 
TRHDZ changed from TCLCL-70 to TCLCL-60 
TOVWX changed from "Address Valid Before WR" to "Data Valid to WR Transition", and changed from 
TCLCL-60 to TCLCL-50 
TOVWH was added. 

13. Data sheet revision summary was added. 
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83C51 FA/80C51 FA 
EXPRESS 

83C51FA/80C51FA-3.5 MHz to 12 MHz, Vee = 5V ± 10% 
83C51FA-1/80C51FA-1-3.5 MHz to 16 MHz, Vee = 5V ± 10% 
83C51 FA-2/80C51 FA-2-o.5 MHz to 12 MHz, Vee = 5V ± 10% 

• Extended Temperature Range • Burn-In 

The Intel EXPRESS system offers enhancements to the operational specifications of the MCS®-51 family of 
microcontrollers. These EXPRESS products are designed to meet the needs of those applications whose 
operating requirements exceed commercial standards. 

The EXPRESS program includes the commercial standard temperature range with burn-in and an extended 
temperature range with or without burn-in. 

With the commercial standard temperature range, operational characteristics are guaranteed over the temper
ature range of O°C to 70°C. With the extended temperature range option, operational characteristics are 
guaranteed over the range of -40°C to +85°C. 

The optional burn-in is dynamic for a minimum time of 168 hours at 125°C with Vee = 6.9V ±0.25V, following 
guidelines in MIL-STD-883, Method 1015. 

Package types and EXPRESS versions are identified by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 1. 

For the extended temperature range option, this data sheet specifies the parameters which deviate from their 
commercial temperature range limits. The commercial temperature range data sheets are applicable for all 
parameters not listed here. 

9-57 
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Electrical Deviations from Commercial Specifications for Extended Temperature 
Range 

D.C. and A.C. parameters not included here are the same as in the commercial temperature range data 
shee~. . 

D.C. CHARACTERISTICS TA = -40'Cto +85'C;Vcc = 5V ±10%;Vss = OV 

Symbol Parameter 
LImits 

Unit Test 
Min Max Conditions 

IlL Logical 0 Input Current (Port 1. 2. 3) -75 /LA Vln = O.45V 

VOHl Output High Voltage VCC -1.5 V IOH = -6.0mA 
(Port 0 in External Bus Mode) 

Table 1. Prefix Identification 

Prefix Package Type Temperature Range Burn·ln 

P Plastic Commercial No 

D Cerdip Commercial No 

N PLCC Commercial No 

TP Plastic Extended No 

TD Cerdip Extended No 

TN PLCC Extended No 

LP Plastic Extended Ves 

LD Cerdip Extended Ves 

LN PLCC Extended Ves 

NOTE: 
• Commercial temperature range is O'C to 70'C. Extended temperature range is -40'C to +85'C. 
• Burn-in is dynamic for a minimum time of 168 hours at 125'C. Vee ;= 6.BV ±0.25V. following guidelines in MIL-STD-883 
Method 1015 (Test Condition D). . 

Examples: 

P83C51FA indicates 83C51FA in a plastic package and specified for commercial temperature range. without 
burn-in. 
LueoC51 FA indicates 80C51 FA in a cerdip package and specified for extended temperature range with burn
in. 
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87C51FA 
CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER WITH 

PROGRAMMABLE COUNTER ARRAY, UP/DOWN 
COUNTER, 8K BYTES USER PROGRAMMABLE EPROM 
High Performance CHMOS EPROM • 32 Programmable 1/0 Lines 

Power Control Modes • 7 Interrupt Sources 

Three 16-Blt Timer/Counters • Programmable Serial Channel with: 

Programmable Counter Array with: - Framing Error Detection 

- High Speed Output, - Automatic Addre •• Recognition 

- Compare/Capture, • TIL Compatible Logic Levels 
- Pulse Width Modulator, • 64K External Progl'am Memory Space 
- Watchdog Timer capabilities 

Up/Down Timer/Counter • 64K External Data Memory Space 

Two Level Program Lock System • MCS®-51 Fully Compatible Instruction 
Set 

8K On-Chip EPROM • Power Saving Idle and Power Down 
256 Bytes of On-Chip Data RAM Modes 

Quick Pulse Programming™ Algorithm • ONCETM (On-Circuit t=:mulation) Mode 

Boolean Processor 

MEMORY ORGANIZATION 

PROGRAM MEMORY: Up to 8K bytes of the program memory can reside in the on-chip EPROM. In addition 
the device can address up to 64K of program memory external to the chip. 

DATA MEMORY: This microcontrolier has a 256 x 8 on-chip RAM. In addition it can address up to 64K bytes of 
external data memory. 

The Intel 87C51 FA is a single-chip control oriented microcontrolier which is fabricated on Intel's reliable 
CHMOS Ii-E technology. Being a member of the MCS®-51 family, the 87C51 FA uses the same powerful 
instruction set, has the same architecture, and is pin for pin compatible with the existing MCS-51 products. The 
87C51 FA is an enhanced version of the 87C51. It's added features make it an even more powerful microcon
troller for applications that require Pulse Width Modulation, High Speed 1/0, and up/down counting capabili
ties such as motor control. It also has a more versatile serial channel that facilitates multi-processor communi
cations. ' 
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PSEN 
ALE/i'Iffili 

£A/vpp 
RST 

TIMING 
AND 

CONTROL 

Z 
00: 

87C51FA 

PO .0- PO.7 

-----------, 

g~k~::::~~:~~:~=::::::::::~~~:::~=::::~~:::::::~~----~Vl ~ 81' 
III 0: 
15 

Pl.0 - PL7 

Figure 1. 87C51FA Block Diagram 
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PACKAGES 

Part 

87C51FA 

Ne 
P3.1 

P3.2 

P3.3 

P3.~ 

P3.5 

(T2) PLO 

(T2EX) Pl.l 

RESET 

(RXD) P3.0 

(TXD) P3.1 

(lNTO) P3.2 

(INTl) P3.3 

(TO) P3.4 

(Tl) P3.5 

(ViR) P3.6 

(RO) P3.7 

XTAL2 

XTAL1 

Prefix 

P 
D 
N 

DIP 

Package Type 

40-Pin Plastic DIP 
40-Pin CERDIP 
44-PIN PLCC 

Vee 
PO.O (ADO) 

PO.l (AD1) 

PO.2 (AD2) 

PO.3 (AD3) 

PO.4 (AD4) 

PO.5 (AD5) 

PO.6 (AD6) 

PO.7 (AD7) 

EA/Vpp 
ALE/PROG 

PSEN 

P2.7 (A15) 

P2.6 (A14) 

P2.5 (A13) 

P2.4 (A12) 

P2.3 (All) 

P2.2 (Al0) 

P2.1 (A9) 

P2.0 (A8) 
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PO.4 

PO.5 

PO.6 

PO.7 

EA/Vpp 
Ne 
ALE/PROG 

PSEN 

P2.7 

P2.6 

P2.S 

18 19 20 21 22 23 24 2526 27 28 

270258-23 

PAD 

Figure 2. Pin Connections 

PIN DESCRIPTIONS 

Vee: Supply voltage. 

Vss: Circuit ground. 

87C51FA 
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Port 0: Port 0 is an 8-bit, open drain, bidirectional 1/0 
port. As an output port each pin can sink several LS 
TTL inputs. Port 0 pins that have 1 's written to them 
float, and in that state can be used as high-imped
ance inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pull ups when emitting1 's, and can source and 
sink several LS TTL inputs. 

Port 0 also receives the code bytes during EPROM 
programming, and outputs the code bytes during 
program verification. External pullup resistors are re
quired during program verification. 

Port 1: Port 1 is an 8-bit bidirectional 1/0 port with 
internal pullups. The Port 1 output buffers can drive 
LS TTL inputs. Port 1 pins that have 1 's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 1 
pins that are externally being pulled low will source 
current (ilL, on the data sheet) because of the inter
nal pullups. 

In addition, Port 1 serves the functions of the follow
ing special features of the 87C51 FA: 

Port Pin Alternate Function 

P1.0 T2 (External Count Input to Timer I 
Counter 2) 

P1.1 T2EX (Timer/Counter 2 Capturel 
Reload Trigger and Direction Control) 

P1.2 ECI (External Count Input to the PCA) 

P1.3 CEXO (External 1/0 for Comparel 
Capture Module 0) 

P1.4 CEX1 (External 1/0 for Comparel 
Capture Module 1) 

P1.5 CEX2 (External 1/0 for Compare I 
Capture Module 2) 

P1.6 CEX3 (External 1/0 for Compare I 
Capture Module 3) 

P1.7 CEX4 (External 1/0 for Comparel 
Capture Module 4) 

Port 1 receives the low-order address bytes during 
EPROM programming and verifying. 

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with 
internal pullups. The Port 2 output buffers can drive 
LS TTL inputs. Port 2 pins that have 1 's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (ilL, on the data sheet) because of the inter
nal pullups. 
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Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application .it 
uses strong internal pullups when emitting 1 'so Dur
ing accesses to external Data Memory that use 8-bit 
addresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 

Some Port 2 pins receive the high-order address bits 
during EPROM programming and program verifica
tion. 

Port 3: Port 3 is an 8-bit bidirectional 1/0 port with 
internalpullups. The Port 3 output buffers can drive 
LS TTL inputs. Port 3 pins that have 1 's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (Ill, on the data sheet) because of the pull
ups. 

Port 3 also serves the functions of various special 
features of the MCS-51 Family, as listed below: 

Port Pin Alternate Function 

P3.0 RXD (serial input port) 
P3.1 TXD (serial output port) 
P3.2 INTO (external interrupt 0) 
P3.3 INT1 (external interrupt 1) 
P3.4 TO (Timer 0 external input) 
p3.5 T1 (Timer 1 external input) 
P3.6 WR (external data memory write strobe) 
P3.7 RD (external data memory read strobe) 

RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the de
vice. An internal ruHdown res!sto!' pe!'m~te a pO"-:G:"
on reset with only a capacitor connected to Vee. 

ALE: Address Latch Enable output pulse for latching 
the low byte of the address during accesses to ex
ternal memory. This pin (ALE/PROG) is also the 
program pulse input during EPROM programming for 
the 87C51 FA. 

In normal. operation ALE is emitted at a constant 
rate of % the oscillator frequency, and may be used 
for external timing or clocking purposes. Note, how
ever, that one ALE pulse is skipped during each ac
cess to external Data Memory. 

Throughout the remainder of this data sheet, ALE 
will refer to the signal coming out of the ALE/PROG 
pin, and the pin will be referred to as the ALE/PROG 
pin. . 

PSEN: Program Store Enable is the read strobe to 
external Program Memory. 
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When the 87C51 FA is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo
ry. 

EAlVpp: External Access enable. EA· must be 
strapped to VSS in order to enable the device to 
fetch code from external Program Memory locations 
OOOOH to OFFFH. Note, however, that if either of the 
Program Lock bits are programmed, EA will be inter
nally latched on reset. 

EA should be strapped to Vee for internal program 
executions. 

This pin also receives the programming supply volt
age (Vpp) during EPROM programming. 

XT AL 1: I nput to the inverting oscillator amplifier. 

XT AL2: Output from the inverting oscillator amplifier. 

OSCILLATOR CHARACTERISTICS 

XT AL 1 and XT AL2 are the input and output, respec
tively, of a inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli
cation Note AP-155, "Oscillators for Microcontrol
lers." 

To drive the device from an external clock source, 
XT AL 1 should be driven, while XT AL2 floats, as 
shown in Figure 4. There are no requirements on the 
duty cycle of the external clock signal, since the in
put to thE' !!'1ter!"!a~ c!ock!!1g c!!"cu:t:y ::; thrvugh a di
vide-by-two flip-flop, but minimum and maximum 
high and low times specified on the data sheet must 
be observed. 

C2 
I--t---I XTAL 2 

1--..... --1 XTAL 1 

..... -------1 Vss 

Cl, C2 = 30 pF ± 10 pF for Crystals 
= 10 pF for Ceramic Resonators 

270258-3 

Figure 3. Oscillator Connections 
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NIC 

EXTERNAL 
OSCILLATOR 

SIGNAL 

XTAL2 

XTAL 1 
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Figure 4. External Clock Drive Configuration 

IDLE MODE 

The user's software can invoke the Idle Mode. When 
the microcontroller is in this mode, power consump
tion is reduced. The Special Function Registers and 
the onboard RAM retain their values during Idle, but 
the processor stops executing instructions. Idle 
Mode will be exited if the chip is reset or if an en
abled interrupt occurs. The PCA timer/counter can 
optionally be left running or paused during Idle 
Mode. 

POWER DOWN MODE 

To save even more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the instruction that invoked Power 
Down is the last instruction executed. The on-chip 
RAM and Special Function Registers retain their val
ues until the Power Down mode is terminated. 

On the 87C51 FA either hardware reset or external 
interrupt can cause an exit from Power Down. Reset 
redefines all the SFRs but does not change the on
chip RAM. An external interrupt allows both the 
SFRs and the on-chip RAM to retain their values. . 

To properly terminate Power Down the reset or ex
ternal interrupt should not be executed before Vee is 
restored to its normal operating level and must be 
held active long enough for the oscillator to restart 
and stabilize (normally less than 10 ms). 

With an external interrupt, INTO. and INT1 must be 
enabled and configured as level-sensitive. Holding 
the pin low restarts the oscillator but bringing the pin 
back high completes the exit. Once the interrupt is 
serviced,. the next instruction to be executed after 
RETI will be the one following the instruction that put 
the device into Power Down. 

DESIGN CONSIDERATION 

• Ambient light is known to affect the internal RAM 
contents during operation. If the 87C51 FA appli
cation requires the part to be run under ambient 
lighting, an opaque label should be placed over 
the window to exclude light. 

• When the idle mode is terminated by a hardware 
reset, the device normally resumes program exe
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 

ONCETM MODE 

The ONCE ("On-Circuit Emulation") Mode facilitates 
testing and debugging of systems using the 
87C51 FA without the 87C51 FA having to be re
moved from the circuit. The ONCE Mode is invoked 
by: 

1) Pull ALE low while the device is in reset and 
PSEN is high; 

2) Hold ALE low as RST is deactivated. 

While the device is in ONCE Mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir
cuit remains active. While the 87C51 FA is in this 
mode, an emulator or 'test CPU can be used to drive 
the circuit. Normal operation is restored when a nor
mal reset is applied. 

Table 1. Status of the External Pins during Idle and Power Down 

Mode Program ALE PSEN PORTO PORT1 PORT2 PORT3 Memory 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float Data Address Data 

Power Down Internal 0 0 Data Data Data Data 

Power Down External 0 0 Flpat Data Data . Data 

NOTE: 
For more detailed information on the reduced power modes refer to current Embedded Controller Handbook, and Applica
tion Note AP-252, "Designing with the BOC51BH." 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... O°C to + 70°C 

Storage Temperature .......... -65·C to + 150°C 

Voltage on EAlVpp Pin to Vss ....... OV to + 13.0V 

Voltage on Any Other Pin to Vss .. -0.5V to +6.5V 

Maximum IOL per I/O Pin .................. 15 rnA 

Power Dissipation .............•............ 1.5W 
(based on PACKAGE heat transfer limitations, not 
device power consumption) 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE· Specifications contained within the 
fol/owing tables are subject to change. 

D.C. CHARACTERISTICS: (TA = O·Cto + 70°C; vee = 5V ±10%;Vss = OV) 

Symbol . Parameter Min Typical Max Unit Test Conditions 
(Note 4) 

VIL Input Low Voltage -0.5 0.2Vee-0.1 V 

VIL1 Input Low Voltage EA 0 0.2 Vee-0.3 V 

VIH Input High Voltage 0.2 Vee+0.9 Vee+ 0.5 V 
(Except XT AL1, RST, EA) 

VIH1 Input High Voltage 0.7 Vee Vee + 0.5 V 
(XTAL1, RSn 

VOL Output Low Voltage(5) 0.3 V IOL = 100/LA 
(Ports 1, 2 and 3) 0.45 IOL = 1.6 mA(1) 

1.0 IOL = 3.5 rnA 

VOL1 Output Low Voltage(5) 0.3 V IOL = 200/LA 
(Port 0, ALE/PROG, PSEN) 0.45 IOL = 3.2 mA(1) 

1.0 IOL = 7.0 rnA 

VOH Output High Voltage Vee - 0.3 V IOH = -10/LA 
(Ports 1, 2 and 3 Vee -0.7 V IOH = -30/LA(2) 
ALE/PROG and PSEN) Vee -1.5 V IOH = -60/LA 

VOH1 Output High Voltage Vee -0.3 V IOH = - 200 /LA 
(Port 0 in External Bus Mode) Vee -0.7 V IOH = - 3.2 mA(2) 

Vee -1.5 V IOH = -7.0 rnA 

IlL Logical 0 Input Current -10 -50 /LA VIN = 0.45V 
(Ports 1, 2, and 3) 

III Input leakage Current 0.02 ±10 /LA VIN = VIL or VIH 
(Port 0) 

ITL Logical 1 to 0 Transition Current -265 -650 /LA VIN = 2V 
(Ports 1, 2, and 3) 

RRST RST Pulldown Resistor 40 100 225 Kn. 

CIO Pin Capacitance 10 pF @1MHz,25·C 

lee Power Supply Current: (Note 3) 
Running at 12 MHz (Figure 5) 15 30 rnA 
Idle Mode at 12 MHz (Figure 5) 5 7.5 rnA 
Power Down Mode 5 75 /LA 
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NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOlS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1 to 
o transitions during bus operations. In applications where capacitance loading exceeds 100 pFs, the noise pulse on the ALE 
signal may exceed O.BV. In these cases, it may be desirable to qualify ALE with a Schmitt Trigger, or use an Address Latch 
with a Schmitt Trigger Strobe input. 
2. Capacitive loading on Ports 0 and 2 cause the VOH on ALE and PSEN to drop below the 0.9 VCC specification when the 
address lines are stabilizing. 
3. See Figures 6-9 for test conditions. Minimum VCC for power down is 2V. 
4. Typicals are based on limited number of samples, and are not guaranteed. The values listed are at room temperature and 5V. 
5. Under steady state (non-transient) conditions, IOl must be externally limited as follows: 

Maximum IOl per port pin: 10 mA 
Maximum IOl per B-bit port -

Port 0: 26 mA 
Ports I, 2, and 3: 15 mA 

Maximum total IOl for all output pins: 71 mA 
If IOl exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

40mA 

30mA 

20mA 

IOmA 

OmA 
Ot.tHz 

\.tAX. 

ACTIVE ~ 
V_ ---- TYPICAL .. -f-"iOLE \.tAX. 

TYPICAL 

4t.tHz 8MHz 12t.tHz 16t.tHz 
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Icc Max at other frequencies is given by: 
Active Mode 

ICC MAX = 2.2 X FREQ + 3.1 
Idle Mode 

ICC MAX = 0.49 X FREQ + 1.6 
Where FREQ is in MHz, IccMAX.is given in rnA. 

Figure 5. Icc vs Frequency 

All other pins disconnected 
TCLCH = TCHCL = 5 ns 

RST 

87C51FA 

XTAL2 
XTALI 
vss 
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Figure 7. Icc Test Condition Idle Mode 

Vcc-o.s .------'J-~----_ 
0.7 Vee 

0.4SV ---TcO.2 Vee·o.t 
TCHCL 

VCC 

All other pins disconnected 
TCLCH = TCHCL = 5 ns 

RST 

87C51FA 

XTAL2 
XTALI 
vss 
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Figure 6. Icc Test Condition, Active Mode 

RST 

Vee 

PO 

fA 

87C252 

XTAL2 
XTALI 
vss 

All other pins disconnected 
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Figure 8. Icc Test Condition, Power Down Mode. 
Vcc = 2.0V to 5.5V. 

270258-19 

Figure 9. Clock Signal Waveform for Icc Tests In Active and Idle Modes. TCLCH = TCHCL = 5 ns. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char
acter is always a T(stands for time). The other 
characters, depending on their positions, stand for 
the name of a Signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

A: Address 
C: Clock 
D: Input Data 

L: Logic level LOW, or ALE 
P:PSEN 
0: Output Data 
A: AD signal 
T: Time 
V: Valid 
W: WA signal 
X: No longer a valid logic level 
Z: Float 

For example, 

n: Logic ievei HiGH 
I: Instruction (program memory contents) 

TAVLL = Time fr6m Address Valid to ALE Low 
TLLPL = Time from ALE Low to PSEN Low 

A.C. CHARACTERISTICS (T A = o·C to + 70·C, Vee = 5V ± 10%, Vss = OV, Load Capacitance for 
Port 0, ALE/PAOG and PSEN = 100 pF, Load Capacitance for All Other Outputs = 80 pF) 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units 
Min Max Min Max 

1/TCLCL Oscillator Frequency 3.5 12 MHz 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL-40 ns 

TLLAX Address Hold After ALE Low 53 TCLCL-30 ns 

TLLlV ALE Low to Valid Instruction In 234 4TCLCL-100 ns 

TLLPL ALE Low to PSEN Low 53 TCLCL-30 ns 
TPLPH PSEN Pulse Width 205 3TCLCL-45 ns 

TPLIV PSEN Low to Valid Instruction In 145 3TCLCL-105 ns 

TPXIX Input Instruction Hold After PSEN 0 0 ns 

TPXIZ Input Instruction Float After PSEN 59 TCLCL-25 ns 

TAVIV Address to Valid Instruction In 312 5TCLCL-105 ns 
TPLAZ PSEN Low to Address Float 10 10 ne 
TALAH AD Pulse Width 400 6TCLCL-100 ns 
TWLWH WA Pulse Width 400 6TCLCL-100 ns 

TALDV AD Low to Valid Data In 252 5TCLCL-165 ns 

TAHDX Data Hold After AD 0 0 ns 

TAHDZ Data Float After AD 107 2TCLCL-60 ns 

TLLDV ALE Low to Valid Data In 517 8TCLCL-150 ns 

TAVDV Address to Valid Data In 585 9TCLCL-165 ns 

TLLWL ALE Low to ADor WA Low 200 300 3TCLCL-50 3TCLCL+50 ns 

TAVWL Address Valid to WA Low 203 4TCLCL-130 ns 

TOVWX Data Valid to WA Transition 33 TCLCL-50 ns 

TWHOX Data Hold after WA 33 TCLCL-50 ns 

TOVWH Data Valid to WA High 433 7TCLCL-150 ns 

TALAZ AD Low to Address Float 0 0 ns 

TWHLH AP or WA High to ALE High 43 123 TCLCL-40 TCLCL+40 ns 
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EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE __ 01 

TPXIZ 

PORT a AO-A7 ---
PORT 2 A8-A15 ___ 01 

·270258-9 

EXTERNAL DATA MEMORY READ CYCLE 

ALE 

PSEN 
t-----TLLDV '/ 

--1---- TRLRH ----\ 

Ro------+---------~ ~---------------------

PORTO INSTR. IN 

PORT 2 P2.0-P2.7 OR A8-A15 FROM DPH A8-A15 FROM PCH 

270258-10 

EXTERNAL DATA MEMORY WRITE CYCLE 

ALE 

-i-TLHLL~ I ~ 

j:4-lWHLH 

\. ~ 

I---TLLWL lWLWH 

-00 TAVLL ~ 
, 

I 
~TLLAX-~ - -lWHQX 

TQVWH 

PORTO ::::r FRO.,N;S~ DPL DATA OUT XAO-A7 FROM PCL INSTR. IN 

TAVWL 

~ P2.0-P2.7 OR A8-A15 FROM DPH X A8-A 15 FROM PCH -PORT 2 

270258-11 
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SERIAL PORT TIMING - SHIFT REGISTER MODE 

Test Conditions: TA = O°C to + 70°C; Vee = 5V ± 10%; Vss = OV; Load Capacitance = 80 pF 

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units 
Min Max Min Max 

TXLXL Serial Port Clock Cycle Time 1 12TCLCL I£s 
TQVXH Output Data Setup to Clock 700 1 OTCLCL -133 ns 

Rising Edge 
TXHQX Output Data Hold after 50 2TCLCL-117 ns 

Clock Rising Edge 
TXHDX Input Data Hold After Clock 0 0 ns 

Rising Edge 
TXHDV Clock Rising Edge to Input 700 1 OTCLCL -133 ns 

Data Valid 

SHIFT REGISTER MODE TIMING WAVEFORMS 

EXTE~NAL CLOCK CR!VE 
Symbol Parameter Min Max Units 
1/TCLCL Oscillator Frequency 3.5 12 MHz 

TCHCX High Time 20 ns 

TCLCX LowTiine 20 ns 

TCLCH Rise Time 20 ns 

TCHCL Fall Time 20 ns 

EXTERNAL CLOCK DRIVE WAVEFORM 

270258-13 
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A.C. TESTING INPUT 

Input, Output Waveforms 

VCC -O.5-Y0.2VCC+O.9 V-
0.45 V --A_O_.2_V.;:;.CC:;..-_0_.1 ____ A-

270258-14 

AC Inputs during testing are driven at Vee-0.5V for a Logic "'" 
and 0.45V for a Logic "0". Timing measurements are made at VIH 
min for a Logic "1" and Val max for a Logic "0". 

EPROM CHARACTERISTICS 

Table 2 shows the logic levels for programming the 
Program Memory, the Encryption Table, and the 
Lock Bits and for reading the signature bytes. 

Float Waveforms 

TIMING REFERENCE 
POINTS 

VOL +0.1 V 

270258-15 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOl level occurs. 
IOl/IOH;' ± 20 rnA. 

Table 2. EPROM Programming Modes 

Mode 

Program Code Data 

Verify Code Data 

Program Encryption Table 
Use Addresses 0-1 FH 

Program Lock x=1 
Bits (LBx) x=2 

Read Signature 

NOTES: 
"1" = Valid high for that pin 
'0" = Valid low for that pin 
"VPP" = + 12.75V ±0.25V 

RST 

1 

1 

1 

1 
1 

1 

PSEN 
ALE I 
PROG 

0 O' 

0 1 

0 O' 

0 O' 
0 O' 

0 1 

EAI 
P2.7 P2.6 P3.6 P3.7 

Vpp 

Vpp 1 0 1 1 

1 0 0 1 1 

Vpp 1 0 0 1 

Vpp 1 1 1 1 
Vpp 1 1 0 0 

1 0 0 0 0 

• ALE/PROG is pulsed low for 100 ,,"S for programming. (Quick-Pulse Programming™) 

PROGRAMMING THE EPROM 

To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro
priate internal EPROM locations.) The address of an 
EPROM location to be programmed is applied to 
Port 1 and pins P2.0 - P2.4 of Port 2, while the code 
byte to be programmed into that location is applied 
to Port O. The other Port 2 and 3 pins, RST PSEN, 
and EAlVpp should be held at the "Program" levels 
indicated in Table 2. ALE/PROG is pulsed low to 
program the code byte into the addressed EPROM 
location. The setup is shown in Figure 10. 
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Normally EAlVpp is held at logic high un.!!!.Just be
fore ALE/PROG is to be pulsed. Then EAlVpp is 
raised to Vpp, ALE/PROG is pulsed low, and then 
EAlVpp is returned to a valid high voltage. The volt
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 

Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt
age level can cause permanent damage to the de
vice. The Vpp source should be well regulated and 
free of glitches. 
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+5V 

AO-A7 Pl PGM DATA 

RST EA/Vpp +12.75V 

P3.6 
ALE/PROG 25 1 00 ~s PULSES TO GND 

1'3.7 

XTAL2 

'--4--7'---IXTAL 1 

VSS 

87C51FA PSEN 

P2.7 

P2.6 

P2.0 
-P2.4 

0 

0 

A8-A12 

270258-20 

Figure 10. Programming the EPROM 

Quick-Pulse Programming™ Algorithm 

The 87C51 FA can be programmed using the Quick
Pulse Programming™ Algorithm for microcontrol
lers. The features of the new programming method 
are a lower Vpp (12.75V as compared to 21V) and a 
shorter programming pulse. It is possible to program 
the entire 8K Bytes of EPROM memory in less than 
25 seconds with this algorithm! 

To program the part using the new algorithm, Vpp 
must be 12.75V ± 0.25V. ALE/PROG is pulsed low 
for 100 JLs, 25 times as shown in Figure 11. Then, 
the byte just programmed may be verified. After pro
gramming, the entire array should be verified. The 
Program Lock features are programmed using the 
same method, but with the setup as shown in Table 
2. The only difference in programming Program Lock 
fe\l.tures is that the Program Lock features cannot be 
directly verified. Instead, verification of programming 
is by observing that their features are enabled. 
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Program Verification 

If the Program Lock Bits have not been pro
grammed, the on-chip Program Memory can be read 
out for verification purposes, if desired, either during 
or after the programming operation. The address of 
the Program Memory location to be read is applied 
to Port 1 and pins P2.0 - P2.4. The other pins should 
be held at the "Verify" levels indicated in Table 3. 
The contents of the addressed locations will come 
out on Port O. External pullups are required on Port 0 
for this operation. 

If the Encrvotion Arrav in thA I=PROM h<l" hoon nrn_ 
grammed, 'the data present at P~rt-O--~iil-b~·C~de 
Data XNOR Encryption Data. The user must know 
the Encryption Array contents to manually "unen
crypt" the data during verify. 

The setup, which is shown in Figure 12, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logiC low, or may be used as an active
low read stro.be. 



87C51FA 

1 r 25 PULSES 'I 
ALE/PROG:~-----:UUWU-

'------"' 

1 "-. 10~s MIN11' !~~;: 'I 
ALE/PROG:---..:o .... I ______ ... nL-_____ .... nL. __ _ 

Figure 11. PROG Waveforms 

Vee 

AO-A7 PI PO PGM 
DATA 

RST D/Vpp 

P3.6 
ALE/PROG 

87C51FA PSEN 0 

P3.7 
P2.7 0 (ENABLE) 

P2.6 0 

270258-21 

270258-22 

Figure 12. Verifying the EPROM 
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EPROM Program Lock 

The two-level Program Lock system consists of two 
Program Lock bits and a 32 byte Encryption Array 
which are used to protect the program memory 
against software piracy. 

Encryption Array 

Within the EPROM array are 32 bytes of Encryption 
Array that are initially unprogrammed (all 1's), Every 
time that a byte is addressed during a verify, 5 ad
dress lines are used to select a byte of the Encryp
tion Array .. This byte is then exclusive-NOR'ed 
(XNOR) with the code byte, creating an Encrypted 
Verify byte. The algorithm, with the array in the un
programmed state (all 1's), will return the code in it's 
original, unmodified form. 

Program Lock Bits 

Also included in the EPROM Program Lock scheme 
are two Program Lock Bits which are programmed 
as shown in Table 2. 

Table 3 outlines the features of programming the 
Lock Bits. 

. Erasing the EPROM also erases the Encryption Ar
ray and the Program Lock Bits, returning the part to 
full functionality, 

Reading the Signature Bytes 

The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031 H, 
except that P3.6 and P3.7 need to be pulled to a 
logic low. The values returned are: 

(030H) = 89H indicates manufacture by Intel 
(031H) = 50H indicates 87C51FA 

Erasure Characteristics 

EiaSuie of the EPROM begins to occur when the 
chip is exposed to light with wavelength shorter than 
approximately 4,000 Angstroms. Since sunlight and 
fluorescent lighting have wavelengths in this range, 
exposure to these light sources over an extended 
time (about 1 week in sunlight, or 3 years in room
level fluorescent lighting) could cause inadvertent 
erasure. If an application subjects the device to this 
type of. exposure, it is suggested that an opaque la
bel be placed over the window. 

The. recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat
ed dose of at least 15 W-sec/cm. Exposing the 
EPROM to an ultraviolet lamp of 12,000 p.W/cm rat
ing for 30 minutes, at a distance of about 1 inch, 
should be sufficient. 

Erasure leaves the all EPROM Cells in a 1's state. 

Table 3. Program Lock Bits and their Features 

Program Lock Bits Logic Enabled 
LB1 LB2 

U U No Program Lock features enabled. (Code Verify will still be 
encrypted by the Encryption Array.) 

P U MOVC instructions executed from external program memory 
are disabled from fetching code bytes from internal memory, 
EA is sampled and latched on reset, and further programming 
of the EPROM is disabled. 

P P Same as above, but Verify is also disabled 

U P Reserved for Future Definition 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
(TA = 21°C to 27°C; Vee = 5V±0.25V; vss = OV) 

Symbol Parameter Min Max 

Vpp Programming Supply Voltage 12.5 13.0 

Ipp Programming Supply Current 50 

1/TCLCL Oscillator Frequency 4 6 

TAVGL Address Setup to PROG Low 48TCLCL 

TGHAX Address Hold after PROG 48TCLCL 

TDVGL Data Setup to PROG Low 48TCLCL 

TGHDX Data Hold after PROG 48TCLCL 

TEHSH P2.7 (ENABLE) High to Vpp 48TCLCL 

TSHGL Vpp Setup to PROG Low 10 

TGHSL Vpp Hold after PROG 10 

TGLGH PROG Width 90 110 

TAVOV Address to Data Valid 48TCLCL 

TELOV ENABLE Low to Data Valid 48TCLCL 

TEHOZ Data Float after ENABLE 0 48TCLCL 

TGHGL PROG High to PROG Low 10 

EPROM PROGRAMMING AND VERIFICATION WAVEFORMS 

PROGRAMMING VERIFICATION 

Pl.0-Pl.7 
ADDRESS 

P2.0-P2.4 

-TAVOV 

PORT 0 DATA OUT 

TDVGL TGHDX 

TGHAX 

ALE/PROG 

TSHGLr--
TGLGH 

EA/Vpp ::1 Vpp A- IT"," } P2.7 
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Units 

V 

mA 

MHz 

J.ts 

J.ts 

J.ts 

J.ts 

TEHOZ 
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DATA SHEET REVisION SUMMARY 

The following are the key differences between this and the ·002 version of the 87C51FA data sheet: 

1. Data sheet was upgraded from ADVANCE INFORMATION to PRELIMINARY. 

2. The old device name (87C252) was removed from the title. 

3. PLCC pin connection diagram was added. 

4. Package table was added. 

5. Exit from Power Down Mode was clarified. 

6. Maximum IOL per I/O pin was added to ABSOLUTE MAXIMUM RATINGS. 
. ( 

7. Note 4 was added to explain the maximum safe current spec. 

B. Ipo was improved from 100 p.A to 75 p.A. 

.9. Typical DC characteristic!! were added for: IlL, Ill, ITL' RRST and Icc. 

10. Note 5 was added to explain the test conditions for typical values. 

11. Timing spec's improved for: 

TAVLL changed from TCLCL-55 to TCLCL-40 

TLLAX changed from tCLCL-35 to TCLCL-30 

TLLPL changed from tCLCL - 40 to TCLCL - 30 

TRHDZ changed from rCLCL-70 to TCLCL-60 

TQVWX changed from "Address Valid Before WR" to "Data Valid to WR Transition" and changed from 
TCLCL-60 to TCLCL-50 

TQVWH was added. 

12. Data sheet revision sUmmary was added. 

13. EA Leakage current 110t spec'ed. 
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• Extended Temperature Range 

• Burn-In 

87C51FA 
EXPRESS 

• 3.S MHz to 12 MHz Vee = SV ± 10% 

The Intel EXPRESS system offers enhancements to the operational specifications of the 8051 family of 
microcontrollers. These EXPRESS products are designed to meet the needs of those applications whose . 
operating requirements exceed commercial standards. 

The EXPRESS program includes the commercial standard temperature range with burn-in and an extended 
temperature range with or without burn-in. 

With the commercial standard temperature range, operational characteristics are guaranteed over the temper
ature range of O·C to + 70·C. With the extended temperature range option, operational characteristics are 
guaranteed over the range of - 40·C to + 85·C. 

The optional burn-in is dynamic for a minimum time of 168 hours at 125·C with Vee = 6.9V ± 0.25V, following 
guidelines in MIL-STD-883, Method 1015. 

Package types and EXPRESS versions are identified by a one" or two-letter prefix to the part number. The 
prefixes are listed in Table 1. 

For the extended temperature range option, this data sheet specifies the parameters which deviate from their 
commercial temperature range limits. The commercial temperature range data sheets are applicable for all 
parameters not listed here. 

9-75 
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Electrical Deviations from Commercial Specifications 
for Extended Temperature Range 

D.C. and A.C. parameters not included here are the same as in the commercial temperature range data 
sheets. 

D.C. CHARACTERISTICS TA = -40·Cto +85·C;Vcc = 5V ±10%;Vss = OV 

Symbol Parameter 
Limits 

Unit Test 

Min Max Conditions 

IlL Logical 0 Input Current (Port 1, 2, 3) -75 /LA VIN = 0.45V 

III ~ Input Leakage Current ±15 /LA VIN = VIL or VIH 
(Port 0 and EA) 

ITL Logical 1 to 0 transition -750 p.A VIN = 2.0V 
Current (Ports 1, 2, 3) 

Icc Power Supply Current (Note 1) 
Active Mode 35 mA 
Idle Mode 7.5 mA 
Power Down Mode 150 p.A 

... 

NOTE: 
1. Vee = 4.5V-5.5V, Frequency Range = 3.5 MHz-12 MHz. 
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Table 1. Prefix Identification 

Prefix Package Type Temperature Range(2) Burn-ln(3) 

P Plastic Commercial No 

0 Cerdip Commercial No 

N PLCC Commercial No 

TP Plastic Extended No 

TO Cerdip Extended No 

TN PLCC Extended No 

LP Plastic Extended Yes 

LD Cerdip Extended Yes 

LN PLCC Extended Yes 

NOTES: 
2. Commercial temperature range is O'C to + 70'C. Extended temperature range is - 40'C to + 85'C. 
3. Burn-in is dynamic for a minimum time of 168 hours at + 125'C, Vee = 6.9V ±0.25V, following guidelines in MIL-STD-
883 Method 1015 (Test Condition D). 

Examples: 

P87C51 FA indicates 87C51 FA in a plastic package and specified for commercial temperature range, without 
burn-in. 
LD87C51 FA indicates 87C51 FA in a cerdip package and specified for extended temperature range with burn
in. 
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83C51FB 
CHMOS SINGLE-CHIP 8-BIT MICROCOMPUTER 

83C51FB-16K bytes of Factory Mask Programmable ROM 
83C51FB-3.5 MHz to 12 MHz, Vee = 5V ± 10% 

83C51FB-1-3.5 MHz to 16 MHz, Vee = 5V ± 10% 
83C51FB-2-o.5 MHz to 12 MHz, Vee = 5V ± 10% 

High Performance CHMOS EPROM • 7 Interrupt Sources 

Three 16-Bit Timer/Counters • Programmable Serial Channel with: 

Programmable Counter Array with: - Framing Error Detection 

- High Speed Output, - Automatic Address Recognition 

- Compare/Capture, • TTL and CMOS Compatible Logic 
- Pulse Width Modulator, Levels 
- Watchdog Timer Capabilities • 64K bytes External Program Memory 
Up/Down Timer/Counter Space 

Program Lock System • 64K bytes External Data Memory Space 

16K bytes of On-Chip Program ROM • MCS®-51 Fully Compatible Instruction 

256 Bytes of On-Chip Data RAM Set 

Boolean Processor • Power Saving Idle and Power Down 
Modes 

32 Programmable I/O Lines • ONCETM (On-Circuit Emulation) Mode 

MEMORY ORGANIZATION 

PROGRAM MEMORY: Up to 16K bytes of the program memory can reside in the on-chip ROM. In addition the 
device can address up to 64K bytes of program memory external to the chip. ' 

DATA MEMORY: This microcontroller has a 256 x 8 on-chip RAM. In addition it can address up to 64K bytes of 
external data memory. 

The Intel 83C51 FB is a single-chip control-oriented microcontroller which is fabricated on Intel's reliable 
CHMOS IV technology. Being a member of the MCS-51 family, the 83C51 FB uses the same powerful instruc
tion set, has the same architecture, and is pin-for-pin upward compatible with the existing MCS-51 products. 
The 83C51FB is an enhanced version of the 80C51BH, It!': ~r:lr:I",d f",~h-'r"'s m~k'? lt~!'! e'!e!'! more powe!'!!,!! 
microcontroller for applications that require Pulse Width Modulation, High Speed I/O, and up/down counting 
capabilities such as motor control. It also has a more versatile serial channel that facilitates multi-processor 
communications. 
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PSEN 
ALE/PROO 

EA/VPP 
RST 

83C51FB 

P2.0 - P2.7 

-----------, 

TIMING ~ 
AND ~~----~--~~--------~~--~----~------~ ~JLJ\ 

CONTROL gl\.r--------=-------------.--,----------ro--------,.;,.-----t/ ~ 
0: 

P10-P1.7 P3.0- P3.7 

270598-1 

Figure 1. 83C51FB Block Diagram 
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PACKAGES 

Part 

83C51FB 

(T2) PLO 

(T2EX) Pl.l 

(ECI) Pl.2 

(CEXO) Pl.3 

(CEX1) Pl.4 

(CEX2) Pl.5 

(CEX3) Pl.6 

(CEX4) Pl.7 

RESET 

(RXD) P3.0 

(TXD) P3.1 

(INTO)P3.2 

(INTI) P3.3 

(TO) P3.4 

(TI) P3.5 

(Wil) P3.6 

(RO) P3.7 

INDEX 
CORNER 

XTAL2 

XTALI 

Vss 

Prefix Package Type 

P 40-Pin Plastic DIP 
D 40-Pin CERDIP 
N 44-Pin PLCC 

vee 
PO.O (ADO) 

PO.l (AD1) 

PO.2 (AD2) 

PO.3 (AD3) 

PO.4 (AD4) 

PO.5 (AD5) 

PO.6 (AD6) 

PO.7 (AD7) 

fA/vpp 
ALE/PiWG 

PSEN 

P2.7 (AI5) 

P2.6 (AI4) 

P2.5 (AI3) 

P2.4 (AI2) 

P2.3 (All) 

P2.2 (Al0) 

P2.1 (A9) 

P2.0 (AS) 

270598-2 

DIP 

~·1 ~"'l ~"J ~"J ~~ L"1 ~~j l~l ~::1 ~;j L~J 
P1.5 ~(; ~~ PO.4 

P1.8 ~(~ ~~ PO.S 
P1.7 )=~ ~~? PO.S 

RST !~] :~ PO.7 
P3.0 ]1] :~ EA 

NC ~~i ::M Ne 

P3.1 J! ~ :~ ALE 

P3.2 !~ ~ :~~ PSEN 

P3.3 ~! ~ :~! P2.7 
P3.4 J!l :~ P2.& 

P3.5 Jf; :~ P2.5 
:=: :e: :2: :;;: :h: :t:l-: :iI$: ;;:; rill: ;~i :tt 

27059S-3 

PLCC 

Figure 2_ Connection Diagrams 

83C51FB 
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PIN DESCRIPTIONS 

Vee: Supply voltage. 

Vss: Circuit ground. 

Port 0: Port 0 is an 8-bit, open drain, bidirectional 1/0 
port. As an output port each pin can sink several LS 
TTL inputs. Port 0 pins that have 1's written to them 
float, and in that state can be used as high-imped
ance inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pull ups when emitting 1's, and can source and 
sink several LS TTL inputs. 

Port 0 outputs the code bytes during program verifi
cation on the 83C51 FB. External pullup resistors are 
required during program verification. 

Port 1: Port 1 is an 8-bit bidirectional 1/0 port with 
internal pullups. The Port 1 output buffers can drive 
LS TTL inputs. Port 1 pins that have 1's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 1 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

In addition, Port 1 serves the functions of the follow
ing special features of the 83C51 FB: 

Port Pin Alternate Function 

P1.0 T2 (External Count Input to Timerl 
Counter 2) 

P1.1 T2EX (Timer/Counter 2 Capturel 
Reload Trigger and Direction Control) 

P1.2 ECI (External Count Input to the PCA) 

P1.3 CEXO (External 1/0 for Comparel 
Capture Module 0) 

P1.4 CEX1 (External 1/0 for Comparel 
Capture Module 1) 

P1.5 CEX2 (External 1/0 for Comparel 
Capture Module 2) 

P1.6 CEX3 (External 1/0 for Comparel 
Capture Module 3) 

P1.7 CEX4 (External 1/0 for Comparel 
Capture Module 4) 
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Port 1 receives the low-order address bytes during 
ROM verification. 

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with 
internal pullups. The Port 2 output buffers can drive 
LS TTL inputs. Port 2 pins that have 1's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1's. Dur
ing accesses to external Data Memory that use 8-bit 
addresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 

Some Port 2 pins receive the high-order address bits 
during program verification. 

Port 3: Port 3 is an 8-bit bidirectional 1/0 port with 
internal pullups. The Port 3 output buffers can drive 
LS TTL inputs. Port 3 pins that have 1's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the pull
ups. 

Port 3 also serves the functions of various special 
features of the 8051 Family, as lis.ted below: 

Port Pin Alternate Function 

P3.0 RXD (serial input port) 
P3.1 TXD (serial output port) 
P3.2 INTO (external interrupt 0) 
P3.3 INT1 (external interrupt 1) 
P3.4 TO (Timer 0 external input) 
P3.5 T1 (Timer 1 external input) 
P3.6 WR (external data memory write strobe) 
P3.7 RD (external data memory read strobe) 

RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is running resets the de
vice. An internal pulldown resistor permits a power
on reset with only a capacitor connected to Vee. 

ALE: Address Latch Enable output pulse for latching 
the low byte of the address during accesses to ex
ternal memory. 

In normal operation ALE is emitted at a constant 
rate of % the oscillator frequency, and may be used 
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for external timing or clocking purposes. Note, how
ever, that one ALE pulse is skipped during each ac
cess to external Data Memory. 

PSEN: Program Store Enable is the read strobe to 
external Program Memory. 

When the 83C51 FB is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped during each access to external Data Memo
ry. 

EA: External Access enable. EA must be strapped to 
Vss in order to enable the device to fetch code from 
external Program Memory locations OOOOH to 
OFFFFH. Note, however, that if the Program Lock bit 
is programmed, EA will be internally latched on re
set. 

EA should be strapped to Vee for internal program 
executions. 

XTAL 1: Input to the inverting oscillator amplifier. 

XTAL2: Output from the inverting oscillator amplifier. 

OSCILLATOR CHARACTERISTICS 

XT AL 1 and XT AL2 are the input and output, respec
tively, of a inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-chip oscillator is available in Appli
cation Note AP-155, "Oscillators for Microcontrol
lers." 

To drive the device from an external clock source, 
XTAL1 should be driven, while XTAL2 floats, as 
shown in Figure 4. There are no requirements on the 
duty cycle of the external clock signal, since the in
put to the internal clocking Circuitry is through a di
vide-by-two flip-flop, but minimum and maximum 
high and low times specified on the data sheet must 
be observed. 

2705,98-4 

~
2 o XTAL2 

C1 
XTAL 1 

Vss 

C1. C2 ~ 30 pF. ± 10 pF for Crystals 
~ 10 pF for Ceramic Resonators 

Figure 3. Oscillator Connections 
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EXTERNAL 
OSCILLATOR 

SIGNAL 
XTAL 1 

vss 
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Figure 4. External Clock Drive Configuration 

IDLE MODE 

The user's software can invoke the Idle Mode. When 
the microcontroller is in this mode, power consump
tion is reduced. The Special Function Registers and 
the onboard RAM retain their values during Idle, but 
the processor stops executing instructions. Idle 
Mode will be exited if the chip is reset or if an en
abled interrupt occurs. The PCA timer/counter can 
optionally be left running or paused during Idle 
Mode. 

POWER DOWN MODE 

To save even more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the· instruction that invoked Power 
Down is the last instruction executed. The on-chip 
RAM and Special Function Registers retain their val
ues until the Power Down mode is terminated. 

On the 83C51 FB either a hardware reset or external 
interrupt can cause an exit from Power Down. Reset 
redefines all the SFRs but does not change the on
chip RAivi. An externai interrupt allows both the 
SFRs and the on-chip RAM to retain their values. 

To properly terminate Power Down the reset or ex
ternal interrupt should not be executed before Vcc is 
restored to its normal operating level and must be 

held active long enough for the oscillator to restart 
and stabilize (normally less than 10 ms). 

With an external interrupt, INTO and INT1 must be 
enabled and configured as level-sensitive. Holding 
the pin low restarts the oscillator but bringing the pin 
back high completes the exit. Once the interrupt is 
serviced, the next instruction to be executed after 
RETI will be the one following the instruction that put 
the device into Power Down. 

DESIGN CONSIDERATION 

• When the idle mode is terminated by a hardware 
reset, the device normally resumes program exe
cution, from where it left off, up to two machine 
cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re
set, the instruction following. the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 

ONCETM MODE 

The ONCE ("On-Circuit Emulation") Mode facilitates 
testing and debugging of systems using the 
83C51 FB without the 83C51 FB having to be re
moved from the circuit. The ONCE Mode is invoked 
by: 

1) Pull ALE low while the device is in reset and 
PSEN is high; 

2) Hold ALE low as RST is deactivated. 

While the device is in ONCE Mode, the Port 0 pins 
go into a fioat state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir
cuit remains active. While .the 83C51 FB is in this 
mode, an emulator or test CPU can be used to drive 
the circ;uit. Normal operation is restored when a nor
mal reset is applied. 

Table 1. Status of the External Pins during Idle and Power Down 

Mode 
Program 

ALE PSEN PORTO PORT1 PORT2 PORT3 
Memory 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float Data Address Data 

Power Down Internal 0 0 Data Data Data Data 

Power Down External 0 0 Float Data Data Data 

NOTE: 
For more detailed information on the reduced power modes refer to current Embedded Controller Handbook, and Applica· 
tion Note AP-252, "Designing with the 80C51BH." 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... O·C to + 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on EA Pin to Vss ........... OV to + 13.0V 

Voltage on Any Other Pin to Vss .. -O.5V to +6.5V 

Maximum IOL Per 1/0 Pin .................. 15 mA 

Power Dissipation .......................... 1.5W 
(based on PACKAGE heat transfer limitations, not 
device power consumption) 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE Specifications contained within the 
following tables are subject to change. 

ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN INFORMATION 

D.C. CHARACTERISTICS: (TA = O·Cto +70·C;Vcc = 5V ±10%;Vss = OV) 

Symbol Parameter Min 
Typical Max 

Unit Test Conditions 
(Note 5) (Note 5) 

Vil Input Low Voltage -0.5 0.2Vee-0.1 V 

VIl1 Input Low Voltage EA 0 0.2Vee- 0.3 V 

VIH Input High Voltage 0.2Vee+ 0.9 Vee+ 0.5 V 
(Except XTAL 1, RST, EA) 

VIH1 Input High Voltage 0.7 Vee Vee+ 0.5 V 
(XTAL1, RST) 

VOL Output Low Voltage(Note 6) 0.3 V IOl = 100)J.A (Note 1) 
(Ports 1, 2, and 3) 0.45 V IOl = 1.6 mA (Note 1) 

1.0 V IOl = 3.5 mA (Notes 1, 4) 

Vou Output Low Voltage (Note 6) 0.3 V IOl = 200 )J.A (Note 1) 
(Port 0, ALE, PSEN) 0.45 V IOl = 3.2 mA (Note 1) 

1.0 V IOl = 7.0 mA (Notes 1,4) 

VOH Output High Voltage Vee- 0.3 V IOH = -10)J.A 
(Ports 1, 2, and 3) Vee- 0.7 V IOH = -30)J.A 

Vee-1.5 V IOH = -60)J.A 

VOH1 Output High Voltage Vee- 0.3 V IOH = -200)J.A 
(Port 0 in External Bus Mode, Vee- 0.7 V IOH = -3.2mA 
ALE, PSEN) 

Vee- 1.5 V IOH = -7.0 mA (Note 4) 

III Logical 0 Input Current -50 )J.A VIN = 0.45V 
(Ports 1, 2, and 3) 

III Input Leakage Current ±10 )J.A o < VIN < Vee - 0.3V 
(Port 0) 

ILl1 Input Leakage Current (EA) TBD )J.A o < VIN < Vee - 0.3V 

ITl Logical 1 to 0 Transition -650 )J.A VIN = 2V 
Current (Ports 1 , 2, and 3) 

RRST RST Pulldown Resistor 40 225 K!1 

cia Pin Capacitance 10 pF @1 MHz, 25·C 

Icc Power Supply Current: (Note 3) 
Running at 12 MHz (Figure 5) 20 40 mA 
Idle Mode at 12 MHz (Figure 5) 5 10 rnA 
Power Down Mode 15 100 )J.A 
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D.C. CHARACTERISTICS: (T A = O°C to + 70°C; VCC = 5V ± 10%; VSS = OV) (Continued) 
NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports. 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1 to 
o transitions during bus operations. In applications where capacitance loading exceeds 100 pFs, the noise pulse on the ALE 
signal may exceed 0.8V. In these cases, it may be desirable to qualify ALE with a Schmitt Trigger, or use an Address Latch 
with a Schmitt Trigger Strobe input. 
2. Capacitive loading on Ports 0 and 2 cause the VOH on ALE and PSEN to drop below the 0.9 VCC specification when the 
address lines are stabilizing. 
3. See Figures 6-9 for test conditions. Minimum VCC for power down is 2V. 
4. Care must be taken not to exceed the maximum allowable power dissipation. 
5. Typicals are based on limited number of samples and are not guaranteed. The values listed are at room temperature and 
5V. . 
6. Under steady state (non·transient) conditions, IOL must be externally limited as follows: 

Maximum IOL per port pin: 10 mA 
Maximum IOL per 8·bit port· 

Port 0: 26 mA 
Ports 1, 2, and 3: 15 mA 

Maximum total IOL for all output pins: 71 mA 
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

~mAr-------r---~--'-------'-------~ 

30mA 1----+-----t----;;;;-+"''-----1 

20mA f----+------:7"'f---=~+-_== ..... .., 

4MHz BMHz 

Icc Max at other frequencies is given by: 
Active Mode 

Icc MAX = 2.2 X FREO + 3.1 
Idle Mode 

Icc MAX = 0.49 X FREO + 1.6 

12t.4Hz 16MHz 

270598-20 

Where FREO is in MHz, IcCMAX is given in rnA. 

Figure 5. Icc vs Frequency 

All other pins disconnected 
TCLCH = TCHCL = 5 ns 

RST 

83C51 FB 

XTAL2 
XTAL1 
VSS 

270598-8 

Figure 7. ICC Test Condition Idle Mode 

Vee 

All other pins disconnected 
TCLCH = TCHCL = 5 ns 

RST 

Vee 

PO 

EA 

83C51rB 

XTAL2 
XTAL1 
Vss 

270598-7 

Figure 6. Icc Test Condition, Active Mode 

RST 

XTAL2 
XTAL1 
vss 

All other pins disconnected 
270598-9 

Figure 8. Icc Test Condition, Power Down Mode. 
Vcc = 2.0V to 5.5V. 

270598-tO 

Figure 9. Clock Signal Waveform for Icc Tests in Active and Idle Modes. TClCH = TCHCl = 5 ns. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char
acter is always a 'T' (stands for time). ,The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

A: Address 
C: Clock 
D: Input Data 
H: Logic level HIGH 
I: Instruction (program memory contents) 

L: Logic level LOW, or ALE 
P:PSEN 
Q: Output Data 
R: RD signal 
T:Time 
V: Valid 
W: WR Signal 
X: No longer a valid logic level 
Z: Float 

For example, 

TAVLL = Time from Address Valid to ALE Low 
TLLPL = Time from ALE Low to PSEN Low 

A.C. CHARACTERISTICS TA = o·c to + 70·C, Vcc = 5V ± 1 0%, Vss = OV, Load Capacitance for 
Port 0, ALE and PSEN = 100 pF, Load Capacitance for All Other Outputs = 80 pF 

ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN INFORMATION 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units 
Min Max Min Max 

1/TCLCL Oscillator Frequency MHz 
83C51FB 3.5 12 
83C51FB-1 3.5 16 
83C51FB-2 0.5 12 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL-40 ns 

TLLAX Address Hold After ALE Low 53 TCLCL-30 ns 

TLLlV ALE Low to Valid Instruction In 234 4TCLCL-100 ns 

TLLPL ALE Low to PSEN Low 53 TCLCL-30 ns 

TPLPH PSEN Pulse Width 205 3TCLCL-45 ns 

TPLIV PSEN Low to Valid Instruction In 145 3TCLCL-105 ns 

TPXIX Input Instruction Hold After PSEN 0 0 ns 

TPXIZ Input Instruction Float After PSEN 59 TCLCL-25 ns 

TAVIV Address to Valid Instruction In 312 5TCLCL-105 ns 

TPLAZ PSEN Low to Address Float 10 10 ns 

TRLRH RD Pulse Width 400 6TCLCL-100 ns 

TWLWH WR Pulse Width 400 6TCLCL-100 ns 

TRLDV RD Low to Valid Data In 252 5TCLCL-165 ns 

TRHDX Data Hold After RD 0 0 ns 

TRHDZ Data Float After RD 107 2TCLCL-60 ns 

TLLDV ALE Low to Valid Data In 517 8TCLCL-150 ns 

TAVDV Address to Valid Data In 585 9TCLCL-165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL-50 3TCLCL+50 ns 

TAVWL Address Valid to RD or WR Low 209 4TCLCL-130 ns 

TQVWX Data Valid before WR 33 TCLCL-50 ns 

TWHaX Data Hold after WR 33 TCLCL-50 ns 

TaVWH Data Valid to WR High 433 7TCLCL-150 ns 

TRLAZ RD Low to Address Float 0 0 ns 

TWHLH RD or WR High to ALE High 43 123 TCLCL-40 TCLCL+40 ns 
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EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE 
---' 

PSEN __ J 

TPXIZ 

PORT 0 
---' 

AO-A? 

PORT 2 ___ J A8-A15 

270598-11 

EXTERNAL DATA MEMORY READ CYCLE 

ALE 

PSEN 
I------TLLDV " 

---0-1---- TRLRH -----+/ 

RD 

PORTO INSTR. IN 

PORT2 P2.0-P2.? OR A8-A 15 FROM DPH A8-A 15 FROM PCH 

270598-12 

EXTERNAL DATA MEMORY WRITE CYCLE 

ALE -i...-TLHLL-': 

I ~ 

:::JlWHLH 

\. ~ 

!---TLLWL TWLWH 

- TAVLL 04- j 

I+-TLLAX-~ ..... !-lWHOX 
TOVWH 

PORTO ::r FRml~i~k DPL DATA OUT K AD-A? FROM PCL INSTR. IN 

TAVWL 

PORT2 :::::) P2.0-P2.? OR A8-A 15 FROM DPH A8-A15 FROM PCH 

270598-13 

9·86 



inter 83C51FB 

A.C. TESTING INPUT 

Input, Output Waveforms 

VCC-0.5~ 0.2 VCC+0.9 V-
0.45V~_O_.2_VC::;C:...-_0_.l ___ ..... ~ 

270598-21 
AC inputs during testing are driven at Vcc-0.5V for a Logic "1" 
and 0.45V for a Logic "0". Timing measurements are made at VIH 
min for a Logic "1" and Vil max for a Logic "0". 

Float Waveforms 

TIMING REFERENCE 
POINTS 

VOl+O.l V 

270598-15 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOl level occurs. 
IOl/lOH :> ± 20 mAo 

SERIAL PORT TIMING-SHIFT REGISTER MODE 

Test Conditions: T A = O°C to + 70°C; Vee = 5V ± 10%; Vss = OV; Load Capacitance = 80 pF 

Symbol Parameter 
12 MHz Oscillator 

Min Max 

TXLXL Serial Port Clock Cycle Time 1 

TQVXH Output Data Setup to Clock 700 
Rising Edge 

TXHQX Output Data Hold after 50 
Clock Rising Edge 

TXHDX Input Data Hold After Clock 0 
Rising Edge 

TXHDV Clock Rising Edge to Input 700 
Data Valid 

SHIFT REGISTER MODE TIMING WAVEFORMS 

INSTRUCTION I 
ALE 

CLOCK 

o 2 3 4 

Variable Oscillator 
Units 

Min Max 

12TCLCL j.Ls 

1 OTCLCL -133 ns 

2TCLCL-117 ns 

0 ns 

1 OTCLCL -133 ns 

5 6 7 8 

OUTPUT DATA 

I 
X 3 X 4 X 5 X 6 X 7 7 

~~~~~~~~J t 

WRITE TO SBUf SET TI 
INPUT DATA -----'\r.'~_-w:=""....,..=_.~ ..... ~:=""....,..=_.~ ..... ~:=""....,.r.:_:~ ..... ~:=v 

I 
CLEAR RI 
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t 
SET RI 
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EXTERNAL CLOCK DRIVE 
Symbol Parameter Min Max Units 

1/TClCl Oscillator Frequency MHz 
83C51FB 3.5 12 
83C51FB·1 3.5 16 
83C51FB·2 0.5 12 

TCHCX High Time 20 ns 

TClCX lowTime 20 ns 

TClCH Rise Time 20 ns 

TCHCl Fall Time 20 ns 

EXTERNAL CLOCK DRIVE WAVEFORM 
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ROM CHARACTERISTICS 

Table 2 shows the logic levels for verifying the code data and reading the signature bytes on the 83C51 FB. 

Mode 

Verify Code Data 

Read Signature 

NOTES: 
"1" = VaJid high for that pin 
"0" = Valid low for that pin 

RST PSEN 

1 0 

1 0 

Table 2. ROM Modes 

ALE EA 

1 1 

1 1 
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P2.7 P2.6 P3.6 P3.7 

0 0 1 1 

0 0 0 0 
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Program Verification 

If the Program Lock Bits have not been pro
grammed, the on-chip Program Memory can be read 
out for verification purposes, if desired. The address 
of the Program Memory location to be read is ap
plied to Port 1 and pins P2.0-P2.S. The other pins 
should be held at the "Verify" levels indicated in Ta
ble 2. The contents of the addressed locations will 
come out on Port O. External pullups are required on 
Port 0 for this operation. 

AO-A7 PI 

RST 

P3.6 

If the Encryption Array in the ROM has been pro
grammed, the data present at Port 0 will be Code 
Data XNOR Encryption Data. The user must know 
the Encryption Array contents to manually "unen
crypt" the data during verify. 

Figure 1 0 shows the setup for verifying the program 
memory. 

vee 

PO 

EA 

ALE 

+5V 

L..---'--" PGM 
t----./ DATA 

B3C51FB 
PSEN 1+---0 

P3.7 

XTAL2 

'--....... ---;~-IXTAL 1 

Vss 

P2.7 1+---0 (ENABLE) 

P2.6 1+---0 

Figure 10. Verifying the ROM 

ROM VERIFICATION CHARACTERISTICS 
TA = 21°C to 27"C; Vee = SV±O.2SV; vss = ov 

270598-18 

ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN INFORMATION 
Symbol Parameter Min Max Units 

1/TCLCL Oscillator Frequency 4 6 MHz 

TAVQV Address to Data Valid 48TCLCL 

TELQV ENABLE Low to Data Valid 48TCLCL 

TEHQZ Data Float after ENABLE 0 48TCLCL 
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ROM VERIFICATION WAVEFORMS 

VERIFICATION 

PLO-Pl.7 --:'--j"::!A§DD~R~ES~S=J)~---P2.0-P2.S .. . 

!--TAVQV 

PoRTO------1:~DA~T~A~O~UT~=>------

P2.7 

ROM Program Lock 

The Program Lock system consists of one Program 
Lock bit and a 32 byte Encryption Array which are 
used to protect the program memory against soft-
ware piracy. . 

Table 3 outlines the features of programming the 
Lock Bit. 

Table 3. Program Lock Bit and their Features 

Program 
Lock 

Logic Enabled 
Bit 
LB1 

U No Program Lock features enabled. 
(Code Verify will still be encrypted by 
the Encryption Array.) 

P MOVC instructions executed from 
external program memory are disabled 
from fetching code bytes from internal 
memorv, EA is !':Brnnl'O'd and latched Or! I reset. • 

Encryption Array 

Within the ROM array are 32 bytes of Encryption 
Array that are initially unprogrammed (all 1's). Every 
time that a byte is addressed during a verify, 5 ad
dress lines are used to select a byte of the Encryp
tion Array. This byte is then exclusive-NOR'ed 
(XNOR) with the code byte, creating an Encrypted 
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Verify byte. The algorithm, with the array in the un
programmed state (all 1's), will return the code in it's 
original, unmodified form. 

Reading the Signature Bytes 

The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031 H, 
except that P3.S and P3.7 need to be pulled to a 
logic low. The values returned are: 

(030H) = 89H indicates manufacture by Intel 
(031 H) = 5EH indicates 83C51 FB 

DATA SHEET REVISION SUMMARY 

The following are the key differences between this 
and the -001liersion of the 83C51 FB data sheet: 

1. Package table was added. 

2. Note 4 was added to explain the maximum safe 
current spec. 
'l lA-ovj ...... ,"", 1_ . ........ 1/1"\,-.:_ ••• ___ .......... _ ..... ,L_ .a.L._ ... ,... 
_ ..... ....,.,,, ",,.,. ••• 'UL to'QI II....., 1-'111 y .. a~, auu,cu LU lIlt:1 1"'\0-

SOLUTE MAXIMUM RATING. 

4. Typical values for Icc table were added. 

5. Note 5 was added to explain the test conditions 
for typical values. 

S. Icc vs Frequency (Figure 5) was changed to re
semble the 87C51 FB data sheet. 

7. Timing specs improved for: 

TLLAX changed from TCLCL-35 to TCLCL-30 

TLLPL changed from TCLCL-40 to TCLCL-30 

TRHDZ changed from TCLCL-70 to TCLCL-SO 

TQVWH was added. 

TQVWX changed from TCLCL-SO to TCLCL-50 

8. A.C. TESTING INPUT figure and specs were 
changed to match the 87C51 FB. 

9. Data sheet revision summary was added. 
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• 
• 
• 

• 
• 
• 
• 
• 
• 

CHMOS SINGLE-CHIP 8-BIT MICROCONTROLLER WITH 
16K BYTES USER PROGRAMMABLE EPROM 

87C51FB-3.5 MHz to 12 MHz, Vee = 5V± 10% 
87C51FB-1-3.5 MHz to 16 MHz, Vee = 5V± 10% 
87C51FB-2-Q.5 MHz to 12 MHz, Vee = 5V± 10% 

High Performance CHMOS EPROM • 32 Programmable I/O Lines 

Three 16-Bit Timer/Counters • 7 Interrupt Sources 

Programmable Counter Array with: • Programmable Serial Channel with: 
- High Speed Output, - Framing Error Detection 
- Compare/Capture, - Automatic Address Recognition 
- Pulse Width Modulator, • TTL and CMOS Compatible Logic 
- Watchdog Timer capabilities Levels 
Up/Down Timer/Counter • 64K External Program Memory Space 
Two Level Program Lock System • 64K External Data Memory Space 
16K On-Chip EPROM • MCS®-51 Fully Compatible Instruction 
256 Bytes of On-Chip Data RAM Set 

Quick Pulse Programming™ Algorithm • Power Saving Idle and Power Down 

Boolean Processor Modes 

• ONCETM (On-Circuit Emulation) Mode 

MEMORY ORGANIZATION 

PROGRAM MEMORY: Up to 16K bytes of the program memory can reside in the on-chip EPROM. In addition 
the device can address up to 64K of program memory external to the chip. 

DATA MEMORY: This microcontrol\er has a 256 x 8 on-chip RAM. In addition it can address up to 64K bytes of 
external data memory. 

The Intel 87C51 FB is a single-chip control-oriented microcontrol\er which is fabricated on Intel's reliable 
CHMOS III-E technology. Being a member of the MCS-51 family, the 87C51 FB uses the same powerful 
instruction set, has the same architecture, and is pin for pin compatible with the existing MCS-51 family of 
products. The 87C51 FB is an enhanced version of the 87C51. It's added features make it an even more 
powerful microcontroller for applications that require Pulse Width Modulation, High Speed I/O, and up/down 
counting capabilities such as motor contro\. It also has a more versatile serial channel that facilitates mUlti
processor communications. 

9-91 
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V~ 
VSS .r 

PSEN 
ALE/f5lli5G 

rA/VPP 
RST 

TlfotlNG 
AND 

CONTROL 

87C51FB 

PO.O-PO.7 

----, 

PIO-PI.7 P3.0-P3.7 

270563-1 

Figure 1. 87C51FB Block Diagram 
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PACKAGES 

Part Prefix Package Type 

87C51FB P 40-Pin Plastic DIP 
D 40-Pin CERDIP 
N 44-Pin PLCC 

(T2) P1.0 Vec 
(T2EX) PI. 1 PO.O (ADO) 

PO.l (AD1) 

(CEXO) P1.3 PO.2 (AD2) 

(CEX1) Pl.4 PO.3 (AD3) 

(CEX2) P1.5 6 PO.4 (A04) 

(CEX3) P1.6 7 PO.5 (AD5) 

PO.6 (AD6) 

RESET PO.7 (AD7) 

(RXD) P3.0 fA/vpp 
(TXD) P3.1 ALE/ i'ROG 

(INTO) P3.2 PSEN 

(iNTi) P3.3 P2.7 (AI5) 

(TO) P3.4 P2.6 (AU) 

(T1) P3.5 P2.5 (AI3) 

(ViR) P3.6 P2.4 (AI2) 

(Ril) P3.7 P2.3 (All) 

XTAL2 P2.2 (Al0) 

XTALI P2.1 (A9) 

Vss P2.0 (AS) 

270563-'2 

DIP 

'<t;"'1"!~~ oq--:,,!'1 

NC 

P3.1 

P3.2 

P3.3 

P3.4 

P3.5 

..................... u 00000 
~ ~ ~ ~ ~ z > ~ ~ ~ ~ 

PLCC 

Figure 2. Pin Connections 

PIN DESCRIPTIONS 

Vee: Supply voltage. 

Vss: Circuit ground. 

PO." 

PO.S 

PO.6 

PO.7 

EA/Vpp 
NC 

A.LE/PROG 

PSEN 

P2.7 

P2.6 

P2.S 

270563-23 

87C51FB 

9-93 

Port 0: Port 0 is an 8-bit, open drain, bidirectional 1/0 
port. As an output port each pin can sink several LS 
TTL inputs. Port 0 pins that have 1's written to them 
float, and in that state can be used as high-imped
ance inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pullups when emitting1's, and can source and 
sink several LS TTL inputs. 

Port 0 also receives the code bytes during EPROM 
programming, and outputs the code bytes during 
program verification. External pull up resistors are re
quired during program verification. 

Port 1: Port 1 is an 8-bit bidirectional 1/0 port with 
internal pullups. The Port 1 output buffers can drive 
LS TTL inputs. Port 1 pins that have 1's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 1 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

In addition, Port 1 serves the functions of the follow
ing special features of the 87C51FB: 

Port Pin Alternate Function 

P1.0 T2 (External Count Input to Timerl 
Counter 2) 

P1.1 T2EX (Timer/Counter 2 Capturel 
Reload Trigger and Direction Control) 

P1.2 ECI (External Count Input to the PCA) 

P1.3 CEXO (External 1/0 for Comparel 
Capture Module 0) 

P1.4 CEX1 (External 1/0 for Comparel 
Capture Module 1) 

P1.5 CEX2 (External 1/0 for Comparel 
Capture Module 2) 

P1.6 CEX3 (External 110 for Comparel 
Capture Module 3) 

P1.7 CEX4 (External 1/0 for Compare I 
Capture Module 4) 

Port 1 receives the low-order address bytes during 
EPROM programming and verifying. 

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with 
internal pullups. The Port 2 output buffers can drive 
LS TTL inputs. Port 2 pins that have 1's written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 
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Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that. use .16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pullups when emitting 1 'so Dur
ing accesses to external Data Memory that use 8-bit 
addresses (MOVX @Ri), Port 2 emits the contents of 
the P2 Special Function Register. 

Some Port 2 pins receive the high-order address bits 
during EPROM programming and program verifica
tion. 

Port 3: Port 3 is an .8-bit bidirectional I/O port with 
internal pull ups. The Port 3 output buffers can drive 
LS TTL inputs. Port 3 pins that have 1 's written to 
them are pulled high by the internal pullups, and in 
that state can be. used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the pull
ups~ 

Port 3 also serves the functions of various special 
features of the 8051 Family, as listed below: 

Port Pin Alternate Function 

P3.0 RXD (serial input port) 
P3.1 TXD (serial output port) 
P3.2 INTO (external interrupt 0) 
P3.3 INT1 (external interrupt 1) 
P3.4 TO (Timer 0 external input) 
P3.5 T1 (Timer 1 external input) 
P3.6 WR (external data memory write strobe) 
P3.7 RD (external data memory read strobe) 

RST: Reset input. A high on this pin for two machine 
cycles while the oscillator is' running resets the de
vice. ,A.r': i:"i~si'i1a~ Pti::dOWii rs~istuf pt;irriii5 a power
on reset with only a capacitor connected to Vee. 

ALE: Address Latch Enable output pulse for latching 
the low byte of the address dUring~Gesses to ex
ternal memory. This pin (ALE/PR ) is also' the 
program pulse input during EPROM programming for 
the 87C51 FB. 

In normal operation ALE is emitted . at a constant 
rate of % the oscillator frequency, and may be used 
for external timing or clocking purposes: Note, how
ever, that one ALE pulse is skipped during each ac
cess to external Data Memory. 

Throughout the remainder of this data sheet, ALE 
will refer to the signal coming out of the ALE/PROG 
pin, and the pin will be referred to as the ALE/PROG 
pin. 

PSEN: Program Store Enable is the'read strobe to 
external Program Memory. 

When the 87C51 FB is executing code from external 
Program Memory, PSEN is activated twice each ma
chine cycle, except that two PSEN activations are 
skipped daring each acCess to external Data Memo-
ry. ' . 

EAlVpp: External Access enable. EA must be 
strapped to VSS in order to enable the device to 
fetch code from external Program Memory locations 
OOOOH to OFFFFH. Note, however, that if either of 
the Program Lock bits are programmed, EA will be 
internally latched, on reset. 

'EA should be strapped to Vee for internal program 
executions. 

This pin also receives the programming supply volt
age (Vpp) during EPROM programming. ' 

XT AL 1: Input to the inverting oscillator amplifier. 

XTAL2: Output from the inverting oscillator amplifier. 

OSCILLATOR CHARACTERISTICS 

XTAL 1 and XTAL2 are the input and output, respec
tively, of a inverting amplifier which can be config
ured for use·' as an on-chip oscillator, as shown in 
Figure 3. Either a quartz crystal or ceramic resonator 
may be used. More detailed information concerning 
the use of the on-Chip oscillator is available in Appli
cation Note AP-155, "Oscillators for Microcontrol
lers." 

9-94 

To drive the device ·from an external clock source, 
XTAL1 should be driven, while XTAL2 floats, as 
shown in Figure 4. There are no requirements on the 
duty cycle of the external clock Signal, since the in
put to the internal clocking circuitry is through a di
v:do-by-t-Ro f:ip-flop, but iTiiniffn.ifr-. and· maximum 
high and low times speCified on the data sheet must 
be observed, . 

r--lIt--'9---I XTAL2 

t--"---I XTAL 1 

t---------l vss 

C1, C2 = 30 pF ± 10 pF for Crystals 
= 10 pF for Ceramic Resonators 

270563-3 

Figure 3. OSCillator Connections 
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N/C 

EXTERNAL 
OSCILLATOR 

SIGNAL 

XTAL2 

XTAL 1 

vss 
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Figure 4. External Clock Drive Configuration 

IDLE MODE 

The user's software can invoke the Idle Mode. When 
the microcontroller is in this mode, power consump
tion is reduced. The Special Function Registers and 
the onboard RAM retain their values during Idle, but 
the processor stops executing instructions. Idle 
Mode will be exited if the chip is reset or if an en
abled interrupt occurs. The PCA timer/counter can 
optionally be left running or paused during Idle 
Mode. 

POWER DOWN MODE 

To save even more power, a Power Down mode can 
be invoked by software. In this mode, the oscillator 
is stopped and the instruction that invoked Power 
Down is the last instruction executed. The on~chip 
RAM and Special Function Registers retain their val
ues until the Power Down mode is terminated. 

On the 87C51 FB either a hardware reset or an ex
ternal interrupt can cause an exit from Power Down. 
Reset redefines all the SFRs but does not change 
the on-chip RAM. An external interrupt allows both 
the SFRs and on-chip RAM to retain their values. 

To properly terminate Power down the reset or ex
ternal interrupt should not be executed before Vcc is 
restored to its normal operating level and must be 
held active long enough for the oscillator to restart 
and stabilize (normally less than 10 ms). 

With an external interrupt, INTO and INT1 must be 
enabled and configured as level-sensitive. Holding 
the pin low restarts the oscillator but bringing the pin 
back high completes the exit. Once the interrupt is 
serviced, the next instruction to be executed after 
RETI will be the one following the instruction that put 
the device into Power Down. 

DESIGN CONSIDERATION 

• Ambient light is known to affect the internal RAM 
contents during operation. If the 87C51 FB appli
cation requires the part to be run under ambient 
lighting, an opaque label should be placed over 
the window to exclude light. 

• When the idle mode is terminated by a hardware 
reset, the device normally resumes program exe
cution, from where it left off, up to two machine 

. cycles before the internal reset algorithm takes 
control. On-chip hardware inhibits access to inter
nal RAM in this event, but access to the port pins 
is not inhibited. To eliminate the possibility of an 
unexpected write when Idle is terminated by re
set, the instruction following the one that invokes 
Idle should not be one that writes to a port pin or 
to external memory. 

ONCETM MODE 

The ONCE ("On-Circuit Emulation") Mode facilitates 
testing and debugging of systems using the 
87C51 FB without the 87C51 FB having to be re
moved from the circuit. The ONCE Mode is invoked 
by: 

1) Pull ALE low while the device is in reset and 
PSEN is high; 

2) Hold ALE low as RST is deactivated. 

While the device is in ONCE Mode, the Port 0 pins 
go into a float state, and the other port pins and ALE 
and PSEN are weakly pulled high. The oscillator cir
cuit remains active. While the 87C51 FB is in this 
mode, an emulator or test CPU can be used to drive 
the circuit. Normal operation is restored when a nor
mal reset is applied. 

Table 1. Status of the External Pins during Idle and Power Down 

Mode 
Program 

ALE PSEN PORTO PORT1 PORT2 PORT3 Memory 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float Data Address Data 

Power Down Internal 0 0 Data Data Data Data 

Power Down External 0 0 Float Data Data Data 

NOTE: 
For more detailed information on the reduced power modes refer to current Embedded Controller Handbook and Applica-
tion Note AP-252, "Designing with the 80C51BH." ' 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias .... O°C to + 70°C 

Storage Temperature ..•....... - 65°C to + 150°C 

Voltage on EAlVpp Pin to Vss ....... OV to + 13.0V 

Voltage on Any Other Pin to Vss .. -0.5V to +6.5V 

Maximum IOL Per 1/0 Pin .......•.......... 15 rnA 

Power Dissipation ........................•. 1.5W 
(based on PACKAGE heat transfer limitations, not 
device power consumption) 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE Specifications contained within the 
following tables are subject to change. 

ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN INFORMATION 

D.C. CHARACTERISTICS: (T A = O°C to + 70°C; Vee = 5V ± 10%; Vss = OV) 

Symbol Parameter Min 
Typ 

Max Unit Test Conditions 
(Note 5) 

VIL Input Lbw Voltage -0.5 0.2 Vee-0.1 V 

VIL1 Input Low Voltage EA 0 0.2 Vee-0.3 V 

VIH Input High Voltage 0.2 Vee+0.9 Vee + 0.5 V 
(Except XTAL 1, RST, EA) 

VIH1 Input High Voltage (XTAL 1, RST) 0.7 Vee Vee + 0.5 V 

VOL Output Low Voltage (Note 6) 0.3 V IOL = 100 /LA (Note 1) 
(Ports 1, 2, and 3) 0.45 V IOL = .1.6 rnA (Note 1) 

1.0 V IOL = 3.5 rnA (Notes 1, 4) 

VOL1 Output Low Voltage (Note 6) 0.3 V IOL = 200 /LA (Note 1) 
(Port 0, ALE, PSEN) 0.45 V IOL = 3.2 rnA (Note 1) 

1.0 V IOL = 7.0 rnA (Note 1, 4) 

VOH Output High Voltage Vee- 0.3 V IOH = -10 fJ-A 
(Ports 1, 2, and 3) 

Vee- 0.7 V IOH = -30 fJ-A 

VCC-1.5 v !CH = -6.0 :-~.A: 

VOH1 Output High Voltage Vee-0.3 V IOH = - 200 /LA 
(Port 0 in External Bus Mode, 

Vee- 0.7 V IOH:= -3.2 rnA 
ALE, PSEN) 

Vee-1.5 V IOH = -7.0 rnA (Note 4) 

IlL Logical 0 Input Current -50 fJ-A VIN =0.45V 
(Ports 1, 2, and 3) 

lu Input leakage Current (Port 0) ±10 fJ-A 0< VIN < Vee-0.3V 

IU1 Input Leakage Current (EA) TBD fJ-A o < VIN < Vee-0.3V 

ITL . Logical 1 to 0 Transition Current -650 fJ-A VIN = 2V 
(Ports 1, 2, and 3) 

RRST RST Pulldown Resistor 40 225 Kn 

CIO Pin Capacitance 10 pF @1 MHz, 25°C 

lee Power Supply Current: (Note 3) 
Running at 12 MHz (Figure 5) 20 40 rnA 
Idle Mode at 12 MHz (Figure 5) 5 10 rnA 
Power Down Mode. 15 100 fJ-A 
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NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1 to 
o transitions during bus operations. In applications where capacitance loading exceeds 100 pFs, the noise pulse on the ALE 
Signal may exceed o.av. In these cases, it may be desirable to qualify ALE with a Schmitt Trigger, or use an Address Latch 
with a Schmitt Trigger Strobe input. 
2. Capacitive loading on Ports 0 and 2 cause the VOH on ALE and PSEN to drop below the 0.9 VCC specification when the 
address lines are stabilizing. 
3. See Figures 6-9 for test conditions. Minimum VCC for Power Down is 2V. 
4. Care must be taken not to exceed the maximum allowable power diSSipation. 
5. Typicals are based on limited number of samples and are not guaranteed. The values listed are at room temperature and 
5V. 
6. Under steady state (non-transient) conditions, IOL must be externally limited as follows: 

Maximum IOL per port pin: 10mA 
Maximum IOL per a-bit port-

Port 0: 26 mA 
Ports 1, 2 and 3: 15 mA 

Maximum total IOL for all output pins: 71 mA 
If IOL exceeds the test condition, VOL may exceed the related specification. Pins are not guaranteed to sink current greater 
than the listed test conditions. 

40mAr_------,-------~--------r_----~ 

30mA~------~------_+------~~----__1 

M.tHz 8MHz 12MHz 16MHz 

270563-24 
Icc Max at other frequencies is given by: 
Active Mode 

Icc MAX = 2.2 X FREQ + 3.1 
Idle Mode 

Icc MAX = 0.49 X FREQ + 1.6 
Where FREQ is in MHz, Icc MAX is given in rnA. 

Figure 5. Icc vs Frequency 

All other pins disconnected 
TCLCH = TCHCL = 5 ns 

RST 

87e51 F8 

XTAL2 
XTAL1 
Vss 

270563-7 

Figure 7. ICC Test Condition Idle Mode 

Vee 

All other pins disconnected 
TCLCH = TCHCL = 5 ns 

270563-6 

Figure 6. Icc Test Condition, Active Mode 

RST 

Vee 

PO 

EA 

87C51f8 

XTAL2 
XTAL1 
Vss 

All other pins disconnected 
270563-8 

Figure 8. Icc Test Condition, Power Down Mode. 
Vcc = 2.0V to S.SV. 

270563-19 

Figure 9. Clock Signal Waveform for Icc Tests in Active and Idle Modes. TCLCH = TCHCL = 5 ns. 
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EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char· 
. acter is always a 'T' (stands for time). The other 

characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

A: Address 
C: Clock 
0: Input Data 
H: Logic level HIGH 
I: Instruction (program memory contents) 

L: LSgiC level LOW, or ALE 
. P: P EN 

Q: Output Data 
R: RD signal 
T: Time 
V: Valid 
W: WR signal 
X: No longer a valid logic level 
Z: Float 

For example, 

TAVLL = Time from Address Valid to ALE Low 
TLLPL = Time from ALE Low to PSEN Low 

A.C.CHARACTERISTICS (TA = 0·Cto+70·C, Vee = 5V ±10%, Vss = OV"Lo~dCapacitancefor 
Port 0, ALE/PROG and PSEN = 100 pF, Load Capacitance for All Other Outputs = 80 pF) 

ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN INFORMATION 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 

Symbol Parameter 12 MHz Oscillator Variable Oscillator Units 
Min Max Min Max 

1/TCLCL Oscillator Frequency 0.5 16 MHz 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL-40 ns 

TLLAX Address Hold After ALE Low 53 TCLCL-30 ns 

TLLlV ALE Low to Valid Instruction In 234 4TCLCL-100 ns 

TLLPL ALE Low to PSEN Low 53 
' . 

TCLCL-30 ns 

I!PLPH PSEN Pulse Width 205 3TCLCL-45 ns 

~PLlV PSEN Low to Valid Instruction In 145 3TCLCL-105 ns 

~PXIX Input Instruction Hold After PSEN 0 0 ns 

~PXIZ Input Instruction Float After PSEN 59 TCLCL-25 ns 
!-:- ....... 
II\VIV Address to Vaiici instruction in 312 5TCLCL-105 ns 

TPLAZ PSENLow to Address Float 10 10 ns 

~RLRH RDPuise Width 400 6TCLCL-100 ns 

TWLWH WR Pulse Width 400 6TCLCL-100 ns 

TRLDV RD Low to Valid Data In 252 5TCLCL-165 ns 

TRHDX Data Hold After RD 0 0 ns 

TRHDZ Data Float After RD 107 2TCLCL-60 ns 

TLLDV ALE Low to Valid Data In 517 8TCLCL-150 ns 

TAVDV Address to Valid Data In 585 9TCLCL-165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL-50 3TCLCL+50 ns 

TAVWL Address Valid to WR Low 203 4TCLCL-130 ns 

TQVWX' Data Valid before WR 33 TCLCL-50 ns 

TWHQX Data Hold after WR . 33 TCLCL-50 ns 

TQVWH Data Valid to WR High 433 7TCLCL-150 ns 

TRLAZ RD Low to Address Float 0 0 ns 

TWHLH RD or WR High to ALE High 43 123 TCLCL-40 TCLCL+40 ns 
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EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE __ .I 

PSEN __ .I 

PORT 0 
---'" 

PORT 2 A8-A15 ___ .I 

270563-9 

EXTERNAL DATA MEMORY READ CYCLE 

ALE 

PSEN 
I-----TLLDV 'I 

--1---- TRLRH ----I 

PORTO INSTR. IN 

PORT2 P2.0-P2.7 OR A8-A15 fROM DPH A8-A15 fROM PCH 

270563-10 

EXTERNAL DATA MEMORY WRITE CYCLE 

ALE 
, X ~ 

-TLHLL- PTWHLH 

~ 

~TLLWL TWLWH 

- TAVLL ~ 
, 

J 
I-TLLAX-~ - -TWHQX 

TQVWH 

PORTO ::::r FRo.t~iS~ DPL DATA OUT I\. AO-A7 FROM' PCL INSTR. IN 

TAVWL 

PORT2 ~ P2.0-P2.7 OR A8-A15 fROM DPH X A8-A15 fROM PCH 

270563-11 
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SERIAL PORT TIMING • SHIFT REGISTER MODE 

Test Conditions: T A = O"C to + 70·C; Vee = 5V ± 10%; Vss = OV; Load Capacitance = 80 pF 

Symbol Parameter 12 MHz Oscillator Variable Oscillator. Units 
Min Max Min Max 

TXLXL Serial Port Clock Cycle Time 1 12TCLCL p.s 

TQVXH Output Data Setup to Clock 700 1 OTCLCL -133 ns 
Rising Edge 

TXHQX Output Data Hold after. 50 2TCLCL-117 ns 
Clock Rising Edge 

TXHDX Input Data Hold After Clock 0 0 ns 
. Rising Edge 

TXHDV Clock Rising Edge to Input 700 1 OTCLCL -133 ns 
Data Valid 

SHIFT REGISTER MODE TIMING WAVEFORMS 

EXTERNAL CLOCK DRIVE 
I Symbol I Parameter Min Max Unltll 

1/TCLCL Oscillator Frequency 
87C51FB 3.5 12 

MHz 
87C51FB-1 3.5 16 
87C51FB-2 0.5 12 

TCHCX High Time 20 ns 

TCLCX Low Time 20 ns 

TCLCH Rise Time 20 ns 

TCHCL Fall Time 20 ns 

EXTERNAL CLOCK DRIVE WAVEFORM 

270683-13 
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A.C. TESTING INPUT 

Input, Output Waveforms 

VCC-0.5~ 0.2 VCC+0.9 V-
0.45 V -A_0_.2_V.=.CC=..-_0_., ____ A-

270563-'4 
AC Inputs during testing are driven at Vee-O.SV for a Logic ", .. 
and 0.45V for a Logic "0". Timing measurements are made at VIH 
min for a Logic .. , .. and Vil max for a Logic "0". 

EPROM CHARACTERISTICS 

Table 2 shows the logic levels for programming the 
Program Memory, the Encryption Table, and the 
Lock Bits and for reading the signature bytes. 

Float Waveforms 

TIMING REFERENCE 
POINTS 

VOL +0.' V 

270563-15 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a '00 mV change from the loaded VOHIVOl level occurs. 
IOl/loH;' ±20 mA. 

Table 2. EPROM Programming Modes 

Mode 

Program Code Data 

Verify Code Data 

Program Encryption Table 
Use Addresses 0 -1 FH 

Program Lock x=1 
Bits (LBx) x=2 

Read Signature 

NOTES: 
"1" = Valid high for that pin 
"0" = Valid low for that pin 
"VPP" = + 12.75V ± 0.25V 

RST PSEN 
ALEI 
PROG 

1 0 O· 

1 0 1 

1 0 O' 

1 0 O' 
1 0 O' 

1 0 1 

EAI 
P2.7 P2.6 P3.6 P3.7 

Vpp 

Vpp 1 0 1 1 

1 0 0 1 1 

Vpp 1 0 0 1 

Vpp 1 1 1 1 
Vpp 1 1 0 0 

1 0 0 0 0 

• ALE/PROG is pulsed low for 100 ,...s for programming. (Quick-Pulse Programming™) 

PROGRAMMING THE EPROM 

To be programmed, the part must be running with a 
4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro
priate internal EPROM locations.) The address of an 
EPROM location to be programmed is applied to 
Port 1 and pins P2.0 - P2.5 of Port 2, while the code 
byte to be programmed into that location is ~ 
to Port O. The other Port 2 and 3 pins, RST, PSEN, 
and EAlVpp should be held at the "Program" levels 
indicated in Table 2. ALE/PROG is pulsed low to 
program the code byte into the addressed EPROM 
location. The setup is shown in Figure 10. 

9-101 

Normally EAlVpp is held at logic high un_!!!...iust be
fore ALE/PROG is to be pulsed. Then EAlVpp is 
raised to Vpp, ALE/PROG is pulsed low, and then 
EAlVpp is returned to a valid high Voltage. The volt
age on the EAlVpp pin must be at the valid EAlVpp 
high level before a verify is attempted. Waveforms 
and detailed timing specifications are shown in later 
sections of this data sheet. 

Note that the EAlVpp pin must not be allowed to go 
above the maximum specified Vpp level for any 
amount of time. Even a narrow glitch above that volt
age level can cause permanent damage to the de
vice. The Vpp source should be well regulated and 
free of glitches. 
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+5V 

AO-A7 P1 

RST EA/Vpp +12.75V 

P3.6 
ALE/PROG 25 100.us PULSES TO GND 

P3.7 

XTAL2 

.......... --r--tXTAL 1 

VSS 

S7C51FB PSEN 0 

P2.7 

P2.6 0 

P2.0 /L--A-S--A13 
-P2.5 

270563-20 

Figure 10. Programming the EPROM 

Quick-Pulse Programming™ Algorithm 

The 87C51 FB can be programmed using the Quick
Pulse ProgrammingTM Algorithm for microcontrol
lers. The features of the new programming method 
are a lower Vpp (12.75V as compared to 21V) and a 
shorter programming pulse. It is possible to program 
the entire 16K Bytes of EPROM memory in less than 
50 seconds with this algorithm! 

To program the part using the new algorithm, Vpp 
must be 12.75V ±0.25V. ALE/PROG is pulsed low 
for 100 /Ls, 25 times as shown in Figure 11. Then, 
the byte just programmed may be verified. After pro
gramming, the entire array should be verified. The 
Program Lock features are programmed using the 
same method, but with ,the setup as shown in Table 
2. The only difference in programming Program Lock 
features is that the Program Lock features cannot be 
directly verified. Instead, verification of programming 
is by observing that their features are enabled. 

Program Verification 

If the Program Lock Bits have not been pro
grammed, the on-chip Program Memory can be read 
out for verification purposes, if desired, either during 
or after the programming operation. The address of 
the Program Memory location to be read is applied 
to Port 1 and pins P2.0 - P2.5. The other pins should 
be held at the "Verify" levels indicated in Table 2. 
The contents of the addressed locations will come 
out on Port O. External pullups are required on Port 0 
for this operation. 

If the Encryption Array in the EPROM has bS'?!1 pro
grammed, the data present at Port 0 will be Code 
Data XNOR Encryption Data. The user must know 
the Encryption Array contents to manually "unen
crypt" the data during verify. 

The setup, which is shown in Figure 12, is the same 
as for programming the EPROM except that pin P2.7 
is held at a logic low, or may be used as an active
low read strobe. 
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'I 1 ~I'------25 PULSES 

-ALE/PROG:-:-uLJLll-----illJUu--

'------' 

1 "-. 10~s M'N1I' !~~j';: 'I 

ALE/PROG :---..;o:I ______ ..Jn ... _____ --InL. __ _ 

Figure 11. PROG Waveforms 

AO-A7 PI 

RST 

P3.6 

P3.7 

XTAL2 

I..-.... -+---t XTAL 1 

VSS 

VCC 

PO 

EA/Vpp 

ALE/PROG 

B7C51FB PSEN 

P2.7 

P2.6 

+5V 

I---~' PGM 
,------,... DATA 

1+---0 

1+---0 (ENABLE) 

1+---0 

270563-21 

270563-22 

Figure 12. Verifying the EPROM 
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EPROM Program Lock 

The two-level Program Lock system consists of two 
Program Lock bits and a 32 byte Encryption Array 
which are used to protect the program memory 
against software piracy. 

Encryption Array 
Within the EPROM array are 32 bytes of Encryption 
Array that are initially unprogrammed (all 1 's). Every 
time that a byte is addressed during a verify, 5 ad
dress lines are used to select a byte of the Encryp
tion Array. This byte is then exclusive-NOR'ed 
(X NOR) with the code byte, creating an Encrypted 
Verify byte. The algorithm, with the array in the un
programmed state (all 1 's), will return the code in it's 
original, unmodified form. 

Program Lock Bits 

Also included in the EPROM Program Lock scheme 
are two Program Lock Bits which are programmed 
as shown in Table 2. 

Table 3 outlines the features of programming the 
Lock Bits. 

Erasing the EPROM also erases the Encryption Ar
ray and the Program Lock Bits, returning the part to 
full functionality. 

Reading the Signature Bytes 
The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031H, 
except that P3.6 and P3.7 need to be pulled to a 
logic low. The values returned are: 

(030H) = 89H indicates manufacture by Intel 
(031H) = 5FH indicates 87C51FB 

Erasure Characteristics 

Erasure of the EPROM begins to occur when the 
chip is exposed to light with wavelength shorter than 
approximately 4,000 Angstroms. Since sunlight and 
fluorescent lighting have wavelengths in this range, 
exposure to these light sources over an extended 
time (about 1 week in sunlight, or 3 years in room
level fluorescent lighting) could cause inadvertent 
erasure. If an application subjects the device to this 
type of exposure, it is suggested that an opaque la
bel be placed over the window. 

The recomm"ended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat
ed dose of at least 15 W-sec/cm2. Exposing the 
EPROM to an ultraviolet lamp of 12,000 p.W/cm2 
rating for 30 minutes, at a distance of about 1 inch, 
should· be sufficient. 

Erasure leaves all the EPROM Cells in a 1 's state. 

Table 3 Program Lock Bits and their Features 

Program Lock Bits Logic Enabled LB1 LB2 

U U No Program Lock featuresenabl~d. (Code Verify will still be 
encrypted by the Encryption Array.) 

P U MOVC instructions executed from external program memory 
are disabled from fetching code bytes from internal memory, 
EA is sampled and latched on reset, and further programming 
of the EPROM is disabled. 

P P Same as above, but Verify is also disabled 

U P Reserved for Future Definition 
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inter 87C51FB 

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
(TA = 21°C to 27°C; Vee = 5V±0.25V; vss = OV) 

ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN INFORMATION 
Symbol Parameter Min Max Units 

Vpp Programming Supply Voltage 12.5 13.0 V 

Ipp Programming Supply Current 50 mA 

1/TCLCL Oscillator Frequency 4 6 MHz 

TAVGL Address Setup to PROG Low 48TCLCL 

TGHAX Address Hold after PROG 48TCLCL 

TDVGL ' Data Setup to PROG Low 48TCLCL 

TGHDX Data Hold after PROG ,48TCLCL 

TEHSH P2.7 (ENABLE) High to Vpp 48TCLCL 

TSHGL Vpp Setup to PROG Low 10 J.Ls 

TGHSL Vpp Hold after PROG 10 J.Ls 

TGLGH PROGWidth 90 110 J.Ls 

TAVQV Address to Data Valid 48TCLCL 

TELQV ENABLE Low to Data Valid 48TCLCL 

TEHQZ Data Float after ENABLE 0 48TCLCL 

, TGHGL PROG High to PROG Low 10 J.Ls 

EPROM PROGRAMMING AND VERIFICATION WAVEFORMS 

PROGRA ...... ING VERIFICATION 

P1.0-P1.7 -------~c=~AD§D~RE~SS~;~=r--------_1::::=A~D~DR~E~SS=:>-------P2.0-P2.5 

-TAVQV 

PoRTO---------r(:~D~~~A!IN~;~~~----------_{JD~~~A~O~UT~~---------
TDVGL:.I ~ 25 .:,. I- TGHDX 
TAVGL-l--puLSES-~ TGHAX 

ALE/PROG ~HGL~~r-1LJr--.---ro-H-SL----------+-------~---------
f _I ~GHGL 

TGLGH - I- rt_ 

EA/Vpp v::1 s ,. _~CC;....._ Vpp 1\_...:;EA .. ,/.;.;:rHI:;,;GH~ ____ oj-______ +-______ _ 

P2.7 ---A TEHSH TELQV1Jl-_-_____ ).J[ ,..-__ 'T_EH_Q_Z -----

270563-18 
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87C51FB 

DATA SHEET REVISION SUMMARY 

The following are the key differences between this and the -001 version of the B7Csi FB data sheet: 

1. Title changed to include -1 and -2 version of the device. 

2. PLCC pin connection diagram was added. 

3. Package table was added. 

4. Exit from power down mode was clarified. 

S. Maximum IOL per 110 pin was added to the ABSOLUTE MAXIMUM RATING. 

6. Note 6 was added to explain the maximum safe current spec. 

7. Typical values for ICC table were added. 

B. Note S was added to explain the test conditions for typical values. 

9. Timing specs improved for: 

TLLAX changed from TCLCL-3S to TCLCL-30 

TLLPL changed from TCLCL-40 to TCLCL-30 

TRHDZ changed from TCLCL-70 to TCLCL-60 

TQVWX changed from TCLCL-60 to TCLCL-SO 

TQVWH was added. 

10. Data sheet revision summary was added. 
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EV80C51FA EVALUATION BOARD 

LOW COST CODE EVALUATION TOOL 
Intel's EV8OCS1 FA evaluation board provides a hardware environment for code 
execution and software debugging at a relatively low cost. The board features the 
80C51 FA single chip, CHMOS', 8cbit microcontroller, the newest member of the industry 
standard 8051 family. The board allows the user to take full advantage of the power of 
the 8051. The EV80CSIFA provides up to 16 MHz execution of a user's code. Plus, its 
memory (ROMsim) can be reconfigured to match the user's planned memory system, 
allowing for exact analysis of code execution speeds in a particular application. 

Popular features such as Single-step program execution and sixteen software breakpoints 
are standard on the EV8OC51FA. Intel provides a complete code development 
environment using assembly language (ASM-S]) as well as Intel's high-level language 
PL/M-51 to accelerate development schedules. 

The evaluation board is hosted on an IBM PC" or BIOS-compatible clone, already a 
standard development solution in most of today's engineering environments. The source 
code for the on-board monitor (written in ASM-51) is public domain. The program is 
about 2K bytes and can be easily modified to be included in the user's target hardware. 
In this way, the provided PC host software can be used throughout the development 
phase. 

EV80C51FA FEATURES 
• Up to 16 MHz Execution Speed 
• 8K Bytes of ROMsim 
• Totally CMOS, low power board 
• Concurrent Interrogation of Memory 

and Registers 

FULL SPEED EXECUTION 

• Sixteen Software Breakpoints 
• Program Step Mode 
• High-Level Language Support 
• RS-232-C Communication Link 

The EV8OC51FA executes the user's code from on-board ROMsim at up to 16 MHz. By 
changing crystals on the BOC51 FA any slower execution speed can be evaluated. 
However, the board's host interface timing is affected by this crystal change, and 
therefore the monitor code requires minor modifications. 

8K BYrES OF ROMSIM 
The board comes with 8K bytes of SRAM to be used as ROMsim for the user's code and 
as data memory if needed. . , 

~-----------------------
'CHMOS i, /I palt"ntN Intd pn'IW5§. 
"IBM pc, XT. AT and OOSnre ~sl:t'T'l"d Ir ... d~/lrk~ of International Busin~s MiKhinl'S Corptlr<ltlon. 
InlelCorpuratiun a!!bumt'!> nll respl.lMibility Iflr th ... uw l,f any circuitry lither Ih..m drl'l.lilry embudi.d in an Intel pnkiuct. Nn nther circ~il palmi 
liC\!ftW5 ar~ imph....J. Infllrmatilln Cllntainl'd htrein supt'!'!>afe!' pn.·\'il.1usly publi!roh.:-d 5JIC'dficaliunlo un IIww de\'I~s fnlm Intel 

MARCHI". 
e (nrel Curp'lf.'llun 1'9t1!\ Ord~'r Numbl"r: 270591-0111 
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TOTALLY CMOS-BOARD 
The EV80CSI FA board is built totally with 
CMOS components. Its power 
consumption is therefore very low, 
requiring S volts at only 120 rnA. The 
board also requires +1-12 volts at 0.1 rnA. 

CONCURRENT INTEROGATION 
OF MEMORY AND REGISTERS 
The monitor for the EV80CSIFA allows the 
user to read and modify internal registers 
and external memory while the user's code 
is running in the board. 

SIXTEEN SOFTWARE 
BREAKPOINTS 
There are sixteen breakpoints available 
which automatically substitute an LCALL 
instruction for a user's instruction at the 
breakpoint location. The substitution 
occurs when execution is started. If the 
code is halted or a breakpoint is reached. 
the user's code is restored into the 
ROMsim. 

PROGRAM STEP MODE 
The stepping mode redirects the external 
interrupt 0 vector for use by the monitor. 
All other interrupts are available to the 
user, and will function as normal. External 
interrupt 0 is returned to the user after 
stepping. 

HIGH LEVEL LANGUAGE 
SUPPORT 
The host software for the EV8OC5lFA 
board is ahlp to load "h~0h!t!! 0bject ~d:: 
generated by ASM-Sl, PL/M-Sl or RL-Sl, 
which are available from Intel. 

RS-232'-C COMMUNICATION 
LINK 
The EV80CSIFA communicates with the 
host using the on chip UART of the 
80CSI FA. Timer 2 is used as the baud-rate 
generator to reach 9600 baud with a 
16 MHz crystal. Timer 1 could be used as 
the baud-rate generator if a different 
crystal frequency is selected. This is 
outlined in the supplied User's Manual. 

PERSONAL COMPUTER 
REQUIREMENTS 
The EV80CSIFA Evaluation Board is 
hosted on an IBM PC", XP", AT".or 
BIOS-compatible clone. The PC must 
meet the following minimum 
requirements: 
• 512K Bytes of Memory 
• One 360K Byte floppy Disk Drive 
• PC DOS" 3.1 or Later 
• A Serial Port (COM! or COM2) at \/600 

8dUd' 
• ASM-51 or PL/M-51 
• A text editor such as AEDIT 

Block Diagram oIlhe E'/80C51FABaard . 

Prinled in USA..TP27();(JJSXIIUK,SM 
EmbNdtll C~ntn)11tn 
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LOW COST CODE EVALUATION TOOL 
Intel's EV8OC51FB evaluation board provides a hardware environment for code 
execution and software debugging at a relatively low cost. The board features the 
8OC51FB or 8OC51 FA, single chip, CHMOS·, 8-bit microcontrollers, the newest members 
of the industry standard 8051 family. The board allows the user to take full advantage of 
the power of the 8051. The EV80C51FB provides up to 16 MHz execution of a user's 
code. Plus, its memory (ROMsim) can be reconfigured to match the user's planned 
memory system, allowing for exact analysis of code execution speeds in a particular 
application. 

Popular features such as a single line assembler / disassembler, single-step program 
execution and sixteen software breakpoints are standard on the EV8OC51FB. Intel 
proVides a complete code development environment using assembly language (ASM-51) 
as well as Intel's high-level language PL/M-51 to accelerate development schedules. 

The evaluation board is hosted on an IBM PC·· or BIOS-compatible clone, already a 
standard development solution in most of today's engineering environments. The source 
code for the on-board monitor (written in ASM-51) is public domain. The program is 
about 3K bytes and can be easily modified to be included in the user's target hardware. 
In this way, the provided PC host software can be used throughout the development 
phase. 

EV80C51FB FEATURES 
• Up to 16 MHz Execution Speed 
• 16K Bytes of ROMsim 
• Flexible Chip-Select Controller 
• Totally CMOS, low power board 
• Concurrent Interrogation of Memory 

and Registers 

FULL SPEED EXECUTION 

• Sixteen Software Breakpoints 
• Program Step Mode 
• High-Level Language Support 
• Single Line Assembler/Disassembler 
• RS-232-C Communication Link 

The EV8OC51FB executes the user's code from on-board ROMsim at up to 16 MHz. By 
changing crystals on the 80C51FB any slower execution speed can be evaluated. The 
board's host interface timing is not affected by this crystal change. 

16K BYTES OF ROMSIM 
The board comes with 16K bytes of SRAM to be used as ROMsim for the user's code and 
as data memory if needed. 

nJ----------------
"CHMOS IS a patented Intel process. 
"IBM PC. XT. AT And IX>S a~ ~istered trildemark!i of Internahunal Business MacNnrS Corporation. 
Inlt'l Corporation assumes no rt'Spunsibitily 1m the u.o;euf Imy circuitry other than circuitry embodit'd in an Inlel product. No olher circuit patent 
licenses are implied. Information contained herein supt'l'Sl"'d~ previuusiy publi!Ohed specifications on tht'Sedevices from Intel 

() Intel Corporation IlJtIH AUGUST 19m! 
ORDER NUMBER: 27061&001 
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FLEXIBLE MEMORY DECODING 
By changing the Programable Logic Device (PLD) on the board, the memory on the board 
can be made to look like the memory system planned for the user's hardware application. 
The PLD controls the chip-select inputs on the board with 64 byte boundaries of 
resolution. 

TOTALLY CMOS BOARD 
The EV80C51FB board is built totally with CMOS components. Its power consumption is 
therefore very low, requiring 5 volts at only 225 rnA. If the on board LED's are disabled, 
the current drops to only 80 rnA. The board also requires + 1- 12 volts at 10 rnA. 

CONCURRENT INTEROGATION OF MEMORY AND REGISTERS 
The monitor for the EV80C51 FB allows the user to read and modify internal registers and· 
external memory while the user's code is running in the board. 

SIXTEEN SOFTWARE BREAKPOINTS 
There are sixteen breakpoints available which automatically substitute an LCALL 
instruction for a user's instruction at the breakpoint location. The substitution occurs 
when execution is started. If the code is halted or a breakpoint is-reached, the user's code 
is restored into the ROMsim. 

PROGRAM STEP MODE 
The stepping mode redirects the external interrupt 0 vector for use by the monitor. All 
either interrupts are available to the user, and will function as normal. External interrupt 0 
is returned to the user after stepping. 

HIGH LEVEL LANGUAGE SUPPORT 
The host software for the EV8OC51 FB board is able to load absolute object code generated 
by AsM-51, PL/M-51 or RL-51, which are available from Intel. 

SINGLE LINE ASSEMBLER/DISASSEMBLER 
The host has a Single Line Assembler, and a Disassembler,to simplify modification and 
examination of code loaded on the board. 

RS-232-C COMMUNICATION LINK 
The EV80C51FB communicates with the host using an Intel 82510 UART provided on 
board. This frees the on-chip UARTof the 80C51FB or 8OC51FA for the user's application. 

PERSONAL COMPUTER REQUIREMENTS 
The EV80C51FB Evaluation Board is hosted on an IBM PC", XT", AT" or BIOS 
compatible clone. The PC must J1leet the following minimum requirements: 

• 512K Bytes of Memory • A Serial Port (COMI or COM2) at 
• One 360K Byte floppy Disk Drive 9600 Baud 
• PC 005"" 3.1 or Later _ ASM-c;l or PJ.lM-c;l 

• A text editor such as AEDIT 

P1 

RSo232 80C51FB CHIP 
BUFFERS 

CPU 
SELECT 

I LOGIC l 
T .. 

AOOR:Jr 
p ... 

aK.a aK.a 
DATA RAMo. RAMo. 

I DIGITALt 
EPROM EPROM ALIIO CONTROL 

I~ \ MEMORY MEMORY 

Block DIagram of the EV80C51 FB Board 

I'rinh.,j in USA/TP2IJJ/KHK/lllK/IL SM 
Emh-dJl~ CuntTIIlllI!1'!o 
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inter 
HARDWARE DESCRIPTION 

OF THE 8XC51GA 

INTRODUCTION 

The 8XC51GA is an 8-bit control-oriented microcon
troller based on the 8051 architecture. The 8XC51GA 
is an enhanced version of the 8XC51BH and incorpo
rates many new features. 

• 8-Channel 8-Bit AID Converter 

• 16-Bit Watchdog Timer 

• Oscillator Fail Detect Logic 

• Half-Duplex, Synchronous Serial Interface 

• 7 Interrupt Sources 

• 400 m V Hysteresis on Ports I and 3 Inputs 

Other features available on the 8XC51GA which are 
also on the 8XC51BH include: 

• 4 Kbytes of EPROM (87C51GA) or ROM 
(83C51GA) Program Memory 

• 128 Bytes of Data RAM 

• Idle and Power Down Modes 

• Full-Duplex, Asynchronous Serial Interface 

• Two 16-Bit Programmable Timer/Counters 

• 32 Programmable I/O Lines 

The 8XC51GA uses the standard 8051 instruction set 
and is compatible with existing 80C51 family of prod
ucts. The 83C51GA is the factory masked ROM de
vice; the 80C51GA is the ROMless device; and the 
87C51GA is the EPROM device. The designation, 
8XC51GA, refers to any of the three GA devices. 

It is assumed that the reader is familiar with the 8051 
architecture. The following sections discuss only the 
differences between the 8XC51GA and the standard 
80C51. For more detailed information on the 8051, 
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consult the "Hardware Description of the 8051, 8052 
and 80C51" chapter in the Intel Embedded Controller 
Handbook. 

OVERVIEW OF THE AID CONVERTER 

The 8XC51GA AID Converter is an 8-bit device with 
8 inputs in the 48- and 52-pin packages. It features user 
selectable internal Sample and Hold and conversion 
speed control circuitry. The AD Converter operates in 
both normal and idle modes with a nominal conversion 
speed of 22 J..ts (130 states) at 12 MHz and an accuracy 
of ± 1 LSB. Separate voltage reference (VREP) and ana
log ground (AGND) signals are bonded out to external 
pins. The 4 low-order analog inputs are multiplexed 
with the 4 low-order Port 1 inputs. 

AID Special Function Registers 

There are two Special Function Registers associated 
with the AID operation. Writing to the AID control 
register ADCON controls the start of the AID Conver
sion, the enabling or disabling of the internal sample 
and hold, the number of states taken for conversion, 
and the analog input channel selection. Reading the 
ADCON register yields the current status of the AID 
converter operation. 

The AID conversion result is stored in the result regis
ter, ADRES, a read-only register which is cleared be
fore the start of any conversion. 

The AID Control Register, ADCON, contains the bits 
necessary for controlling the AID conversion process. 



intJ 
Bit 

ADCON 
(Write) 

Symbol 

-
-

SHDo 

RCS' 

GO 

CH2 

CH1 

CHO 

HARDWARE DESCRIPTION OF THE 8XC51GA 

7 6 5 4 3 2 o 
x x SHD RCS GO CH2 CH1 CHO 

Address = 97H Reset Value = XXOOOOOOH 
Not Bit Addressable 

Position Function 

ADCON.7· Not Used 

ADCON.6 Not Used 

ADCON.5 Sample-and-Hold Bit. Writing a 0 enables S/H. Writing a 
1 disables S/H. 

ADCON.4 Reduce Conversion States bit. Writing a 1 reduces the 
number of states for conversion. Writing a 0 causes a 
normal number of conversion states. 

ADCON.3 Start AID Conversion Bit. Writing a 1 starts the AID 
conversion process. Writing a 0 means conversion 
process not started (or cancelled). 

ADCON.2 High-order bit for analog input channel selection. 
Value = 4 

ADCON.1 Mid-order bit for analog input channel selection. 
Value = 2 

ADCON.O . Low-order bit for analog input channel selection. 
Value = 1 

'See SHD/RLS/States Chart 
Figure 1. ADCON: AID Control Register 

Reading the ADCON register yields the complete status of the AID conversion process as follows: 

Bit 

ADCON 
(Read) 

.. I.. ""1.1 • .,"'1 

AIF 

SHD 

RCS 

STA 

CH2 

CH1 

CHO 

7 6 

X AIF 

Address = 97H 
Not Bit Addressable 

ft " ... " rvoi,i\iii 

ADCON.7 

ADCON.6 

ADCON.5 

ADCON.4 

ADCON.3 

ADCON.2 

ADCON.1 

ADCON.O 

5 

SHD 

4 3 2 o 
RCS STA CH2 CH1 CHO 

Reset Value = XXOOOOOOH 

.-i.iii~Lluil 

Not Used 

AID Interrupt Flag: Set to a 1 at the end of a conversion. 
A 0 indicates idle or conversion in progress. 

Sample/Hold Disabled status bit. A 1 means disabled. A 
o means enabled. 

Reduced Conversion States status bit. A 1 means 
reduced number of states. A 0 indicates normal number 
of states. 

Conversion Status bit. A 1 indicates AID conversion in 
progress. A 0 means AID Idle. 

High-order input channel address bit. 

Mid-order input channel address bit. 

Low-order input channel address bit. 

Figure 2. ADCON: A/D Status Register 
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HARDWARE DESCRIPTION OF THE 8XC51GA 

The AID Result register ADRES is a binary-coded result of the last AID conversion and ranges from 00 to FF Hex. 

Bit 7 6 5 4 3 2 1 0 

ADRES 
(Read Only) 

AD7 AD6 

MSB 
Address = B4H 
Not Bit Addressable 

AD5 

Writing to the read-only ADRES register should be 
avoided. 

AID Conversion Speed Control 

The purpose of a sample and hold capacitor is to mini
mize the effect of external noise by isolating the signal 
input from the signal source during an AID conver
sion. Unfortunately, capacitor leakage can lead to inac
curacies in the AID conversion at very low clock 
speeds. For this reason, the sample and hold capacitor 
can be taken out of the circuit under program control 
and the number of cycles needed for the conversion can 
be reduced under· program control. Thus, the conver
sion time for designs using slow clocks is reduced. Note 
that when running at full speed, both the sample and 
hold capacitors and the normal number of states should 
be enabled for the conversion. The following table indi
cates the number of states needed for a conversion with 
all possible combinations of the SHD (Sample-and
Hold Disabled) and RCS .(Reduced Clock States) bits 
in the ADCON register. 

SHD ReS Number of States 

0 0 130 (22 f-ts @ 12 MHz) 

0 1 75 

1 0 235 

1 1 131 

AID Interrupt 

The AID interrupt flag, AIF, is set following each 
AID conversion cycle. Bit IE.6 of the 8XCSIGA Inter
rupt Enable Register and Bit IP.6 of the Interrupt Pri
ority Register are assigned to the AID interrupt. If the 
AID interrupt. is enabled by IE.6, then IP.6 is exam
ined before service to determine the priority level. AIF 
is cleared when the system vectors to the interrupt serv
ice routine address oo33H. For further information on 
the AID interrupt, refer to the "Interrupts" section. 

AD4 AD3 AD2 AD1 ADO 
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LSB 
Reset Value = 01111111 B 

Analog Input Channels 

The input pins for the four low-order analog inputs, 
ACHO-3, are shared with the four low-order digital 
inputs, Pl.O-3. This restricts Pl.O-3 as inputs only; 
they cannot be used as outputs. The four high-order 
analog inputs, ACH4:-7 are not shared and exist as 
discrete inputs in the 48-pin and 52-pin packages. Note 
that the high-order four bits of Port I, P 1.4-7, can be 
used as normal outputs. 

PORTS 

Except for the shared input portion of Port 1 all the 
other port functions are essentially the same as in the 
80CSI with the following enhancements: 

Pl.4-P1.7, Port 2, and Port 3 in the 8XCSIGA reset to 
output high asynchronously in order to guarantee 
known states even in the absence of an active internal 
clock. (The 80CSI ports reset synchronously which re
quires that the clock be running). In the 8XCSIGA, 
Port 0 is floated asynchronously at reset. If output 
highs are required, then external pull-up resistors 
should be installed on Port O. PLO-Pl.3 are high-im
pedance (floating), input-only type inputs. 

For improved noise margin, Ports 1 and 3 have Schmitt 
trigger inputs with minimum hysteresis of 400 mY. 
TTL compatibility is maintained. 

WATCHDOG TIMER (WDT) 

The Watchdog Timer (WDT) provides the ability to 
recover from hardware or software malfunctions by 
forcing the part into reset. The WDT is a 16-bit counter 
which must be cleared by software before the counter 
reaches the maximum value of FFFFH. Otherwise, the 
WDT generates an internal reset signal. The WDT re
set signal is logically ORed with the Oscillator Fail De
tect reset signal to generate an asynchronous reset 
which has a 4 machine cycle duration. The WDT oper
ates in both normal and idle modes. The counter is 
cleared and initiated by reset or a software clear. A 
software clear consists of writing the sequence 1 EH and 
EIH to the Watchdog Timer Control Register, 
WDTCON. 



inter HARDWARE DESCRIPTION OF THE 8XC51GA 

Three Special Function Registers are allocated for the 
WDT. The software WDT clear sequence of lEH and 
EIH is written to WDTCON, a write-only register. The 
other two SFRs are allocated to the read-only timer 
registers, WDTLB (Watchdog Timer Lower Byte) and 
WDTUB (Watchdog Timer Upper Byte). The follow
ing chart indicates the SFR addresses of these three 
registers: 

SFRName Address 

The Watchdog Timer is automatically disabled during 
Power Down Mode. It cannot be disabled during Nor
mal and Idle Modes and is active anytime the oscillator 
is running. The external RESET pin is not driven upon 
a WDT generated reset. 

Function 

WDTCON A6H Writing sequence 1 EH and E1 H clears the watchdog 
timer registers to Os. 

WDTUB 96H Reading this address yields the contents of the upper 
byte 0f the WDT. 

WDTLB 86H Reading this address yields the contents of the lower 
byte of the WDT. 

OSCILLATOR FAIL DETECT (OFD) 

The Oscillator Fail Detect Circuit triggers a reset (for 4 
machine cycles) if the oscillator frequency is below the 
trigger frequency (range of 20 KHz to 400 KHz). The 
reset is removed when the oscillator frequency is higher 
than the trigger frequency. The OFD can be disabled 
by software by writing the sequence EIH and lEH to 
the OFDCON register. Writing anything to OFDCON 
except the disable sequence, EIH and lEH, will have 
no effect. 

Bit 

OFDCON 
(Read/Write) 

7 6 5 

I 
Address = A5H 
Not Bit Addressable 
OFDS = 0: OFD Active 
OFDS = 1: OFD Disabled 

SERIAL EXPANSION PORT (SEP) 

In addition to the existing serial port of the 8XC51, a 
half-duplex synchronous serial interface is provided in 
the 8XC51GA. Two pins, SEPIO and SEPCLK, are 
dedicated for the interface. The SEPIO pin is used for 
transmission or reception of 8-bit packets of serial data, 
and the SEPCLK outputs the synchronizing clock 

Bit 7 6 

Before going into the Power Down Mode, the OFD 
must be disabled or the OFD will force the 8XC51GA 
out of Power Down. Once the OFD has been disabled, 
it can only be enabled again by a RESET, which is a 
necessary step to come out of the Power Down Mode. 
The OFD cannot be enabled under software control. 

4 3 2 1 o 
OFDS 

Reset Value = XXXXXXXOH 

signal. Four clock frequencies and four serial interface 
timing modes are provided through the SEP Control 
Register. 

Three SFRs are used for the Serial Expansion Port. The· 
SEPCON register controls the operation of the SEP 
while the SEPSTA register returns the status of the 
SEP operation. The data is exchanged through the 
SEPDATregister. 

4 

SEPCON I X I X 

5 

SEPE I SEPREN I 
3 

CLKP 

2 

CLKPH SEPS1 

o 
SEPSO 

(Read/Write) Address = D7H 

Not Bit Addressable 
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Reset Value = XXOOOOOOB 



Symbol 

-
-
SEPE 

SEPREN 

CLKP 

CLKPH 

SEPS1 

SEPSO 

SEPS1 SEPSO 

0 0 

0 1 

1 0 

1 1 

HARDWARE DESCRIPTION OF THE 8XC51GA 

Position Function 

SEPCON.7 Not Used 

SEPCON.6 Not Used 

SEPCON.5 SEP Enable: 1 = Enable, 0 = Disable with 
SEPIO and SEPCLK tri-stated 

SEPCON.4 SEP Receive Enable: 1 = Enable 
0= Disable 

SEPCON.3 Clock Polarity: 0 = Idle Polarity is Low 
1 = Idle Polarity is High 

SEPCON.2 Clock Phase: 0 = Start Data Sample on 
First SEPCLK Edge 
1 = Start Data Sample on SEPCLK 
Edge Half Phase Later 

SEPCON.1 See SEPS1 /SEPSO Chart, Figure 4 

SEPCON.O See SEPS1 /SEPSO Chart, Figure 4 

Figure 3. SEPCON: Serial Expansion Port Control Register 

XTAL 
Divided by 

12 

24 

48 

96 

Freq. 
(@12 MHz) 

1.000 MHz 

500 KHz 

250 KHz 

125 KHz 

output is low, and if CLKP = 1 the idle state of the 
SEPCLK output is high. 

Figure 4. User Selectable Clock Frequencies 

The CLKPH bit controls the point in time at which the 
input data is sampled. If CLKPH = 0 the data is sam
pled for 8 cycles starting from the first SEPCLK tran
sition edge. If CLKPH = 1 the data is sampled for 8 
cycles starting from the transition edge one-half phase 
later from the first SEPCLK transition edge. The four 
combinations of the CLKP and CLKPH bits allow four 
different serial interface timings as shown in the follow
ing diagram. No matter which timing is chosen, the 
data will always be transmitted a half cycle ahead of the 
sampling edge. (See Figure 5.) 

Reset disables the SEP by resetting the enable bit, 
SEPE. When SEPE is set by the software, the SEPCLK 
will assume the idle state controlled by the CLKP bit. 
If CLKP = 0 the idle state of the SEPCLK clock 

CLKP CLKPH 

" '" SEPCLK 

SEPCLK 

'" SEPCLK 

SEPCLK 

SEPia 

DATA 
SAMPLED 

..... ~ 
I 

••• g. n ___ _ 
I ..... n.-r-
I 

.•.•. -1 
I I I I I = ..... 0 

MSB I I I LSB 

t t t ..... _...1.... __ _ 

Figure 5. SEP Clock Waveforms 
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Bit 7 6 5 4 3 2 o 
SEPSTA I X I X X I SEPFWR I SEPFRD ISEPIF SEPIP SEPIE 

(Read/Write) Address = F7H 

Not Bit Addressable 

Symbol Position 

- SEPSTA.7 

- SEPSTA.6 

- SEPSTA.5 

SEPFWR SEPSTA.4 

SEPFRD SEPSTA.3 

SEPIF SEPSTA.2 

SEPIP SEPSTA.1 

SEPIE SEPSTA.O 

Reset Value = XXXOOOOOB 

Function 

Reserved 

Reserved 

Reserved 

SEPFWR = 1: SEPDAT Read/Write Attempted 
During Data Transmission 

SEPFRD = 1: SEPDAT Read/Write Attempted 
During Data Reception 

SEPIF = 1: Interrupt Flag Set upon Completion 
of Data Transmission or Reception 

SEPIF = 0: Interrupt Flag Cleared 

SEPIP = 1: SEP Interrupt Priority is High 
SEPIP = 0: SEP Interrupt Priority is Low 

SEPIE = 1: SEP Interrupt Enabled 
SEPIE = 0: SEP Interrupt Disabled 

Figure 6. SEPST A: Serial Expansion Port Status Register 
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Bit 

SEPOAT 
(Read/Write) 

Transmitting 

7 6 

07 06 

MSB 
Address E7H 
Not Bit Addressable 

5 

05 

The SEPIO pin will float until transmit is initiated by 
writing to the SEPDAT register. Note that the Receive 
Enable Bit SEPREN must be cleared before transmit
ting. The data byte that is written to SEPDAT will be 
shifted out through the SEPIO pin, MSB first. At the 
same time, the synchronous clock SEPCLK will be out
put (8 cycles). If an attempt to read or write is made to 
the SEPDAT register during a transmit operation the 
Fault Write Bit SEPFWR will be set. The transmit op
eration will still be completed, and the SEPIF bit will 
be set. SEPFWR can be cleared by software or by a 
reset. 

Receiving 

Data reception is initiated by setting the SEPREN bit 
in the SEPCON SFR. The SEPCLK outputs the syn-. 
chronizing clock, and the data received on the SEPIO 
pin is shifted into SEPDAT. The SEPREN bit is auto
matically cleared after 8 bits have been received. The 
Read Fault bit SEPFRD is set when a read or write to 
the SEPDAT register is attempted during a receive op
eration. The data reception will be completed and the 
false operation will be ignored. The SFRFRD bit can 
be cleared by software or a reset. Note that the input 
data must be stable during the SEPCLK pulse train. 
The source of the transmitted data during a receive op
eration has no control over the clock. 
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4 3 2 o 
04 03 02 01 DO 

LSB 
Reset Value = XXXXXXXXB 

SEP Interrupt 

At the end of either a transmission or reception, the 
SEP interrupt flag SEPIF is set, and if the SEPIE bit 
equals a 1 then an interrupt is generated. The SEPIF bit 
can be set regardless of the state of the SEPIE bit, but 
SEPIF must be cleared by software. 

INTERRUPTS 

The AID interrupt and the Serial Expansion Port inter
rupt have been added to the five standard 8XC5l inter
rupts for a total of seven. When an AID conversion is 
completed, the AID interrupt flag AIF is set. (AIF is 
located in the ADCON register). When the AID inter
rupt vectors to address 0033H, this flag is cleared by 
hardware. The AID interrupt can be enabled or dis
abled by the control bit EAI in the IE register (Figure 
7). The priority level can be set by the control bit PAl 
in the IP register (Figure 8). 

At the end of data transmission or reception in the Seri
al Expansion Port, the SEP interrupt flag SEPIF is set. 
The SEP interrupt is enabled or disabled by the SEPIE 
bit in the SEPST A register. The priority level can be set 
by the SEPIP bit in the SEPSTA register. 



HARDWARE DESCRIPTION OF THE 8XC51GA 

Interrupt Enable Register (IE) 

Bit 7 6 5 4 3 2 1 0 

IE EA EAI X ES ET1 EX1 ETO EXO 
(Read/Write) Address = A8H Reset Value = OOXOOOOOB 

Bit Addressable 

Symbol Position Function 

EA IE.7 EA = 0: Interrupts Globally Disabled 
EA = 1: Interrupts Enabled by the Individual 

Interrupt Control Bits 

EAI IE.6 EAI = 0: AID Interrupt Disabled 
EAI = 1: AID Interrupt Enabled if EA = 1 

X IE.5 Reserved for 8052 Timer 2 Interrupt 

ES IE.4 ES = 0: Serial Port Interrupt Disabled 
ES = 1: Serial Port Ihterrupt Enabled if EA = 1 

ET1 IE.3 ET1 = 0: Timer 1 Interrupt Disabled 
ETO = 1: Tirner 1 Interrupt Enabled if EA = 1 

. EX1 IE.2 EX1 = O:,Externallnterrupt 1 Disabled 
EX1 = 1: External Interrupt 1 Enabled 

ifEA=1 

ETO IE.1 ETO = 0: Timer 0 Interrupt Disabled 
ETO = 1: Timer 0 Interrupt Enabled if EA = 1 

EXO IE.O EXO = 0: External Interrupt 0 Disabled 
EXO = 1: Externalll1terrupt 0 Enabled 

ifEA=1 -
Figure 7. Interrupt Enable Register 
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Interrupt Priority Register (IP) 

Bit 

IP 
(Read/Write) 

Symbol 

X 

PAl 

X 

PS 

PT1 

PX1 

PTO 

PXO 

7 6 

X PAl 

Address = B8H 
Bit Addressable 

Position 

IP.7 

IP.6 

IP.5 

IP.4 

IP.3 

IP.2 

IP.1 

IP.O 

5 

x 
4 3 2 

PS PT1 PX1 PTO 

Reset Value = XOXOOOOOB 

Function 

Reserved 

AID Interrupt Priority Bit 
PAl = 1: High Priority 
PAl = 0: Low Priority 

Reserved for 8052 Timer 2 Interrupt. 

Serial Port I nterrupt Priority Bit 
PS = 1: High Priority 
PS = 0: Low Priority 

Timer 1 Interrupt Priority Bit 
. PT1 = 1: High Priority 

PT1 = 0: Low Priority 

External Interrupt 1 Priority Bit 
PX1 = 1: High Priority 
PX1 = 0: Low Priority 

Timer 0 Interrupt Priority Bit 
PTO = 1: High Priority 
PTO = 0: Low Priority 

External Interrupt 0 Priority Bit 
PXO = 1: High Priority 
PXO = 0: Low Priority 

Figure 8. Interrupt Priority Register 
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Interrupt Priority 

The interrupts are divided into two hardware priority 
levels. depending on the state of the interrupt priority 
bit in the IP register. This divides the interrupts into 
two groups, high and low priority. Also within each 
priority level there is a second priority structure deter
mined by the internal polling sequence. These priorities 
are given below. 

Interrupt Vector Priority 
Source Address Within Level 

INTO 0003H o (Highest) 

TIMER 0 OOOBH 1 

AID 0033H 2 

INn 0013H 3 

Serial 003BH 4 
Expansion Port 

TIMER 1 001BH 5 

Serial Port 0023H 6 (Lowest) 

Note that the vector addresses for the AID and SEP 
interrupts are backwards compatible with the 8XC51 
interrupts. . 

POWER REDUCTION MODES 

The two power reduction modes, Idle and .. Power 
Down, are similar to the 8XC51 with the following ad
ditions: 

In addition to the CPU being disabled !llld the External 
Interrupts, Serial Port, and Timers beiDg enabled dur
ing Idle Mode, the AID Converter, Watchdog Timer, 
arid the Oscillator Fail Detect· circuitry are also en
abled. 

During Power Down Mode, all functions are suspended 
while maintaining the status of the CPU, memory, and 
I/O. The only exit from Power DoWn on the 
8XC51GA is a hardware reset. Note that the Oscillator 
'Fail Detect must be disabled before going into Power 
Down Mode. Otherwise, the OFD logic will cause a 
reset when the oscillator is stopped. This would imme
cliately bring the part out of Power Down Mode. 

SPECIAL FUNCTION REGISTERS 

The following table indicates the layout of the Special 
Function Registers including the addresses and initial 
. values immediately following reset; 

Note that not all of the addresses are occupied. Unoc
cupied addresses are not implemented on the chip. 
Read accesses to these addresses will, in general, return 
random data, and write accesses will have no effect. 

User software should not write 1s to these unimple
mented locations, since they may be used in future 8051 
products to invoke new features. In that case, the reset 
or inactive values of the new bits will always be 0, and 
their active values will be 1. . 
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Table 1. Special Function Register Memory Map and Values after Reset 

FBH 

·B 
00000000 FOH 

ESH 

·ACC 
00000000 EOH 

DSH 

opSW 
00000000 DOH 

CSH 

COH 

°IP 
XOXOOOOO BSH 

·P3 
11111111 BOH 

OlE 
OOXOOOOO ASH 

"P2 OFDCON WDTCON 
11111111 XXXXXXO XXXXXXXX AOH 

·SCON ° SBUF 
00000000 XXXXXXXX 9SH 

• P1 WDTDIS WDTUB 
11111111 XXXXXXXO 00000000 90H 

• TCON "TMOD • TLO ·TL1 • THO • TH1 
00000000 00000000 00000000 00000000 00000000 00000000 SSH 

° PO " SP ° DPL • DPH ADRES WDTLB 
11111111 00000111 00000000 00000000 01111111 00000000 SOH 

NOTES: 
" = Found in the 8051 core "(See 8051 Hardware Description for explanations of these SFRs) 

•• = See description of PCON SFR. Bit PCON.4 is not affected by reset. 
X = Undefined 
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SEPSTA 
XXXOOOOO 

SEPDAT 
XXXXXXXX 

SEPCON 
XXOOOOOO 

ADCON 
XXOOOOOO 

• PCON o. 
OXXXOOOO 

FFH 

F7H 

EFH 

E7H 

DFH 

D7H 

CFH 

C7H 

BFH 

B7H 

AFH 

A7H 

9FH 

97H 

SFH 

S7H 
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87C51 GA/87C51 GA-1/87C51 GA-2 
CHMOS 8-BIT MICROCONTROLLER 

WITH AID CONVERTER AND 4 KBYTES OF EPROM 
87C51GA-3.5 MHz to 12 MHz, Vee = 5V ± 10% 

87C51GA-1-3.5 MHz to 16 MHz, Vee = 5V ± 10% 
87C51GA-2~.5 MHz to 12 MHz, Vee = 5V ± 10% 

8-Channel 8-8it A/D Converter • TTL- and CMOS-Compatible Logic 

Oscillator Fail Detect • Quick-Pulse Programming™ 

16-8it Watchdog Timer • Full-Duplex Serial Channel 

Synchronous Serial Channel • 64K External Program Memory Space 

2-Level Program Memory Lock • 64K External Data Memory Space 

800lean Processor • Idle and Power Down Modes 

128-8yte Data RAM • ONCETM Mode Facilitates System 

32 Programmable I/O Lines Testing 

Two 16-81t Timer/Counters • DIP, CERQUAD and PLCC Packaging 
Available 

7 Interrupt Sources 
Hysteresis on Ports 1 and 3 • High Performance CHMOS EPROM 
Program Memory Lock • 

The 87C51 GA combines all the features of the 87C51 with these additional enhancements: an 8-channel, 8-bit 
A/D converter; a 16-bit watchdog timer; oscillator fail detect circuitry; and a half-duplex synchronous serial 

. port; The 87C51 family features include: 4 Kbytes of EPROM; 128 bytes of RAM; 32 I/O lines; two 16-bit . 
programmable timer/counters; a seven source two-level interrupt structure; a full-duplex serial port; on-chip 
oscillator and clock circuitry; and two power reduction modes. The 80C51GA is the ROMless part and the 
83C51GA is the masked ROM part. 

The 87C51 GA is fabricated on Intel's CHMOS II-E process and is functionally compatible with the standard 
8051 Family of HMOS and EPROM products. CHMOS II-E is a technology which combines the high speed and 
density characteristics of HMOS with the low power attributes of CMOS. This combination expands the effec
tiveness of the powerful 8051 architecture and instruction set. 

The 87C51GAEPROM array uses a mnrlifil3d Qu!ck-P!.!!se Program:-r:!r:g Algo,ithm, by whie" tile elliire 4-Kbyte 
array can be programmed in about 12 seconds. The on-chip Program Memory is electrically programmed and 
can be erased by exposure to ultra-violet light. 

The extremely low operating power, along with the two software selectable reduced power modes, Idle and 
Power Down, make this part very suitable for low power applications. The Idle mode freezes the CPU while 
allowing the RAM, timer/counters, serial port, AID converter, watchdog timer, oscillator fail detect and inter
rupt system to continue functioning. The Power Down mode saves the RAM contents but freezes the oscilla
tor, causing all other chip functions to be inoperative. 
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Figure 1. Block Diagram 
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87C51GA/87C51GA·1/87C51GA·2 

PACKAGES 
Part Prefix Package Type 

87C51 GAl C 48-Pin Ceramic 
87C51GA-11 P 48-Pin Plastic 
87C51GA-2 N 52-PinPLCC 

J 52-Pin Cerquad 

Dual-In-Llne Package 

ACH4 

AVREF 

AVss 

PLO/ACHO 

Plo2/ACH2 

Plo5 

PloS 

PI.7 

RST 

P3.0/RXD 

P3.I/TXD 

P3.2/INTO 

P3.3/INTI 

P3.4/TO 

P3.5/TI 

P3.S!WR 

P3.7/iffi 

XTAL2 

XTALI 

Vss 

Top View 

ACHS 

ACH7 

SEPIO 

SEPCLK 

vee 
PO.O 

PO.I 

PO.2 

PO.3 

PO.4 

PO.5 

PO.S 

PO.7 

EA/Vpp 
ALE/PROG 

PSEN 

P2.7 

P2.S 

P2.5 

P2.4 

P2.3 

P2.2 

P2.1 

270562-2 

INDEX 
CORNER 

P3.0/RXD 

P3.I/TXD 

P3.2/INTO 

P3.3/INTI 

P3.4/TO 

NC 

PLCC/CERQUAD 

Top View 

PO.2 

PO.3 

PO.4 

PO.5 

PO.S 

PO.7 

NC 

NC 

EA/Vpp 
ALE/PROG 

PSEN 

P2.7 

P2.S 

270562-3 

Figure 2. Pin Connections 

PIN DESCRIPTION 

Vee: Supply voltage during normal, Idle, and Power 
Down operations. 

Vss: Circuit ground. 

AVREF: Analog reference voltage. 

AVss: Analog ground. 

Port 0: Port 0 is an 8-bit open drain bidirectional 1/0 
port. As an output port each pin can sink 8 LS TIL 
inputs. Port 0 pins that have 1 s written to them float, 
and in that state can be used as high-impedance 
inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during· accesses to external Program and 
Data Memory. In this application it uses strong inter
nal pullups when emitting 1 s. 

Port 0 also receives the code bytes during EPROM 
programming, and outputs the code bytes during 
program verification. External pull up resistors are re
quired during program verification. 

Port 1: Port 1 is an 8-bit 1/0 port with internal pull
ups on the 4 high-order bits which can be used for 
normal 1/0. The 4 low-order bits are shared with 4 of 
the analog inputs and as such, are input only. High
order Port 1 pins that have 1 s written to them are 
pulled high by the internal pullups, and in that state 
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can be used as inputs. As inputs, Port 1 pins that are 
externally being pulled low will source current (IlL on 
the data sheet) because of the internal pullups. Out
puts to the 4 low-order bits have no effect and are 
ignored. Port 1 inputs are equipped with Schmitt trig
ger logic with 400 mV of hysteresis and TTL compat-. 
ible input specifications. Port 1 1/0 is explained in 
the following list: 

P1. 7 -quasi-bidirectional 
P1.6-quasi-bidirectional 
P1.5-quasi-bidirectional 
P1.4-quasi-bidirectional 
P1.3-digital input! ACH3-Analog CHannel 3 
P1.2-digital input! ACH2-Analog CHannel 2 
P1.1-digital input/ACH1-Analog CHannel 1 
P1.0-digital input! ACHO-Analog CHannel 0 

Port 1 also receives the low-order address bytes 
during EPROM programming and program verifica
tion. 

ACH4-ACH7: Analog CHannel 4-7. These are the 
four high-order analog inputs which have dedicated 
input pins. 

Port 2: Port 2 is an 8-bit bidirectional 1/0 port with 
internal pullups. Port 2 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

Port 2 emits the high-order address byte during 
fetches from external Program memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX @DPTR). In this application it 
uses strong internal pull ups when emitting 1 s. 

During accesses to External Data Memory that use 
8-bit addresses (MOVX @Ri), Port 2 emits the con
tents of the P2 Special Function Register. 

Port 2 also receives some control signals and the 
high-order address bits during EPROM programming 
and program verification. 

Port 3: Port 3 is an 8-bit bidirectional 1/0 port with 
internal pullups. Port 3 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the pull
ups. Port 3 inputs are equipped with Schmitt Trigger 
logic with 400 mV of hysteresis and TTL compatible 
input specifications. 

Port 3 also serves the functions of various special 
features of the 8051 Family, as listed below: 

Pin Name Alternate Function 

P3.0 RXD Serial Input Line 
P3.1 TXD Serial Output Line 
P3.2 INTO External Interrupt 0 
P3.3 INT1 External Interrupt 1 
P3.4 TO Timer 0 External Input 
P3.5 T1 Timer 1 External Input 
P3.6 WR External Data Memory Write Strobe 
P3.7 RD External Data Memory Read Strobe 

SEPIO: Serial Expansion Port 1/0 bit. This bit is an 
output for transmission and an input for reception of 
half-duplex synchronous serial data. 

SEPCLK: Serial Expansion Port Clock (Output-only). 
This clocking signal is an output for transmission 
and reception of synchronous serial data. 

RST: Reset Input. A logic high on this pin resets the 
device. An internal pulldown resistor permits a pow
er-on reset to be generated using only an external 
capacitor to Vee. 

ALE/PROG: Address Latch Enable output signal for 
latching ~he low byte of the address during accesses 
to external memory. This pin is also the program 
pulse input (PROG) during EPROM programming. 

In normal operation ALE is emitted at a constant 
rate of % the oscillator frequency, and may be used 
for external timing or clocking purposes. Note, how
ever, that one ALE pulse is skipped during each ac
cess to External Data Memory. 

PSEN: Program Store Enable is the Read strobe to 
External Program Memory. When the 87C51GA is 
executing from Internal Program Memory, PSEN is 
inactive (high). When the device is executing code 
from External Program Memory, PSEN is activated 
twice each machine cycle, except that two PSEN 
activations are skipped during each access to Exter
nal Data Memory. 

EA/Vpp: External Access Enable. EA must be 
strapped to Vss in order to enable the 87C51 GA to 
fetch code from External Program Memory locations 
starting at OOOOH up to FFFFH. Note, however that if 
either of the Lock Bits is programmed, the logic level 
at EA is internally latched during reset. 

EA must be strapped to Vee for internal program 
execution. 
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This pin also receives the 12.75V programming sup
ply voltage (Vpp) during EPROM programming. 

XTAL 1: Input to the inverting oscillator amplifier and 
input to the internal clock generating circuits. 

XTAL2: Output. from the inverting oscillator amp
lifier. 

XTAL2 

XTAL 1 

t-------I vss 

270562-4 

Figure 3. Using the On-Chip Oscillator 

OSCILLATOR CHARACTERISTICS 

~ AL 1 and XTAL2 are the input and output, respec
tively, of an inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. 

To drive the device from an external clock source, 
XT AL 1 should be driven, while XT AL2 is left uncon
nected, as shown in Figure 4. There are no require
":lents on t~e duty cycle of the external clock signal, 
since the Input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the data 
sheet must be observed. 

iDLE iviODE 

In Idle Mode, the CPU puts itself to sleep while all 
the on-chip peripherals remain active. The mode is 
invoked by software. The content of the on-chip 
RAM and ali the Special Function Registers remain 

NC XTAL2 

EXTERNAL 
OSCILLATOR ----I XTAL 1 

SIGNAL 

vss 

270562-5 

Figure 4. External Clock Drive 

unchanged during this mode. The Idle Mode can be 
terminated by any enabled interrupt or by a hard
ware reset. Note that the Watchdog Timer is active 
during Idle Mode. See Design Considerations. 

POWER DOWN MODE 

In Power Down Mode, the oscillator is stopped and 
all on-chip functions cease except that the on-chip 
RAM content is maintained. The mode is invoked by 
software. The Oscillator Fail Detect circuitry should 
be disabled before entering Power Down. 

The Power Down Mode can be terminated only by a 
hardware reset. The reset should not be activated 
before Vee is restored to its normal operating level 
and must be held active long enough to allow. the 
oscillator to restart and stabilize. 

AID Converter 

The AID Converter is an a-bit successive approxi
mation device with the following features: . 

a User Selectable Analog Input Channels 
User Selectable Internal Sample and Hold 
User Selectable Conversion Speed Control 
Nominal Conversion Speed: 22 ,""S at 12 MHz 
Accuracy ± 1 LSB (LSB = 20 mY) 
Input Signal Range, Nominally OV to 5V 
(AVss to VREF) 

Interrupt Driven 

Table 1. Status of the External Pins during Idle and Power Down Modes 

Mode 
Program 

ALE PSEN PortO Port 1 Port 2 
Memory 

Port 3 

Idle Internal 1 1 Data Data Data Data 

Idle External 1 1 Float Data Address Data 

Power Down Internal 0 0 Data Data Data Data 

Power Down External 0 0 Float Data Data Data 
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Like all 8051 Family functions, the AID converter is 
controlled by reads and writes to the Special Func

, tion Registers. Refer to the "Hardware Description 
of the 8XC51GA" for further information. 

Watchdog Timer (WDT) 

The Watchdog Timer provides the ability to recover 
from hardware or software malfunctions by forcing 
the part into reset. It has the following features: 

16-bit Synchronous Counter; Counts Machine 
Cycles 

Asynchronous Reset when Counter = FFFFH 
(65.5 ms at 12 MHz) 

Cleared and Initiated by Reset or Software Clear 
Operates in Normal and Idle Mode 

Oscillator Fail Detect (OFD) 

The Oscillator Fail Detect circuitry triggers a reset if 
the oscillator frequency is lower than the OFD trig
ger frequency. It can be disabled by software during 
Power Down Mode and has the following features. 

OFD Trigger Frequency: 20 KHz to 400 KHz 
Asynchronous Reset for at Least 4 Machine 

Cycles 
Functions in Normal and Idle Modes 
Reactivated by Reset after Software Disable 

Serial Expansion Port (SEP) 

The Serial Expansion Port is a half-duplex synchro
nous serial interface with the following features: 

Four Clock Frequencies 
-XTAL/12 
-XTAL/24 
-XTALl48 
-XTALl96 

Four Interface Modes 
-Rising Edges 
-Falling Edges 
-High Level 
-Low Level 

Interrupt Driven 

ONCETM MODE 

The ONCE ("On-Circuit Emulation") Mode facilitates 
testing and debugging of systems using the 
87C51GA without the 87C51GA having to be re
moved from the circuit. The ONCE Mode is invoked 
by: 

1. Pulling ALE low while the device is in reset and 
PSEN is high; 

2. Holding ALE low as RST is deactivated. 

While the device is in the ONCE Mode, the Port 0 
pins go into a float state, and the other port pins and 
ALE and PSEN are weakly pulled high. The oscilla
tor circuit remains active. While the 87C51 GA is in 
this mode, an emulator or test CPU can be used to 
drive the circuit. Normal operation is restored when 
a normal reset is applied. 

DESIGN CONSIDERATIONS 

It should be noted that when Idle Mode is terminated 
by a hardware reset, the device normally resumes 
program execution, from where it left off, up to two 
machine cycles before the internal reset algorithm 
takes control. On-Chip hardware inhibits access to 
internal RAM in this event, but access to the port 
pins is not inhibited. To eliminate the possibility of an 
unexpected write to a port pin when Idle is terminat
ed by reset, the instruction following the one that 
invokes Idle should not be one that writes to a port 
pin or to external memory. 

During Idle Mode, the Watchdog Timer must periodi
cally be reset under program control to hold off a 
Watchdog timeout from generating a device reset. 

Ambient light is known to affect the internal memory 
.contents during operation. If the 87C51 GA applica
tion requires the part to be run under ambient light
ing, an opaque label should be placed over the win
dow to, exclude light. 

In this device, ports are reset asynchronously: Port 0 
resets to a high impedance (floating) and Ports 1.4-
1.7, Port 2 and Port 3 reset to an output high even in 
the absence of an active internal clock .. The 8 ana
log inputs, ACHO-7, are input-only high-impedance 
(tri-state) inputs. 
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ABSOLUTE MAXIMUM RATINGS (1) 

Ambient Temperature under Bias .... o·C to + 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin to Vss ... -0.5V to Vee + 0.5V 

Voltage on Vee to Vss ........... - 0.5V to + 6.5V 

Maximum IOl per I/O Pin .................. 15 mA 

Power Dissipation ......................... 1.0W· 

• Based on package heat transfer limitations, not device power con
sumption. 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE' Specifications contained within the 
fol/owing tables are subject to change. 

ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN INFORMATION 

DC CHARACTERISTICS TA= O·Cto +70·C;Vee = 5V±10%, vss= OV 

Symbol Parameter Limits Unit Test Conditions 
Min Max 

VT+ High-Going Threshold (Ports 1, 3) 1.1 (3) 2.0 V 

VT- Low-Going Threshold (Ports 1, 3) 0.6 1.2 (3) V 

VHYS Hysteresis (Ports 1, 3) 0.4 (3) . V 

Vil Input Low Voltage (except EA) -0.5 0.2 Vee - 0.1 V 

VIL1 Input Low Voltage (EA) -0.5 0.2 Vee - 0.3 V 

VIH Input High Voltage 0:2 Vee + 0.9 Vee + 0.5 V 
(except XT AL 1, RST) 

VIH1 Input High Voltage 0.7 Vee Vee + 0.5 V 
(XT AL 1, RST) 

VOL Output Low Voltage (4) 0.3 V IOl = 100 ",A (1) 
(Ports 1, 2, 3) 0.45 V IOl = 1.6 mA (1) 

1.0 V IOl = 3.5 mA (1) 
\/_ .. rot .......... I _ ••• \1_1. ___ (A\ 0.3 V iOl = 200 ",A iij 'ULl '-'ULI""UL L..VVY vvna~t:: \ '/ 

(Port 0, ALE, PSEN) 0.45 V IOl = 3.2 mA (1) 

1.0 V IOl = 7mA(1) 

VOH Output High Voltage Vee - 0.3 V IOH = -10 ",A 
(Ports 1, 2, 3) 

Vee - 0.7 V IOH = -30 ",A 

Vee- 1.5 V IOH = -60 ",A 

VOH1 Output High Voltage Vee - 0.3 V IOH = -200 ",A 
(Port 0 in Ext Bus Mode, Vee - 0.7 V IOH = -3.2mA 
ALE, PSEN) (2) 

Vee- 1.5 V IOH = -6.5 mA 

III Logical 0 Input Current -50 ",A VIN = 0.45V 
(Ports 1, 2, 3) 

ITl Logical 1 to 0 Transition -650 p.A VIN = 2V 
(Ports 1, 2, 3) 
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ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN·IN INFORMATION 

DC CHARACTERISTICS TA= O°Cto +70°C; vee = 5V ±10%, vss= OV (Continued) 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Max 

III Input Leakage Current ±10 /LA o < VIN < Vee - 0.3V 
(Ports 0, EA) 

ILl1 Input Leakage Current ±3 /LA 0< VIN < VREF 
(ACHO-7) 

RRST Reset Pulldown Resistor 50 225 K!l 
CIO Pin Capacitance 10 pF Test Freq. = 1 MHz 

TA = 25°C 

Power Supply Current 

Icc Operating, 12 MHz (5) 40 mA 

IDL Idle Mode, 12 MHz (5) 10 mA (5) 

IpD Power Down Mode TBD /LA 
IREF Reference Voltage = 5.12V 10 mA 

NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 
1-to-0 transitions during bus operations. In the worst case (capacitive loading> 100 pF), the noise pulse on the ALE line 
may exceed O.BV. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a 
Schmitt Trigger STROBE input. 
2. During reset, VOH1 for ALE and PSEN may fall below the specified value. 
3. VT + min and VT - max cannot occur together in the same part as hysteresis is guaranteed to be 400 mV Minimum. See 
Figure 5. 
4. Unde( steady state (non-transient) conditions, IOL must be externally limited as follows: 

Maximum IOL per port pin: 10 mA 
Maximum IOL per B-bit port-

PortO: 26 mA 
Ports 1, 2, and 3: 15 mA 

Maximum total IOL for all output pins: 71 mA 
If IOL exceeds the test condition, VOL may exceed the related specification. 
Pins are not guaranteed to sink current greater than the listed test conditions. 
5. See Figure 6. 
6. See Figures 7 through 10 for lee test conditions. Minimum Vee for Power Down mode is 2.0V. 

V 
o 

2.0 

L 1.0 
T 
S 

0.0 

LOW vee (4.5 V) 
HIGH TEMP 

TYPICAL Vee (5.0V) 
ROOM TEMP 

HIGH Vec (5.5 V) 
LOW TEMP 

Figure 5. Port 1 and 3 Hysteresis 
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O~~----~------~------~------~ o MHz 4. MHz B MHz 

Icc Max al other frequencies is given by: 
Active Mode 

Icc MAX = 3.0 X FREQ + 4.1 
Idle Mode 

Icc MAX = 0.65 X FREQ + 2.1 

12 MHz 

Where FREQ is in MHz, Icc Max is given in rnA. 

16 ... Hz 

270562-6 

Figure 6. Icc vs Frequency valid only within 
frequency specifications of the device under 

test. 

Vee 

r--_--i'ee~ V 

V:: ¢=f 
RST EA 

XTAL2 
XTAL1 
vss 

270562-7 

Figure 8. Icc Test Condition, Idle Mode. 
A" other pins are disconnected. 

Vee-0.5 - - - - - - -:r~~---"" 
0.7 Vee 

0.45V ---'10.2 Vee-a. 1 
TCHCL 

270562-8 

Figure 7. Icc Test Condition, Active Mode. 
A" other pins are disconnected. 

PO 

RST EA 

XTAL2 
XTAL1 
Vss 

270562-9 

Figure 10. Icc Test Condition, 
Power Down Mode. Vcc = 2.0V to 5.5V 

270562-10 

Figure 9. Clock Signal Waveform for Icc tests in Active and Idle Modes. TCLCH = TCHCL = 5 ns 

10-20 



87C51GA/87C51GA-1/87C51GA-2 

Explanation of the AC Symbols 

Each timing symbol has 5 characters. The first char
acter is always a "T" (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

A: Address 
C: Clock 
D: Input data 

L: Logic level LOW, or ALE 
P: PSEN 
Q: Output data 
R: RD signal 
T: Time 
V: Valid 
W:WR signal 
X: No longer a valid logic level 
Z: Float 

Example: 

H: Logic level HIGH 
I: Instruction (program memory contents) 

TAVLL = Time for Address Valid to ALE Low. 
TLLPL = Time for ALE Low to PSEN Low. 

AC ELECTRICAL CHARACTERISTICS 

TA = O°C to + 70°C, Vee = 5V ±10%, Vss = OV, load capacitance for port 0, ALE, and PSEN = 100 pF, 
load capacitance for all other outputs = 80 pF 

ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN INFORMATION 

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS 

Symbol Parameter 
12 MHz Clock Variable Clock 

Unit 
Min Max Min Max 

1/TCLCL Oscillator Freqquency 
87C51GA 3.5 12 
87C52GA-1 3.5 16 MHz 
87C51GA-2 0.5 12 

TLHLL ALE Pulse Width 127 2 TCLCL - 40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL - 40 ns 

TLLAX Address Hold after ALE Low 53 TCLCL - 30 ns 

TLLlV ALE Low to Valid Instr In 234 4 TCLCL - 100 ns 

TLLPL ALE Low to PSEN Low 53 TCLCL - 30 ns 

TPLPH PSEN Pulse Width 205 3 TCLCL - 45 ns 

TPLIV PSEN Low to Valid Instr In 145 3 TCLCL - 105 ns 

TPXIX Input Instr Hold after PSEN 0 0 ns 

TPXIZ Input Instr Float after PSEN 59 TCLCL - 25 ns 

TAVIV Address to Valid Instr In 312 5 TCLCL - 105 ns 

TPLAZ PSEN Low to Address Float 10 10 ns 

TRLRH RD Pulse Width 400 6 TCLCL - 100 ns 

TWLWH WR Pulse Width 400 6 TCLCL - 100 ns 

TRLDV RD Low to Valid Data In 252 5 TCLCL - 165 ns 

TRHDX Data Hold after RD 0 0 ns 

TRHDZ Data Float after RD 107 2 TCLCL - 60 ns 

TLLDV ALE Low to Valid Data In , 517 8 TCLCL - 150 ns 

TAVDV Address to Valid Data In 585 9 TCLCL - 165 ns 
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ADVANCED INFORMATION-CONTACT INTEL FOR DESIGN-IN' INFORMATION 

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS (Continued) 

Symbol Parameter 
12MHzClock Variable Clock 

Unit 
Min Max Min Max 

TLLWL ALE Low to RD or WR Low 200 300 3 TCLCL - 50 3 TCLCL +50 ns 

TAVWL Address Valid to RD or WR Low 203 4 TCLCL - 130 ns 

TOVWX Data Valid to WR Transition 33 TCLCL - 50 ns 

TWHOX Data Hold after WR 33 TCLCL - 50 ns 

TRLAZ RD Low to Address Float 0 0 ns 

TWHLH RD or WR High to ALE High 43 123 TCLCL - 40 TCLCL + 40 ns 

TOVWH Data Valid to WR High 433 7TCLCL - 150 ns 

EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE __ J 

PSEN --'" 
PORT 0 __ -" 

PORT 2 A8 - A15 
---,----~~~----'~~-~~~----

270562-11 

EXTERNAL DATA MEMORY READ CYCLE 

ALE 

PSEN 
t-------TLLDV 'I 

--t----- TRLRH --+I 

PORTO INSTR. IN 

PORT 2 P2.0-P2.7 OR A8-A15 fRat.! DPH A8-A15 fRat.! PCH _-'l~ ____________ ~_J~ __ ~~~~ __ 

270562-12 
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EXTERNAL DATA MEMORY WRITE CYCLE 

ALE 

,--+---lWLWH-,---l 

~--+--TQVWH-----~ 

PORTO DATA OUT INSTR. IN 

PORT2 P2.0-P2.7 OR AB-AI5 FROM DPH AB-AI5 FROM PCH 

EXTERNAL CLOCK DRIVE WAVEFORM 

270562-14 

A.C. TESTING INPUT: 
INPUT, OUTPUT WAVEFORMS 

INPUT AC LEVELS 

:::x:: 2•4V 

O.45V 

OUTPUT AC LEVELS 

~Vcc 
~Ov 

270562-16 

Input timings are driven at 2.4V lor a logic "I" and 0.45V lor a 
logic "0". Output timing measurements are made at 0.7 Vee for a 
logic "I" and O.BV lor a logic "0". 

270562-13 

EXTERNAL CLOCK DRIVE 

Symbol Parameter Min Max Unit 

1/TClCl Oscillator Frequency 
87C51GA 3.5 12 
87C51GA-1 3.5 16 MHz 
87C51GA-2 0.5 12 

TCHCX High Time 20 ns 

TClCX low Time 20 ns 

TClCH Rise Time 20 ns 

TCHCl Fall Time 20 ns 

FLOAT WAVEFORM 

10-23 
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For timing purposes a port pin is no longer lIoating when a 100 
mV change Irom load voltage occurs, and begins to lIoat when a 
100 mV change from the loaded VOHIVOL level occurs. IOL"oH 
" ±20mA. 
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SERIAL TIMING-SHIFT REGISTER MODE 
TestConditions:TA = O·Cto 70·C; Vee = 5V ±10%, Vss = OV;LoadCapacitance = 80pF 

Symbol Parameter 

TXLXL Serial Port Clock Cycle Time 

TQVXH Output Data Setup to Clock Rising Edge 

TXHQX Output Data Hold after Clock Rising Edge 

TXHDX Input Data Hold after Clock Rising Edge 

TXHDV Clock Rising Edge to Input Data Valid 

SHIFT REGISTER MODE TIMING WAVEFORMS 

INSTRUCTION I 
ALE 

CLOCK 

o 

12 MHzOsc. 

Min Max 

1.0 

700 

50 

0 

700 

Variable Oscillator 
Unit 

Min Max 

12 TCLCL f.Ls 

10 TCLCL - 133 ns 

2 TCLCL - 117 ns 

0 ns 

10 TCLCL - 133 ns 

7 8 

OUTPUT DATA ~~O~~~ __ ~~~~~JX~~~JX~ __ ~JX~~~JX 6 X 7 7 
I t 

WRITE TO SBUF SET TI ' 
INPUT DATA -----..... ,-'\.~-...IJ ........,'~--..r-'""r........,'~--..r-"""-',----., ,..---.. . ..-..... ,-',----.,,---..1 

I 
CLEAR RI 
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A TO D CHARACTERISTICS 

The absolute conversion accuracy is dependent on 
the accuracy of VREF. The specifications given be
low assume adherence to the Operating Conditions 
section of this data sheet. Testing is done at 
VREF = 5.12V. 

An AID Glossary of Terms is available at the end of 
this data sheet. 

AID CONVERTER SPECIFICATIONS 
Parameter Minimum 

Resolution 256 
8 

Absolute Error 0 

Full Scale Error 

Zero Offset Error 

Non-Linearity 0 

Differential Non-Linearity 0 

Channel-to-Channel Variation 0 

Repeatability 

Temperature Coefficients: 
Offset 
Full Scale 
Differential Non-Linearity 

Off Isolation 

Feedthrough 

Vee Power Supply Rejection 

Input Resistance 1K 

D.C. Input Leakage 0 

NOTES: 
• These values are expected for most parts at 25°e 

OPERATING CONDITIONS 

Vee, VREF .......................... 4.5Vto 5.5V 

vss, AVss .................................. ov 

ACHO-7 .......................... AVss to VREF 

TA ............................... 0°Cto +70°C 

Fose ....................... 0.5 MHz to 16.0 MHz 

Test Conditions: VREF ..................... 5.12V 
Vee ....................... 5.0V 

Typical. Maximum Unit" Notes 

256 Levels 
8 Bits 

±1 LSB 

-0.5 ± 0.5 LSB 

±0.5 LSB 

±1 LSB 

±% LSB 

±0.4 LSB 

±0.25 LSB 

0.003 LSB/oC 1 
0.003 LSBrC 1 
0.003 LSBrC 1 

-60 dB 1,2,3 

-60 dB 1,2 

-60 dB 1,2 

5K n 1 

3.0 p.A 

•• An "LSB", as used here, has a value of approximately 20 mY. 
1. These values are not tested in production and are based on theoretical estimates and laboratory tests. 
2. De to 100 KHz 
3. Multiplexer Break-Before-Make Guaranteed. 
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EPROM CHARACTERISTICS 

The 87C51GA is programmed by a modified Quick
Pulse Programming algorithm. It differs from older 
methods in the value used for Vpp (Programming 
Supply Voltage) and in the width and number of the 
ALE, PROG pulses. 0 o. 

The 87C51GA contains two signature bytes that can 
be read and used by an EPROM programming sys
tem to identify the device. The signature bytes iden-

tify the device as an 87C51GA manufactured by In-
tel. . 

Table 2 shows the logic levels for reading the signa
ture byte, and for programming the Program Memo
ry, the Encryption Table, and the Lock Bits. The cir
cuit configuration and waveforms for Quick-Pulse 
Programming are shown in Figures 11 and 12. Fig
ure 13 shows the circuit configuration for normal 
Program Memory verification. 

Table 2. EPROM Programming Modes 

Mode 

Read Signature 

Program Code Data 

Verify Code Data 

Pgm Encryption Table 

Pgm Lock Bit 1 

pgm Lock Bit 2 

NOTES: 
"I" = Valid high for that pin 
"0" = Valid low for that pin 

RST 

1 

1 

1 

1 

1 

1 

PSEN· ALEI 
PROG 

0 1 

0 O· 

0 1 

0 O· 

0 o· 
0 O· 

EAI 
P2.7 P2.6 P3.7 P3.6 

Vpp 

1 0 0 0 0 

Vpp 1 0 1 1 

1 0 0 1 1 

Vpp 1 0 1 0 

Vpp 1 1 1 1 

Vpp 1 1 0 0 

"Vpp" = + 12.75V ±0.25V .. 
·ALE/~ receives 25 programming pulses while Vpp is held at 12.75V. Each programming pulse Is low for 100 jJ.s (±5 
jJ.s) and high for a minimum 0110 jJ.s. 

--"RST 

--"P3.6 

--"P3.7 

__ ---I XTAL2 

L-.... -;t--I XTAL 1 

Vss 

tA/Vppl+---+12.75V 

o ALE/PROG 1+---25 100 J.'s PULSES TO GND 

87C51 GA P!EN 0 

P2.71+-----

P2.61+--0 

P2.0 .IL--A8--A 11 
-P2.3 

Figure 11. Programming Configuration 
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1 
r------25 PULSES 'I 

ALE/PROG:~-----WUUU-
'----"' 

1'--. 
10 ... M'N1I' 100~. 

'I :t1C ... 

ALE/PROG: 01 n n 
270562-19 

Figure 12. PROG Waveforms 

Quick-Pulse Programming™ 

The setup for Microcontroller Quick-Pulse Program
ming is shown in Figure 11. Note that the 87C51 GA 
is running with a 4 MHz to 6 MHz oscillator. The 
reason the oscillator must be running is that the de
vice is executing internal address and program data 
transfers. 

The address of the EPROM location to be pro
grammed is applied to Ports 1 and 2, as shown in 
Figure 11. The code byte to be programmed into 
that location is applied to Port O. RST, PSEN, and 
pins of Ports 2 and 3 specified in Table 2 are held at 
the "Program Code Data" levels indicated in Table 
2. Then ALE/PROG is pulsed low 25 times as 
shown in Figure 12. 

To program the Encryption Table, repeat the 25-
pulse programming sequence for addresses 0 

.--_---1 XTAL 2 

L.... .... -..;~-I XTAL 1 

Vss 

through 1 FH, using the "Pgm Encryption Table" lev
els. Don't forget that after the Encryption Tab)e is 
programmed, verify cycles will produce only encrypt
ed data. 

To program the Lock Bits, repeat the 25-pulse pro
gramming sequence using the "Pgm Lock Bit" lev
els. After one Lock Bit is programmed, further pro
gramming of the Code Memory and Encryption Ta
ble is disabled. However, the other Lock Bit can stili 
be programmed. 

Note that the EAlVpp pin must not be allowed to go 
above the maximum speCified Vpp level for any 
amount of time. Even a narrow glitch above that volt
age level can cause permanent damage to the de
vice. The Vpp source should be well regulated and 
free of glitches and overshoot. 

87C51GA 

+5V 

1---1-''\ PGM 
--~/DATA 

270562-20 

Figure 13. Program Verification 
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Program Verification 

If Lock Bit 2 has not been programmed, the on-chip 
Program Memory can be read out for program verifi
cation. The address of the Program Memory location 
to be read is applied to Ports 1 and 2 as shown in 
Figure 13. The other pins are held at the "Verify 
Code Data" levels indicated in Table 2. The con
tents of the addressed location will be emitted on 
Port o. External pullups are required on Port 0 for 
this operation. Detailed timing specifications are 
shown in later sections of this data sheet. 

If the Encryption Table has been programmed, the 
data presented at Port 0 will be the Exclusive NOR 
of the program byte with one of the encryption bytes. 
The user will have to know the Encryption Table 
contents in order to correctly· decode the verification 
data. The Encryption Table itself cannot be read out. 

Program/Verify Algorithms 

Any algorithm in agreement with the conditions list
ed in Table 2, and which satisfies the timing specifi
cations, is suitable. 

EPROM Program Lock 

The two-level Program Lock system consists of two 
Program Lock bits and a 32 byte Encryption Array 
which are used to protect the program memory 
against software piracy. 

Encryption Array 

Within the EPROM array are 32 bytes of Encryption 
Array that are initially unprogrammed (all 1's). Every 
tirno thl"ll+ "" h.d .... : ................. ____ .... -I • • _: ___ • • __ !L. - ,. ~.I 

...... W' ... W\ ~ """"Ii;; 1.;11 auul'Q'a;;:)'Wu UUIIII\:I a Vt:lIIIY, ::J tlU-

dress lines are used to select a byte of the Encryp
tion Array. This byte· is then exclusive-NOR'ed 
(XNOR) with the code· byte, creating an Encrypted 
Verify byte. The algorithm, with the array in the un
programmed state (all 1's), will return the code in it's 
original, unmodified form. 

Program Lock Bits 

Also included in the EPROM Program Lock scheme 
are two Program Lock Bits which are programmed 
as shown in Table 2. 

Table 3 outlines the features of programming the 
Lock Bits. 

Erasing the EPROM also erases the Encryption Ar
ray and the Program Lock Bits, returning the part to 
full functionality. 

Table 3. Program Lock Bits and their Features 

Program 
Lock Bits Logic Enabled 

LB1 LB2 

U U No Program Lock features 
enabled. (Code Verify will still be 
encrypted by the Encryption 
Array.) 

P U MOVC instructions executed from 
external program memory are 
disabled from fetching code bytes 
from internal memory, EA is 
sampled and latched on reset, 
and further programming of the 
EPROM is disabled. 

P P Same as above, but Verify is also 
disabled. 

U P Reserved for Future Definition. 

Reading the Signature Bytes 

The signature bytes are read by the same procedure 
as a normal verification of locations 030H and 031 H, 
except that P3.S and P3.7 must be pulled to a logic 
low. The values returned are: 

(030H) = 89H indicates manufactured by Intel 
(031 H) = SOH indicates 87C51 GA 

Erasure Characteristics 

Erasure of the EPROM begins to occur when the 
chip is exposed to light with wavelengths shorter 
than approximately 4,OOOA. Since sunlight and fluo-
r~~;:U~lQnt linhtinn h~\IO \A'O\l.o.lo",..+h~ i .... +hi ......... ___ _u 
- ____ ••• "~"."'CI •• _ .. - ............. _ •• ~ .. II~ II' "111,.;;,0 IQ'I~g, 'QA-

posure to these light sources over an extended time 
(about 1 week in sunlight, or 3 years in room level 
fluorescent lighting) could cause inadvertent era
sure. If an application subjects the device to this 
type of exposure, it is suggested that an opaque la
bel be placed over the window. 

The recommended erasure procedure is exposure 
to ultraviolet light (at 2537A) to an integrated dose of 
at least 15 W-sec/cm2. Exposing the EPROM to an 
ultraviolet lamp of 12,000 p.W/cm2 rating for 20 to 
30 minutes, at a distance of about 1 inch, should be 
sufficient. 

Erasure leaves the array in an all 1 s state. 
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EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS 
TA = 21'C to 27'C, Vee = 5V ± 10% Vss = OV 

Symbol Parameter Min 

Vpp Programming Supply Voltage 12.5 

Ipp Programming Supply Current 

1/TCLCL Oscillator Frequency 4 

TAVGL Address Setup to PROG Low 48 TCLCL 

TGHAX Address Hold after PROG 48 TCLCL 

TDVGL Data Setup to PROG Low 48 TCLCL 

TGHDX Data Hold after PROG 48 TCLCL 

TEHSH P2.7 (ENABLE) HIGH to Vpp 48 TCLCL 

TSHGL Vpp Setup to PROG Low 10 

TGHSL Vpp Hold after PROG 10 

TGLGH PROGWidth 95 

TAVQV Address to Data Valid 

TELQV ENABLE Low to Data Valid 

TEHQZ Data Float after ENABLE 0 

TGHGL PROG High to PROG Low 10 

EPROM PROGRAMMING AND VERIFICATION WAVEFORMS 

PI.D-PI.7 
P2.0-P2.3 

PORT D 

ALE/PROG 

EA/Vpp 

PROGRAMMING" 

ADDRESS 

I 

DATA IN 

TDVGLLI- ... 1+ TGHDX 
TAVGL 25 PULSES I-- TGHAX 

,,",,-f{';'~""''' - ... TGLGH - TGHSL 

/ \ LOGIC I 

LOGIC 0 

Max 

13.0 

50.0 

6 

105 

48 TCLCL 

48 TCLCL 

48 TCLCL 

VERIFICATION" 

ADDRESS 

-TAVQV 

DATA OUT 

LOGIC I 

Unit 

V 

mA 

MHz 

IJ-s 

IJ-s 

IJ-s 

IJ-s 

----- --------------- ----------
-TEHSH 

P2.7 i 
(ENABLE) ___ I[ 

TELQV-

'For Programming Conditions See Figure 10. 
For Verification Conditions See Figure 12. 
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AID Glossary of Terms 

Absolute Error-The maximum difference between 
corresponding actual and ideal code transitions. Ab
solute Error accounts for all deviations of an actual 
converter from an ideal converter. 

Actual Characteristic-The characteristic of an ac
tual converter. The characteristic of a given convert
er may vary over temperature, supply voltage, and 
frequency conditions. An actual characteristic rarely 
has ideal first and last transition locations or ideal 
code widths. It may even vary over multiple conver
sions under the same conditions. 

Break-Before-Make-The property of a multiplexer 
which guarantees that a previously selected channel 
will be deselected before a new channel is selected 
(e.g. the converter will not short inputs together). 

Channel-To-Channel Matching-The difference 
between corresponding code transitions of actual 
characteristics taken from different channels under 
the same temperature, voltage and frequency condi-
tions. . 

Characteristic-A graph of input voltage versus the 
resultant output code for an AID converter. It de
scribes the transfer function of the AID converter. 

Code-The digital value output by the converter. 

Code Center-The voltage corresponding to the 
midpoint between two adjacent code transitions. 

Code Transition-The pOint at which the converter 
changes from an output code of Q, to a code of 
Q + 1. The input voltage corresponding to a code 
transition is defined to be that voltage which is 
equally likely to produce either of two adjacent 
codes. 

Code Width-The voltage corresponding to the dif
ference between two adjacent code transitions. 

Crosstalk-See "Off-Isolation." 

D.C. Input Leakage-Leakage current to ground 
from an analog input pin. 

Differential Non-Linearity-The difference be
tween the ideal and actual code widths of the termi
nal based characteristic. 

Feedthrough-Attenuation of a voltage applied on 
the selected channel of the AID Converter after the 
sample window closes. 

Full Scale Error-The difference between the ex
pected and actual input voltage corresponding to 
the full scale code transition. 

Ideal Characteristlc-A characteristic with its first 
code transition at VIN = 0.5 LSB, its last code tran
sition at VIN = (VREF - 1.S LSB) and all code 
widths equal to one LSB. 

Input Resistance-The effective series resistance 
from the analog input pin to the sample capacitor. 

LSB-Least Significant Bit:. The voltage corre
sponding to the full scale voltage divided by 2n, 
where n is the number of bits of resolution of the 
converter. For an 8-bit converter with a reference 
voltage ofS.12V, one LSB is 20 mY. Note that this is 
different than digital LSBs since an uncertainty of 
two LSBs, when referring· to an AID converter, 
equals 40 mY. (This has been confused with an un
certainty of two digital bits, which would mean four 
counts, or 80 mV.) . 

Monotonic-The property of successive approxi
mation converters which guarantees that increasing 
input voltages produce adjacent codes of increasing 
value, and that decreasing input voltages produce 
adjacent codes of decreasing value. 

No Missed Codes-For. each and every output 
code, there exists a unique input voltage range 
which produces that code only. 

Non-Linearity-The maximum deviation of code 
transitions of the terminal based characteristic from 
the corresponding code transitions of the ideal char
acteristic. 

Off-Isolation-Attenuation of a voltage applied on a 
deselected· channel of the AID converter. (Also re
ferred to as Crosstalk.) 

Repeatability-The difference between corre
sponding code transitions from different actual char
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 

Resolution-The number of input voltage levels 
that the. converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 

Sample Delay-The delay from receiving the start 
conversion signal to when the sample window 
opens. 

Sample Delay Uncertainty-The variation in the 
sample delay. 
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Sample Time-The time that the sample window is 
open. 

Sample Time Uncertainty-The variation in the 
sample time. 

Sample Window-Begins when the sample capaci
tor is attached to a selected channel and ends when 
the sample capacitor is disconnected from the se
lected channel. 

Successive Approximation-An AID conversion 
method which uses a binary search to arrive at the 
best digital representation of an analog input. 

DATA SHEET REVISION SUMMARY 

Temperature Coefficients-Change in the stated 
variable per degree centigrade temperature change. 
Temperature coefficients are added to the typical 
values of a specification to see the effect of temper
ature drift. 

Terminal Based Characteristic-An actual charac
teristic which has been rotated and translated to re
move zero offset and full scale error. 

Vee Rejection-Attenuation of noise on the Vee 
line to the AID converter. 

Zero Offset-The difference between the expected 
and actual input voltage corresponding to the first 
code transition. 

The following are the key differences between this and the -001 version of the 87C51 GA data sheet: 

1. Reference to ROM and ROM less versions was reworded. 
2. Packages Table was added. 

3. Second paragraph to Power Down Mode description was added. 

4. AID nominal conversion speed changed from 27 f.Ls to 22 f.Ls at 12 MHz. 

5. Figure 5 for Ports 1 and 3 hysteresis added. 

6. Note 2 for DC Characteristics pertaining to the VOHl specification on ALE and PSEN was changed. 

7. Note 4 on maximum current specifications added to DC Characteristics. 

8. The graph for lee specs was extended on Figure 6 from 12 MHz to 16 MHz and from 3.5 MHz to 0.5 MHz. 

9. The following AC Timing specifications were changed: 
TLLAX changed from TCLCL-35 to TCLCL-30. 
TLLPL changed from TCLCL-40 to TCLCL-30. 
TRHDZ changed from 2TCLCL-70 to 2TCLCL-60. 
TOVWX changed from TCLCL - 60 to TCLCL - 50. 
TOVWH was added. 

10. Fose specifications for Sample and Hold were deleted on AID Characteristics. 

11. Program Memory Lock scheme description was added. 

12. Data Sheet Revision Summary added. 
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HARDWARE DESCRIPTION 
OF THE 83C152 

1.0 INTRODUCTION 
The 83CI52 Universal Communications Controller is 
an 8-bit microcontroller designed for the intelligent 
management of peripheral systems or components. The 
83CI52 is a derivative of the 80C51BH and retains the 
same functionality. The 83CI52 is fabricated on the 
same CHMOS III process as the 80C51BH. What 
makes the 83CI52 different is that it has added func
tions and peripherals to the basic 80C51BH architec
ture that are supported by new Special Function Regis
ters (SFRs). These enhancements include: a high speed 
multi-protocol serial communication interface, two 
channels for DMA transfers, HOLD/HLDA bus con
trol, a fifth I/O port, expanded data memory, and ex
panded program memory. 

In addition to a standard UART, referred to here as 
Local Serial Channel (LSC), the 83CI52 has an on
board multi-protocol communication controller called 
the Global Serial Channel (GSC). The GSC interface 
supports SDLC, CSMA/CD, user definable protocols, 
and a subset of HDLC protocols. The GSC capabilities 
include: address recognition, collision resolution, CRC 
generation, flag generation, automatic retransmission, 
and a hardware based acknowledge feature. This high 
speed serial channel is capable of implementing the 
Data Link Layer and the Physical Link Layer as shown 
in the OSI open systems communication model. This 
model can be found in the document "Reference Model 
for Open Systems Interconnection Architecture", 
ISO/TC97/SCI6 N309. . 

The DMA circuitry consists of two 8-bit DMA chan
nels with 16-bit addressability. The control signals; 
Read (RD), Write (WR), hold and hold acknowledge 
(HOLDIHLDA) are used to access external memory. 
The DMA channels are capable of addressing up to 
64K bytes (16 bits). The destination or source address 
can be automatically incremented. The lower 8 bits of 
the address are multiplexed on the data bus Port 0 and 
the upper eight bits of address will be on Port 2. Data is 
transmitted over an 8-bit address/data bus. Up to 64K 
bytes of data may be transmitted for each DMA activa
tion. 

The new I/O port (P4) functions the same as Ports 1-3, 
found on the 80C51BH. 

Internal memory has been doubled in the 83C152. Data 
memory has been expanded to 256 bytes, and internal 
program memory has been expanded to 8K bytes. 

There are also some specific differences between the 
83CI52 and the 80C51BH. The first is that the number
ing system between the 83Cl52 and the 80C51BH is 
slightly different. The 83CI52 and the 80C51BH are 
factory masked ROM devices. The 80CI52 and the 
80C31BH are ROMless devices which require the 
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use of external program memory. The second difference 
is that RESET is active low in the 83CI52 and active 
high in the 80C51BH. This is very important to design
ers who may currently be using the 80C51BH and plan
ning to use the 83C152, or are planning on using both 
devices on the same board. The third difference is that 
GFO and GFI, general purpose flags in PCON, have 
been renamed GFIEN and XRCLK. GFIEN enables 
idle flags to be generated in SDLC mode, and XRCLK 
enables the receiver to be externally clocked. All of the 
previously unused bits are now being used and inter
rupt vectors have been added to support the new en
hancements. Programmers using old code generated for 
the 80C51BH will have to examine their programs to 
ensure that new bits are properly loaded, and that the 
new interrupt vectors will not interfere with their pro
gram. 

Throughout the rest ofthis manual the 80CI52 and the 
83CI52 will be referred to generically as the "CI52". 

The CI52 is based on the 80C51BH architecture and 
utilizes the same 80C51 BH instruction set. Figure 1.1 is 
a block diagram of the C152. Readers are urged to 
compare this block diagram with the 80C51BH block 
diagram. There have been no new instructions added. 
All the new features and peripherals are supported by 
an extension of the Special Function Registers (SFRs). 
Very little of the information pertaining specifically to 
the 80C51BH core will be discussed in this chapter. 
The detailed information on such functions as: the in
struction set, port operation, timer/counters, etc., can 
be found in the MCS®-51 Architecture chapter in the 
Intel Embedded Controller Handbook. Knowledge of 
the 80C51BH is required to fully understand this man
ual and the operation of the C152. To gain a basic un
derstanding on the operation of the 80C51BH, the 
reader should familiarize himself with the entire MCS-
51 chapter of the Embedded Controller Handbook. 

Another source of information that the reader may find 
helpful is Intel's LAN Components User's Manual, or
der number 230814. Inside are descriptions of various 
protocols, application examples, and application notes 
dealing with different serial communication environ
ments. 

2.0 COMPARISON OF 80C152 AND 
80C51BH FEATURES 

2.1 Memory Space 
A good understanding of the memory space and how it 
is used in the operation of MCS-5l products is essen
tial. All the enhancements on the C152 are implement
ed by accessing Special Function Registers (SFRs), 
added data memory, or added program memory. 
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inter HARDWARE DESCRIPTION OF THE 83C152 

2.1.1 SPECIAL FUNCTION REGISTERS (SFRs) 

The following list contains all the SFRs, their names 
and function. All of the SFRs of the SOCSIBH are re
tained and for a detailed explanation of their operation, 
please refer to the chapter, "Hardware Description of 
the SOSI and SOS2" that is found in the Embedded 
Controller Handbook. An overview of the new SFRs is 
found in Section 2.1.1.1, with a detailed explanation in 
Section 3.7, Section 4.5, and 6.0. 

2.1.1.1 New SFRs 

The following descriptions are quick overviews of the 
new SFRs, and not intended to give a complete under
standing of their use. The reader should refer to the 
detailed explanation in Section 3 for the GSC SFRs, 
and Section 4 for the DMA SFRs. 

ADR 0,1,2,3 - (9SH, OASH, OBSH, OCSH) Contains 
the four bytes for address matching during GSC opera
tion. 

AMSKO - (ODSH) Selects "don't care" bits to be used 
withADRO. 

AMSKI - (OESH) Selects "don't care" bits to be used 
with ADRI. 

BAUD - (94H) Contains the programmable value for 
the baud rate generator for the GSC. The baud rate will 
equal (fosc)/«BAUD+ 1) X S). 

BCRLO - (OE2H) Contains the low byte of a count
down counter that determines when the DMA access 
for Channel 0 is complete. 

BCRHO - (OE3H) Contains the high byte for count
down counter for Channel O. 

BCRLI - (OF2H) Same as BCRLO except for DMA 
Channell. 

BCRHI - (OF3H) Same as BCRHO except for DMA 
Channell. 

BKOFF - (0C4H) An S-bit count-down timer used 
with the CSMA/CD resolution algorithm. 

DARLO - (OC2H) Contains the low byte of the destina
tion address for DMA Channel O. 

DARHO '- (OC3H) Contains the high byte of the desti
nation address for DMA Channel O. 

DARLI - (OD2H) Same as DARLO except for DMA 
Channell. 

DARHI - (OD3H) Same as DARHO except for DMA 
Channell. 

DCONO - (92H) Contains the Destination Address 
Space bit (DAS), Increment Destination Address bit 

11-3 

(IDA), Source Address Space bit (SAS), Increment 
Source Address bit (ISA), DMA Channel Mode bit 
(DM), Transfer Mode bit (TM), DMA Done bit 
(DONE), and the GO bit (GO). DCONO is used to 
control DMA Channel O. 

DCONI - (93H) Same as DCONO except this is for 
DMA Channel 1. 

GMOD - (S4H) Contains the Protocol bit (PR), the 
Preamble Length (PLl,O), CRC Type (CT), Address 
Length (AL), Mode select (Ml,O), and External Trans
mit Clock (TXC). This register is used for GSC opera
tion only. 

IENI - (OCSH) Interrupt enable register for DMA and 
GSC interrupts. 

IPS - (OA4H) Determines the number of bit times sepa
rating transmitted frames. 

IPNI - (OFSH) Interrupt priority register for DMA 
and GSC interrupts. 

MYSLOT - (OFSH) Contains the Jamming mode bit 
(DCJ), the Deterministic Collision Resolution Algo
rithm bit (DCR), and the DCR slot address for the 
GSC. 

P4 - (OCOH) Contains the memory "image" of Port 4. 

PRBS - (0E4H) Contains a pseudo-random number to 
be used in CSMA/CD backoff algorithms. May be read 
or written to by user software. 

RFIFO - (F4H) RFIFO is used to access a 3-byte FIFO 
that contains the receive data from the GSC. 

RSTAT - (OESH) Contains the Hardware Based Ac
knowledge Enable bit (HABEN), Global Receive En
able bit (GREN), Receive FIFO Not Empty bit 
(RFNE), Receive Done bit (RON), CRC Error bit 
(CRCE), Alignment Error bit (AE), Receiver Colli
sion/ Abort detect bit (RCABT), and the Overrun bit 
(OVR), used with both DMA and GSC. 

SARLO - (0A2H) Contains the low byte of the source 
address for DMA transfers. 

SARHO - (OA3H) Contains the high byte of the source 
address for DMA transfers. 

SARLI - (OB2H) Same as SARLO but for DMA Chan
nell. 

SARHI - (OB3H) Same as SARHI but for DMA Chan
nell. 

SLOTTM - (0B4H) Determines the length of the slot 
time in CSMA/CD. 

TCDCNT - (OD4H) Contains the number of collisions 
in the current frame if using CSMA/CD GSC. 
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Old(O)/New(N) Name Addr Function· 

0 A OEOH ACCUMULATOR 
N ADRO 095H GSC MATCH ADDRESS 0 
N . ADR1 OA5H GSC MATCH ADDRESS 1 
N ADR2 OB5H GSC MATCH ADDRESS 2 
N ADR3 OC5H GSC MATCH ADDRESS 3 
N AMSKO OD5H GSC ADDRESS MASK 0 
N AMSK1 OE5H GSC ADDRESS MASK 1 
0 B OFOH BREGISTER 
N BAUD 094H GSC BAUD RATE 
N BCRLO OE2H DMA BYTE COUNT 0 (LOW) 
N BCRHO OE3H DMA BYTE COUNT 0 (HIGH) 
N BCRL1 OF2H DMA BYTE COUNT 1 (LOW) 
N BCRH1 OF3H DMA BYTE COUNT 1 (HIGH) 
N BKOFF OC4H GSC BACKOFF TIMER 
N DARLO OC2H DMA DESTINATION ADDR 0 (LOW) 
N DARHO OC3H DMA DESTINATION ADDR 0 (HIGH) 
N .DARL1 OD2H DMA DESTINATION ADDR 1 (LOW) 
N DARH1 OD3H DMA DESTINATION ADDR 1 (HIGH) 
N DCONO 092H DMA CONTROL 0 
N DCON1 093H DMA CONTROL 1 
0 DPH 083H DATA POINTER (HIGH) 
0 DPL 082H DATA POINTER (LOW) 
N GMOD 084H GSCMODE 
0 IE OA8H INTERRUPT ENABLE REGISTER 0 
N IEN1 OC8H INTERRUPT ENABLE REGISTER 1 
N IFS OA4H GSC INTERFRAME SPACING 
0 IP OB8H INTERRUPT PRIORITY REGISTER 0 
N IPN1 OF8H INTERRUPT PRIORITY REGISTER 1 
N MYSLOT OF5H GSC SLOT ADDRESS 
0 PO 080H PORTO 
0 P1 090H PORT 1 
0 P2 OAOH PORT 2 
0 P3 OBOH PORT 3 
N P4 OCOH PORT 4 
N P5 091H PORT 5 
N P6 OA1H PORT 6 
0 PCON 087H POWER CONTROL 
N PRBS OE4H ~~~ Dc::t:1 Inn c 1\ "-Inr\k.t Co!::'I"''' Ir-'UI"''''' _:-...,; • _ ......... __ I II \' .. ...,....,IWI VL..~VL..I"V~ 

0 PSW ODOH PROGRAM STATUS WORD 
N RFIFO OF4H GSC RECEIVE BUFFER 
N RSTAT OE8H RECEIVE STATUS (DMA & GSC) 
N SARLO OA2H DMA SOURCE ADDR 0 (LOW) 
N SARHO OA3H DMA SOURCE ADDR 0 (HIGH) 
N SARL1 OB2H DMA SOURCE ADDR 1 (LOW) 
N SARH1 OB3H DMA SOURCE ADDR 1 (HIGH) 
0 SBUF 099H LOCAL SERIAL CHANNEL (LSC) BUFFER 
0 SCON 098H LOCAL SERIAL CHANNEL (LSC) CONTROL 
N SLOTIM OB4H GSC SLOT TIME 
0 SP 081H STACK POINTER 
N TCDCNT OD4H GSC TRANSMIT COLLISION COUNTER 
0 TCON 088H TIMER CONTROL 
N TFIFO 085H GSC TRANSMIT BUFFER 
0 THO 08CH TIMER 0 (HIGH) 
0 TH1 ·08DH TIMER 1 (HIGH) 
0 TLO 08AH TIMER 0 (LOW) 
0 TL1 08BH TIMER 1 (LOW) 
0 TMOD 089H TIMER MODE 
N TSTAT OD8H TRANSMIT STATUS (DMA & GSC) 
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TFIFO - (85H) TFIFO is used to access a 3-byte FIFO 
that contains the transmission data for the GSC. 

TSTAT - (OD8H) Contains the DMA Service bit 
(DMA), Transmit Enable bit (TEN), Transmit FIFO 
Not Full bit (TFNF), Transmit Done bit (TDN), 
Transmit Collision Detect bit (TCDT), Underrun bit 
(UR), No Acknowledge bit (NOACK), and the Re
ceive Data Line Idle bit (LNI). This register is used 
with both DMA and GSC. 

The general purpose flag bits (GFO and GFl) that exist 
on the 80C5lBH are no longer available on the C152. 
GFO has been renamed GFIEN (GSC Flag Idle En
able) and is used to enable idle fill flags. Also GFI has 
been renamed XRCLK (External Receive Clock En
able) and is used to enable the receiver to be clocked 
externally. 

2.1.2 DATA MEMORY 

Internal data memory consists of 256 bytes as shown in 
Figure 2.1. The first 128 bytes are addressed exactly 
like an 80C5lBH, using direct addressing. 

orrH 

The addresses of the second 128 bytes of data memory 
happen to overlap the SFR addresses. The SFRs and 
their memory locations are shown in Figure 2.2. This 
means that internal data memory spaces have the same 
address as the SFR address. However, each type of 
memory is addressed differently. To access data memo
ry above 80H, indirect addressing or the DMA chan
nels must be used. To access the SFRs, direct address
ing is used. When direct addressing is used, the address 
is the source or destination, e.g. MOY A, lOH, moves 
the contents of location lOH into the accumulator. 
When indirect addressing is used, the address of the 
destination or source exists within another register, e.g. 
MOY A, @RO. This instruction moves the contents of 
the memory location addressed by RO into the accumu
lator. Directly addressing the locations 80H to OFFH 
will access the SFRs. Another form of indirect address
ing is with the use of Stack Pointer Operations. If the 
Stack Pointer contains an address and a PUSH or POP 
instruction is executed, indirect addressing is actually 
used. Directly accessing an unused SFR address will 
give undefined results. 

Physically, there are separate SFR memory and data 
memory spaces allocated on the chip. Since there are 
separate spaces, the SFRs do not diminish the available 
data memory space. 

V 
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REGISTER BANK 1 
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(0) 
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017H 

010H 
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User data memory above BOH must be addressed indirectly. Using direct addressing above BOH accesses the Special 
Function Registers. 

Figure 2.1. Data Memory Map 
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External data memory is accessed like an 80C5IBH, 
with "MOVX" instructions. Addresses up to 64K may 
be accessed when using the Data Pointer (DPTR). 
When accessing external data memory with the DPTR, 
the address appears on Port 0 and 2. When using the 
DPTR, if less than 64K of external data memory is 
used, the address is emitted on all sixteen pins. This 
means that when using the DPTR, the pins of Port 2 
not used for addresses cannot be used for general pur
pose I/O. An alternative to using 16-bit addresses with 
the DPTR is to use RO or RI to address the external 
data memory. When using the registers to address ex
ternal data memory, the address range is limited to 256 
bytes. However, software manipulation of I/O Port 2 
pins as normal I/O, allows this 256 bytes restriction to 
be expanded via bank switching. When using RO or RI 
as data pointers, Port 2 pins that are not used for ad
dressing, can be used as general purpose I/O. 

(O)IPN 1 
'III. 

TOCJ MYSLO 
RFIFO 

BCRH 
BCRL 

DCR 

1 
1 

'1/1. 
(·)B 

'-/. '-/1. 
T OVR (0) RSTA RCABT 

At.fSK 1 

PRBS 
BCRHO 
BCRLO 

(O)A 

(O)TSTA T LNI NOACK 

At.fSKO 
TCDCNT 
DARHI 
DARLI 

(O)PSW 

(0) lEN 1 

ADR3 
BKOFF 
DARHO 
DARLO 

(0)P4 

(O)IP 

'II. 
CY 

'I. 

'II. 

'f. 

'III. 

'II, 
AC 

'II. 

' f. 

PGSTE POMA 1 PGSTV POMAO PGSRE PGSRV OFBH 

SAS SA4 SA3 

'II. 'III. 'II, 

'II. 'I, 
AE CRCE RON 

UR TCDT TON 
'II. 'I, 

'1/1. 'II. 
FO RSI RSO 

EGSTE EDt.fAl EGSTV 

fl. 'II. 
PS PTt 

'f. 
SA2 SAl 

'I. 
RFNE GREN 

TFNF TEN 

'III. 'II. 
OV -

EDt.fAO EGSRE 

'III. 'II. 

'III. 'II. 
PXl PTO 

SAO 

'I. 
HABEN 

'u, 

DMA 

'II. 
P 

OFSH 
OF4H 
OF3H 
OF2H 

OFOH 

OEaH 

OESH 

OE4H 
OE3H 
OE2H 

OEOH 

ODBH 

OOSH 
OD4H 
OD3H 
OD2H 

ODOH 

EGSRV 0 CBH 

'II. 

'III. 
PXO 

0 CSH 
DC4H 
OC3H 
OC2H 

0 COH 

0 BBH 

270427-2 

2.1.2.1 Bit Addressable Memory 

The CI52 has several memory spaces in.which the bits 
are directly addressed by their location. The directly 
addressable bits and their symbolic names are shown in 
Figure 2.3A, 2.3B, and 2.3C. 

Bit addresses 0 to 7FH reside in on-board user data 
RAM in byte addresses 20H to 2FH (see Figure 2.3A). 

Bit addresses 80H to OFFH reside in the SFR memory 
. space, but not every SFR is bit addressable, see Figure 

2.3B. The addressable bits are scattered throughout the 
SFRs. The addressable bits occur every eighth SFR ad
dress starting at 80H and occupy the entire byte. Most 
of the bits that are addressable in the SFRs have been 
given symbolic names. These names will often be re
ferred to in this or other documentation on the C 152. 
Most assemblers also allow the use of the symbolic 
names when writing in assembly language. These 
names are shown in Figure 2.3C. 
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Figure 2.2. SpeCial Function Registers 
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Data Memory Map (bits): 

Byte BIT ADDRESSES 
Address (MSB) (LSB) 

020H 07 06 05 04 03 02 01 00 

021H OF OE 00 OC 08 OA 09 08 

022H 17 16 15 14 13 12 11 10 

023H 1F 1E 10 1C 18 1A 19 18 

024H 27 26 25 24 23 22 21 20 

025H 2F 2E 20 2C 28 2A 29 28 

026H 37 36 35 34 33 32 31 30 

027H 3F 3E 30 3C 38 3A 39 38 

028H 47 46 45 44 43 42 41 ·40 

029H 4F 4E 40 4C 48 4A 49 48 

02AH 57 56 55 54 53 52 51 50 

02BH SF 5E 50 5C 58 SA 59 58 

02CH 67 66 65 64 63 62 61 60 

020H 6F 6E 60 6C 68 6A 69 68 

02EH 77 76 75 74 73 72 71 70 

02FH 7F 7E 70 7C 78 7A 79 78 

Figure 2.3A. Bit Addresses 

Byte BIT ADDRESSES 
Address (MSB) (LSB) 

080H '87 86 85 84 83 82 81 80 (PO) 

088H 8F 8E 80 8C 88 8A 89 88 (TCON) 

090H 97 96 95 94 93 92 91 90 (P1) 

098H 9F 9E 90 9C 98 9A 99 9S (SCON) 

OAOH A7 A6 AS A4 A3 A2 A1 AO (P2) 

OA8H AF - - AC AB AA A9 A8 (IE) 

OBOH 87 86 85 84 83 B2 81 BO (P3) 

OB8H - - - BC BB BA 89 B8 (IP) 

OCOH C7 C6 C5 C4 C3 C2 C1 CO (P4) 

OC8H - - CO CC CB CA C9 C8 (IEN1) 

OOOH 07 06 05 D4 D3 02 D1 00 (PSW) 

ODSH DF DE 00 DC 08 DA D9 OS (TSTAT) 

OEOH E7 E6 E5 E4 E3 E2 E1 EO (A) 

OE8H EF EE ED EC EB EA E9 E8 (RSTAT) 

OFOH F7 F6 F5 F4 F3 F2 F1 FO (8) 

OF8H - - FD FC FB FA F9 F8 (IPN1) 

Figure 2.3B. Bit Addresses 
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Byte SYMBOLIC NAME BIT MAP 
Address (MSB) (LSB) 

080H· PO.7. PO.6 PO.5 PO.4 PO.3 PO.2 PO.1 PO.O 

088H TF1 TR1 TFO TRO IE1 IT1 lEO ITO 

090H P1.7 P1.6 P1.5 P1.4 P1.3 P1.2 P1.1 P1.0 

098H SMO SM1 8M2 REN TB8 RB8 TI RI 

OAOH P2.7 P2.6 P2.5 P2.4 P2.3 P2.2 P2.1 P2.0 

OA8H EA - - ES ET1 EX1 ETO EXO 

OBOH P3.7 P3.6 P3.5 P3.4 P3.3 P3.2 P3.1 P3.0 

OB8H - - - PS PT1 PX1 PTO PXO 

OCOH P4.7 P4.6 P4.5 P4.4 P4.3 P4.2 P4.1 P4.0 

OC8H - - EGSTE EOMA1 EGSTY EOMAO EGSRE EGSRV 

OOOH CY AC FO flS1 RSO OV - P 

008H LNI NOACK UR TCOT TON TFNF TEN OMA 

OEOH 

OE8H OVR ROABT AE CRCE RON RFNE GREN HABEN 

OFOH 

OF8H - - PGSTE POMA1 PGSTY POMAO PGSRE PGSRV 

Figure 2.3C. Bit Addresses 

2.1.3 PROGRAM MEMORY 

The 83ClS2 contains 8K of ROM program memory, 
and the 80C1S2 uses only external program memory. 

_------... FFFFH 

. Figure 2.4 shows the program memory locations and 
where they reside. The user is aIlowed a maximum of 
64K of program memory. In the 83ClS2 program 
memory fetches beyond 8K automaticaIly access exter
nal program memory. When program memory is exter
nally addrPJil~~i an of the Pert 2 pins e::,Jt the uddrc;:;, 
Since all of Port 2 is affected by the address, unused 
address pins cannot be used as normal I/O ports even if 
less than64K of memory is being accessed. 

EXTERNAL 

1--------1 lFFFH 

EXTERNAL IFEA = 0 

INTERNAL IF EA = 1 

(PO) 

(TCON) 

(P1) 

(SCON) 

(P2) 

(IE) 

(P3) 

(IP) 

(P4) 

(lEN1) 

(PSW) 

(TSTAT) 

(A) 

(RSTAT) 

(B) 

(IPN1) 

'-------"" OOOOH 
270427-4 

Figure 2.4; Program Memory 
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2.2 Interrupt Structure 

The C152 retains all five interrupts of the SOC5IBH. In 
addition, six new interrupts have been added for a total 
of 11 available interrupts. Two SFRs have been added 
to the C152 for control of the new interrupts. These 
added SFRs are lEN 1 (CSH) for enabling the 

interrupts and IPNI (FSH) for setting the priority. For 
an explanation on how the priority of interrupts affects 
their operation please refer to the MCS-51 Architecture 
and Hardware Chapters in the Intel Embedded Con
troller Handbook. A detailed description on how the 
interrupts function is in the MCS®-51 Architectural 
Overview. 

IEN1 FUNCTIONS 
Symbol Position Vector Function 

- IEN1.7 RESERVED and do not exist on chip. 

- IEN1.6 RESERVED and do not exist on chip. 
EGSTE IEN1.5 04BH GSC TRANSMIT ERROR-If TSTAT.O (DMA) is cleared, the 

interrupt service routine at 4BH is invoked when TSTAT.6 
(NOACK) or TSTAT.4 (TCDT) is set and EGSTE is enabled. If 
TSTAT.O (DMA) is set, the interrupt service routine will be 
invoked when the TSTAT.5 (UR) is set and EGSTE is enabled. 

EDMA1 IEN1.4 053H DMA CHANNEL REQUEST 1-The interrupt service routine 
at53H is invoked when DCON1.1 (DONE) is set and EDMA 1 is 
enabled. 

EGSTV IEN1.3 043H GSC TRANSMIT VALID-If TSTAT.O (DMA) is cleared, the 
interrupt service routine at 43H is invoked when TSTAT.2 
(TFNF) is set and EGSTV is enabled. If TSTAT.O (DMA) is set, 
the interrupt service routine will be invoked when TSTAT.3 
(TON) is set and EGSTV is enabled. 

EDMAO IEN1.2 03BH DMA CHANNEL REQUEST 0-The interrupt service routine 
at 3BH will be invoked when DCONO.1 (DONE) is set and 
EDMAO is enabled. 

EGSRE IEN1.1 033H GSC RECEIVE ERROR-The interrupt service routine at 33H 
will be invoked when RSTAT.4 (CRCE), RSTAT.7 (OVR), 
RSTAT.6 (RCABT), or RSTAT.5 (AE), is set and EGSRE is 
enabled. This functions the same whether or not TSTAT.O 
(DMA) is set. 

EGSRV IEN1.0 02BH GSC RECEIVE VALID-If TSTAT.O (DMA) is cleared, the 
interrupt service routine at 2BH will be invoked when RSTAT.2 
(RFNE) is set and EGSRV is enabled. If TSTAT.O (DMA) is 
set, the interrupt service routine will be invoked when 
RSTAT.3 (RON) is set and EGSRV is enabled. 

IPNI is used the same way the current SOC51BH interrupt priority register (IP) is. By assigning a "I" to the 
appropriate bit, that interrupt has a higher priority than an interrupt with a "0" assigned to it in the priority register. 

The new interrupt priority register (IPNl) contents are: 

Symbol Position Function 

PGSTE IPN1.5 GSC TRANSMIT ERROR 

PDMA1 IPN1.4 DMA CHANNEL REQUEST 1 

PGSTV IPN1.3 GS~ TRANSMIT VALID 

PDMAO IPN1.2 DMA CHANNEL REQUEST 0 

PGSRE IPN1.1 GSC RECEIVE ERROR 

PGSRV IPN1.0 GSC RECEIVE VALID 
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The eleven interrupts are sampled in the following order when assigned the same priority level in the IP and IPNI 
registers: 

Priority Priority Interrupt Interrupt 
Priority Symbolic Symbolic Symbolic Symbolic Vector 

Sequence Address Name Address Name Address 

1 IP.O PXO lE.O EXO 03H (FIRST) 
2 IPN1.0 PGSRV IEN1.0 EGSRV 2BH 
3 IP.1 PTO 1E.1 ETO OBH 
4 IPN1.1 PGSRE IEN1.1 EGSRE 33H 
5 IPN1.2 PDMAO IEN1.2 EDMAO 3BH 
6 IP.2 PX1 1E.2 EX1 13H 
7 IPN1.3 PGSTV IEN1.3 EGSTV 43H 
8 IPN1,4 PDMA1 IEN1,4 . EDMA1 53H 
9 IP.3 PT1 1E.3 ET1 1BH 
10 IPN1.5 PGSTE IEN1.5 EGSTE 4BH 
11 IP,4 PS IE,4 ES 23H (LAST) 

2.3 Reset 

RESET performs the same operations in both the 80C5IBH and the C152 and those conditions that exist at the end 
of a valid RESET are: 

Register Contents Register Contents 

ACC OOH PO-P6 OFFH 
ADRO-3 OOH PCON OXXXOOOOB 
AMSKO OOH PRBS OOH 
AMSK1 OOH PSW OOH 
B OOH RFIFO INDETERMINATE 
BAUD OOH RSTAT OOOOOOOOB 
BCRHO INDETERMINATE SARHO INDETERMINATE 
BCRH1 INDETERMINATE SARH1 INDETERMINATE 
BCRLO INDETERMINATE SARLO INDETERMINATE 
CRl1 INDETERMINATE SARL1 INDETERMINATE 
BKOFF INDETERMINATE SBUF INDETERMINATE 
DARHO INDETERMINATE SCON OOH 
DARH1 INDETERMINATE SLOTTM OOH 
DARLO INDETERMINATE SP 07H 
DARL1 INDETERMINATE TCDCNT INDETERMINATE 
DCONO OOH TCON OOH 
DCON1 OOH TFIFO INDETERMINATE 
DPTR OOOOH THO OOH 
GMOD XOOOOOOOB TH1 OOH 
IE OXXOOOOOB TLO OOH 
IEN1 XXOOOOOOB TL1 OOH 
IFS OOH TMOD OOH 
IP XXXOOOOOB TSTAT XXOO0100B 
IPN1 XXOOOOOOB PC OOOOH 
MYSLOT OOOOOOOOB 
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The same conditions apply for both the 80C51BH and 
C152 for a correct reset pulse or "power-on" reset ex
cept that Reset is active low on the C152. Please refer 
to the 8051/52 Hardware Description Chapter of the 
Intel Embedded Controller Handbook for an explana
tion on"how to provide a proper power-on reset. Since 
Reset is active low on the CI52, the resistor should be 
tied to VCC and the capacitor should be tied to VSS. 

Because the clocking on part of the GSC circuitry is 
independent of the processor clock, data may still be 
transmitted and DEN active for some time after reset is 
applied. The transmission may continue for a maxi
mum of four machine cycles after reset is first pulled 
low. Although Reset has to be held low for only three 
machine cycles to be recognized by the GSC hardware, 
all of the GSC circuitry may not be reset until four 
machine cycles have passed. If it is important in the 
user application that all transmission and DEN be
comes inactive at the end of a reset, then Reset will 
have to be held low for a minimum of four machine 
cycles. 

2.4 Ports 4, 5 and 6 
Ports 4, 5 and 6 operation is identical to Ports 1-3 on 
the 80C51BH. The description of port operation can be 
found in the 8051/52 Hardware Description Chapter of 
the Intel Embedded Controller Handbook. Ports 5 and 
6 exist only on the "JB" and "JD" version of the C152 
and can either function as standard I/O ports or can be 
configured so that program memory fetches are per
formed with these two ports. To configure ports 5 and 6 
as standard I/O ports, EBEN is tied to a logic low. 
When in this configuration, ports 5 and 6 operation is 
identical to that of port 4 except they are not bit ad
dressable. To configure ports 5 and 6 to fetch program 
memory, EBEN is tied to a logic high. When using 
~ and 6 to fetch the program memory, the signal 
EPSEN is used to enable the external memory device 
instead ofPSEN. Regardless of which ports are used to 
fetch program memory, all data memory fetches occur 
over ports 0 and 2. The 80CI52JB and 80C152JD are 
available as ROMless devices only. ALE is still used to 
latch the address in all configurations. Table 2.1 sum
marizes the control signals and how the ports may be 
used. 

2.5 Timer/Counters 
The 80C51BH and C152 have the same pair of 16-bit 
general purpose timer/counters. The user should refer 

to the Intel Embedded Controller Handbook which de
scribes the timer/counters and their use. The user 
should bear in mind, when reading the Intel Embedded 
Controller Handbook that the C152 does not have the 
third event timer named Timer 2, which is in the 8052. 

2.6 Package 
The 83CI52 is packaged in a 48 pin DIP and a 68 lead 
PLCC. This differs from the 40 pin DIP and 44 pin 
PLCC of the 80C51BH. The larger package is required 
to accommodate the extra 8 bit I/O port (P4). Figures 
2.5A, 2.5B and 2.5C show the packages and the pin 
names. 

(GRXD) PI.O vee 
(GTXD) PI.I P4.0 

(DEN) Pl.2 P4.1 

(TXC) Pl.3 P4.2 

(RXC) PI.4 P4.3 

(HLD) PI.S P4.4 

(HLDA) Pl.6 P4.S 

PI.7 P4.6 

RESET P4.7 

(RXD) P3.0 EA 
(TXD) P3.1 ALE 

(INTO) P3.2 PSEN 

(INn) P3.3 P2.7 (AIS) 

(TO) P3.4 P2.6 (AI4) 

(TI) P3.S P2.S (AI3) 

(iYR) P3.6 P2.4 (AI 2) 

(Rii) P3.7 P2.3 (All) 

(Afoo) PO.O P2.2 (AIO) 

(A/DI) PO.I P2.1 (A9) 

(A/D2) PO.2 P2.0 (AS) 

(A/D3) PO.7 (A/D7) 

XTAL2 PO.6 (A/D6) 

XTALI PO.S (A/OS) 

vss PO.4 (A/D4) 

270427-S 

Figure 2.SA. DIP Pin Out 

Table 2.1 Program Memory Fetches 

EBEN EA Program PSEN EPSEN Comments Fetch via 

0 0 PO,P2 Active Inactive Addresses O-OFFFFH 

0 1 N/A N/A N/A Invalid Combination 

1 0 P5,P6 Inactive Active Addresses O-OFFFFH 

1 1 P5,P6 Inactive Active Addresses 0-1 FFFH 
PO,P2 Active Inactive Addresses :;:: 2000H 
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INDEX ~~~~::~ ~~~~~;;;~~~~~ 
C~ffi~~~~~~~~~~~~~~>~>~~~~~~~~~~~~~~~~~~~~ 

P4.5 N.S 

P4.6 N.6 

N.C. 12 P4.1 P-4.7 

RESET 13 N.C. P5.3 

P3.0 ,. u; EA 

P3.1 15 

P3.2 

ALE 
(TOP VIEW) 

PS[N 
ALE 

PSEN 
EPSEN 

N.C. 
80C152JA/JC 

P3.3 
80C152JB 

PS.2 
80C152JD 

N.C. 

N.C. 
83C152JA/JC P6.7 

N.C. 
P6 •• 

N.C. N.C. 
.5.2 PS.7 

N.C. 
PS.3 P2.7 

N.C. P2.7 P2.G 
P3.5 P2.6 Pl.G P2.5 
P3.6 P2.5 P!.7 P2." 
P3.7 P2." N.C. P2.3 
N.C. P2.3 

270427-37 
270427-6 

Figure 2.58. PLCC Pin Out Figure 2.5C. PLCC Pin Out 

2.7 Pin Description 

The pin description for the 80C5lBH also applies to the Cl52 and is listed below. Changes have been made to the 
descriptions as they apply to the C152. 

PIN DESCRIPTION 
Pin # 

Description 
DIP PLCC(1) 

48 2 Vcc-Supply voltage. 

24 3,33(2) VSS--Circuit ground. 

18-21, 27-30, Port O-Port 0 is an 8-bit open drain bi-directionall/O port. As an output port each 
25-28 34-37 pin can sink 8 LS TTL inputs. Port 0 pins that have 1 s written to them float, and in 

that state can be used as high-impedance inputs. 
Port 0 is also the multiplexed low-order address and data bus during accesses to 
external program memory if EBEN is pulled low. During accesses to external Data 
Memory, Port 0 always emits the low-order address byte and serves as the 
multiplexed data bus. In these applications it uses strong internal pullups when 
emitting 1 s. 
Port 0 also outputs the code bytes during program verification. External pull ups are 
required during program verification. 

NOTES: 
1. N.C. pins on PLCC package may be connected to internal die and should not be used in customer applications. 
2. It is recommended that both Pin 3 and Pin 33 be grounded for PLCC devices. 
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PIN DESCRIPTION (Continued) 

Pin # 
Description 

DIP PLCC(1) 

1-8 4-11 Port 1-Port 1 is an 8-bit bidirectional 1/0 port with internal pullups. Port 1 pins that 
have 1 s written to them are pulled high by the internal pullups, and in that state can 
be used as inputs. As inputs, Port 1 pins that are externally being pulled low will 
source current (IlL, on the data sheet) because of the internal pullups. 
Port 1 also serves the functions of various special features of the 8XC152, as listed 
below: 

Pin Name Alternate Function 

P1.0 GRXD GSC data input pin 
P1.1 GTXD GSC data output pin 
P1.2 DEN GSC enable signal for an external driver 
P1.3 TXC GSC input pin for external transmit clock 
P1.4 RXC GSC input pin for external receive clock 
P1.5 HLD DMA hold input/output 
P1.6 HLDA DMA hold acknowledge input/output 

29-36 41-48 Port 2-Port 2 is an 8-bit bi-directionall/O port with internal pull ups. Port 2 pins that 
have 1 s written to them are pulled high by the internal pullups, and in that state can 
be used as inputs. As inputs, Port 2 pins that are externally being pulled low will 
source current (IlL, on the data sheet) because of the internal pull ups. 
Port 2 emits the high-order address byte during fetches from external Program 
Memory if EBEN is pulled low. During accesses to external Data Memory that use 
16-bit addresses (MOVX @ DPTR and DMA operations), Port 2 emits the high-order 
address byte. In these applications it uses strong internal pullups when emitting 1 s. 
During accesses to external Data Memory that use 8-bit addresses (MOVX @ Ri), 
Port 2 emits the contents of the P2 Special Function Register. 
Port 2 also receives the high-order address bits during program verification. 

10-17 14-16, Port 3-Port 3 is an 8-bit bi-directionalllO port with internal pullups. Port 3 pins that 
18,19, have 1 s written to them are pulled high by the internal pull ups, and in that state can 

23-25 be used as inputs. As inputs, Port 3 pins that are externally being pulled low will 
source current (IlL, on the data sheet) because of the pullups. 
Port 3 also serves the functions of various special features of the MCS-51 Family, 
as listed below: 

Pin Name Alternate Function 

P3.0 RXD Serial input line 
P3.1 TXD Serial output line 
P3.2 INTO External interrupt 0 
P3.3 INT1 External interrupt 1 
P3.4 TO Timer 0 external input 
P3.5 T1 Timer 1 external input 
P3.6 WR External Data Memory Write strobe 
P3.7 RD External Data Memory Read strobe 

47-40 65-58 Port 4-Port 4 is an 8-bit bi-directionall/O port with internal pullups. Port 4 pins that 
have 1 s written to them are pulled high by the internal pullups, and in that state can 
be used as inputs. As inputs, Port 4 pins that are externally being pulled low will 
source current (ilL, on the data sheet) because of the internal pullups. In addition, 
Port 4 also receives the low-order address bytes during program verification. 

NOTES: 
1. N.C. pins on PLCC package may be connected to internal die and should not be used in customer applications. 
2. It is recommended that both Pin 3 and Pin 33 be grounded for PLCC devices. 
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PIN DESCRIPTION (Continued) 

Pin ill 
Description 

DIP PLCC(1) 

9 13 RST -Reset input. A logic low on this pin for three machine cycles while the 
oscillator is running resets the device. An internal pullup resistor permits a power-
on reset to be generated using only an external capacitor to V ss. Although the GSC 
recognizes the reset after three machine cycles, data may continue to be 
transmitted for up to 4 machine cycles after Reset is first applied. 

38 55 ALE-Address Latch Enable output signal for latching the low byte of the address 
during accesses to external memory. 
In normal operation ALE is emitted at a constant rate of Va the oscillator frequency, 
and may be used for external timing or clocking purposes. Note, however, that one 
ALE pulse is skipped during each access to external Data Memory. While in Reset, 
ALE remains at a constant high level. 

37 54 PSEN-Program Store Enable is the Read strobe to External Program Memory. 
When the 8XC152 is executing from external program memory, PSEN is active 
(low). When the device is executing code from External Program Memory, PSEN is 
activated twice each machine cycle, except that two PSEN activations are skipped 
during each access to External Data Memory. While in Reset, PSEN remains at a 
constant high level. 

39 56 EA-External Access enable. EA must be externally pulled low in order to enable 
the 8XC152 to fetch code from External Program Memory locations OOOOH to 
OFFFH. . . 
EA must be connectedto Vee for internal program execution. 

23 32 XTAL 1-lnput to the inverting oscillator amplifier and input to the internal clock 
generating circuits. 

22 31 XTAL2-Output from the oscillator amplifier. 

N/A 17,20 Port5-Port 5 is an 8-bit bi-directionall/O port with internal pullups. Port 5 pins 
21,22 that. have 1 s written to them are pulled high by the internal pullups, and in that state 
38,39 can be used as inputs. As inputs, Port 5 pins that are externally being pulled low will 
40,49 source current (IlL, on the data sheet) because of the internal pullups. 

Port 5 is also the multiplexed low-order address and data bus during accesses to 
external program memory if EBEN is pulled high. In this application it uses strong 
DuIiUD!:t whAn Amittinn 1" • • - ----- ---_._ •••• Q .--

N/A 67,66 PortS-Port 6 is an 8-bit bi-directionall/O port with internal pullups. Port 6 pins 
52,57 that have 1 s written to them are pulled high by the internal pullups, and in that state 
50,68 can be used as inputs. As inputs, Por:! 6 pins that are externally pulled low will 
1,51 source current (IlL, on the data sheet) because of the internal pullups. 

Port 6 emits the high-order address byte during fetches from external Program 
Memory if EBEN is pulled high. In this application it uses strong pullups when 
emitting 1 s. 

N/A 12 EBEN-E-Bus Enable input that designates whether program memory fetches take 
place via Ports 0 and 2 or Ports 5 and 6. Table 2.1 shows how the ports are used in 
conjunction with EBEN. 

53 EPSEN-..,-E-bus Program Store Enable is the Read strobe to external program 
memory when EBEN is high. Table 2.1 shows when EPSEN is used relative to 
PSEN depending on the status of EBEN and EA. 

NOTES: 
1. N.C. pins on PLeC package may be connected to internal die and should not be used in customer applications. 
2. It is recommended that both Pin 3 and Pin 33 be grounded for PLCe devices. 
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2.8 Power Down and Idle 

Both of these operations function identically as in the 
80C5IBH. Application Note 252, "Designing with the 
80C5IBH" gives an excellent explanation on the use of 
the reduced power consumption modes. Some of the 
items not covered in AP-252 are the considerations that 
are applicable when using the GSC or DMA in con
junction with the power saving modes. 

The GSC continues to operate normally in Idle as long 
as the interrupts are enabled. The interrupts need to be 
enabled, so that the CPU can service the FIFO's and 
terminate transmission or reception when appropriate. 
After servicing the GSC, user software will need to 
again invoke the Idle command as the CPU does not 
automatically re-enter the Idle mode after servicing the 
interrupts. 

The GSC does not operate while in Power Down so the 
steps required prior to entering Power Down become 
more complicated. The sequence when entering Power 
Down and the status of the I/O is of major importance 
in preventing damage to the CI52 or other components 
in the system. Since the only way to exit Power Down 
is with a Reset, several problem areas become very sig
nificant. Some of the problems that merit careful con
sideration are cases where the Power Down occurs dur
ing the middle of a transmission, and the possibility 
that other stations are not or cannot enter this same 
mode. The state of the GSC I/O pins becomes critical 
and the GSC status will need to be saved before power 
down is entered. There will also need to be some meth
od of identifying to the CPU that the following Reset is 
probably not a cold start and that other stations on the 
link may have already been initialized. 

The DMA circuitry stops operation in both Idle and 
Power Down modes. Since operation is stopped in both 
modes, the process should be similar in each case. Spe
cific steps that need to be taken include: notification to 
other devices that DMA operation is about to cease for 
a particular station or network, proper withdrawal 
from DMA operation, and saving the status of the 
DMA channels. Again, the status of the I/O pins dur
ing Power Down needs careful consideration to avoid 
damage to the C152 or other components. 

Port 4 returns to its input state, which is high level 
using weak pullup devices. 

2.9 Local Serial Channel 

The Local Serial Channel (LSC) is the name given to 
the UART that exists on all MCS-51 devices. The 
LSC's function and operation is exactly the same as on 
the 80C5IBH. For a description on the use of the LSC, 
refer to the 8051/52 Hardware Description Chapter in 
the Intel Embedded Controller Handbook, under Serial 
Interface. 

3.0 GLOBAL SERIAL CHANNEL 

3.1 Introduction 

The Global Serial Channel (GSC) is a multi-protocol, 
high performance serial interface targeted for data rates 
up to 2 MBPS with on-chip clock recovery, and 2.4 
MBPS using the external clock options. In applications 
using the serial channel, the GSCimplements the Data 
Link Layer and Physical Link Layer as described in the 
ISO reference model for open systems interconnection. 

The GSC is designed to meet the requirements of a 
wide range of serial communications applications and is 
optimized to implement Carrier-Sense Multi-Access 
with Collision Detection (CSMA/CD) and Synchro
nous Data Link Control (SDLC) protocols. The GSC 
architecture is also designed to provide flexibility in de
fining non-standard protocols. This provides the ability 
to retrofit new products into older serial technologies, 
as well as the development of proprietary interconnect 
schemes for serial backplane environments. 

The versatility of the GSC is demonstrated by the wide 
range of choices available to the user. The various 
modes of operation are summarized in Table 3.1. In 
subsequent sections, each available choice of operation 
will be explained in detail. 

In using Table 3.1, the parameters listed vertically (on 
the left hand side) represent an option that is selected 
(X). The parameters listed horizontally (along the top 
of the table) are all the parameters that could theoreti
cally be· selected (Y). The symbol at the junction of 
both X and Y determines the applicability of the option 
Y. 

Note, that not all combinations are backwards compati
ble. For example, Manchester encoding requires half 
duplex, but half duplex does not require Manchester, 
encoding. 

11-15 



HARDWARE DESCRIPTION OF THE 83C152 

Table 3.1 
ADDRESS 

DATA DU· ACKNOW· RECOG· PRE· 
ENCODING FLAGS CRC PLEX LEDGE . NITION BACKOFF AMBLE 

M N N 0 1 N 1 3 H F N H U N 8 1 N A D N 8 
A R R 1 1 0 6 2 A U 0 A S 0 B 6 O. L E 0 B 

N= NOT AVAILABLE N Z Z 1 I N B B L L N R E N I B R T T N I 
M=MANDATORY C I 1 I E I I F L E D R E T I M E E E T 
O=OPTIONAL H 1 D T T W D I T A R R 
P = NORMALLY PREFERRED E 1 L C A A E A L N M 
X=N/A S 1 E C U R F L A I 

T 0 I T E I L T N 
E T 0 N E I 
R E S 

D T 
I 
C 

DATA ENCODING: 

MANCHESTER(CSMA/CD) X N N 1 P 1 0 0 M N 0 0 0 0 0 0 0 0 0 N 0 

NRZI (SDLC) N X N P 1 1 0 0 0 0 0 N P 0 0 0 N N N 0 0 

NRZ (EXT CLK) N N X 0 0 1 0 0 0 0 0 N 0 0 0 0 0 0 0 0 0 

FLAGS:Ollllll0 (SDLC) N P 0 X 1 1 0 0 0 0 0 N P 0 0 0 N N N 0 0 

lll1DLE P N 0 1 X 1 0 0 0 N 0 0 0 0 0 0 0 0 0 1 0 

CRC:NONE 1 1 1 '1 1 X N N 1 N 1 1 1 1 1 1 N N N 1 1 

16-BITCCIIT 0 0 0 0 0 N X N 0 0 0 0 0 0 0 0 0 0 0 0 0 

32-BIT AUTODIN " 0 0 0 0 0 N N X 0 N 0 0 0 0 0 0 0 0 0 0 0 

DUPLEX:HALF 0 0 0 0 0 1 0 0 X N 0 0 0 0 0 0 0 0 0 0 0 

FULL N 0 0 M N N M N N X 0 N P 0 0 0 N N N 0 0 

ACKNOWLEDGEMENT:NONE 0 0 0 0 0 1 0 0 0 0 X N N 0 0 0 0 0 0 0 0 

HARDWARE 0 N N N 0 1 0 0 0 N N X N 0 0 0 N 0 0 N 0 

USER DEFINED 0 P 0 0 0 1 0 0 0 P N N X 0 0 0 0 0 0 0 0 

ADDRESS RECOGNITION: 

NONE/ALL 0 0 0 0 0 1 0 0 0 0 0 0 0 X N N 0 0 0 0 0 

a-BIT 0 0 0 0 0 1 0 0 0 0 0 0 0 N X N 0 0 0 0 0 

l6-BIT 0 0 0 0 0 1 0 0 0 0 0 0 0 N N X 0 0 0 0 0 

COLLISION RESOLUTION: 

NORMAL 0 N 0 N 0 N 0 0 M N 0 N 0 0 0 0 x ., .. N 0 " 
ALTERNATE 0 N 0 N 0 N 0 0 M N 0 0 0 0 0 0 N X N N 0 

DETERMINISTIC 0 N 0 N 0 N 0 0 M N 0 0 0 0 0 0 N N X N 0 

PREAMBLE:NONE N 0 0 0 1 1 0 0 0 0 0 N 0 0 0 0 N N N X N 

a-BIT 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 N X 

32-BIT 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 N N 

64-BIT 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 N N 

JAM:D.C. M N N N b N 0 0 M N 0 0 0 0 0 0 0 0 0 N 0 

CRC M N N N 0 N 0 0 M N 0 0 0 0 0 0 0 0 0 N 0 

CLOCKING:EXTERNAL N M N 0 0 N 0 0 0 0 0 N 0 0 0 0 N N N 0 0 

INTERNAL 0 0 N 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

CONTROL: CPU 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

DMA 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

RAW RECEIVE: 1 1 1 1 1 1 1 1 1 N 1 1 1 1 1 1 0 0 0 1 1 

RAW TRANSMIT: 1 1 1 1 1 1 1 1 1 N 1 1 1 1 1 1 N N N 1 1 

CSMAlCD: 0 N 2 1 P 1 0 0 M N 0 0 0 0 0 0 0 0 0 N 0 

SDLC: N 0 0 P 1 1 0 0 0 0 0 N 0 0 0 0 N N N P 0 
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Table 3.1 (Continued) 
PRE-

AMBLE JAM CLOCK CONTROL 

3 6 0 C E I C D' R R C S 
2 4 C R X N P M A A S D 

N=NOT AVAILABLE B B C T T U A W W M L 
M=MANDATORY I I I E E R T A C 
O=OPTIONAL T T R R E R I 
P = NORMALLY PREFERRED N N C A C 
X=N/A A A E N D 

L L I S 
V M 
E I 

T 

DATA ENCODING: 

MANCHESTER 0 0, 0 0 N M 0 0 0 0 M N 

NRZI 0 0 N N N M 0 0 0 0 N M 

NRZ 0 0 0 0 M N 0 0 0 0 0 0 

FLAGS:01111110 0 0 N N 0 0 0 0 0 1 1 P 

1111DLE 0 0 0 0 0 0 0 0 0 1 P 1 

CRC:NONE 1 1 N N 1 1 1 1 1 1 1 1 

16-BIT CCITT 0 0 0 0 0 0 0 0 1 1 0 0 

32-BIT AUTODIN II 0 0 0 0 0 0 0 0 1 1 0 0 

DUPLEX:HALF 0 0 0 0 0 0 0 0 0 0 0 0 

FULL 0 0 N N 0 0 0 0 N N N P 

ACKNOWLEDGEMENT:NONE 0 0 0 0 0 0 0 0 0 0 0 0 

HARDWARE 0 0 0 0 N 0 0 0 N N 0 N 

USER DEFINED 0 0 0 0 0 0 0 0 0 0 0 1 

ADDRESS RECOGNITION: 

NONE 0 0 0 0 0 0 0 0 0 0 0 0 

8-BIT 0 0 0 0 0 0 0 0 1 1 0 0 

16-BIT 0 0 0 0 0 0 0 0 1 1 0 0 

COLLISION RESOLUTION: 

NORMAL 0 0 0 0 N 0 0 0 0 N M N 

ALTERNATE 0 0 0 0 N 0 0 0 0 N M N' 

DETERMINISTIC 0 0 0 0 N 0 0 0 0 N M N 

PREAMBLE:NONE N N N N 0 0 0 0 0 0 N P 

8-BIT N N 0 0 0 0 0 0 1 1 0 0 

32-BIT X N 0 0 0 0 0 0 1 1 0 0 

64-BIT N X 0 0 0 0 0 0 1 1 0 0 

JAM:D.C. 0 9 X N 2 0 0 0 0 N M N 

CRC 0 0 N X 2 0 0 0 0 N M N 

CLOCKING:EXTERNAL 0 0 N N X N 0 0 0 0 2 0 

INTERNAL 0 0 0 0 N X 0 0 0 0 0 0 

CONTROL:CPU 0 0 0 0 0 0 X N 0 0 0 0 

DMA 0 0 0 0 0 0 N X 0 0 0 0 

RAW RECEIVE: 1 1 0 0 1 1 1 1 X N 1 1 

RAW TRANSMIT: 1 1 N N 1 1 1- 1 N X 1 1 

CSMAlCD: 0 0 0 0 2 0 0 0 0 0 X N 

SDLC: 0 '0 N N 0 0 0 0 0 0 ,N X 
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Note 1: Programmable in Raw transmit or receive 
mode. 

Note 2: When CSMA/CD is enabled, an external clock 
can be used on the transmitter, but not the receiver. 
Since the receiver monitors the link for Manchester vio
lations, external hardware would be required to refor
mat the data from NRZ to Manchester on the transmit
ter. These hardware requirements go beyond the expec
tations of this table for implementation. For that reason 
it was assumed that the external clock cannot be used 
at all with CSMA/CD protocol, although it is actually 
possible to do so. 

Almost all the options available from Table 3.1 can be 
implemented with the proper software to perform the 
functions that are necessary for the options selected. In 
Table 3.1, a judgment has been made by the authors on 
which options are practical and which are not. What 
this means is that in Table 3.1, an "N" should be inter
preted as meaning that the option is either not practical 
when implemented with user software or that it cannot 
be done. An "0" is used when that function is one of 
several that can be implemented with the GSC without 
additional user software. 

The GSC is targeted to operate at bit rates up to 2.4 
MBps using the external clock options and up to 2 
MBps using the internal baud rate generator, internal 
data formatting and on-chip clock recovery. The baud 
rate generator allows most standard rates to be 
achieved. These standards include . the proposed 
IEEE802.3 LAN standard (1.0MBps) and the Tl stan
dard (1. 544MBps). The baud rate is derived from the 
crystal frequency. This makes crystal selection impor
tant when determining the frequency and accuracy of 
the baud rate. 

3.2 CSMA/CD Operation 

3.2.1 CSMAlCD OVERVIEW 

CSMA/CD operates by sensing the transmission line 
for a carrier, which indicates link activity. At the end of 
link activity, a station must wait a period of time, called 
the deference period, before transmission may begin. 
The deference period is also known as the interframe 
space. The interframe space is explained· in Section 
3.2.3. 

With this type of operation, there is always the possibil
ity of a collision occurring after the deference period 
due to line delays. If a collision is detected after trans
mission is started, a jamming mechanism is used to en
sure that all stations monitoring the line are aware of 
the collision. A resolution algorithm is then executed to 
resolve the contention. There are three different modes 

of collision resolution made available to the user on the 
C152. Re-transmission is attempted when a resolution 
algorithm indicates th\lt a station's opportunity has ar
rived. 

Normally, in CSMA/CD, re-transmission slot assign
ments are intended to be random. This method gives all 
stations an equal opportunity to utilize the serial com
munication link but also leaves the possibility of anoth
er collision due to two stations having the same slot 
assignment. There is an option on the C152 which al
lows all the stations to have their slot assignments pre
viously determined by user software. This pre-assign
ment of slots is called the deterministic resolution 
mode. This method allows resolution after the first col
lision and ensures the access of the link to each station 
during the resolution. Deterministic resolution can be 
advantageous when the link is being heavily used and 
collisions are frequently occurring and in real time ap
plications where determinism is required. Deterministic 
resolution may also be desirable int is known before
hand that a certain station's communication needs to be 
prioritized over those of other stations if it is involved 
in a collision. 

3.2.2 CSMAlCD FRAME FORMAT 

The frame format in CSMA/CD consists of a pream
ble, Beginning of Frame flag (BOF), address field, in
formation field, CRC, and End of Frame flag (EOF) as 
shown in Figure 3.1. 

I PREAMBLE I BOF I ADDRESS I INFO I CRC I EOF I 
Figure 3.1 Typical CSMA/CD Frame 

PREAMBLE - The preamble is a series of alternating 
Is and Os. The length of the preamble is programmable 
to be 0,8,32, or 64 bits. The purpose of the preamble is 
to ~l!c .. v ,,11 the r~ceh-cfs LV ~YIlchronize to the same 
clock edges and identifies to the other stations on-line 
that there is activity indicating the link is being used. 
For these reasons zero preamble length is not compati
ble with standard CSMA/CD, protocols. When using 
CSMA/CD, the BOF is considered part of the pream
ble compared to SDLC, where the BOF is not part of 
the preamble. This means that if zero preamble length 
were to be used in CSMA/CD mode, no BOF would be 
generated. It is strongly recommended that zero pream
ble length never be used in CSMA/CD mode. If the 
preamble contains two consecutive Os, the preamble is 
considered invalid. If the C152 detects an invalid pre
amble, the frame is ignored. 

BOF - InCSMA/CD the Beginning-Of-Frame is a part 
of the preamble and consists of two sequential Is. The 
purpose of the BOF is to identify the end of the pream
ble and indicate to the receiver(s) that the address will 
immediately follow. 
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ADDRESS - The address field is used to identify which 
messages are intended for which stations. The user 
must assign addresses to each destination and source. 
How the addresses are assigned, how they are main
tained, and how each transmitter is made aware of 
which addresses are available is an issue that is left to 
the user. Some suggestions are discussed in Section 
3.5.5. Generally, each address is unique to each station 
but there are special cases where this is not true. In 
these special cases, a message is intended for more than 
one station. These multi-targeted messages are called 
broadcast or multicast-group addresses. A broadcast 
address consisting of all Is will always be received by 
all stations. A multicast-group address usually is indi
cated by using a las the first address bit. The user can 
choose to mask off all or selective bits of the address so 
that the GSC receives all messages or multicast-group 
messages. The address length is programmable to be 8 
or 16 bits. An address consisting of all Is will always be 
received by the GSC on the C152. The address bits are 
always passed from the GSC to the CPU. With user 
software, the address can be extended beyond 16 bits, 
but the automatic address recognition will only work 
on a maximum of 16 bits. User software will have to 
resolve any remaining address bits. 

INFO - This is the information field and contains the 
data that one device on the link wishes to transmit to 
another device. It can be of any length the user wishes 
but needs to be in multiples of 8 bits. This is because 
multiples of 8 bits are used to transfer data into or out 
of the GSC FIFOs. The information field is delineated 
from the rest of the components of the frame by the 
preceding address field and the following CRC. The 
receiver determines the position of the end of the infor
mation field by passing the bytes through a temporary 
storage space. When the EOF is received the bytes in 
temporary storage are the CRC, and the last bit re
ceived previous to the CRC constitute the end of the 
information field. 

CRC - The Cyclic Redundancy Check (CRC) is an er
ror checking algorithm commonly used in serial com
munications. The C152 offers two types of CRC algo
rithms, a 16-bit and a 32-bit. The 16-bit algorithm is 
normally used in the SDLC mode and will be described 
in the SDLC section. In CSMA/CD applications either 

algorithm can be used but IEEE 802.3 uses a 32-bit 
CRC. The generation polynomial the C152 uses with 
the 32-bit CRC is: 
G(X) = X32 + X26 + X23 + X22 + X16 + Xl2 + 

Xll + XIO + X8 + X7 + X5 + X4 + X2 
+ X + I 

The CRC generator, as shown in Figure 3.2, operates 
by taking each bit as it is received and XOR'ing it with 
bit 31 of the current CRC. This result is then placed in 
temporary storage. The result of XOR'ing bit 31 with 
the received bit is then XOR'd with bits 0, 1, 3, 4, 6, 7, 
9, 10, 11, 15,21,22,25 as the CRC is shifted right one 
position. When the CRC is shifted right, the temporary 
storage space holding the result of XOR'ing bit 31 and 
the incoming bit is shifted into position O. The whole 
process is then repeated with the next incoming or out
going bit. 

The user has no access to the CRC generator or the bits 
which constitute the CRC while in CSMA/CD. On 
transmission, the CRC is automatically appended to 
the data being sent, and on reception, the CRC bits are 
not normally loaded into the receive FIFO. Instead, 
they are automatically stripped. The only indication the 
user has for the status of the CRC is a pass/fail flag. 
The pass/fail flag only operates during reception. A 
CRC is considered as passing when the the CRC gener
ator has 11000111 00000100 11011010 01111011B as a 
remainder after all of the data, including the CRC 
checksum, from the transmitting station has been cy
cled through the CRC generator. The preamble, BOF 
and EOF are not included as part of the CRC algo
rithm. An interrupt is available that will interrupt the 
CPU if the CRC of the receiver is invalid. The user can 
enable the CRC to be passed to the CPU by placing the 
receiver in the raw receive mode. 

This method of calculating the CRC is compatible with 
IEEE 802.3. 

EOF - The End Of Frame indicates when the transmis
sion is completed. The end flag in CSMAlCD consists 
of an idle condition. An idle condition is assumed when 
there is no transitions and the link remains high for 2 or 
more bit times. 
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270427-8 

Figure 3.2. CRC Generator 

3.2.3 INTERFRAME SPACE 

The interframe space is the amount of time that trans
mission is delayed after the link is sensed as being idle 
and is used to separate transmitted frames. In alternate 
backoff mode, the interframe space may also be includ
ed in the determination of when retransmissions may 
actually begin. The CI52 allows programmable inter
frame spaces of even numbers of bit times from 2· to 
256. 

The period of the interframe space is determined by the 
contents of IFS. IFS is an SFR that is programmable 
from ° to 254. The interframe space is measured in bit 
times. The value in IFS multiplied by the bit time 
equals the int.erfr:uTIf2> ~pa~e D.!!!ess !FS eq!!~b O. If IPS 
does equal 0, then the interframe space will equal 256 
bit times. One of the considerations when loading the 
IFS is that only even numbers (LSB must be 0) can be 
used because only the 7 most significant bits are loaded 
into IFS. The LSB is controlled by the GSC and deter
mines which half of the IFS is currently being used. In 
some modes, the interframe space timer is re-triggered 
if activity is detected during the first half of the period. 
The GSC determines which half of the interframe space 
is currently being used by examining the LSB. A one 
indicates the first half and zero indicates the second 
half of the IFS. 

After reset IFS is 0, which delays the first transmission 
for both SDLC and CSMA/CD by 256 bit times (after 
reset, a bit time equals 8 oscillator clock periods). 

In most applications, the period of the interframe space 
will be equal to or greater than the amount of time 
needed to turn-around the received frame. The turn
around period is the amount of time that is needed by 
user software to complete the handling of a received 
frame and be prepared to receive the next frame. An 
interframe space smaller than the required turn-around 
period could be used,but would allow some frames to 
be missed. 

When a GSC transmitter has a new message to send, it 
will first sense the link. If activity is detected, transmis
sion will be deferred to allow the frame in progress to 
complete. When link activity ceases, the station contin
ues deferring for one interframe space period. 

As mentioned earlier, the interframe space is used dur
ing the collision resolution period as well as during nor
mal transmission. The backoff method selected affects 
how the deference period. is handled during normal 
transmission. If normal backoff mode is selected, the 
interframe space timer is reset if activity occurs during 
approximately the first half of the interframe space. If 
alternate backoff or deterministic backoff is selected, 
the timer is not reset. In all cases when the interframe 
space timer expires, transmission may begin, regardless 
if there is activity on the link or not. Although the 
C 152 resets the interframe space timer if activity is de
tected during the first one-half of the interframe space, 
this is not necessarily true of all CSMA/CD systems. 
(IEEE 802.3 recommends that the interframe space be 
reset if activity is detected during the first two-thirds or 
less of the interframe space.) 
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3.2.4 CSMA/CD DATA ENCODING 

Manchester encoding/decoding is automatically select
ed when the user software selects CSMA/CD transmis
sion mode (See Figure 3.3). In Manchester encoding 
the value of the bit is determined by the transition in 
the middle of the bit time, a positive transition is decod
ed as a I and a negative transition is decoded as a O. 

If the external IX clock feature is chosen the transmis
sion mode is always NRZ (see Section 3.5.11). Using 
CSMA/CD with the external clock option is not sup
ported because the data needs reformatting from NRZ 
to Manchester for the receiver to be able to detect code 
violations and collisions. 

3.2.5 COLLISION DETECTION 

The GSC hardware detects collisions by detecting Man
chester waveform violations at its GRXD pin. Three 
kinds of waveform violations are detected: a missing 
O-to-I transition where one was expected, a I-to-O tran
sition where none was expected, and a waveform that 
stays low (or high) for too short a time. 

Jitter Tolerance 

A valid Manchester waveform must have a transition at 
the midpoint of any bit cell, and may have a transition 
at the edge of any bit cell. Therefore, transitions will 
nominally be separaied by either 1/2 bit-time or I bit
time. 

The GSC samples the GRXD pin at the rate of 8 l\ the 
bit rate. The sequence of samples for the received bit 
sequence 001 would nominally be: . 

samples: 1 1 1 1 0 0 0 0 : 1 1 1 1 0 0 0 0 :000 0 1 1 1 1 : 
bit value: 0 0 1 

: <-bit cell->: <-bitcell-> :<-bitcell-> : 

The sampling system allows a jitter tolerance of ± I 
sample for transitions that are 1/2 bit-time apart, and 
± 2 samples for transitions that are I bit-time apart. 

o 

I BIT I 

-Tlt.tE--: 

Narrow Pulses 

A valid Manchester waveform must stay high or low 
for at least a half bit-time, nominally 4 sample-times. 
Jitter tolerance allows a waveform which stays high or 
low for 3 sample-times to also be considered valid. A 
sample sequence which shows a second transition only 
I or 2 sample-times after the previous transition is con
sidered to be the result of a collision. Thus, sample 
sequences such as 0000110000 and 111101111 are inter
preted as collisions. 

The GSC hardware recognizes the collision to have oc
curred within 3/8 to 1/2 bit-time following the second 
transition. 

Missing O-to-1 Transition 

A O-to-I transition is expected to occur at the center of 
any bit cell that begins with O. If the previous I-to-O. 
transition occurred at the bit cell edge; a jitter tolerance 
of ± I sample is allowed. Sample sequences such as 
1111:00001111 and 1111:000001111 are valid, where 
U:" indicates a bit cell edge. Sequences of the form 
IIII:OOOOOOXXX are interpreted as collisions. 

For these kinds of sequences, the GSC recognizes the 
collision to have occurred within I to I 1/8 bit-times 

. after the previous I-to-O transition. 

. If the previous I-to-O transition occurred at the center 
of the previous bit cell, a jitter tolerance of ± 2 samples 
is allowed. Thus, sample sequences such as 
11110000:00001111 and 111100000:000001111 are val
id. Sequences of the form lIIIOOOOO:OOOOOOXXX are 
interpreted as collisions. 

For these kinds of sequences, the GSC recognizes the 
collision to have occurred within I 5/8 to I 3/4 bit
times after the previous I-to-O transition. 

Unexpected 1-to-O Transition 

If the line is at a logic I during the first half of a bit cell, 
then it is expected to make a I-to-O transition at the 
midpoint of the bit cell. If the transition is missed, it is 
assumed that this bit cell is the first half of an EOF flag 

o o 

270427-14 

Figure 3.3. Manchester Encoding 
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(line idle for two bit-times). One bit-time later (which 
marks the midpoint of the next bit cell), if there is still 
no I-to-O transition, a valid EOF is assumed and the 
line idle bit (LNI in TST AT) gets set. 

However, if the assumed EOF flag is interrupted by a 
I-to-O transition in the bit-time following the first miss
ing transition, a collision is assumed. In that case the 
GSC hardware recognizes the collision to have oc
curred within 1/2 to 5/8 bit-time after the unexpected 
transition. 

3.2.6 RESOLUTION OF COLLISIONS 

How the GSC responds to a detected collision depends 
on what it was doing at the time the collision was de
tected. What it might be doing is either transmitting or 
receiving a frame, or it might be inactive. 

GSC Inactive 

The collision is detected whether the GSC is active or 
not. If the GSC is neither transmitting nor receiving at 
the time the collision is detected, it takes no action un
less user software has selected the Deterministic Colli
sion Resolution (DCR) algorithm. If DCR has been . 
selected, the GSC will participate in the resolution al
gorithm. 

GSC Receiving 

If the GSC is already in the process of receiving a frame 
at the time the collision is detected, its response de
pends on whether the first byte of the frame has been 
transferred into RFIFO yet or not. If that hasn't oc
curred, the GSC simply aborts the reception, but takes 
no other action unless DCR has been selected. If DCR 
has been selected, the GSC participates in the resolu
tion algorithm. 

If the reception has already progressed to the point 
where a byte has been transferred to RFIFO by the 
time the collision is detected, the receiver is disabled 

What the GSC was doing 

nothing 

Receiving a Frame, first 
byte not in RFIFO yet. 

Receiving a Frame, first 
byte already in RFIFO. 

Transmitting a Frame, first 
byte still in TFIFO 

Transmitting a Frame, first 
byte already taken from TFIFO 

(GREN = 0), and the Receive Error Interrupt flag 
RCABT is set. If DCR has been selected, the GSC 
participates in the resolution algorithm. 

Incoming bits take 1/2 bit time to get from the GRXD 
pin to the bit decoder. The bit decoder strips off the 
preamble/BOF bits, and the first bit after BOF is shift
ed into a serial strip buffer. The length of the strip 
buffer is equal to the number of bits in the selected 
CRC. It is within this buffer that address recognition 
takes place. If the address is recognized as one for 
which reception should proceed, then when the first 
address bit exits the strip buffer it is shifted into an 8-bit 
shift register. When the shift register is full, its content 
is transferred to RFIFO. That is the event that deter
mines whether a collision sets RCABT or not. 

GSC Transmitting 

If the GSC is in the process of transmitting a frame at 
the time the collision is detected, it will in every case 
execute its jam/backoff procedure. Its reponse beyond 
that depends on whether the first byte ,of the frame has 
been transferred from TFIFO to the output shift.regis
ter yet or not. That transfer takes place at the beginning 
of the first bit of the BOF; that is, 2 bit-times before the 
end of the preamble/BOF sequence. 

If the transfer from TFIFO hasn't occurred yet, the 
GSC hardware will try again to gain access to the line 
after its backoff time has expired. Up to 8 automatic 
restarts can be attempted. If the 8th restart is interrupt
ed by yet another collision, the transmitter is disabled 
(TEN = 0) and the Transmit Error Interrupt flag 
TCDT is set. 

If the transfer from TFIFO occurs before a collision is 
detected, the transmitter is disabled (TEN = 0) and 
the TCDT flag is set. . 

The response of the GSC to detected collisions is sum
marized in Figure 3.4. 

Response 

None, unless OCR = 1. 
If OCR = 1, begin OCR countdown. 

None, unless OCR = 1. 
If OCR = 1, begin OCR countdown. 

Set RCABT, clear GREN. 
If OCR = 1, begin OCR countdown. 

Execute jam/backoff. 
Restart if collision count s; 8. 

Execute jam/backoff. 
Set TCDT, clear TEN. 

Figure 3-4. Response to a Detected Collision. References to DCR and the DCR Countdown 
Have to Do with the Deterministic Collision Resolution Algorithm. 
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Jam 

The jam signal is generated by any 8XC152 that is in
volved in transmitting a frame at the time a collision is 
detected at its GRXD pin. This is to ensure that if one 
transmitting station detects a collision, all the other sta
tions on the- network will also detect a collision. 

If a transmitting 8XC152 detects a collision during the 
preamble/BOF part of the frame that it is trying to 
transmit, it will complete the preamble/BOF and then 
begin the jam signal in the first bit time after BOP. If 
the collision is detected later in the frame, the jam sig
nal will begin in the next bit time after the collision was 
detected. 

The jam signal lasts for the same number of bit times as 
the selected CRC length-either 16- or 32-bit times. 

The 8XC152 provides two types of jam signals that can 
be selected by user software. If the node is DC-coupled 
to the network, the DC jam can be selected. In this case 
the GTXD pin is pulled to a logic 0 for the duration of 
the jam. If the node is AC-coupled to the network, then 
AC jam must be selected. In this case the GSC takes 
the CRC it has calculated thus far in the transmission, 
inverts each bit, and transmits the inverted CRC. The 
selection of DC or AC jam is made by setting or clear
ing the DCI bit, which resides in the SFR named 
MYSLOT. 

When the jam signal is completed, the 8XC152 goes 
into an idle state. Presumeably, other stations on the 
network are also generating their own jam signals, after 
which they too go into an idle state. When the 8XCI52 
detects the idle state at its own GRXD pin, the backoff 
sequence begins. 

Backoff 

There are three software selectable collision resolution 
algorithms in the 8XC152. The selection is made by 
writing values to 3 bits: 

DCR M1 MO Algorithm 

0 0 0 Normal Random 
0 1 1 Alternate Random 
1 1 1 Deterministic 

Ml and MO reside in GMOD, and DCR is in 
MYSLOT. 

In the Normal Random algorithm, the GSC backs off 
for a random number of slot times and then decides 
whether to restart the transmission. The backoff time 
begins as soon as a line idle condition is detected. 

The Alternate Random algorithm is the same as the 
Normal Random except the backoff time doesn't start 
until an IFS has transpired. 

In the Deterministic algorithm, the GSC backs off to 
await its pre-determined turn. 

Random 8ackoff 

In either of the random algorithms, the first thing that 
happens after a collision is detected is that a 1 gets 
shifted into the TCDCNT (Transmit Collision Detect 
Count) register, from the right. 

Thus if the software cleared TCDCNT before telling 
the GSC to transmit, then TCDCNT keeps track of 
how many times the transmission had to be aborted 
because of collisions: 

TCDCNT = 00000000 first attempt 

00000001 first collision 

00000011 second collision 

00000111 third collision 

00001111 fourth collision 

11111111 eighth collision 

After TCDCNT gets a shifted into it, the logical 
AND of TCDCNT and PRBS is loaded into a count
down timer named BKOFF. PRBS is the name of an 
SFR which contains the output of a pseudo-random 
binary sequence generator. Its function is to provide a 
random number for use in the backoff algorithm. 

Thus on the first collision BKOFF gets loaded random
ly with either 00000000 or 00000001. If there is a sec
ond collision it gets loaded with the random selection of 
00000000, 00000001, 00000010, or 00000011. On the 
third collision there will be a random selection among 8 
possible numbers. On the fourth, among 16, etc. Figure 
3.5 shows the logical arrangement ofPRBS, TCDCNT, 
and BKOFF. 

BKOFF starts counting down from its preload value, 
counting slot times. At any time, the current value in 
BKOFF can be read by the CPU, but CPU writes to 
BKOFF have no effect. While BKOFF is counting 
down, if its current value is not 0, transmission is dis
abled. The output signal "BKOFF = 0" is asserted 
when BKOFF reaches 0, and is used to re-enable trans
mission. 

At that time transmission can proceed, subject of 
course to IFS enforcement, unless: 

• shifting a 1 into TCDCNT from the right caused a 1 
to shift out from the MSB of TCDCNT, or 

• the collision was detected after TFIFO had been ac
cessed by the transmit hardware. 
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BKOFF = t.4YSLOT 

270427-38 

Figure 3.5. Backoff Timer Logic 

In either of these cases, the transmitter is disabled 
(TEN = 0) and the Transmit Error flag TCDT is set. 
The automatic restart is canceled. 

Where the Normal and Alternate Random backoff al
gorithms differ is that in,Normal Random backoff ~he 
BKOFF timer starts counting down as soon as a line 
idle condition is detected, whereas in Alternate Ran
dom backoff the BKOFF timer doesn't start counting 
down till the IFS expires. 

The Alternate Random mode was designed for net
works in which the slot time is less than the IFS. If the 
randomly assigned backoff time for a given transmitter 
happens to be 0, then it is free to transmit as soon as the 
IFS ends. If the slot time is shorter than the IFS, Nor
mal Random mode would nearly guarantee that if 
there's a first collision there will be a second collision. 
The situation is avoided in Alternate Random mode, 
since the BKOFF countdown doesn't start till the IFS 
is over. 

The unit of count to the BKOFF timer is the slot time. 
The slot time is measured in bit-times, and is deter
mined by a CPU write to the register SLOTTM. The 
slot time clock is a I-byte downcounter which starts its 
countdown from the value written to SLOTTM. It is 
decremented each bit time when a backoff is in prog
ress, and when it gets to I it generates one tick in the 
slot time clock. The next state after I is the reload value 
which was written to SLOTTM. If 0 is the value writ
ten to SLOTTM, the slot time clock will equal 256 bit 
times. 

A CPU write to SLOTTM accesses the reload register. 
A CPU read of SLOTTM accesses the down counter. In 

most protocols, the slot period must be equal to or 
greater than the longest round trip propagation time 
plus the jam time. 

Deterministic Backoff 

In the Deterministic backoff mode, the GSC is assigned 
(in software) a slot number. The s~cit assignment is wri~
ten to the low 6 bits of the regtster MYSLOT. This 
same register also contains, in the 2 high bit positions, 
the control bits DCJ and DCR. 

Slot assignments therefore can run from 0 to 63. It will 
tum out that'the higher the slot assignment, the sooner 
the GSC will get to restart its transmission in the event 
of a collision. 

The highest slot assignment in the network is written 
by each'station's software into its TCDCNT register. 
Normally the highest slot assignment is just the total 
number of stations that are going to participate in the 
backoff algorithm. 

In deterministic backoff mode a collision will not cause 
a I to be shifted into TCDCNT. TCDCNT will still be 
ANDed with PRBS and the result loaded into BKOFF. 
In order to insure that all stations have the same value 
loaded into BKOFF, which determines the first slot 
number to occur, the PRBS should be loaded with 
OFFH· the PRBS will maintain this value until either 
the 8XCI52 is reset or the user writes some other value 
into PRBS. After BKOFF is loaded it begins counting 
down slot times as soon as the IFS ends. Slot times are 
defined by the user, the same way as before, by loading 
SLOTTM with the number of bit times per slot. 
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When BKOFF equals the slot assignment (as defined in 
MYSLOT), the signal "BKOFF = MYSLOT" in Fig
ure 3.5 is asserted for one slot time, during which the 
GSC can restart its transmission. 

While BKOFF is counting down, if any activity is de
tected at the GRXD pin, the countdown is frozen until 
the activity ends, a line idle condition is detected, and 
an IFS transpires. Then the countdown resumes from 
where it left off. 

If a collision is detected at the GRXD pin while 
BKOFF is counting down, the collision resolution algo
rithm is restarted from the beginning. 

In effect, the GSC "owns" its assigned slot number, but 
with one exception. Nobody owns slot number 0. 
Therefore if the GSC is assigned slot number 0, then 
when BKOFF = 0, this station and any other station 
that has something to say at this time will have an 
equal chance to take the line. 

3.2.7 HARDWARE BASED ACKNOWLEDGE 

Hardware Based Acknowledge (HBA) is a data link 
packet acknowledging scheme that the user software 
can enable with CSMA!CD protocol. It is not an op
tion with SDLC protocol however. 

In general HBA can give improved system response 
time and increased effective transmission rates over ac
knowledge schemes implemented in higher layers of the 
network architecture. Another benefit is the possibility 
of early release of the transmit buffer as soon as the 
acknowledge is received. 

The acknowledge consists of a preamble followed by an 
idle condition. A receiving station with HABEN en
abled will send an acknowledge only if the incoming 
address is unique to the receiving station and if the 
frame is determined to be correct with no errors. For 
the acknowledge to be sent, ten must be set. For the 
transmitting station to recognize the acknowledge 
GREN must be set. A zero as the LSB of the address 
indicates that the address is unique and not a group or 
broadcast address. Errors can be caused by collisions, 
incorrect CRC, misalignment, or FIFO overflow. The 
receiver sends the acknowledge as soon as the line is 

sensed to be idle. The user must program the interframe 
space and the preamble length such that the acknowl
edge is completed before IFS expires. This is normally 
done by programming IFS larger than the preamble. 

A transmitting station with HABEN enabled expects 
an acknowledge. It must receive one prior to the end of 
the interframe space, or else an error is assumed and 
the NOACK bit is set. Setting of the TDN bit is also 
delayed until the end of the interframe space. Collisions 
detected during the interframe space will also cause 
NOACK to be set. 

The user software may enable the interrupt so that the 
CPU is notified when TDN is set. If the GSC is serv
iced by DMA, the user must time out one interframe 
space and then check the NOACK bit or the TDN bit. 

3.3 SOLe Operation 

3.3.1 SDLC OVERVIEW 

SDLC is a communication protocol developed by IBM 
and widely used in industry. It is based on a primary! 
secondary architecture and requires that each second
ary station have a unique address. The secondary sta
tions can only communicate to the primary station, and 
then, only when the primary station allows communi
cation to take place. This eliminates the possibility of 
contention on the serial line caused by the secondary 
station's trying to transmit simultaneously. 

In the C152, SDLC can be configured to work in either 
full or half duplex. When adhering to strict SDLC pro
tocol, fun duplex is required. Full duplex is selected 
whenever a 16-bit CRC is selected. At the end of a valid 
reset the 16-bit CRC is selected. To select half duplex 
with a 16-bit CRC, the receiver must be turned off by 
user software before transmission. The receiver is 
turned off by clearing the GREN bit (RSTAT.l). The 
receiver needs to be turned off because the address that 
is transmitted is the address of the secondary station's 
receiver. If not turned off, the receiver could mistake 
the outgoing message as being intended for itself. When 
32-bit CRCs are used, half duplex is the only method 
available for transmission. 
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3.3.2 SDLC Frame Format 

The format of an SDLC frame is shown in Figure 3.6. 
The frame consists of a Beginning of Frame flag, Ad
dress field, Control Field, Information field (optional), 
a CRC, and the End of Frame flag. 

I BOF , ADDRESS' CONTROL 'INFO' CRC , EOF I 
Figure 3.6. Typical SDLC Frame 

BOF - The begin of frame flag for SDLC is 01111110. 
It is only one of two possible combinations that have six 
consecutive ones in SDLC. The other possibility is an 
abort character which consists of eight or more consec
utive ones. This is because SDLC utilizes a process 
called bit stuffing. Bit stuffing is the insertion of a 0 as 
the next bit every time a sequence of five consecutive Is 
is detected. The receiver automatically removes a 0 af
ter every consecutive group of five ones. This removal 
of the 0 bit is referred to as bit stripping. Bit stuffing is 
discussed in Section 3.3.4. All the procedures required 
for bit stuffing and bit stripping are automatically han
dled by the GSC. 

In.standard SDLC protocol the BOF signals the start of 
a frame and is limited to 8 bits ih length. Since there is 
no preamble in SDLC the BOF is considered an entire 
separate field and marks the beginning of the frame. 
The BOF also serves as the clock synchronization 
mechanism and the reference point for determining the 
position of the address and control fields. 

ADDRESS - The address field is used to identify which 
stations the message is intended for. Each secondary 
station must have a unique address. The primary sta
tion must then be made aware of which addresses are 
assigned to each station. The addres~ length is specified 
as 8-bits in standard SDLC protocols but it is expand
able to 16-bits in the C152. User software can further 
expand the number of address bits, but the ·automatic 
address recognition feature works on a maximum of 16-
bits. 

In SDLC the addresses are normally unique for each 
station. However, there are several classes of messages 
that are intended for more than one station. These mes
sages are called broadcast and group addressed frames. 
An address consisting of all Is will always be automati
cally received by the GSC, this is defined as the broad
cast address in SDLC. A group address is an address 
that is common to more than one station. The GSC 
provides address masking bits to provide the capability 
of receiving group addresses. 

If desired, the user software can mask off all the bits of 
the address. This type of masking puts the GSC in a 
promiscuous mode so that all addresses are received. 

CONTROL - The control field is used for initialization 
of the system, identifying the sequence of a frame, to 
identify if the message is complete, to tell secondary 
stations if a response is expected, and acknowledgement 
of previously sent frames. The user software is responsi
ble for insertion of the control field as the GSC hard
ware has no provisions for the management of this 
field. The interpretation and formation of the control 
field must also be handled by'user software. The infor
mation following the control field is typically used for 
information transfer, error reporting, and various other 
functions. These functions are accomplished by the for
mat of the control field. There are three formats avail
able. The types of formats are Informational, Supervi
sory, or Unnumbered. Figure 3,7 shows the various for
mat types and how to identify them. 

Since the user software is responsible for the implemen
tation of the control field, what follows is a simple ex
planation on the control field and its functions. For a 
complete understanding and proper implementation of 
SDLC, the user should refer to the IBM document, 
GA27-3093-2, IBM Synchronous Data Link Control 
General Information. Within that document, is another 
list of IBM documents which· go into detail on the 
SDLC protocol and its use. 

The control field is eight bits wide and the format is 
determined by bits 0 and 1. If bit 0 is a zero, then the 
frame is an informational frame. Ifbit 0 is a one and bit' 
I a zero, then it is a supervisory frame, and if bit 0 is a 
one and bit I a one then the frame is an unnumbered 
frame. 

In an informational frame bits 3,2,1 contain the se
quence count of the frame being sent. 

Bit 4 is the PIF (PolllFinal) bit. If bit 4 equals I and 
originates from the primary, then the secondary station 
is expected to initiate a transmissiori. If bit 4 equals 1 
and originates from a secondary station, then the frame 
is the final frame in a transmission. 

Bits 7,6,5 contain ·the sequence count a station expects 
on the next transmission to it. The sequence count can 
vary from OOOB to 11 lB. The count then starts over 
again at OOOB after the value lllB is incremented. The 

. acknowledgement is recognized by the receiving station 
when it decodes bits 7,6,5 of an incoming frame. The 
station sending the transmission is acknowledging the 
frames received up to the count represented in bits 7,6,5 
(sequence count-I). With this method, up to seven se
quential frames may be transmitted prior to an ac
knowledgement being received. If eight frames were al
lowed to pass before an acknowledgement, the sequence 
count would roll over and this would negate the pur
pose of the sequence numbers. 
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~ 7 6 5 432 1 0 POSITIONS-.---_---, __ ---:" __ ..,. __ -r __ ....,..... __ ...,..-__ r-_-, 

RECEPTION SEN DING 
SEQUENCE SEQUENCE 

270427-15 

RECEPTION SEQUENCE - The sequence expected in the SENDING SEQUENCE portion of the control byte 
in the next received frame. This also confirms correct reception of up to seven frames prior to the sequence given. 

POLL/FINAL - Identifies the frame as being a polling request from the master station or the last in a series of 
frames from the master or secondary. 

SENDING SEQUENCE - Identifies the sequence of the frame being transmitted. 

o - If bit 0 = 0 the frame is identified as a informational format type. 

IN FORMATION FORMAT 
POSITIO~I~-7 6 5 4 

I RECEPTION IpOLL/ 
SEQ U EN C E I FINAL 

3 2 

MODE 

RECEPTION SEQUENCE - Expected sequence of frame for next reception. 

o 

011 
270427-16 

POLL/FINAL - Identifies frame as being a polling request from the master station or the last in a series of 
frames from the master or secondary. 

MODE - Identifies whether receiver is ready (00), not ready (10) or a frame was rejected (01). The rejected frame 
is identified by the reception sequence. 

0,1 - If bits 1,0 = 0, I the frame is identified as a supervisory format type. 

SUPERVISORY FORMAT 
BIT 7 

POSITIONS- 6 5 
COMMAND/ 
RESPONSE 

4 3 2 
POLL! COMMAND/ 
FINAL RESPONSE 

COMMANDIRESPONSE - Identifies the type of command or response. 

o 

1 : 1 
270427-17 

POLL/FINAL - Identifies frame as being a polling request from the master station or the last in a series of 
frames from the master or secondary. 

1,1 - If bits 1,0 = 1,1 the frame is identified as an unnumbered format type. 

NONSEQU ENCED FORMAT 
270427-18 

Figure 3.7. SOLC Control Field 
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Following the informational control field comes the in
formation to be transferred. 

In the supervisory format (bits 1,0 = 0,1) bits 3,2 de-
termine which mode is being used. . 

When the mode is 00 it indicates that the receive line of 
the station that sent the supervisory frame is enabled 
and ready to accept frames. .. 

When the mode is 01, it indicates that previously a 
received frame was rejected. The value in the receive 
count identifies which frame(s) need to be retransmit-. 
ted. 

The standard commands are: 
BITS 7 6 5 3 2 Command 

0 0 0 0 0 Unnumbered Information (UI) 
0 0 0 0 1 Set initialization mode (SIM) 
0 1 0 0 0 Disconnect (DISC) 
0 0 1 0 0 Response optional (UP) 
1 1 0 0 Function descriptor in 

information f,eld (CFGR) 

When the mode is 10, the sending station is indicating 
that its receiver is not ready to accept frames. 

Mode 11 is an illegal mode in SDLe protocol. 

Bits 7,6,5 represent the value of the sequence the sta
tion expects when the next transfer occurs for that sta
tion. There is no information following the control field 
. when the supervisory format is used. . . 

In the unnumbered format (bits 1,0 = 1,1) bits 7, 6, 5, 
3, 2 (notice bit 4 is missing) indicate commands from 
the primary to secondary stations or requests of second-
ary stations to the primary. . 

0 1 1 Identification in information field. (XID) 
1 0 0 Test pattern in information field. (TEST) 

The standard responses are: 

BITS 7 6 5 3 2 Command 
0 0 0 0 0 Unnumbered information (UI) 
0 0 0 0 1 Request for initialization (RIM) 
0 0 0 1 1 Station in disconnected mode (OM) 
1 0 0 0 1 Invalid frame received (FRMR) 
0 1 1 0 0 Unnumbered acknowledgement (UA) 
1 1 1 1 Signal loss of input (BCN) 
1 0 0 1 Function descriptor ,in information field (CFGR) 
0 1 0 0 0 Station wants to disconnect (RD) 
1 0 1 1 1 Identification in information field (XID) 
1 1 1 0 0 Test pattern in information fie.ld (TEST) 
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In an unnumbered frame, information of variable 
length may follow the control field if UI is used, or 
information of fixed length may follow if FRMR is 
used. 

As stated earlier, the user software is responsible for the 
proper management of the control field. This portion of 
the frame is passed to or from the GSC FIFOs as basic 
informational type data. 

INFO - This is the information field and contains the 
data that one device on the link wishes to transmit to 
another device. It can be of any length the user wishes, 
but must be a mUltiple of 8 bits. It is possible that some 
frames may contain no information field. The infofl)1a
tion field is identified to the receiving stations by the 
preceding control field and the following CRC. The 
GSC determines where the last of the information field 
is by passing the bits through the CRC generator. 
When the last bit or EOF is received the bits that re
main constitute the CRC. 

CRC - The Cyclic Redundancy Check (CRC) is an er
ror checking sequence commonly used in serial com
munications. The Cl52 offers two types of CRC algo-

rithms, a 16-bit and a 32-bit. The 32-bit algorithm is 
normally used in CSMA/CD applications and is de
scribed in section 3.2.2. In most SDLC applications a 
16-bit CRC is used and the hardware configuration that 
supports 16-bit CRC is shown in Figure 3.8. The gener
ating polynomial that the CRC generator uses with the 
16-bit CRC is: 

G(X) = X"16 + X**12 + X**5 + 1 

The way the CRC operates is that as a bit is received it 
is XOR'd with bit 15 of the current CRCand placed in 
temporary storage. The result of XOR'ing bit 15 with 
the received bit is then XOR'd with bit 4 and bit 11 as 
the CRC is shifted one position to the right. The bit in 
temporary storage is shifted into position O. 

The required CRC length for SDLC is 16 bits. The 
CRC is automatically stripped from the frame and not 
passed on to the CPU. The last 16 bits are then run 
though the CRC generator to insure that the correct 
remainder is left. The remainder that is checked for is 
00111010000111IB (IDOF Hex). If there is a mis
match, an error is generated. The user software has the 
option of enabling this interrupt so the CPU is notified. 

270427-19 

Figure 3.8. 16-Bit CRC 
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EOF - The End Of Frame (EOF) indicates when the 
transmission is complete. The EOF is identified by the 
end flag. An end flag consists of the bit pattern 
01111110. The EOF can also serve as the BOF for the 
next frame. 

3.3.3 DATA ENCODING 

The transmission of data in SDLC mode is done via 
NRZI encoding as shown in Figure 3.9. NRZI encod
ing transmits data by changing the state of the output 
whenever a 0 is being transmitted. Whenever a I is 
transmitted the state of the output remains the sallie as 
the previous bit and remains valid for the entire bit 
time. When SDLC mode is selected it automatically 
enables the NRZI encoding on the transmit line and 
NRZI decoding on the receive line. 

3.3.4 BIT STUFFING/STRIPPING 

In SDLC mode one of the primary rules of the protocol 
is that in any normal data transmission, there will never 
be an occurrence of more than 5 consecutive Is. The 
GSC takes care of this housekeeping chore by automat
ically inserting a 0 after every occurrence of 5 consecu
tive Is and the receiver automatically removes a zero 
after receiving 5 consecutive Is. All the necessary steps 
required for implementing bit stuffing and stripping are 
incorporated into the GSC hardware. This makes the 
operation transparent to the user. About the only time 
this operation becomes apparent to the user, is if the 
actual data on the transmission medium is being moni
tored by a device that is not aware of the automatic 
insertion of Os. The bit stuffing/stripping guarantees 
that there will be at least one transition every 6 bit 
times while the line is active. 

o 

NR~ 
BIT I 

-TIME--: 

3.3.5 SENDING ABORT CHARACTER 

An abort character is one of the exceptions to the rule 
that disallows more than 5 consecutive Is. The abort 
character consists of any occurrence of seven or more 
consecutive ones. The simplest way for the C152. to 
send an abort character is to clear the TEN bit. This 
causes the output to be disabled which, in turn, forces it 
to a constant high state. The delay necessary to insure 
that the link is high for seven bit times is a task that 
needs to be handled by user software. Other methods of 
sending an abort character are using the IFS register or 
using the Raw Transmit mode. Using IFS still entails 
clearing the TEN bit, but TEN can be immediately re
enabled. The next message will not begin until the IFS 
expires. The IFS begins timing out as soon as DEN 
goes high which identifies the end of transmission. This . 
also requires that IFS contain a value equal to or great
er than 8. This method may have the undesirable effect 
that DEN goes high and disables the external drivers. 
The other alternative is to switch to Raw Transmit 
mode. Then, writing OFFH to TFIFO would generate a 
high output for 8 bit times. This method would leave 
DEN active during the transmission of the abort char
acter. 

When the receiver detects seven or more consecutive Is 
and data has been loaded into the receive FIFO, the 
RCABT flag is· set in RST AT and that frame is ig
nored. If no data has been loaded into the receive 
FIFO, there are no abort flags set and that frame is just 
ignored. A retransmitted frame may immediately fol
Iowan abort character, provided the proper flags are 
used. 

a a 
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Figure 3.9. NRZI Encoding 
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3.3.6 LINE IDLE 

If 15 or more consecutive Is are detected by the receiv
er the Line Idle bit (LNI) in TSTAT is set. The seven 
Is from the abort character may be included when sens
ing for a line idle condition. The same methods used for 
sending the Abort character can be used for creating 
the Idle condition. However, the values would need to 
be changed to reflect 15 bit times, instead of seven bit 
times. 

3.3.7 ACKNOWLEDGEMENT 

Acknowledgment in SDLC is an implied acknowledge 
and is contained in the control field. Part of the control 
frame is the sequence number of the next expected 
frame. This sequence number is called the Receive 
Count. In transmitting the Receive Count, the receiver 
is in fact acknowledging all the previous frames prior to 
the count that was transmitted. This allows for the 
transmission of up to seven frames before an acknowl
edge is required back to the transmitter. The limitation 
of seven frames is necessary because the Receive Count 
in the control field is limited to three binary digits. This 
means that if an eighth transmission occurred this 
would cause the next Receive Count to repeat the first 
count that still is waiting for an acknowledge. This 
would defeat the purpose of the acknowledgement. The 
processing and general maintenance' of the sequence 
count must be done by the user software. The Hard
ware Based Acknowledge option that is provided in the 
CI52 is not compatible with standard SDLC protocol. 

3.3.8 PRIMARY/SECONDARY STATIONS 

All SDLC networks are based upon a primary/second
ary station relationship. There can be only one primary 
station in a network and all the other stations are con
sidered secondary. All communication is between the 
primary and secondary station. Secondary station to 
secondary station direct communication is prohibited. 
If there is a need for secondary to secondary communi
cation, the user software will have to make allowances 
for the master to act as an intermediary. Secondary 
stations are allowed use of the serial line only when the 
master permits them. This is done by the master polling 
the secondary stations to see if they have a need to 
access the serial line. This should prevent any collisions 
from occurring, provided each secondary station has its 
own unique address. This arrangement also partially 
determines the types of networks supported. Normal 
SDLC networks consist of point-to-point, multi-drop, 
or ring configurations and the Cl52 supports all of 

. these. However, some SDLC processors support an au
tomatic one bit delay at each node that is not supported 
by the C152. In a "Loop Mode" configuration, is is 
necessary that the transmission be delayed from the re
ception of the fnunes from the upstream station before 
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passing the message to the downstream station. This 
delay is necessary so that a station can decode its own 
address before the message is passed on. The various 
networks are shown in Figure 3.10. 

3.3.9 HDLC/SDLC COMPARISON 

HDLC (High level Data Link Control) is a standard 
adopted by the International Standards Organization 
(ISO). The HDLC standard is defined in the ISO docu
ment #ISO 6159 - HDLC unbalanced classes ofproce
dures. IBM developed the SDLC protocol as a subset of 
HDLC. SDLC conforms to HDLC protocol require
ments, but is more restrictive. SDLC contains a more 
precise definition on the modes of operation. 

Some of the major differences between SDLC and 
HDLC are: 
SDLC HDLC 
Unbalanced (primary! 

secondary) 
Modulo 8 (no extensions 

allowed, up to 7 out
standing frames before 
acknowledge is required) 

8-bit addressing only 
Byte aligned data 

Balanced 
(peer to peer) 

Modulo 128 (up to 127 
outstanding frames 
before acknowledge 
is required) 

Extended addreSSing 
Variable size of data 

The C152 does not support HDLC implementation re
quiring data alignment other than byte alignment. The 
user will find that many of the protocol parameters are 
programmable in the C152 which allows easy imple
mentation of proprietary or standard HDLC network. 
User software needs to implement the control field 
functions. 

3.4 User Defined Protocols 

The explanation on the implementation of user defined 
protocols would go beyond the scope of this manual, 
but examining Table 3.1 should give the reader a con
solidated list of most of the possibilities. In this manual, 
any deviation from the documents that cover the imple
mentation of CSMA/CD or SDLC are considered user 
defined protocols. Examples of this would be the use of 
SDLC with the 32-bit CRC selected or CSMAlCD 
with hardware based acknowledge. 

3.5 Using the GSC 

3.5.1 LINE DISCIPLINE 

Line discipline is how the management of the transfer 
of data over the physical medium is controlled. Two 
types of line discipline will be discussed in this section: 
full duplex and half duplex. 
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Polnt-to-Point Network 

270427-21 

Multi-Drop Network 

270427-22 

Ring Network 

270427-23 

Figure 3.10. SDLe Networks 
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Full duplex is the simultaneous transmission and recep
tion of data. Full duplex uses anywhere from two to 
four wires. At least one wire is needed for transmission 
and one wire for reception. Usually there will also be a 
ground reference on each signal if the distance from 
station to station is relatively long. Full-duplex opera
tion in the CI52 requires that both the receive and the 
transmit portion of the GSC are functioning at the 
same time. Since both the transmitter and receiver are 
operating, two CRC generators are also needed. The 
Cl52 handles this problem by having one 32-bit CRC 
generator and one 16-bit CRC generator. When sup
porting full-duplex operation, the 32-bit CRC generator 
is modified to work as a 16-bit CRC generator. When
ever the 16-bit CRC is selected, the GSC automatically 
enters the full duplex mode. Half duplex with a 16-bit 
CRC is discussed in the following paragraph. 

Half duplex is the alternate transmission and reception 
of data over a single common wire. Only one or two 
wires are needed in half-duplex systems. One wire is 
needed for the signal and if the distance to be covered is 
long there will also be a wire for the ground reference. 
In half-duplex mode, only the receiver or transmitter 
can operate at one time. When the receiver or transmit
ter operates is determined by user software, but typical
ly the receiver will always be enabled unless the GSC is 
transmitting. Whenever half duplex is being used the 
software must insure that only the receiver or transmit
ter is enabled at any given time. This is particularly 
important when using SDLC, so that the receiver will 
not recognize its own address when the transmitter is 
operating. Half-duplex operation in the Cl52 is sup
ported with either 16-bit or 32-bit CRCs. Whenever a 
32-bit CRC is selected, only half-duplex operation can 
be supported by the GSC. It is possible to simulate full
duplex operation with a 32-bit CRC, but this would 
require that theCRC be performed with software. Cal
culating the CRC with the CPU would greatly reduce 
the data rates that could be used with the GSC. When
ever a 16-bit CRC is selected, full-duplex operation is 
automatically chosen and the GSC must be reconfig
ured if half-duplex operation is preferred. 

3.5.2 PLANNING FOR NETWORK CHANGES 
AND EXPANSIONS 

A complete explanation on how to plan for network 
expansion will not be covered in this manual as there 
are far too many possibilities that would need to be 
discussed. But there are several areas that will have 
major impact when allowing for changes in the system. 
In cases where there will never be any changes allowed, 
expansion plans become a mute issue. However, it is 
strongly suggested that there always be some allowance 
for future modifications. 

Some of the general areas that will impact the overall 
scheme on how to incorporate future changes to the 
system are: 

I) Communication of the change to all the stations or 
the primary station. 

2) Maximum distance for communication. This will af
fect the drivers used and the slot time. 

3) More stations may be on the line at one time. This 
may impact the interframe space or the collision resolu
tion used. 

4) If using CSMA/CD without deterministic resolu
tion, any increase in network size will have a negative 
impact on the average throughput of the network and 
lower the efficiency. The user will have to give careful 
consideration when deciding how large a system can 
ultimately be and still maintain adequate performance. 

3.5.3 DMA SERVICING OF GSC CHANNELS 

There are two sources that can be used to control the 
GSC. The first is CPU control and the second is DMA 
control. 

CPU control is used when user software takes care of 
the tasks such as: loading the TFIFO, reading the RFI
FO, checking the status flags, and general tracking of 
the transmission process. As the number of tasks grow 
and higher data transfer rates are used, the overhead 
required by the CPU becomes the dominant consump
tion of time. Eventually, a point is reached where the 
CPU is spending 100% of its time responding to the 
needs of the GSC. An alternative is to have the DMA 
channels control the GSC. 

A detailed explanation on the general use of the DMA 
channels is covered in Section 4. In this section only 
those details required for the use of the DMA channels 
with the GSC will be covered. 

The DMA channels can be configured by user software 
so that the GSC data transfers are serviced by the 
DMA controller. Since there are two DMA channels, 
one channel can be used to service the receiver, and one 
channel can be used to service the transmitter. In using 
the DMA channels, the CPU is relieved of much of the 
time required to do the basic servicing of the GSC buff
ers. The types of servicing that the DMA channels can 
provide are: loading of the transmit FIFO, removing 
data from the receive FIFO, notification of the CPU 
when the transmission or reception has ended, and re
sponse to certain error conditions. When using the 
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DMA channels the source or destination of the data 
intended for serial transmission can be internal data 
memory, external data memory, or any of the SFRs. 

The only tasks required after initialization of the DMA 
and GSC registers are enabling the proper interrupts 
and informing the DMA controller when to start. After 
the DMA channels are started all that is required of the 
CPU is to respond to error conditions or wait until the 
end of transmission. 

Initialization of the DMA channels requires setting up 
the control, source, and destination address registers. 
On the DMA charinel servicing the receiver, the con
trol register needs to be loaded as follows: DCONn.2 = 
0, this sets the transfer mode so that response is to GSC 
interrupts and put the DMA control in alternate cycle 
mode; DCONn.3 = I, this enables the demand mode; 
DCONn.4 = 0, this clears the automatic increment 
option for the source address; and DCONn.5 = I, this 
defines the source as SFR. The DMA channel servicing 
the receiver also needs its source address register to 
contain the address of, RFIFO "(SARHN = XXH, 
SARLN = OF4H). On the DMA channel servicing the 
transmitter, the control register needs to be loaded as 
follows: DCONn.2 = 0; DCONn.3 = I; DCONn.6 = 
0, this clears the automatic increment option for the 
destination address; and DCONn.7 = I, this sets the 
destination as SFR. The DMA channel serving the 
transmitter also requires that its destination address 
register contains the address of TFIFO (DARHN = 
XXH, DARLN '= 85H). Assuming that DCONO 
would be serving the receiver and DCONI the trans
mitter, DCONO would be loaded with XXlOlOXOB 
and DCONI would be loaded with 10XXlOXOB. The 
contents of SARHO and DARH I do not have any im
pact when using internal SFRs as the source or destina
tion. 

When using the DMA channels to service the GSC, the 
byte count registers will also need to be initialized. 

The Done flag for the DMA channel servicing the re
ceiver should be used if fixed packet lengths only are 
being transmitted or to insure that memory is not over
written by long received data packets. Overwriting of 
data can occur when using a smaller buffer than the 
packet size. In these cases the servicing 'of the DMA 
and/or GSC would be in response to the DMA Done 
flag when the byte count reaches zero. 

In some cases the 'buffer size is not the limiting factor 
and the packet lengths will be unknown. In these cases 
it would be desirable to eliminate the function of the 

. Done flag. To effectively disable the Done flag for the 
\DMA channel servicing the receiver, the byte count 
should be set to some number larger than any packet 

that will be received, up to 64K. If not using the Done 
flag, then GSC servicing would be driven by the receive 
Done (RDN) flag and/or interrupt. RDN is set when 
the EOF is detected. When using the RDN flag, RFNE 
should also be checked to insure that all the data has 
been emptied out of the receive FIFO. 

The byte count register is used for all transmissions and 
this means that all packets going out will have to be of 
the same length or the length of the packet to be sent 
will have to be known prior to the start of transmission. 
When using the DMA channels to service the GSC 
transmitter, there is no practical way to disable the 
Done flag. This is because the transmit done flag 
(TDN) is set when the transmit FIFO is empty and the 
last message bit has been transmitted. But, when using 
the DMA channel to service the transmitter, loads to 
the TFIFO continue to occur until the byte count 
reaches O. This makes it impossible to use TDN as a 
flag to stop the DMA transfers to TFIFO. It is possible 
to examine some other registers or conditions, such as 
the current byte count, to determine when to stop the 
DMA transfers to TFIFO, but this is not recommended 
as a way to service the DMA and GSC when transmit
ting because frequent reading of the DMA registers will 
cause the effective DMA transfer rate to slow down. 

When using the DMA channels, initialization of the 
GSC would be exactly the same as normal except that 
TSTAT.O = I (DMA), this informs the GSC that the 
DMA channels are going to be used to service the GSC. 
Although only TST AT is written to, both the receiver 
and transmitter use this same DMA bit. 

The interrupts EGSTE (IEN!.5), GSC transmit error; 
EGSTV (lEN 1.3), GSC transmit valid; EGSRE 
(lEN!.!), GSC receive error; and EGSRV (IEN!.O), 
GSC receive valid; need to be enabled. TheDMA inter
rupts are normally not used when servicing the GSC 
with the DMA channels. To ensure that the DMA in
terrupts are not responded to is a function of the user 
software and should be checked by the software to 
make sure they are not enabled. Priority for these inter
rupts can also be set at this time. Whether to use high 
or low priority needs to be decided by the user. When 
responding to the GSC interrupts, if a buffer is being 
used to store the GSC information, then the DMA reg
isters used for the buffer will probably need updating. 

After this initialization, all that needs to be done when 
the GSC is actually going to be used is: load the byte 
count, set-up the source addresses for the DMA chan
nel servicing the transmitter, set-up the destination ad
dresses for the DMA channel servicing the receiver, 
and start the DMA transfer. The GSC enable bits 
should be set first and then the GO bits for the DMA. 
This initiates the data transfers. 
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This simplifies the maintenance of the GSC and can 
make the implementation of an external buffer for 
packetized information automatic. 

An external buffer can be used as the source of data for 
transmission, or the destination of data from the receiv
er. In this arrangement, the message size is limited to 
the RAM size or 64K, whichever is smaller. By using 
an external buffer, the data can be accessed by other 
devices which may want access to the serial data. The 
amount of time required for the external data moves 
will also decrease. Under CPU control, a "MOVX" 
command would take 24 oscillator periods to complete. 
Under DMA control, external to internal, or internal to 
external, data moves take only 12 oscillator periods. 

3.5.4 BAUD RATE 

The GSC baud rate is determined by the contents of the 
SFR, BAUD, or the external clock. The formula used 
to determine the baud rate when using the internal 
clock is: 

(fosc)/((BAUD+1)·8) 

For example if a 12 MHz oscillator is used the baud 
rate can vary from: 

12,000,000/((0+ 1)·8) = 1.5 MBPS 

to: 

12,000,000/«255+ 1)·8) = 5.859 KBPS 

There are certain requirements that the external. clock 
will need to meet. These requirements are specified in 
the data sheet. For a description of the use of the GSC 
with external clock please read Section 3.5.11. 

3.5.5 INITIALIZATION 

Initialization can be broken down into two major com
ponents, 1) initialization of the component so that its 
serial port is capable of proper communication; and 2) 
initialization of the system or a station so that intelligi
ble communication can take place. 

Most of the initialization of the component has already 
been discussed in the previous sections. Those items not 
covered are the parameters required for the component 
to effectively communicate with other components. 
These types of issues are common to both system and 
component initialization and will be covered in the fol
lowing text. 

Initialization of the system can be broken down into 
several steps. First, are the assumptions of each net
work station. 

The first assumption is that the type of data encoding 
to be used is predetermined for the system and that 
each station will adhere to the same basic rules defining 
that encoding. The second assumption is that the basic 
protocol and line discipline is predetermined and 
known. This means that all stations are using CSMAI 
CD or SDLC or whatever, and that all stations are 
either full or half duplex. The third assumption is that 
the baud rate is preset for the whole system. Although 
the baud rate could probably be determined by the mi
croprocessor just by monitoring the link, it will make it 
much simpler if the baud rate is known in advance. 

One of the first things that will be required during sys
tem initialization is the assignment of unique addresses 
for each station. In a two-station only environment this 
is not necessary and can be ignored. However, keep in 
mind, that all systems should be constructed for easy 
future expansions. Therefore, even in only a two station 
system, addresses should be assigned. There are three 
basic ways in which addresses can be assigned. The 
first, and most common is preassigned addresses that 
are loaded into the station by the user. This could be 
done with a DIP-switch, through a keyboard. The sec
ond method of assigning addresses is to randomly as
sign an address and then check for its uniqueness 
throughout the system, and the third method is to 
make an inquiry to the system for the assignment of a 
unique address. Once the method of address assignment 
is determined, the method should become part of the 
specifications for the system to which all additions will 
have to adhere. This, then, is the final assumption. 

The negotiation process may not be clear for some 
readers. The following two procedures are given as a 
guideline for dynamic address assignment. 

In the first procedure, a station assumes a random ad
dress and then checks for its uniqueness throughout the 
system. As a station is initialized into the system it 
sends out a message containing its assumed address. 
The format of the message should be such that any 
station decoding the address recognizes it as a request 
for initialization. If that address is already used, the 
receiving station returns a message, with its own ad
dress stating that the address in question is already tak
en. The initializing station then picks another address. 
When the initializing station sends its inquiry for the 
address check, a timer is also started. If the timer ex
pires before the inquiry is responded to, then that sta
tion assumes the address chosen is okay. 
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In the second procedure, an initializing station asks for 
an address assignment from the system. This requires 
that some station on the link take care of the task of 
maintaining a record of which addresses are used. This 
station will be called station-I. When the initializing 
station, called station-2, gets on the link, it sends out a 
message with a broadcast address. The format of the 
message should be such that all other stations on the 
link recognize it as a request for address assignment. 
Part of the message from station-2 is a random number 
generated by the station requesting the address. Sta
tion-2 then examines all received messages for this ran
dom number. The random number could be the address 
of the received message or could be within the informa
tion section of a broadcast frame. All the stations, ex
cept station-I, on the link should ignore the initializa
tion request. Station-I, upon receiving the initialization 
request, assigns an address and returns it to station-2. 
Station~ I will be required to format the message in such 
a manner so that all stations on the link recognize it as 
a response to initialization. This means that all.stations 
except station-2ignore the return message. 

3.5.6 TEST MODES 

There are two test modes associated with the GSC that 
are made available to the user. The test modes are 
named Raw Receive and Raw Transmit. The test 
modes are selected by the proper setting of the two 
mode bits in GMOD (MO = GMOD.5, MI = 
GMOD.6). IfMI,MO = 0,1 then Raw Transmit is se
lected. If MI,MO = 1,0 then Raw Receive is enabled. 

In Raw Transmit, the transmit output is internally con
nected to the Receiver input. This is intended to be 
used as a local loop-back test mode, so that all data 
written to the transmitter will be returned by the re
ceiver. Raw Transmit can also be used to transmit user 
data. If Raw Transmit is used in this way the data is 
emitted with no preamble, flag, address, CRC, and no 
bit insertion. The data is still encoded with whatever 
format is selected, Manchester with CSMA/CD, NRZI 
with SDLC or as NRZ if external clocks are used. The 
receiver still operates as normal and in this mode most 
of the receive functions can be tested. 

In Raw Receive, .the transmitter should be externally 
connected to the receiver. To do this a port pin should 
be used to enable an external device to connect the two 
pins together. In Raw Receive mode the receiver acts as 
normal except that all bytes following the· BOF are 
loaded into the receive FIFO, including the CRC. Also 
address recognition is not active but needs to be per
formed in software. IfSDLC is selected as the protocol, 
zero-bit deletion· is still enabled. The transmitter still 
operates as normal and in this mode most of the trans
mitter functions and an external transceiver can be test
ed. This is also the only way that the CRC can be read 
by the CPU, but the CRC error bit will not be set. 

3.5.7 EXTERNAL DRIVER INTERFACE 

A signal is provided from the C 152 to enable transmit
ter drivers for the serial link. This is provided for sys
tems that require more than what the GSC ports are 
capable of delivering. The voltage and currents that the 
GSC is capable of providing are the same levels as those 
for normal port operation. The signal used to enable the 
external drivers is DEN. No similar signal is needed for 
the receiver. 

3.5.8 JITTER (RECEIVE) 

Data jitter is the difference between the actual transmit
ted waveform and the exact calculated value(s). In 
NRZI, data jitter would·be how much the actual wave
form exceeds or falls short of one calculated bit time. A 
bit time equals Ilbaud rate. If using Manchester encod
ing, there can be two transitions during one bit time as 
shown in Figure 3.11. This causes a second parameter 
to be considered when trying to figure out the complete 
data jitter amount. This other parameter is the half-bit 
jitter. The half-bit jitter is comprised of the difference in 
time that the half~bit transition actually occurs and the 
calculated value. Jitter is important because if the tran
sition occurs too soon it is considered noise, and if the 
transition occurs too late, then either. the bit is missed 
or a collision is assumed. 
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Figure 3.12. Transmit Waveforms 

3.5.9 Transmit Waveforms 

The GSC is capable of three types of data encoding, 
Manchester, NRZI, and NRZ. Figure 3.12 shows ex
amples of all three types of data encoding. 

3.5.10 Receiver Clock Recovery 

The receiver is always monitored at eight times the 
baud rate frequency, except when an external clock is 
used. When using an external clock the receiver is load
ed during the clock cycle. 

In CSMA/CD mode the receiver synchronizes to the 
transmitted data during the preamble. If a pulse is de
tected as being too short it is assumed to be noise or a 
collision. If a pulse is too long· it is assumed to be a 
collision or an idle condition. 

In SDLC the synchronization takes place during the 
BOF flag. In addition, pulses less than four sample pe
riods are ignored, and assumed to be noise. This sets a 
lower limit on the pulse size of received zeros. 

In CSMA/CD the preamble consists of alternating Is 
and Os. Consequently, the preamble looks like the 
waveform in Figure 3.13A and 3.13B. 

3.5.11 External Clocking 

To select external clocking, the user is given three 
choices. External clocking can be used with the trans7 
mitter, with the receiver, or with both. To select exter
nal clocking for the transmitter, XTCLK (GMOD.7) 

has to be set to a 1. To select external clocking for the 
receiver, XRCLK (PCON.3) has to be set to a 1. Set
ting both bits to 1 forces external clocking for the re
ceiver and transmitter. 

The external transmit clock is applied to pin 4 (TXC), 
P1.3. The external receive clock is applied to pin 5 
(RXC), Pl.4. To enable the external clock function on 
the port pin, that pin has to be set to a 1 in the appro
priate SFR, PI. 

Whenever the external clock option is used, the format 
of the transmitted and received data is restricted to 
NRZ encoding and the protocol is restricted to SOLC. 
With external clock, the bit stuffing/stripping is still 
active with SOLC protocol. 

3.6 GSC Operation 

3.6.1 Determining Line DisCipline 

In normal operation the GSC uses full or half duplex 
operation. When using a 32-bit CRC (GMOO.3 = 1), 
operation can only be half duplex. If using a 16-bit 
CRC (GMOO.3 = 0), full duplex is selected by de
fault. When using a 16-bit CRC the receiver can be 
turned off while transmitting (RSTAT.l = 0), and the 
transmitter can be turned off during reception 
(TSTAT.l = 0). This simulates half-duplex operation 
when using a 16·bit CRC. 

Normally, HOLC uses a 16·bit CRC, so half duplex is 
determined by turning off the receiver or transmitter. 
This is so that the receiver will not detect its own ad-
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dress as transmission takes place. This also needs to be 
done when using CSMA/CD with a 16-bit CRC for the 
same reason. 

3.6.2 CPU/DMA CONTROL OF THE GSC 

The data for transmission or reception can be handled 
by either the CPU (TSTAT.O = 0) or DMA controller 
(TSTAT.O = 1). This allows the user two sets of flags 
to control the FIFO. Associated with these flags are 
interrupts, which may be enabled by the user software. 
Either one or both sets of flags may be used at the same 
time. 

In CPU control mode the flags (RFNE;TFNF) are gen
erated by the condition of the receive or transmit FI
FO's. After loading a byte into the transmit FIFO, 
there is a one machine cycle latency until the TFNF 
flag is updated. Because of this latency, the status of 
TFNF should not be checked immediately following 
the instruction to load the transmit FIFO. If using the 
interrupts to service the transmit FIFO,the one ma
chine cycle of latency must be considered if the TFNF 
flag is checked prior to leaving the subroutine. 

When using the CPU for control, transmission normal
ly is initiated by setting the TEN bit (TSTAT.l) and 
then writing to TFIFO. TEN must be set before load
ing the transmit FIFO, as setting TEN clears the trans
mit FIFO. TCDCNT should also be checked by user 
software and cleared if a collision occurred on a prior 
transmission. 

To enable the receiver, GREN (RSTAT.l) is set. After 
GREN is set, the GSC begins to look for a valid BOF. 
After detecting a valid BOF the GSC attempts to 
match the received address byte(s) against the address 
match registers. When a match occurs the frame is 
loaded into the GSC. Due to the CRC strip hardware, 
there is a 40 or 24 bit time delay following the BOF 
until the first data byte is loaded into RFIFO if the 32 
or 16 bit CRC is chosen. If the end of frame is detected 
before data is loaded into the receive FIFO, the receiver 
ignores that frame. 

If the receiver detects a collision during reception in 
CSMA/CD mode and if any bytes have been loaded 
into the receive FIFO, the RCABT flag is set. The GSC 
hardware then halts reception and resets GREN. The 
user software needs to filter any collision fragment data 
which may have been received. If the collision occurred 
prior to the data being loaded into RFIFO the CPU is 
not notified and the receiver is left enabled. At the end 
of a reception the RON bit is set and GREN is cleared. 
In HABEN mode this causes an acknowledgement to 
be transmitted if the frame did not have a broadcast or 

multi-cast address. The user software can enable the 
interrupt for RON to determine when a frame is com
pleted. 

In DMA mode the interrupts are generated by the in
ternal "transmit/receive done" (TDN,RON) condi
tions. When the CPU responds toTDN or RON, 
checks are performed to see if the transmit underrun 
error has occurred. The underrun condition is only 
checked when using the DMA channels. 

Upon power up the ,CPU mode is initialized. General' 
DMA control is covered in Section 4.0. DMA control 
of the GSC is covered in Section 3.5.4. If DMA is to be 
used for serving the GSC, it must be configured into the 
serial channel demand mode and the DMA bit in 
TST AT has to be set. 

3.6.3 COLLISIONS AND BACKOFF 

The actions that are taken by the GSC if a collision 
occurs while transmitting depend on where the colli
sion occurs. If a collision occurs in CSMA/CD mode 
following the preamble and BOF flag, the TCDT flag is 
set and the transmit hardware completes a jam. When 
this type of collision occurs, there will be no automatic, 
retry at transmission. After the jam, control is returned 
to the CPU and user software must then initiate what
ever actions are necessary for 'a proper recovery. The 
possibility that data might have been loaded into or 
from the GSC deserves special consideration. If these 
fragments of a message have been passed on to other 
devices, user software may have to perform some exten
sive error handling or notification. Before starting a 
new message, the transmit and receive FIFOs will need 
to be cleared. If DMA servicing is being used the point
ers must also be reinitialized. It should be noted that a 
collision should never occur after the BOF flag in a well 
designed system, since the system slot time will likely 
be less than the preamble length. The occurrence of 
such a situation is normally due to a station on the link 
that is not adhering to proper CSMA/CD protocol or 
is not using the same timings as the rest of the network. 

A collision occurring during the preamble or BOF flag 
is the normal type of collision that is expected. When 
this type of collision occurs the GSC automatically 
handles the retransmission attempts for as many as 
eight tries. If on the eighth attempt a collision occurs, 
the transmitter is disabled, although the jam and back
off are performed. If enabled, the CPU is then inter
rupted. The user software should then determine what 
action to take. The possibilities range from just report
ing the error and aborting transmission to reinitializing 
the serial channel registers and attempt retransmission. 
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If less than eight attempts are desired TCDCNT can be 
loaded with some value which will reduce the number 
of collisions possible before TCDCNT overflows. The 
value loaded should consist of all Is as the least signifi
cant bits, e.g. 7, OFH, 3FH. A solid block of Is is sug
gested because TCDCNT is' used as a mask when gen
erating the random slot number assignment. The 
TCDCNT register operates by shifting the contents one 
bit position to the left as each collision is detected. As 
each shift occurs a I is loaded into the LSB. When 
TCDCNT overflows, GSC operation stops and the 
CPU is notified by the setting of the TCDT bit which 
can flag an interrupt. 

The amount of time that the GSC has before it must be 
ready to retransmit after a collision is determined by 
the mode which is selected. The mode is determined 
MO (GMOD.5) and MI (GMOD.6). If MO and MI 
equal 0,0 (normal backotl) then the minimum period 
before retransmission will be either the interframe 
space or the backoff period, whichever is longer. If MO 
and Ml equal 1,1 (alternate backotl) then the minimum 
period before retransmission will be the interframe 
space plus the backoff period. Both of these are shown 
in Figure 3.4. Alternate backoff must be enabled if us
ing deterministic resolution. If the GSC is not ready to 
retransmit by the time its assigned slot becomes avail
able, the slot time is lost and the station must wait until 
the collision resolution time period has passed. 

Instead of waiting for the collision' resolution to pass, 
the transmission could be aborted. The decision to 
abort is usually dependent on the number of stations on 
the link and how many collisions have already oc
curred. The number of collisions can be obtained by 
examining the register, TCDCNT. The abort is normal
ly implemented by clearing TEN. The new transmis
sion begins by setting TEN and loading TFIFO. The 
minimum amount of time available to initiate a retrans
mission would be one interframe space period after the 
line is sensed as being idle. 

As the number of stations approach 256 the probability 
of a successful transmission decreases rapidly. If there 
are more than 256 stations involved in the collision 
there would be no resolution since at least two of the 
stations will always have the same backoff interval se
lected. 

All the stations monitor the link as long as that station 
is active, even if not attempting to transmit. This is to 
ensure that each station always defers the minimum 
amount of time before attempting a transmission and so 
that addresses are recognized. However, the collision 
detect circuitry operates slightly differently. 

In normal back-off mode, a transmitting station always 
monitors the link while transmitting. If a collision is 
detected one or more of the transmitting stations apply 
the jam signal and all transmitting stations enter the 
back-off algorithm. The receiving stations also con
stantly monitor for a collision but do not take part in 
the resolution phase. This allows a station to try to 
transmit in the middle of a resolution period. This in 
turn mayor may not cause another collision. If the new 
station trying to transmit on the link does so during an 
unused slot time then there will probably not be a colli
sion. If trying to transmit during a used slot time, then 
there will probably be a collision. The actions the re
ceiver does take when detecting a collision is to just 
stop receiving data if data has not been loaded into 
RFIFO or to stop reception, clear receiver enable 
(REN) and set the receiver abort flag (RCABT -
RSTAT.6). 

If deterministic resolution is used, the transmitting sta
tions go through pretty much the same process as in 
normal back-off, except that the slots are predeter
mined. All the receivers go through the back-off algo
rithm and may only transmit during their assigned slot. 

3.6.4 SUCCESSFUL ENDING OF 
TRANSMISSIONS AND RECEPTIONS 

In both CSMA/CD and SDLC modes, the TDN bit is 
set and TEN cleared at the end of a successful trans
mission. The end of the transmission occurs when the 
TFIFO is empty and the last byte has been transmitted. 
In CSMAlCD the user should clear the TCDCNT reg
ister after successful transmission. 

At the end of a successful reception, the RDN bit is set 
and GREN is cleared. The end of reception occurs 
when the EOF flag is detected by the GSC hardware. 
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3.7 Register Descriptions 

ADRO,I,2,3 (95H, OA5H, OB5H, OC5H) - Address 
Match Registers 0,1,2,3 - Contains the address match 
values which determines which data will be accepted as 
valid. In 8 bit addressing mode, a match with any of the 
four registers will trigger acceptance. In 16 bit address
ing mode a match with ADRI:ADRO or ADR3:ADR2 
will be accepted. Addressing mode is determined in 
GMOD(AL). 

AMSKO,I (OD5H, OE5H) - Address Match Mask 0,1 -
Identifies which bits in ADRO, I are "don't care" bits. 
Writing a one to a bit in AMSKO,I masks out that 
corresponding bit in ADDRO,I. 

BAUD (94H) - GSC Baud Rate Generator - Contains 
the value of the programmable baud rate. The data rate 
will equal (frequency of the oscillator)/«BAUD + 1) 
X (8». Writing to BAUD actually stores the value in a 
reload register. The reload register contents are copied 
into the BAUD register when the Baud register decre
ments to OOH.Reading BAUD yields the current timer 
value. A read during GSC operation will give a value 
that may not be current because the timer could decre
ment between the time it is read by the CPU and by the 
time the value is loaded into its destination. 

BKOFF (OC4H) - BackoffTimer - The backofftimer is 
an eight bit count-down timer with a clock period equal 

,to one slot time. The backoff time is used in the 
CSMA/CD collision resolution algorithm. The user 
software may read the timer but the value may be inval
id as the timer is clocked asynchronously to the CPU. 
Writing to OC4H will have no effect. . 

GMOD(84H) 
7 6 5 4 3 2 1 0 

I XTCLK I M1 I MO I AL I CT I PL 1 PLO I PR I 
Figure 3.14. GMOD 

GMOD.O (PR) - Protocol - If set, SDLC protocols with 
NRZI encoding and SDLC flags are used. If cleared, 
CSMA/CD link access with Manchester encoding is 
used. The user software is responsible for setting or 
clearing this flag. 

GMOD.I,2 (PLO, I) - Preamble length 

PLl PLO LENGTH (BITS) 
o 0 0 
o I 8 
I 0 32 
I I 64 

The length includes the two bit Begin Of Frame (BOP) 
flag in CSMA/CD but does not include the SDLC flag. 
In SDLC mode, the BOF is an SDLC flag, otherwise it 
is two consecutive ones. Zero length is not compatible 
in CSMA/CD mode. The user software is responsible 
for 'setting or clearing these bits. 

GMOD.3 (CT) - CRC Type - If set, 32 bit AUTO DIN-
11-32 is used. If cleared, 16 bit CRC-CCITT is used. 
The user software is responsible for setting or clearing 
this flag. 

GMOD.4 (AL) - Address Length - If set, 16 bit ad
dressing is used. If cleared, 8 bit addressing is used. In 8 
bit mode a match with any of the 4 address registers 
will be accepted (ADRO, ADRI, ADR2, ADR3). 
"Don't Care" bits may be masked in ADRO and ADRI 
with AMSKO and AMSKI. In 16 bit mode, addresses 
are matched against "ADRI:ADRO" or "ADR3: 
ADR2". Again, "Don't Care" bits in ADRI:ADRO 
can be masked in AMSKI:AMSKO. A received address 
of aU ones will always be recognized in any mode. The 
user software is responsible for setting or clearing this 
flag. 

GMOD.5,6 (MO,MI) - Mode Select - Two test modes, 
an optional "alternate backoff" mode, or normal back
off can be enabled with these two bits. The user soft
ware is responsible for setting or clearing the mode bits. 

MI MO Mode 
0 0 Normal 
0 I Raw Transmit 
I 0 Raw Receive 
I I Alternate Backoff 

In raw receive mode, the receiver operates as normal 
except that aU the bytes following the BOF are loaded 
into the receive FIFO, including the CRC. The trans
mitter operates as normal. 

In raw transmit mode the transmit output is internaUy 
connected to the receiver input. The internal connec
tion is not at the actual port pin, but inside the port 
latch. All data transmitted is done without a preamble, 
flag or zero bit insertion, and without appending a 
CRC. The receiver operates as normal.. Zero bit dele
tion is performed. 

In alternate backoff mode the standard backoff process 
is modified so the the backoff is delayed until the end of 
the IFS. This should help to prevent collisions con
stantly happening because the IFS time is usually larger 
than the slot time. 
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GMOD.7 (XTCLK) - External Transmit Clock - If set 
an external IX clock is used for the transmitter. If 
cleared the internal baud rate generator provides the 
transmit clock. The input clock is applied to P1.3 
(T X C). The user software is responsible for setting or 
clearing this flag. External receive clock is enabled by 
setting PCON.3. 

IFS (OA4H) - Interframe Spacing - Determines the 
number of bit times separating transmitted frames in 
CSMA/CD. A bit time is equal to 1lbaud rate. Only 
even interframe space periods can be used. The number 
written into this register is divided by two and loaded in 
the most significant seven bits. Complete interframe 
space is obtained by counting this seven bit number 
down to zero twice. A user software read of this register 
will give a value where the seven most significant bits 
gives the current count value and the least significant 
bit shows a one for the first count-down and a zero for 
the second count. The value read may not be valid as 
the timer is clocked in periods not necessarily associat
ed with the CPU read of IFS. Loading this register with 
zero results in 256 bit times. 

MYSLOT (OF5H) - Slot Address Register 

7654321 

Figure 3.15. MYSLOT 

MYSLOT.O, 1, 2, 3, 4, 5 - Slot Address - The six ad
dress bits choose 1 of 64 slot addresses. Address 63 has 
the highest priority and address 1 has the lowest. A 
value of zero will prevent a station from transmitting 
during the collision resolution period by waiting until 
all the possible slot times have elapsed. The user soft
ware normally initializes this address in the operating 
software. 

MYSLOT.6 (DCR) - Deterministic Collision Resolu
tion Algorithm - When set, the alternate collision reso
lution algorithm is selected. Retriggering of the IFS on 
reappearance of the carrier is also disabled. When using 
this feature Alternate Backoff Mode must be selected 
and several other registers must be initialized. User 
software must initialize TCDCNT with the maximum 
number of slots that are most appropriate for a particu
lar application. The PRBS register must be set to all 
ones. This disables the PRBS by freezing it's contents at 
OFFH. The backoff timer is used to count down the 
number of slots based on the slot timer value setting the 
period of one slot. The user software is responsible for 
setting or clearing this flag. 

MYSLOT.7 (DC]) - D.C. Jam - When set selects D.C. 
type jam, when clear, selects A.C. type jam. The user 
software is responsible for setting or clearing this flag. 

PCON (087H) 

76543210 

PCON contains bits for power control, LSC control, 
DMA control, and GSC control. The bits used for the 
GSC are PCON.2, PCON.3, and PCON.4. 

PCON.2 (GFIEN) - GSC Flag Idle Enable - Setting 
GFIEN to a 1 caused idle flags to be generated between 
transmitted frames in SDLC mode. SDLC idle flags 
consist of 01111110 flags creating the sequence 
01111110011111110 ...... 011111110. A possible side 
effect of enabling GFIEN is that the maximum possible 
latency from writing to TFIFO until the first bit is 
transmitted increased from approximately 2 bit-times 
to around 8 bit-times. GFIEN has no effect with 
CSMAlCD. 

PCON.3 (XRCLK) - GSC External Receive Clock En
able - Writing a 1 to XRCLK enables an external clock 
to be applied to pin 5 (Port 1.4). The external clock is 
used to determine when bits are loaded into the receiv
er. 

PCON.4 (GAREN) - GSC Auxiliary Receiver Enable 
Bit - This bit needs to be set to a 1 to enable the recep
tion of back-to-back SDLC frames. A back-to-back 
SDLC frame is when the EOF and BOF is shared be
tween two sequential frames intended for the same sta
tion on the link. If GAREN contains a 0 then the re
ceiver will be disabled upon reception of the EOF and 
by the time user software fe-enables the receiver the 
first bit(s) may have already passed, in the case of back
to-back frames. Setting GAREN to a 1, prevents the 
receiver from being disabled by the EOF but GREN 
will be cleared and can be checked by user software to 
determine that an EOF has been received. GAREN has 
no effect if the GSC is in CSMA/CD mode. 

PRBS (OE4H) - Pseudo-Random Binary Sequence -
This register contains a pseudo-random number to be 
used in the CSMA/CD backoff algorithm. The number 
is generated by using a feedback shift register clocked 
by the CPU phase clocks. Writing all ones to the PRBS 
will freeze the value at all ones. Writing any other value 
to it will restart the PRBS generator. The PRBS is ini
tialized to all zero's during RESET. A read of location 
OE4H will not necessarily give the seed used in the 
backoff algorithm because the PRBS counters are 
clocked by internal CPU phase clocks. This means the 
contents of the PRBS may have been altered between 
the time when the seed was generated and before a 
READ has been internally executed. 
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RFIFO (OF4H) - Receive FIFO - RFIFO is a 3 byte 
butTer that is loaded each time the GSC receiver has a 
byte of data. Associated with RFIFO is a pointer that is 
automatically updated with each read of the FIFO. A 
read of RFIFO fetches the oldest data in the FIFO. 

RSTAT (OESH) - Receive Status Register 

76543210 

IORIRCABTIAElcRCEIRONIRFNEIGRENIHABENI 

Figure 3.16. RSTAT 

RSTAT.O (HABEN) - Hardware Based Acknowledge 
Enable - If set, enables the hardware based acknowl
edge feature. The user software is responsible for setting 
or clearing this flag. 

RSTAT.I (GREN) - Receiver Enable - When set, the 
receiver is enabled to accept incoming frames. This also 
clears RDN, CRCE, AE, RCABT, and the receive 
FIFO. It is cleared by the receiver at the end of a recep
tion or if any errors occurred. The user software is re
sponsible for setting this flag and the GSC or user soft
ware can clear it. The status of GREN has no etTect on 
whether the receiver detects a collision in CSMAlCD 
mode as the receiver input circuitry always monitors 
the receive pin. 

RSTAT.2 (RFNE) - Receive FIFO Not Empty - If set, 
indicates that the receive FIFO contains. data. The re
ceive FIFO is a three byte butTerinto which the receive 
data is loaded. A CPU read of the FIFO retrieves the 
oldest data and automatically updates the FIFO point
ers. Setting GREN to a one will clear the receive FIFO. 
The status of this flag is controlled by· the GSC. It· is 
cleared if user empties receive FIFO. 

RSTAT.3 (RDN) - Receive Done - If set, indicates the 
successful completion of a receiver operation. Will not 
be set if a CRC, alignment, abort, or FIFO overrun 
error occurred. The status of this flag is controlled by 
the GSC. 

RSTAT.4 (CRCE) - CRC Error - If set, indicates that a 
properly aligned frame was received with a mismatched 
CRC. The status of this flag is controlled by the GSC. 

RSTAT.5 (AE) - Alignment Error" If set, indicates 
that the line went idle when the receiver shift register 
was not full and the resulting CRCwas bad in the 
CSMA/CD mode. If a correct CRC was valid then AE 
is not set. In SDLC mode, AE indicates that a non
byte-aligned flag was received. The status of this flag is 
controlled by the GSC. 

RSTAT.6 (RCABT) - Receiver Collision/Abort Detect 
- If set, indicates that a collision was detected after data 

had been loaded into the receive FIFO in CSMA/CD 
mode. In SDLC mode, RCABT indicates that 7 consec
utive ones were detected prior to the end flag but after 
data has been loaded into the.receive FIFO. The status 
of this flag is controlled by the GSC. 

RSTAT.7 (OVR) - Overrun - If set, indicates that the 
receive FIFO was full and new shift register data was 
written into it. The setting of this flag is controlled by 
the GSC and it is cleared by user software. 

SLOTTM (OBH) - Slot Time - Determines the length of 
the slot time used in CSMA/CD. A slot time equals 
(256 - SLOTTM) X (I / baud rate). A read of 
SLOTTM will give the value of the slot time timer but 
the value may be invalid as the timer is clocked asyn
chronously to the cpu. Loading SLOTTM with 0 re
sults in 256 bit times. 

TCDCNT (OD4H) - Transmit Collision Detect Count -
Contains the number of collisions that have occurred if 
probabilistic CSMA/CD is used. The user software 
must clear this register before transmitting a new frame 
so that the GSC backotT hardware can accurately dis-
tinguish a new frame from a retransmit attempt. ' 

In deterministic backotT mode, TCDCNT is used to 
hold the maximum number of slots. 

TFIFO (S5H) - GSC Transmit FIFO - TFIFO is a 3 
byte butTer with an associated pointer that is automati
cally updated for each write by user software. Writing a 
byte to TFIFO loads the data into the next available 
location in the transmit FIFO. Setting TEN clears the 
transmit FIFO so the transmit FIFO should not be 
written to prior to setting TEN. If TEN is already set 
transmission begins as soon as data is written to TFIc 
FO. 

TSTAT (ODS) - Transmit Status Register 

76543210 

LNI I NOACK I UR I TCOT I TON I TFNF I TEN I OMAI 

Figure 3.17. TSTAT 

TSTAT.O (DMA) - DMA Select - If set, indicates that 
DMA channels are used to service the GSC FIFO's and 
GSC interrupts occur on TDN and RDN, and also en
ables UR to become set. If cleared, indicates that the 
GSC is operating in its normal mode and interrupts 
occur on TFNF and RFNE. For more information on 
DMA servicing please refer to the DMA section on 
DMA serial demand mode (4.2.2.3). The user software 
is responsible for setting or clearing this flag. 
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TSTAT.I (TEN) - Transmit Enable - When set causes 
TDN, UR, TCDT, and NOACK flag to be reset and 
the TFIFO cleared. The transmitter will clear TEN af
ter a successful transmission, a collision during the 
data, CRC, or end flag. The user software is responsible 
for setting but the GSC or user software may clear this 
flag. If cleared during a transmission the GSC transmit 
pin goes to a steady state high level. This is the method 
used to send an abort character in SDLC. Also DEN is 
forced to a high level. The end of transmission occurs 
whenever the TFIFO is emptied. 

TSTAT.2 (TFNF) - Transmit FIFO not full - When 
set, indicates that new data may be written into the 
transmit FIFO. The transmit FIFO is a three byte buff
er that loads the transmit shift register with data. The 
status of this flag is controlled by the GSc. 

TSTAT.3 (TDN) - Transmit Done - When set, indi
cates the successful completion of a frame transmission. 
If HABEN is set, TDN will not be set until the end of 
the IFS following the transmitted message, so that the 
acknowledge can be checked. If an acknowledge is ex
pected and not received, TDN is not set. An acknowl
edge is not expected following a broadcast or multi-cast 
packet. The status of this flag is controlled by the GSC. 

TSTAT.4 (TCDT) - Transmit Collision Detect - If set, 
indicates that the transmitter halted due to a collision. 
It is set if a collision occurs during the data or CRC or 
if there are more than eight collisions. The status of this 
flag is controlled by the GSC. 

TSTAT.5 (UR) - Underrun - If set, indicates that in 
DMA mode the last bit was shifted out of the transmit 
register and that the DMA byte count did not equal 
zero. When an underrun occurs, the transmitter halts 
without sending the CRC or the end flag. The status of 
this flag is controlled by the GSC. 

TSTAT.6 (NOACK) - No Acknowledge - If set, indi
cates that no acknowledge was received for the previous 
frame. Will be set only if HABEN is set and no ac
knowledge is received prior to the end of the IFS. 
NOACK is not set following a broadcast or a multi
cast packet. The status of this flag is controlled by the 
GSC. 

TSTAT.7 (LNI) - Line Idle - If set, indicates the re
ceive line is idle. In SDLC protocol it is set if 15 consec
utive ones are received. In CSMA/CD protocol, line 
idle is set if no transitions occur on GR X D for approx
imately 1.6 bit times after a required transition. LNI is 
cleared after a transition on GR X D. The status of this 
flag is controlled by the GSc. 

3.S Serial Backplane vs. Network 
Environment 

The Cl52 GSC port is intended to fulfill the needs of 
both serial backplane environment and the serial com
munication network environment. The serial backplane 
is where typically, only processor to processor commu
nications take place within a self contained box. The 
communication usually only encompasses those items 
which are necessary to accomplish the dedicated task 
for the box. In these types of applications there may not 
be a need for line drivers as the distance between the 
transmitter and receiver is relatively short. The net
work environment; however, usually requires transmis
sion of data over large distances and requires drivers 
and/or repeaters to ensure the data is received on both 
ends. 

4.0 DMA Operation 

The CI52 contains DMA (Direct Memory Accessing) 
logic to perform high speed data transfers between any 
two of 

Internal Data RAM 
Internal SFRs 
External Data RAM 

If external RAM is involved, the Port 2 and Port 0 ~ 
are used as the address/data bus, and RD and WR 
signals are generated as required. 

Hardware is also implemented to generate a Hold Re
quest signal and await a Hold Acknowledge response 
before commencing a DMA that involves external 
RAM. 

Alternatively, the Hold/Hold Acknowledge hardware 
can be programmed to accept a Hold Request signal 
from an external device and generate a Hold Acknowl
edge signal in response, to indicate to the requesting 
device that the CI52 will not commence a DMA to or 
from external RAM while the Hold Request is active. 

4.1 DMA with the SOC 152 

The CI52 contains two identical general purpose 8-bit 
DMA channels with 16-bit addressability: DMAO and 
DMAI. DMA transfers can be executed by either chan
nel independent of the other, but only by one channel at 
a time. During the time that a DMA transfer is being 
executed, program execution is suspended. A DMA 
transfer takes one machine cycle (12 oscillator 
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DMA CHANNEL 0 DMA CHANNEL 1 

I 
I DARHO I I DARlO I , I 

I DARHI I I DARL1 I , 
DESTINATION ADDRESS DESTINATION ADDRESS 

SARHO I I SARLO I , I 
I SARHI I I SARLI I , 

SOURCE ADDRESS SOURCE ADDRESS 

I 
I BCRHO I I BCRlO I BCRHI , I I BCRll I 

I 

BYTE COUNT BYTE COUNT 

I DCONO I I DCONI I 
DMAO CONTROL DMA 1 CONTROL 

PCON 
'--' 

\.. Two new bits In PCON control 
Hold/Hold Acknowledge logic 

270427-28 

Figure 4.1. DMA Registers 

periods) per byte transferred, except when the destina
tion and source are both in External. Data RAM. In 
that case the transfer takes two machine cycles per 
byte. The term DMA Cycle will be used to mean the 
transfer of a single data byte, whether it takes 1 or 2 
machine cycles. 

Associated with each channel are seven SFRs, shown in 
Figure 4.1. SARLn and SARHn holds the low and high 
bytes of the source address. Taken together they form a 
16-bit Source Address Register. DARLn and DARHn 
hold the low and high bytes of the destination address, 
and together form the Destination Address Register. 
BCRLn and BCRHn hold the low and high bytes of the 
number of bytes to be transferred, and together form 
the Byte Count Register. DCONn contains control and 
flag bits. 

Two bits in DCONn are used to specify the physical 
destination of the data transfer. These bits are DAS 
(DestinationJAddress Space) and IDA (Increment Des
tination Address). If DAS = 0, the destination is in 
data memory external to the C152. If DAS = 1, the 
destination is internal to the C152. If DAS = 1 and 
IDA = 0, the internal destination is a Special Function 
Register (SFR). If DAS = 1 and IDA = 1, the inter
nal destination is in the 256-byte data RAM. 

In any case, if IDA = 1, the destination address is 
automatically incremented after each byte transfer. If 
IDA = 0, it is not. 

Two other bits in DCONn specify the physical source 
of the data to be transferred. These are SAS (Source 
Address Space) and ISA (Increment Source Address). 
If SAS = 0, the source is in data memory external to 
the C152. IfSAS = 1, the source is internal. IfSAS = 
1 and ISA = 0, the internal source is an SFR. If SAS 
= 1 and ISA = 1, the internal source is in the 256-byte 
data RAM. 

In any case, if ISA = 1, the source address is automati
cally incremented after each byte transfer. If ISA = 0, 
it is not. 

The functions of these four control bits are summarized 
below: 

DAS IDA Destination Auto-Increment 

° ° External RAM no 

° 1 External RAM yes 
1 ° SFR no 
1 1 Internal RAM yes 

SAS ISA Source Auto-Increment 

0 0 External RAM no 

° 1 External RAM yes 
1 0 SFR no 
1 1 Internal RAM yes 
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There are four modes in which the DMA channel can 
operate. These are selected by the bits DM and TM 
(Demand Mode and Transfer Mode) in DCONn: 

DM TM Operating Mode 

a a Alternate Cycles Mode 
a 1 Burst Mode 
1 a Serial Port Demand Mode 
1 1 External Demand Mode 

The operating modes are described below. 

4.1.1 ALTERNATE CYCLE MODE 

In Alternate Cycles Mode the DMA is initiated by set
ting the GO bit in DCONn. Following the instruction 
that set the GO bit, one more instruction is executed, 
and then the first data byte is transferred from the 
source address to the destination address. Then another 
instruction is executed, and then another byte of data is 
transferred, and so on in this manner. 

Each time a data byte is transferred, BCRn (Byte 
Count Register for DMA Channel n) is decremented. 
When it reaches OOOOH, on-chip hardware clears the 
GO bit and sets the DONE bit, and the DMA ceases. 
The DONE bit flags an interrupt. 

4.1.2 BURST MODE 

Burst Mode differs from Alternate Cycles mode only in 
that once the data transfer has begun, program execu
tion is entirely suspended until BCRn reaches OOOOH, 
indicating that all data bytes that were to be transferred 
have been transferred. The interrupt control hardware 
remains active during the DMA, so interrupt flags may 
get set, but since program execution is suspended, the 
interrupts will not be serviced while the DMA is in 
progress. 

4.1.3 SERIAL PORT DEMAND MODE 

In this mode the DMA can be used to service the Local 
Serial Channel (LSC) or the Global Serial Channel 
(GSC). 

In Serial Port Demand Mode the DMA is initiated by 
any of the following conditions, if the GO bit is set: 

Source Address = SBUF .AND. RI = 1 
Destination Address = SBUF .AND. TI = 1 
Source Address = RFIFO .AND. RFNE = 1 
Destination Address = TFIFO .AND. TFNF = 1 

Each time one of the above conditions is met, one 
DMA Cycle is executed; that is, one data byte is trans
ferred from the source address to the destination ad-

dress. On-chip hardware then clears the flag (RI, TI, 
RFNE, or TFNF) that initiated the DMA, and decre
ments BCRn. Note that since the flag that initiated the 
DMA is cleared, it will not generate an interrupt unless 
DMA servicing is held off or the byte count equals O. 
DMA servicing may be held off when alternate cycle is 
beirig used or by the status of the HOLD/HLDA logic. 
In these situations the interrupt for the LSC may occur 
before the DMA can clear the RI or TI flag. This is 
because the LSC is serviced according to the status of 
RI and TI, whether or not the DMA channels are being 
used for the transferring of data. The GSC does not use 
RFNE or TFNF flags when using the DMA channels 
so these do not need to be disabled. When using the 
DMA channels to service the LSC it is recommended 
that the interrupts (RI and TI) be disabled. If the dec
remented BCRn is OOOOH, on-chip hardware then 
clears the GO bit and sets the DONE bit. The DONE 
bit flags an interrupt. 

4.1.4 EXTERNAL DEMAND MODE 

In External Demand Mode the DMA is initiated by 
one of the External Interrupt pins, provided the GO bit 
is set. INTO initiates a Channel a DMA, and INTI 
initiates a Channel I DMA. 

If the external interrupt is configured to be transition
activated, then each I-to-O transition at the interrupt 
pin sets the corresponding external interrupt flag, and 
generates one DMA Cycle. Then, BCRn is decrement
ed. No more DMA Cycles take place until another 
I-to-O transition is seen at the external interrupt pin. If 
the decremented BCRn = OOOOH, on-chip hardware 
clears the GO bit and sets the DONE bit. If the exter
nal interrupt is enabled, it will be serviced. 

If the external interrupt is configured to be level-acti
vated, then DMA Cycles commence when the interrupt 
pin is pulled low, and continue for as long as the pin is 
held low and BCRn is not GOOOH. If BCRn reaches 0 
while the interrupt pin is still low, the GO bit is cleared, 
the DONE bit is set, and the DMA ceases. If the exter
nal interrupt is enabled, it will be serviced. 

If the interrupt pin is pulled up before BCRn reaches 
GOOOH, then the DMA ceases, but the GO bit is still 1 
and the DONE bit is still O. An external interrupt is not 
generated in this case, since in level-activated mode, 
pulling the pin to a logical 1 clears the interrupt flag. If 
the interrupt pin is then pulled low again, DMA trans
fers will continue from where they were previously 
stopped. 

The timing for the DMA Cycle in the transition-acti
vated mode, or for the first DMA Cycle in the level-ac
tivated mode is as follows: If the 1-to-0 transition is 
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detected before the final machine cycle of the instruc
tion in progress, then the DMA commences as soon as 
the instruction in progress is completed. Otherwise, one 
more instruction will be executed before· the DMA 
starts. No instruction is executed during any DMA Cy' 
cleo 

4.2 Timing Diagrams 

Timing diagrams for single-byte DMA transfers are 
shown in Figures 4.2 through 4.5 for four kinds of 
DMA Cycles: internal memory to internal memory, in
ternal memory to external memory, external memory 
to internal memory, and external memory to external 
memory. In each case we assume the Cl52 is executing 
out of external program memory. If the Cl52 is execut
ing out of internal program memory, then PSEN is in
active, and the Port 0 and Port 2 pins emit PO and, P2 
SFR data. If External Data Memory is involved, the 
Port 0 and Port 2 pins are used as the address/data bus, 

and RD and/or WR signals are generated as needed, in 
the same manner as in the execution of a MOVX 
@DPTR instruction. 

4.3 Hold/Hold Acknowledge 

Two operating modes of Hold/Hold Acknowledge log
ic are available, and either or neither may be invoked 
by software. In one mode, the Cl52 generates a Hold 
Request signal and awaits a Hold Acknowledge re
sponse before commencing a DMA that involves exter
nal RAM. This is called the Requester Mode. 

In the other mode, the Cl52 accepts a Hold Request 
signal from an external device and generates a Hold 
Acknowledge signal in response, to indicate to the re
questing device that the Cl52 will not commence a 
DMA to or from external RAM while the Hold Re
qliest is active. This is called the Arbiter mode. 

~I ------12 OSC. PERIODS -----+1.1 
ALE ~ ___________ --J;---\\-__ _ 

~J 

PO !NsT'1--_ .............. FLoAT·· ........ •• ·"'O'PcL"n.OA~INST 
...;;;;:.;..J •••••••••••••••••••••••••••••••••• .I.\:.:::..J •• _ • 

P2~ ______________ P~2_S~F~R ________ ~ __ -JX PCH 

1_. ----___ DMA CYCLE ______ -II~ RESUME PROGRAM 
EXECUTION 

270427-29 

Figure 4.2. DMA Transfer from Internal Memory to Internal Memory 

~I --'------12 OSC. PERIODS -----+11 
ALE ~ ___________ --J;---\\-__ _ 

'----
P D INST::).( DARLn X DMA DATA OUT X XPCL: ::).(INST 

P2~ ____________ ~~~~R~Hn~ ____________ JX~ ___ PC_H ____ _ 

WR \'-____ ~I 
-------DMA CYCLE _______ , I-RESUME PROGRAM 

EXECUTION , 
270427-30 

Figure 4.3. DMA Transfer from Internal Memory to External Memory 
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t-I .-----12 OSC. PERIODS --------+jl 
ALE r----\. r----\. 
~ ,~--------------~I ,~ __ __ 

P2 ~ ______ ......;;S;.;;AR.;;;H.;.;.n ______ ..JX PCH 

,'------~! 
------Dt.lA CYCLE ------_1- RES~Xt.lE~G~g~RAM 
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Figure 4.4. DMA Transfer from External Memory to Internal Memory 
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Figure 4.5. DMA Transfer from External Memory to External Memory 

4.3.1 REQUESTER MODE 

The Requester Mode is selected by setting the control 
bit REQ, which resides in PCON. In that mode, when 
the CI52 wants to do a DMA to External Data Memo
ry, it first generates a Hold Request signal, HLD, and 
waits for a Hold Acknowledge signal, HLDA, before 
commencing the DMA operation. Note that program 
execution continues while HLDA is awaited. The 
DMA is not begun until a logical 0 is detected at the 
HLDA pin. Then, once the DMA has begun, it goes to 
completion regardless of the logic level at HLDA. 

The protocol is activated only for DMAs (not for pro
gram fetches or MOVX operations), and only for 
DMAs to or from External Data Memory. If the data 
destination and source are both internal to the CI52, 
the HLD/HLDA protocol is not used. 

The HLD output is an alternate function of port pin 
P1.5, and the HLDA input is an alternate function of 
port pin P1.6. 

4.3.2 ARBITER MODE 

For DMAs that are to be driven by some device other 
than the CI52, a different version of the Hold/Hold 
Acknowledge protocol is available. In this version, the 
device which is to drive the DMA sends a Hold Re· 
quest signal, HLD, to the C152. If the CI52 is current
ly performing a DMA to or from External Data Memo
ry. it will complete this DMA before responding to the 
Hold Request. When the CI52 responds to the Hold 
Request, it does so by activating a Hold Acknowledge 
signal, HLDA. This indicates that the CI52 will not 
commence a new DMA to or from External Data 
Memory while HLD remains active. 

Note that in the Arbiter Mode the CI52 does not sus· 
pend program execution at aU, even if it is executing 
from external program memory. It does not surrender 
use of its own bus. 

The Hold Request input, HLD, is at P1.5. The Hold 
Acknowledge output, HLDA, is at P1.6. This 
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version of the Hold/Hold Acknowledge feature is se
lected by setting the control bit ARB in PCON. 

The functions of the ARB and REQ bits in PCON, 
then, are 

ARB REQ Hold/Hold Acknowledge Logic 

0 0 Disabled 
0 1 C152 generates HLD, detects HLDA 
1 0 C152 detects HLD, generates HLDA 
1 1 Invalid 

4.3.3 USING THE HOLD/HOLD ACKNOWLEDGE 

The HOLDIHOLDA logic only affects DMA opera
tion with external RAM and doesn't affect other opera
tions with-external RAM, such as MOVX instruction. 

Figure 4.6 shows a system in which two 83C152s are 
sharing a global RAM. In this system, both CPUs are 
executing from internal ROM. Neither CPU uses the 
bus except to access the shared RAM, and such access-

Vcc 

es' are done only through DMA operations, not by 
MOVX instructions. 

One CPU is programmed to be the Arbiter and the 
other, to be the Requester. The ALE Switch selects 
which CPU's ALE signal will be directed to the address 
latch. The Arbiter's ALE is selected if HLDA is high, 
and the Requester's ALE is selected if HLDA is low. 

ALE __ r-..... 
(ARB) 

ALE 
(REO)-->-'J 

ALE (ARB) 
Ir IiLiiA = 1 

. ALE (REO) 
Ir R[ljJ. = 0 

270427-34 

Figure 4.7. ALE Switch Select 

The ALE Switch'logic can be implemented by a single 
74HCOO, as shown in Figure 4.7. 

I f8x 10kll 

PO 

83C152 
ARB P2 -- i'iR 7 

ALE - lJ., 
4 
L - Rli S -

rv' 3 
HLO HLOA 7 
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~ 
LJ 

ALE 
HLO HLOA SWITCH 

ALE 

83C152 
REQ 

I'- i'iR PO 

~ Rli P2 -

.; ~ 
DATA LOW HIGH 

or '-----"' 
SHARED AOOR 

WE RAM 
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Figure 4.6. Two 83C152s Sharing External RAM 
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4.3.4 INTERNAL LOGIC OF THE ARBITER 

The internal logic of the arbiter is shown in Figure 4.8. 
In operation an input low at HLD sets Q2 if the arbi
ter's internal signal DMXRQ is low. DMXRQ is the 
arbiter's "DMA to XRAM Request". Setting Q2 acti
vates HLDA through Q3. Q2 being set also disables 
any DMAs to XRAM that the arbiter might decide to 
do during the requester's DMA. 

Figure 4.9 shows the minimum response time, 4 to 7 
CPU oscillator periods, between a transition at the 
HLD input and the response at HLDA. 

HLD Input 
(P1.5) 

Clock 1 

DMXRQ 

Clock 2 

When the arbiter wants to DMA the XRAM, it first 
activates DMXRQ. This signal prevents Q2 from being 
set if it is not already set. An output low from Q2 en
ables the arbiter to carry out its DMA to XRAM, and 
maintains an output high at HLDA. When the arbiter 
completes its DMA, the signal DMXRQ goes to 0, 
which enables Q2 to accept signals from the HLD input 
again. 

Inhibit Arbiter's 
DMA to XRAM 

.......... -tD 

Clock 1 

HLDA Output 
(P1.6) 

270427-39 

Figure 4.8. Internal Logic of the Arbiter 
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HLD Input ~ 
1 UJi~. -------

1 

CPU Osc. Periods I I I I I I II I ! I I I 1·1 I I I I I 

Clock 1 

Clock 2 

HLDA Output 

1 

1 1_-
• 2 Osc.· 4 Osc. • 
Periods Periods 

Figure 4.9. Minimum HLD/HLDA Response Time 

DMXRO 

>(l---1s 

Inhibit Requester's 
DMA to XRAM 

l.rD--~O~ __ ; ~~ __ ~~~--' 
01 

Clock 1 

Clock 2 

Figure 4.10. Internal Logic of the Requester 
(Clock 1 and Clock 2 are Shown in Figure 4.9) 
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4.3.5 Internal Logic of the Requester 

The internal logic of the requester is shown in Figure 
4.10. Initially, the requester's internal signal DMXRQ 
(DMA to XRAM Request) is at 0, so Q2 is set and the 
HLD output is high. As long as Q2 stays set, the re
quester is inhibited from starting any DMA to XRAM. 

When the requester wants to DMA the XRAM, it first 
activates DMXRQ. This signal enables Q2 to be cleared 
(but doesn't clear it), and, if HLDA is high, also acti-
vates the HLD output. . 

A l-to-O transition from HLDA can now clear Q2, 
which will enable the requester to commence its DMA 
to XRAM. Q2being low also maintains an output low 
at HLD. When the DMA is completed, DMXRQ goes 
to 0, which sets Q2 and de-activates HLD. 

Only DMXRQ going to 0 can set Q2. That means once 
Q2 gets cleared, enabling the requester's DMA to pro
ceed, the arbiter has no way to stop the requester's 
DMA in progress. At this point, de-activating HLDA 
will have no effect on the requester's use of the bus. 
Only the requester itself can stop the DMA in progress, 
and when it does, it de-activates both DMXRQ and 
HLD. 

If the DMA is in alternate cycles mode, then each time 
a DMA cycle is completed DMXRQ goes to O,.thus de
activating HLD. Once HLD has been de-activated, it 
can't be re-asserted till after HLDA has been seen to go 
high (through flip-flop QIA). Thus every time the 
DMA is suspended to allow an instruction cycle to pro
ceed, the requester gives up the bus and must renew 

o 

the request and receive another acknowledge before an
other DMA cycle to XRAM can proceed. Obviously in 
this case, the "alternate cycles" mode may consist of 
single DMA cycles separated by any number of instruc
tion cycles, depending on how long it takes the request
er to regain the bus. 

A channel I DMA in progress will always be overrid
den by a DMA request of any kind from channel O. If a 
channel I DMA to XRAM is in progress and is over
ridden by a channel 0 DMA which does not require the 
bus, DMXRQ will go to 0 during the channel 0 DMA, 
thus de-activating HLD. Again, the requester must re
new its request for the bus, and must receive a new 1-
to-O transition in HLDA before channel I can continue 
its DMA to XRAM. 

4.4 DMA Arbitration 

The DMA Arbitration described in this section is not 
arbitration between two devices wanting to access a 
shared RAM, but on-chip arbitration between the two 
DMA channels on the 8XC152. 

The 8XCI52 provides two DMA channels, either of 
which may be called into operation at any time in re
sponse to real time conditions in the application circuit. 
Since a DMA cycle always uses the 8XC152's internal 
bus, and there's only one internal bus, only one DMA 
channel can be serviced during a single DMA cycle. 
Executing program instructions also requires the inter
nal bus, so program execution will also be suspended in 
order for a DMA to take place. 

2 

270427-42 

Figure 4.11. Internal Bus Usage 
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Figure 4.11 shows the three tasks to which the internal 
bus of the 8XCI52 can be dedicated. In this figure, 
Instruction Cycle means the complete execution of a 
single instruction, whether it takes I, 2 or 4 machine 
cycles. DMA Cycle means the transfer of a single data 
byte from source to destination, whether it takes 1 or 2 
machine cycles. Each time a DMA Cycle or an Instruc
tion Cycle is executed, on-chip arbitration logic deter
mines which type of cycle is to be executed next. 

Note that when an instruction is executed, if the in
struction wrote to a DMA register (defined in Figure 
4.1 but excluding PCON), then another instruction is 
executed without further arbitration. Therefore, a sin
gle write or a series of writes to DMA registers will 
prevent a DMA from taking place, and will continue to 
prevent a DMA from taking place until at least one 
instruction is executed which does not write to any 
DMA register. 

The logic that determines whether the next cycle will be 
a DMAO cycle, a DMAI cycle, or an Instruction Cycle 
is shown in Figure 4.12 as a pseudo-HLL function. The 
statements in Figure 4.12 are executed sequentially un
less an "if" condition is satisfied, in which case the cor
responding "return" is executed and the remainder of 
the function is not. The return value of 0, I, or 2 is 
passed to the arbitration logic block in Figure 4.11 to 
determine which exit path from the block is used. 

arbitration_logic: 

if (GOO 

if (GOl 

1 .AND. mode_logic (0) 

1 .AND. mode_logic(l) 

else return 2; 

end arbitration_logic; 

The return value is based on the condition of the GO 
bit for each channel, and on the value returned by an
other function, named mode_logic (). The algorithm 
for mode~ogic ( ) is the same for both channels; The 
function is shown in Figure 4.13 as a pseudo-HLL 
function, mode_logic (n), where n = 0 when the func
tion is invoked for DMA channel 0, and n = 1 when 
it's invoked for DMA channel 1. The value returned by 
this function is either 0 or I, and will be passed on to 
the DMA arbitration logic in Figure 4.12. 

Note that the arbitration logic as shown in Figure 4.12 
always gives precedence to channel ° over channel 1. If 
GOO is set and mode_logic (0) returns a I, then a 
DMAO cycle is called without further reference to the 
situation in channel 1. That is not to say a DMAI Cy
cle will be interrupted once it has begun. Once a cycle 
has begun, be it an Instruction Cycle or a DMA Cycle, 
it will be completed without interruption. 

The statements in mode~ogic (n), Figure 4.13, are ex
ecuted sequentially until an "if' condition, based on the 
DMA mode programmed into DCONn, is satisfied. 
For example, if the channel is configured to Burst 
mode, then the first if-condition is satisfied, so the "re
turn I" expression is executed and the remainder of the 
function is not. 

1) return 0: 

1) return 1: 

Figure 4.12. DMA Arbitration Logic 
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mode_logic(n) : 

if (DCONn indicates burst_mode) return 1; 

if (DCONn indicates extern_demand_mode) 

if (demand_flag = 1) return 1; 

else return 0; 

if (DCONn indicates SP_demand_mode) 

if (SARn = SBUF .AND. RI = 1) return 

if (DARn = SBUF .AND. TI = 1) return 

1· . 
1 ; 

if (SARn = RFIFO .AND. RFNE = 1) return 

if (DARn = TFIFO .AND. TFNF = 1 .AND. 

1 ; 

previous_cycle = instruction_cycle) return 

else return 0; 

if (DCONn indicates alt_cycles_mode) 

if (DCONm indicates .NOT. alt_cycles_mode 

.OR. GOm = 0) 

if (previous_cycle = instruction_cycle) 

return 1; 

else return 0; 

if (previous_cycle = instruction_cycle 

.AND. previous_dma_cycle = .NOT. DMAn) 

return 1; 

return 0; 

end mode_logic (n) ; 

Figure 4.13. DMA Mode Logic 
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If the channel is configured to External Demand mode, 
then the first if-condition is not satisfied but the second 
one is. In that case the block of statements following 
that if-condition and delimited by ( ... J is executed: if. 
the demand flag (IEO for channel 0 and IEI for chan
nel 1) is set, the "return I" expression is executed and 
the remainder of the function is not. If the demand flag 
is not set, the "return 0" expression is executed and the 
remainder of the function is not. 

If the channel is configured to Serial Port Demand 
mode, the source and destination addresses, SARn and 
DARn, have to be checked to see which Serial Port 
buffer is being addressed, and whether its demand flag 
is set. 

SARn refers to the I6-bit source address for "this chan
nel." Note that the condition 

SARn = SBUF 

cannot be true unless the SAS and ISA bits in DCONn 
are configured to select SFR space. If SARn is numeri
cally equal to the address of SBUF (99H), and SAS and 
ISA are configured to select internal RAM rather than 
SFR space, then SARn refers to location 99H in the 
"upper 128" of internal RAM, not to SBUF. 

If the test for SARn = SBUF is true, and if the flag RI 
is set, mode_logic (n) returns as 1 and the remainder 
of the function is not executed. Otherwise, execution 
proceeds to the next if-condition, testing DARn against 
SBUF and Tl against 1. 

The same considerations regarding SAS and ISA in the 
SARn test are now applied to DAS and IDA in the 
DARn test. If SFR space isn't selected, no Serial Port 
buffer is being addressed. 

Note that ifDMA channel n is configured to Alternate 
Cycles mode, the logic must examine the other DCON 
register, DCONm, to determine if the other channel is 
also configured to Alternate Cycles mode and whether 
its GO bit is set. In Figure 4.13, the symbol DCONn· 
refers to the DCON register for "this channel," and 
DCONm refers to "the other channel." 

A careful examination of the logic in Figure 4.13 will 
reveal some idiosyncracies that the user should be 
aware of. First, the logic allows sequential DMA cycles 
to be generated to service RFIFO, but not to service 
TFIFO. This idiosyncracy is due to internal timing 
conflicts, and results in each individual DMA cycle to 
TFIFO having to be immediately preceded by an In
struction cycle. The logic disallows that there be two 
DMAs to TFIFO in a row. 

If the user is unaware of this idiosyncracy, it can cause 
problems in situations where one DMA channel is serv
icing TFIFO and the other is configured to a complete
ly different mode of operation. 

For example, consider the situation where channel 0 is 
configured to service TFIFO and channel 1 is config
ured to Alternate Cycles mode. Then DMAs to TFIFO 
will always override the alternate cycles of channel 1. If 
TFIFO needs more than 1 byte it will receive them in 
precendence over channel I, but each DMA to TFIFO 
must be preceded by an Instruction cycle. The sequence 
of cycles might be: 

DMAI cycle 
Instruction cycle 
DMAI cycle, during which TFNF gets set 
Instruction cycle 
DMAO cycle 
Instruction cycle 
DMAO cycle, as a result of which TFNF gets cleared 
Instruction cycle 
DMAI cycle 
Instruction cycle 
DMAI cycle 
Instruction cycle 

The requirement that a DMA to TFIFO be preceded 
by an Instruction cycle can result in tile normal prece
dence of channel 0 over channell being thwarted. Con
sider for example the situation where channel 0 is con
figured to service TFIFO, and is in the process of doing 
so, and channel 1 decides it wants to do a Burst mode 
DMA. The sequence of events might be: 

Instruction cycle (sets GO bit in DCONI) 
Instruction cycle (during which TFNF gets set) 
DMAO cycle 
DMAI cycle 
DMAI cycle 
DMAI cycle 

DMAI cycle (completes channell burst) 
Instruction cycle 
DMAO cycle 
Instruction cycle 

This sequence begins with two Instruction cycles. The 
first one accesses a DMA register (DCONI), and there
fore is followed by another Instruction cycle, which 
presumably does not access a DMA register. After the 
second Instruction cycle both channels are ready to 
generate DMA cycles, and channel 0 of course takes 
precedence. After the DMAO cycle, channel 0 must 
wait for an Instruction cycle before it can access 
TFIFO again. Channel I, being in Burst mode, doesn't 
have that restriction, and is therefore granted a DMAI 
cycle. After the first DMAI cycle, channel 0 is still 
waiting for an Instruction cycle and channel I still does 
not have that restriction. There follows another DMAI 
cycle. 
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The result is that in this particular case channel 0 has 
to wait until channel 1 completes its Burst mode DMA, 
and then has to wait for an Instruction cycle to be gen
erated, before it can continue its own DMA to TFIFO. 
The delay in servicing TFIFO can cause an Underflow 
condition in the GSC transmission. 

The delay will not occur if channel 1 is configured to 
Alternate Cycles mode, since channel 0 would then see 
the Instruction cycles it needs to complete its logic re
quirements for asserting its request. 

4.4_1 DMA Arbitration with Hold/Hold Ack 

The Hold/Hold Acknowledge feature is invoked by set
ting either the ARB or REQ bit in PCON. Their effect 
is to add the requirements of the HoldlHold Ack pro
tocol to mode~ogic (). This amounts to replacing ev
ery expression "return I" in Figure 4.13 with the ex
pression "return hldJlda~ogic ()", where 
hld_hlda_logic () is a function which returns 1 if the 
Hold/Hold Ack protocol is satisfied, and returns 0 oth
erwise. A suitable definition for hldJldlL-logic ( ) is 
shown in Figure 4.14. 

4.5 Summary of DMA Control Bits 
DGONn I DAS I IDA I SAS liSA I OM I TM I DONE I GO I 

DAS specifies the Destination Address Space. If DAS 
= 0, the destination is in External Data Memory. If 
DAS = 1 and IDA = 0, the destination is a Special 

hold_holda( ): 

if (ARB = 0 .AND. REQ = 0) return 1; 

if SARn = XRAM .OR. DARn = XRAM) 

Function Register (SFR). If DAS = 1 and IDA = 1, 
the destination is in Internal Data RAM. 

IDA (Increment Destination Address) If IDA = 1, the 
destination address is automatically incremented after 
each byte transfer. If IDA = 0, it is not. 

SAS specifies the Source Address Space. If SAS = 0, 
the source is in External Data Memory. If SAS = 1 
and ISA = 0, the source is an SFR. If SAS = 1 and 
ISA = 1, the source is Internal Data RAM. 

ISA (Increment Source Addres~) If ISA = 1, the 
source address is automatically incremented after each 
byte transfer. If ISA = 0, it is not. 

DM (Demand Mode) If DM = I, the DMA Channel 
operates in Demand Mode. In Demand Mode the 
DMA is initiated either by an external signal or by a 
Serial Port flag, depending on the value of the TM bit. 
If DM = 0, the DMA is requested by setting the GO 
bit in software. 

TM (Transfer Mode) If DM = 1 then TM selects 
whether a DMA is initiated by an external signal (TM 
= 1) or by a Serial Port flag (TM = 0). If DM = 0 
then TM selects whether the data transfers are to be in 
bursts (TM = 1) or in alternate cycles (TM = 0). 

DONE indicates the completion of a DMA operation 
and flags an interrupt. It is set to 1 by on-chip hardware 
when BCRn = 0, and is cleared to 0 by on-chip hard
ware when the interrupt is vectored to. It can also be 
set or cleared by software. 

if (ARB = 1 .AND. HLDA = 1) return 1; 

if (REQ = 1 .AND. HLDA = 0) return 1; 

else return, 0 ; 

return 1; 

end hold_holda( ); 

Figure 4.14. Hold/Hold Acknowledge Logic as a Pseudo-HLL Function 
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GO is the enable bit for the DMA Channel itself. The 
DMA Channel is inactive if GO = O. 

PCON I SMOD I ARB I REO I GAREN I XRCLK I GFIEN I PDN IIDL I 

ARB enables the DMA logic to detect HLD and gener
ate HLDA. After it has activated HLDA, the Cl52 will 
not begin a new DMA to or from External Data Mem
ory as long as HLD is seen to be active. This logic is 
disabled when ARB = O,and enabled when ARB = .1. 

REQ enables the DMA logic to generate HLD and de
tect HLDA before performing a DMA to or from Ex
ternal Data Memory. After it has activated HLD, the 
Cl52 will not begin the DMA until HLDA is seen to be 
active. This logic is disabled when REQ = 0, and en
abled when REQ = 1. 

5.0 INTERRUPT STRUCTURE 

The 8XC152 retains all five interrupts of the 80C5IBH. 
Six new interrupts are added in the 8XC152, to support 
its GSC and the DMA features. They are as listed be
low, and.the flags that generate them are shown in Fig
ure 5.1. 

GSCRV - GSC Receive Valid 
GSCRE - GSC Receive Error 
GSCTV - GSC Transmit Valid 
GSCTE - GSC Transmit Error 
DMAO - DMA Channel 0 Done 
DMAI - DMA Channell Done 

As shown in Figure 5.1, the Receive Valid interrupt can 
be signaled either by the RFNE flag (Receive FIFO 
Not Empty), or by the RDN flag (Receive Done). 
Which one of these flags causes the interrupt depends 
on the setting of the DMA bit in the SFR named 
TSTAT. 

DMA = 0 means the DMA hardware is not config
ured to service the GSC, so the CPU will service it in 
software in response to the Receive FIFO not being 
empty. In that case, RFNE generates the Receive Valid 
interrupt. 

DMA = 1 means the DMA hardware is configured to 
service the GSC, in which case the CPU need not be 
interrupted till the receive is complete. In that case, 
RDN generates the Receive Valid interrupt. 

Similarly the Transmit Valid interrupt can be signaled 
either by the TFNF flag (Transmit FIFO Not Full), or 
by the TDN flag (Transmit Done), depending on 
whether the DMA bit is 0 or 1. 

Note that setting the DMA bit does not itself configure 
the DMA channels to service the GSC. That job must 
be done by software writes to the DMA registers. The 
DMA bit only selects whether the GSCRV and 
GSCTV interrupts are flagged by a FIFO needing serv
ice or by an "operation done" signal. 

The Receive and Transmit Error interrupt flags are 
generated by the logical OR of a number of error condi
tions, which are described in Section 3.6.5. 

Each interrupt is assigned a fixed location in Program 
Memory, and the interrupt causes the CPU to jump to 
that location. All the interrupt flags are sampled at 
S5P2 of every machine cycle, and then the samples are 
sequentially polled during the next machine cycle. If 
more than one interrupt of the same priority is active, 
the one that is highest in the polling sequence is serv
iced first. The interrupts and their fixed locations in 
Program Memory are listed below in the order of their 
polling sequence. 

RFNE~DMA=O 

~GSCRV 
RON --1 DMA= 1 . 

270427-43 

AE:· . GSCRE CRCE~ 
RCABT 

OVR 

TFNF~DMA=O 

~GSCTV 
TON --1DMA = 1 

270427-44 

270427-45 

TCDT:::[)---+ 
UR GSCTE 

NOACK 
270427-46 

DONE .DMAO 
(DCONO.l) 

270427-47 

DONE .DMAI 
(DCON!.1 ) 

270427-48 

Figure 5.1. Six New Interrupts h'l the 8XC152 
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Interrupt Location Name 

lEO 0003H External I nterrupt 0 
GSCRV 002BH GSC Receive Valid 
TFO OOOBH Timer 0 Overflow 
GSCRE 0033H GSC Receive Error 
DMAO 003BH DMA Channel 0 Done 
IE1 0013H External Interrupt 1 
GSCTV 0043H GSC Transmit Valid 
DMA1 0053H DMA Channel 1 Done 
TF1 001BH Timer 1 Overflow 
GSCTE 004BH GSC Transmit Error 
TI+RI 0023H UART Transmit/Receive 

Note that the locations of the basic 8051 interrupts are 
the same as in the rest of the MCS-51 Family. And 
relative to each other they retain their same positions in 
the polling sequence. 

The locations of the new interrupts all follow the loca
tions of the basic 8051 interrupts in Program Memory, 
but they are interleaved with them in the polling se
quence. , 

To support the new interrupts a second Interrupt En
able register and a second Interrupt Priority register are 
implemented in bit-addressable SFR space. The two In
terrupt Enable registers in the 8XC152 are as follows: 

76543210 

IE: I EA 1 ~ 1 -I ES 1 ET1 1 EX1 1 ETO 1 EXO 1 

Address ofIE in SFR space = OA8H (bit-addressable) 

76 5 4 3 2 1 0 

IEN1 :I-HEGSTEIEDMA 1IEGSTVIEDMAOIEGSREIEGSR~ 

Address pF lEI in SFR space = OC8H (bit-address
able) 

The bits in IE are unchanged from the standard 8051 
IE register. The bits in IENI are as follows: 

EGSTE = 1 Enable GSC Transmit Error Interrupt 
= 0 Disable 

EDMAI = 1 Enable DMA Channell Done Interrupt 
= 0 Disable 

EGSTV = 1 Enable GSC Transmit Valid Interrupt 
= 0 Disable 

EDMAO = 1 Enable DMA Channel 0 Done Interrupt 
= 0 Disable 

EGSRE = 1 Enable GSC Receive Error Interrupt 
= 0 Disable 

EGSRV = 1 Enable GSC Receive Valid Interrupt 
= 0 Disable 

The two Interrupt Priority registers in the 8XC 152 are 
as follows: 

76543210 

IP: I - 1 - 1 - 1 PS 1 PT1 1 PX1 1 PTO 1 PXO 1 

Address of IP in SFR space = OB8H (bit-addressable) 

76 5 4 3 2 1 0 

IPN1 :H-lpGSTElpDMA 1IPGSTVlpDMAOlpGSRElpGSR~, 

Address of IPNI in SFR space = OF8H (bit-address
able) 

The bits in IP are unchanged from the standard 8051 
IP register. The bits in IPNI are as follows: 

PGSTE = 1 GSC Transmit Error Interrupt Priority 
to High 

= 0 Priority to Low 
PDMAI = 1 DMA Channell Done Interrupt Priori-

ty to High ' 
= 0 Priority to Low 

PGSTV = 1 GSC Transmit Valid Interrupt Priority 
to High 

= 0 Priority to Low 
PDMAO = 1 DMA Channel 0 Done Interrupt Priori

ty to High 
= 0 Priority to Low 

PGSRE = 1 GSC Receive Error Interrupt Priority to 
High 

= 0 Priority to Low 
PGSRV = 1 GSC Receive Valid Interrupt Priority to 

High 
= 0 Priority to Low 

Note that these registers all have unimplemented bits 
("-"). If these bits are read, they will return unpredict
able values., If they are written to, the value written 
goes nowhere. 

It is recommended that user software should never 
write Is to unimplemented bits in MCS-51 devices. Fu
ture versions of the device may have new bits installed 
in these locations. If so, their reset value will be O. Old 
software that writes Is to newly implemented bits may 
unexpectedly invoke new features. 

The MCS-S 1 interrupt structure provides hardware 
support for only two priority levels, High and Low. 
With as many interrupt sources as the 8XC152 has, it 
may be helpful to know how to augment the priority 
structure in software. Any number of priority levels can 
be implemented in software by saving and redefining 
the interrupt 'enable registers within the interrupt serv
ice routines. The technique is described in the "MCS-
51" Architectural Overview" chapter in this handbook. 
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5.1 GSC Transmitter Error Conditions 

The GSC Transmitter section reports three kinds of 
error conditions: 

TCDT - Transmitter Collision Detector 

UR - Underrun in Transmit FIFO 

NOACK - No Acknowledge 

These bits reside in the TSTAT register. User software 
can read them, but only the GSC hardware can write to 
them. The GSC hardware will set them in response to 
the various error conditions that they represent. When 
user software sets the TEN bit, the GSC hardware will 
at that time clear these flags. This is the only way these 
flags can be cleared. 

The logical OR of these three bits flags the GSC Trans
mit Error interrupt (GSCTE) and clears the TEN bit, 
as shown in Figure 5.2. Thus any detected error condi
tion aborts the transmission. No CRC bits are transmit
ted. In SDLC mode, no EOF flag is generated. In 
CSMA/CD mode, an EOF is generated by default, 
since the GTXD pin is pulled to a logic I and held 
there. 

The TCDT bit can get set only if the GSC is configured 
to CSMA/CD mode. In that case, the GSC hardware 
sets TCDT when a collision is detected during a trans
mission, and the collision was detected after TFIFO has 
been accessed. Also, the GSC hardware sets TCDT 
when a detected collision causes the TCDCNT register 
to overflow. 

The UR bit can get set only if the DMA bit in TSTAT 
is set. The DMA bit being set informs the GSC hard
ware that TFIFO is being serviced by DMA. In that 
case, if the GSC goes to fetch another byte from TFIFO 
and finds it empty, and the byte count register of the 
DMA channel servicing TFIFO is not zero, it sets the 
UR bit. 

If the DMA hardware is not being used to service 
TFIFO, the UR bit cannot get set. If the DMA bit is 0, 
then when the GSC finds TFIFO empty, it assumes 
that the transmission of data is complete and the trans
mission of CRC bits can begin. 

The NOACK bit is functional only in CSMA/CD 
mode, and only when the HABEN bit in RSTAT is set. 
The HABEN bit turns on the Hardware Based Ac
knowledge feature, as described in Section 3.2.6. If this 
feature is not invoked, the NOACK bit will stay at 0. 

TCO;: UR EGSCTE NOACK 

Cleor 
TEN TEN 

Set 
TRANSMIT I--------+TDN 

EOF 
270427-49 

Figure 5.2. Transmit Error Flags (Logic for Clearing TEN, Setting TON) 

11-60 



inter HARDWARE DESCRIPTION OF THE 83C152 

)-_�__-----. GSCRE 

>-__ .Cleor 
GREN 

~-4 _______ ~Set 
RON 

270427-50 

Figure 5.3. Receive Error Flag (Logic for Clearing GREN, setting RON) 

If the NOACK bit gets set, it means the GSC has com
pleted a transmission, and was expecting to receive a 
hardware based acknowledge from the receiver of the 
message, but did not receive the acknowledge, or at 
least did not receive it cleanly. There are three ways the 
NOACK bit can get set: 

1. The acknowledge signal (an unattached preamble) 
was not received before the IFS was completed. 

2. A collision was detected during the IFS. 

3. The line was active during the last bit-time of the 
IFS. 

The first condition is an obvious reason for setting the 
NOACK bit, since that's what the hardware based ac
knowledge is for. The·other two ways the NOACK bit 
can get set are to guard against the possibility that the 
transmitting station might mistake an unrelated trans
mission or transmission fragment for an acknowledge 
signal. 

5.2 GSC Receiver Error Conditions 

The GSC Receiver section reports four kinds of error 
conditions: 

CRCE - CRC Error 

AE - Alignment Error 

RCABT - Receive Abort 

OYR - Overrun in Receive FIFO 

These bits reside in the RSTAT register. User software 
can read them, but only the GSC hardware can write to 
them. The GSC hardware will set them in response to 
the various error conditions that they represent. When 
user software sets the GREN bit, the GSC hardware 
will at that time clear these flags. This is the only way 
these flags can be cleared. 
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The logical OR of these four bits flags the GSC Receive 
Error interrupt (GSCRE) and clears the GREN bit, as 
shown in Figure 5.3. Note in this figure that any error 
condition will prevent RON from being set. 

A CRC Error means the CRC generator did not come 
to its correct value after calculating the CRC of the 
message plus received CRC. An Alignment Error 
means the number of bits received between the BOF 
and EOF was not a multiple of 8. 

In SOLC mode, the CRCE bit gets set at the end of any 
frame in which there is a CRC Error, and the AE bit 
gets set at the end of any frame in which there is an 
Alignment Error. 

In CSMA/CO mode, if there is no CRC Error, neither 
CRCE nor AE will get set. If there is a CRC Error and 
no Alignment Error, the CRCE bit will get set, but not 
the AE bit. If there is both a CRC Error and an Align
ment Error, the AE bit will get set, but not the CRCE 
bit. Thus in CSMA/CO mode, the CRCE and AE bits 
are mutually exclusive. 

The Receive Abort flag, RCABT, gets set if an incom
ing frame was interrupted after received data had al
ready passed to the Receive FIFO. In SOLC mode, this 
can happen if a line idle condition is detected before an 
EOF flag is. In CSMA/CO mode, it can happen if 
there is a collision. In either case, the CPU will have to 
re-initialize whatever pointers and counters it might 
have been using. 

The Overrun Error flag, OYR, gets set if the GSC Re
ceiver is ready to push a newly received byte onto the 
Receive FIFO, but the FIFO is full. 

Up to 7 "dribble bits" can be received after the EOF 
without causing an error condition. 
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6.0 GLOSSARY 

ADRO,I,2,3 (95H, OA5H, OB5H, OC5H) - Address 
Match Registers 0,1,2,3 - The contents of these SFRs 
are compared against the address bits from the serial 
data on the GSC. If the address matches the SFR, then 
the C 152 accepts that frame. If in 8 bit addressing 
mode, a match with any of the four registers will trigger 
acceptance. In 16 bit addressing mode, a match with 
ADRI:ADRO or ADR3:ADR2 will be accepted. Ad
dress length is determined by GMOD (AL). 

AE - Alignment Error, see RSTAT. 
AL - Address Length, see GMOD. 

AMSKO,I (OD5H, OE5H) - Address Match Mask 0,1 -
Identifies which bits in ADRO,I are "don't care" bits. 
Setting a bit to I in AMSKO,I identifies the corre
sponding bit in ADDRO,I as not to be examined when 
comparing addresses. 

BAUD - (94H) Contains the programmable value for 
the baud rate generator for the GSC. The baud rate will 
equal (fosc)/«BAUD+ I) X 8). 

BCRLO,I (OE2H, OF2H) - Byte Count Register Low 
0,1 - Contains the lower byte of the byte count. Used 
during DMA transfers to identify to the DMA chan
nels when the transfer is complete. 

BCRHO,I (OE3H, OF3H) - Byte Count Register High 
0,1 - Contains the upper byte of the byte count. 

BKOFF (OC4H) - BackoffTimer - The backofftimer is 
an eight bit count-down timer with a clock period equal 
to one slot time. The backoff time is used in the 
CSMA/CD collision resolution algorithm. 

BOF - Beginning of Frame flag - A term commonly 
used when dealing with packetized data. Signifies the 
beginning of a frame. 

CRC - Cyclic Redundancy Check - An error checking 
routine that mathematically manipulates a value depen
dent on the incoming data. The purpose is to identify 
when a frame has been received in error. 

CRCE - CRC Error, see RSTAT. 

CSMA/CD - Stands for Carrier Sense, Multiple Ac
cess, with Collision Detection. 

CT - CRC Type, see GMOD. 

DARLO/I (OC2H, OD2H) - Destination Address Reg
ister Low 0/1 - Contains the lower byte of the destina
tions' address when performing DMA transfers. 

DARHO/I (OC3H, OD3H) - Destination Address Reg
ister Low 0/1 - Contains the upper byte of the destina
tions' address when performing DMA transfers. ' 

DAS - Destination Address Space, see DCON. 

DCJ - D.C. Jam, see MYSLOT. 

DCONO/I (092H,093H) 

76543210 

The DCON registers control the operation of the DMA 
channels by determining the source of data to be trans
ferred, the destination of the data to be transfer, and the 
various modes of operation. 

DCON.O (GO) - Enables DMA Transfer - When set it 
enables a DMA channel. If block mode is set then 
DMA transfer starts as soon as possible under CPU 
control. If demand mode is set then DMA transfer 
starts when a demand is asserted and recognized. 

DCON.I (DONE) - DMA Transfer is Complete 
When set the DMA transfer is complete. It is set when 
BCR equals 0 and is automatically reset when the 
DMA vectors to its interrupt routine. If DMA inter
rupt is disabled and the user software executes a jump 
on the DONE bit, then the user software must also 
reset the done bit. If DONE is not set, then the DMA 
transfer is not complete. 

DCON.2 (TM) - Transfer Mode - When set, DMA 
burst transfers are used if the DMA channel is config~ 
ured in block mode or external interrupts are used to 
initiate a transfer if in Demand Mode. When TM is 
cleared, Alternate Cycle Transfers are used if DMA is 
in the Block Mode, or Local Serial channel/GSC inter
rupts are used to initiate a transfer if in Demand Mode. 

DCON.3 (DM) - DMA Channel Mode - When set, 
Demand Mode is used and when cleared, Block Mode 
is used. 

DCON.4 (ISA) - Increment Source Address - When 
set, the source address registers are automatically incre
mented during each transfer. When cleared, the source 
address registers are not incremented. 

DCON.S (SAS) - Source Address Space - When set, the 
source of data for the DMA transfers is internal data 
memory if autoincrement is also set. If autoincrement is 
not set but SAS is, then the source for data will be one 
of the Special Function Registers. When SAS is cleared, 
the source for data is external data memory. 

DCON.6 (IDA) - Increment Destination Address 
Space - When set, destination address registers are in
cremented once after each byte is transferred. When 
cleared, the destination address registers are not auto
matically incremented. 
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DCON.7 (DAS) - Destination Address Space - When 
set, destination of data to be transferred is internal data 
memory if autoincrement mode is also set. If autoincre
ment is not set the destinationwill be one of the Special 
Function Registers. When DAS is cleared then the des
tination is external data memory. 

DCR - Deterministic Resolution, see MYSLOT. 

DEN - An alternate function of one of the port I pins 
(Pl.2). Its purpose is to enable external drivers when 
the GSC is transmitting data. This function is always 
active when using the GSC and if P1.2 is programmed 
to a 1. 

DM - DMA Mode, see DCONO. 

DMA - Direct Memory Access mode, see TSTAT. 

DONE - DMA done bit, see DCONO. 

DPH - Data Pointer High, an SFR that contains the 
high order byte of a general purpose pointer called the 
data pointer (DPTR). 

DPL - Data Pointer Low, an SFR that contains the low 
order byte of the data pointer. 

EDMAO - Enable DMA Channel 0 interrupt, see 
lENl. 

EDMAI - Enable DMA Channel I interrupt, see 
IENl. 

EGSRE - Enable GSC Receive Error interrupt, see 
lEN 1. 

EGSRV - Enable GSC Receive Valid interrupt, see 
lEN!. 

EGSTE - Enable GSC Transmit Error interrupt, see 
lEN!. 

EGSTV - Enable GSC Transmit Valid interrupt, see 
lEN!. 

EOF - A general term used in serial communications. 
EOF stands for End Of Frame and signifies when the 
last bits of data are transmitted when using packetized 
data. 

ES - Enable LSC Service interrupt, see IE. 

ETO - Enable Timer 0 interrupt, see IE. 

ETI - Enable Timer I interrupt, see IE. 

EXO - Enable External interrupt 0, see IE. 

EXI - Enable External interrupt I, see IE. 

GMOD(84H) 

76543210 

I XTCLK I M1 I MO I AL I CT I PL 1 I PLO I PR I 
The bits in this SFR, perform most of the configuration 
on the type of data transfers to be used with the GSC. 
Determines the mode, address length, preamble length, 
protocol select, and enables the external clocking of the 
transmit data. 

GMOD.O (PR) - Protocol - If set, SDLC protocols with 
NRZI encoding, zero bit insertion, and SDLC flags are 
used. If cleared, CSMA/CD link access with Manches
ter encoding is used. 

GMOD.I,2 (PLO,I) - Preamble length 

PLl PLO LENGTH (BITS) 
o 0 0 
o I 8 
I 0 32 
1 I 64 

The length includes the two bit Begin Of frame (BOF) 
flag in CSMA/CD but does not include the SDLC flag. 
In SDLC mode, the BOF is an SDLC flag, otherwise it 
is two consecutive ones. Zero length is not compatible 
in CSMA/CD mode. 

GMQD.3 (CT) - CRC Type - If set, 32-bit AUTODIN-
1I-32 is used. If cleared, 16-bit CRC-CCITT is used. 

GMOD.4 (AL) - Address Length - If set, 16-bitad
dressing is used. If cleared, 8-bit addressing is used. In 
8-bit mode, a match with any of the 4 address registers 
will allow that frame to be accepted (ADRO, ADRI, 
ADR2, ADR3). "Don't Care" bits may be masked in 
ADRO and ADRI with AMSKO and AMSKl. In 16-
bit mode, addresses are matched against 
"ADRI:ADRO" or "ADR3:ADR2". Again, "Don't 
Care" bits in ADRl:ADRO can be masked in 
AMSK I :AMSKO. A received address of all ones will 
always be recognized in any mode. 

GMOD.5, 6 (MO,MI) - Mode Select - Two test modes, 
an optional "alternate backoff" mode, or normal back
off can be enabled with these two bits. 

MI MO Mode 
o 0 Normal 
o I Raw Transmit 
I 0 Raw Receive 
I I Alternate Backoff 

GMOD.7 (XTCLK) - External Transmit Clock - If set 
an external IX clock is used for the transmitter. If 
cleared the internal baud rate generator provides the 
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transmit clock. The input clock is applied to P1.3 
(TxC). The user software is responsible for setting or 
clearing this flag. External receive clock is enabled by 
setting PCON.3. 

GO - DMA Go bit, see DCONO. 

GRxD - GSC Receive Data input, an alternate function 
of one of the port 1 pins (P 1.0). This pin is used as the 
receive input for the GSC. P1.0 must be programmed 
to a 1 for this function to operate. 

GSC - Global Serial Channel - A high-level, multi-pro
tocol, serial communication controller added to the 
SOC51 BH core to accomplish high-speed transfers of 
packetized serial data. 

GTxD - GSC Transmit Data output, an alternate func
tion of one of the port 1 pins (P 1.1). This pin is used as 
the transmit output for the GSC. Pl.l must be pro
grammed to a 1 for this function to operate. 

HBAEN - Hardware Based Acknowledge Enable, see 
RSTAT. 

HLDA - Hold Acknowledge, an alternate function of 
one of the port 1 pins (P1.6). This pin is used to per
form the "HOLD ACKNOWLEDGE" function for 
DMA transfers. HLDA can be an input or an output, 
depending on the configuration of the DMA channels. 
Pl.6 must be programmed to· a 1 for this function to 
operate. 

HOLD - Hold, an alternate function of one of the port 
1 pins (P1.5). This pin is used to perform the "HOLD" 
function for DMA transfers. HOLD can be an input or 
an output, depending on the configuration of the DMA 
channels. P 1..5 must be programmed to a 1 for this 
function to operate. 

IDA - Increment Destination Address, see DCONO. 

IE (OASH) 

7 6 5 4 3 2 o 
EA I ES I ET1 I EX1 I ETO EXO 

Interrupt Enable SFR, used to individually enable the 
Timer and Local Serial Channel interrupts. Also con
tains the global enable bit which must be set to a 1 to 
enable any interrupt to be automatically recognized by 
the CPU. 

IE.O (EXO) - Enables the external interrupt INTO on 
P3.2. 

lE.l (ETO) - Enables the Timer 0 interrupt. 

1E.2 (EXl) - Enables the external interrupt INTl on 
P3.3. 

1E.3 (ETl) - Enables the Timer 1 interrupt. 

1E.4 (ES) - Enables the Local Serial Channel interrupt. 

IE.7 (EA) - The global interrupt enable bit. This bit 
must be set to a 1 for any other interrupt to be enabled. 

IENI - (OCSH) 

76 5 4 3 2 1 0 

IIIEGSTEIEDMA 1IEGSTVIEDMAOIEGSREIEGSR~ 

Interrupt enable register for DMA and GSC interrupts. 
A 1 in any bit position enables that interrupt. 

IEN1.0 (EGSRV) - Enables the GSC valid receive in
terrupt. 

IENl.l (EGSRE) - Enables the GSC receive error in
terrupt. 

IEN1.2 (ED MAO) - Enables the DMA done interrupt 
for Channel O. 

IEN1.3 (EGSTV) - Enables the GSC valid transmit in
terrupt. 

IEN1.4 (EDMAl) - Enables the DMA done interrupt 
for Channel 1. 

IEN1.5 (EGSTE) - Enables the GSC transmit error in
terrupt 

IFS - (OA4H) Interframe Space, determines the number 
of bit times separating tr<lnsmitted frames. 

IP (OBSH) 

76543210 

PS I PT1 I PX1 I PTO PXO 

Allows the user software two levels of prioritization to 
be assigned to each of the interrupts in IE. A 1 assigns 
the corresponding interrupt in IE a higher interrupt 
than an interrupt with a corresponding O. 

IP.O (PXO) - Assigns the priority of external interrupt, 
INTO. 

IP.l (PTO) - Assigns the priority of Timer 0 interrupt, 
TO. 
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IP.2 (PX1) - Assigns the priority of external interrupt, 
INTI. 

IP.3 (PTl) - Assigns the priority of Timer 1 interrupt, 
T1. 

IP.4 (PS) - Assigns the priority of the LSC interrupt, 
SBUF. 

IPNI - (OF8H) 
765 4 3 2 1 0 

I I I PGSTE I PDMAl I PGSTV I PDMAO I PGSRE I PGSRV I 

Allows the user software two levels of prioritization to 
be assigned to each of the interrupts in IEN1. A 1 as
signs the corresponding interrupt in IENI a higher in
terrupt than an interrupt with a corresponding o. 

IPN1.0 (PGSRV) - Assigns the priority ofGSC receive 
valid interrupt. 

IPN1.l (PGSRE) - Assigns the priority of GSC error 
receive interrupt. 

IPN1.2 (PDMAO) - Assigns the priority of DMA done 
interrupt for Channel o. 

IPN1.3 (PGSTV) - Assigns the priority of GSC trans
mit valid interrupt. 

IPN1.4 (PDMA1) - Assigns the priority ofDMA done 
interrupt for Channel 1. 

IPN1.5 (PGSTE) - Assigns the priority of GSC trans
mit error interrupt. 

ISA - Increment Source Address, see DCONO. 

LNI - Line Idle, see TSTAT. 

LSC - Local Serial Channel - The asynchronous serial 
port found on all MCS-51 devices. Uses start/stop bits 
and can transfer only 1 byte at a time. 

MO - One of two GSC mode bits, see TMOD. 

Ml - One of two GSC mode bits, see TMOD 

MYSLOT - (OF5H) 

7 6 5 4 3 2 1 0 

I OCJ IOCR I SA5 I SA41 SA3 I SA2 I SA 1 I SAO I 

Determines which type of Jam is used, which backoff 
algorithm is used, and the DCR slot address for the 
GSC. 

MYSLOT.0,1,2,3,4,5 (SAO,I,2,3,4,5) - These bits deter
mine which slot address is assigned to the C152 when 
using deterministic backoff during CSMA/CD opera
tions on the GSC. Maximum slots available is 63. An 
address of OOH prevents that station from participating 
in the backoff process. 

MYSLOT.6 (DCR) - Determines which collision reso
lution algorithm is used. If set to aI, then the determi
nistic backoff is used. If cleared, then a random slot 
assignment is used. 

MYSLOT.7 (DCJ) - Determines the type of Jam used 
during CSMA/CD operation when a collision occurs. 
If set to a 1 then a low D.C. level is used as the jam 
signal. If cleared, then CRC is used as the jam signal. 
The jam is applied for a length of time equal to the 
CRC length. 

NOACK - No Acknowledgment error bit, see TSTAT. 

NRZI - Non-Return to Zero inverted, a type of data 
encoding where a 0 is .represented by a change in the 
level of the serial link. A 1 is represented by no change. 

OVR - Overrun error bit, see RSTAT. 

PR - Protocol select bit, see GMOD. PCON (87H) 

76543210 

ISMOO I ARB I REO I GAREN I XRCLKI GFIEN I PO IIOLI 

PCON.O (IDL) - Idle bit, used to place the C152 into 
the idle power saving mode. 

PCON.l (PD) - Power Down bit, used to place the 
C152 into the power down power saving mode. 

PCON.2 (GFIEN) - GSC Flag Idle Enable bit, when 
set, enables idle flags (01111110) to be generated be
tween transmitted frames in SDLC mode. 

PCON.3 (XRCLK) - External Receive Clock bit, used 
to enable an external clock to be used for only the re
ceiver portion of the GSC. 

PCON.4 (GAREN) - GSC Auxiliary Receive Enable 
bit, used to enable the GSC to receive back-to-back 
SDLC frames. This bit has no effect in CSMA/CD 
mode. 
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PCON.S (REQ) '- Requester mode bit, set to a 1 when 
C1S2 is to be operated as the requester station during 
DMA transfers. 

PCON.6 (ARB) - Arbiter mode bit, set to a 1 when 
C1S2 is to be operated as the arbiter during DMA 
, transfers. 

PCON.7 (SMOD) - LSC mode bit, used to double the 
baud rate on the LSC. 

PDMAO - Priority bit for DMA Channel 0 interrupt, 
see IPNI. 

PDMAI - Priority bit for DMA Channell interrupt, 
see IPNI. 

PGSRE - Priority bit for GSC Receive Error interrupt, 
see IPNI. 

PGSRV - Priority bit for GSC Receive Valid interrupt, 
see IPNI. 

PGSTE - Priority bit for GSC Transmit Error inter
rupt, see IPNI. 

PGSTV - Priority bit for GSC Transmit Valid inter
rupt, see IPNI. 

PLO - One of two bits that determines the Preamble 
Length, see GMOD. 

PL 1 - One of two bits that determines the Preamble 
Length, see GMOD. 

PRBS - (OE4H) Pseudo-Random Binary Sequence, gen
erates the pseudo-random number to be used in 
CSMA/CD backoff algorithms. 

PS -,Priority bit for the LSC service interrupt, see IP. 

PTO - Priority bit for Timer 0 interrupt, see IP. 

PTl,- Priority bit for Timer 1 interrupt, see IP. 

PXO - Priority bit for External interrupt 0, see IP. 

PXl - Priority bit for External interrupt 1, see IP. 

RCABT - GSC Receiver Abort error bit, see RSTAT. 

RDN - GSC Receiver Done bit, see RSTAT. 

GREN - GSC Receiver Enable bit, see RSTAT. 

RFNE - GSC Receive FIFO Not Empty bit, see 
RSTAT. 

RI - LSC Receive Interrupt bit, see SCON. 

RFIFO - (F4H) RFIFO is a 3-byte FIFO that contains 
the receive data from the GSC. 

RSTAT (OE8H) - Receive Status Register 

76543210 

IOVRIRCABTIAElcRCEIRDNIRFNEIGRENIHABENI 

RSTAT.O (HBAEN) - Hardware Based Acknowledge 
Enable - If-set, enables the hardware based acknowl
edge feature. 

RSTAT.l (GREN) - Receiver Enable - When set, the 
receiver is enabled to accept incoming frames. This also 
clears RDN, CRCE, AE, RCABT and the receive 
FIFO. It is cleared by the receiver at the end of a recep-, 
tion or if any errors occurred. The status of GREN has 
no effect on whether the receiver detects a collision in 
CSMA/CD mode as the receiver input circuitry always 
monitors the receive pin. 

RSTAT.2 (RFNE) - Receive FIFO Not Empty - If set, 
indicates that the receive FIFO contains data. The re
ceive FIFO is a three byte buffer into which the receive 
data is loaded. A CPU read of the FIFO retrieves the 
oldest data and automatically updates the FIFO point
ers. Setting GREN to a one will clear the receive FIFO. 
The status of this flag is controlled by the GSC. This bit 
is cleared if user S/W empties receive FIFO. 

RSTAT.3 (RDN) - Receive Done - If set, indicates the 
successful completion of a receiver operation. Will not 
be set if a CRC, alignment, abort, or FIFO overrun 
error; occurred. 

RSTAT.4 (CRCE) - CRC Error - If set, indicates that a 
properly aligned frame was received with a mismatched 
CRC. 

RSTAT.S (AE) - Alignment Error - If set, indicates 
that the line went idle when the receiver shift register 
was not full and the resulting CRC was bad in the 
CSMA/CD mode. If a correct CRC was valid then AE 
is not set. In SDLC mode, AE indicates that a non
byte-aligned flag was received. 

RST AT.6 (RCABT) - Receiver Collision! Abort Detect 
- If set, indicates that a collision was detected after data 
had been loaded into the receive FIFO in CSMA/CD 
mode. In SDLC mode, RCABT indicates that 7 consec
utive ones were detected prior to the end flag but after 
data has been loaded into the receive FIFO. 

RSTAT.7 (OVR) - Overrun - If set, indicates that the 
receive FIFO was full and new shift register data was 
written into it. It is cleared by user S/W. 
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SARHO (OA3H) - Source Address Register High 0, 
contains the high byte of the source address for DMA 
ChannelO. 

SARHI (OB3H) - Source Address Register High I, 
contains the high byte of the source address for DMA 
Channell. 

SARLO (OA2H) - Source Address Register Low 0, con
tains the low byte of the source address for DMA 
Channel O. 

SARLI (OB2H) - Source Address Register Low I, con
tains the low byte of the source address for DMA 
Channell. 

SAS - Source Address Space bit, see DCONO. 

SBUF (099H) - Serial Buffer, both the receive and 
transmit SFR location for the LSC. 

SCON(09SH) 
'7 6 5 4 3 2 1 0 

ISMO I SM1 I SM2.1 REN I TBBI RBSI TI I RII 

SCON.O (RI) - Receive Interrupt flag. 

SCON.I (TI) - Transmit Interrupt flag. 

SCON.2 (RBS) - Receive Bit S, contains the ninth bit 
that was received in Modes 2 and 3 or the stop bit in 
Mode I if SM20. Not used in Mode O. 

SCON.3 (TBS) - Transmit Bit S, the ninth bit to be 
transmitted in Modes 2 and 3. 

SCON.4 (REN) - Receiver Enable, enables reception 
for the LSC. 

SCON.S (SM2) - Enables the multiprocessor communi
cation feature in Modes 2 and 3 for the LSC. 

SCON.6 (SMI) - LSC mode specifier. 

SCON.7 (SM2) - LSC mode specifier. 

SDLC - Stands for Synchronous Data Link Communi
cation and is a protocol developed by IBM. 

SLOTTM - (OB4H) Determines the length of the slot 
time in CSMA/CD. 

SP (OSIH) - Stack Pointer, an eight bit pointer register 
used during a PUSH, POP, CALL, RET, or RET!. 

TCDCNT - (OD4H) Contains the number of collisions 
in the current frame if using probabilistic CSMA/CD 
and contains the maximum number of slots in the de
terministic mode. 

TCDT - Transmit Collision Detect, see TSTAT. 

TCON(OSSH) 

76543210 

I TF1 I TR1 I TFO I TRO IIE1 IIT1 I lEO liTO I 

TCON.O (ITO) - Interrupt 0 mode control bit. 

TCON.I (lEO) - External interrupt 0 edge flag. 

TCON.2 (IT!) - Interrupt I mode control bit. 

TCON.3 (lEI) - External interrupt I edge flag. 

TCON.4 (TRO) - Timer 0 run control bit. 

CON.S (TFO) - Timer 0 overflow flag. 

TCON.6(TRI) - Timer I run control bit. 

TCON.7 (TFI) - Timer I overflow flag. 

TDN - Transmit Done flag, see TSTAT. 

TEN - Transmit Enable bit, see TST AT. 

TFNF - Transmit FIFO Not Full flag, see TSTAT. 

TFIFO - (SSH) TFIFO is a 3-byte FIFO that contains 
the transmission data for the GSC. 

THO (OSCH) - Timer 0 High byte, contains the high 
byte for timer/counter O. 

THI (OSDH) - Timer I High byte, contains the high 
byte for timer/counter 1. . 

TI - Transmit Interrupt, see SCON. 

TLO (OSAH) - Timer 0 Low byte, contains the low byte 
for timer/counter O. 

TLI (OSBH) - Timer I Low byte, contains the low byte 
for timer/counter 1. 

TM - Transfer Mode, see, DCONO. 
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TMOD(OS9H) 

76543210 

'GATE' CIT, M1 , MO I GATE I CIT I M1 I MO I 

TMOD.O (MO) - Mode selector bit for Timer O. 

TMOD.l (MI) - Mode selector bit for Timer O. 

TMOD.2 (Cn) - Timer/Counter selector bit for 
Timer O. 

TMOD.3 (GATE) - Gating Mode bit for Timer o. 

TMOD.4 (MO) - Mode selector bit for Timer 1. 

TMOD.5 (Ml) - Mode selector bit for Timer 1. 

TMOD.6 (Cm - Timer/Counter selector bit for 
Timer 1. 

TMOD.7 (GATE) - Gating Mode bit for Timer 1. 

TST AT (ODS) - Transmit Status Register 

76543210 

'LNII NOACK I UR , TCOT I TON I TFNF I TEN I OMA I 

TSTAT.O (DMA) - DMA Select -Ifset, indicates that 
DMA channels are used to service the GSC FIFO's and, 
GSC interrupts occur on TDN and RDN, and also en
ables UR to become set. If cleared, indicates that the 
GSC is operating in it normal mode and interrupts oc
cur on TFNE and RFNE.For more information on 
DMA servicing please refer to the DMA section On 
DMA serial demand mode (4.2.2.3). 

TSTAT.l (TEN) - Transmit Enable - When set causes 
TDN, UR, TCDT, and NOACK flags to be reset and 
the TFIFO cleared. The transmitter will clear TEN af
ter a successful transmission, a collision during the 

. data, CRC, or end flag. If cleared during a transmission 
the GSC transmit pin goes to a steady state high level. 
This is the method used to send an abort character in 
SDLC. Also DEN is forced to a high level. The end of 
transmission occurs whenever the TFIFO is emptied. 

TSTAT.2 (TFNF) - Transmit FIFO not full - When 
set, indicates that new data may be written into the 
transmit'FIFO. The transmit FIFO is a three byte buff
er that loads the transmit shift register with data. 

TSTAT.3 (TDN) - Transmit Done - When set, indi
cates the successful completion of a frame transmission. 
If HBAEN is set, TON will not be set until the end of 
the IFS following the transmitted message, so that the 
acknowledge can be checked. If an acknowledge is ex
pected and not received, TDN is not set. An acknowl
edge is not expected following a broadcast or multi-cast 
packet. 

TST AT.4 (TCDT) - Transmit Collision Detect - If set, 
indicates that the transmitter halted due to a collision. 
It is set if a collision occurs during the data or CRC or 
if there are more than eight collisions. 

TSTAT.5 (UR) - Underrun - If set, indicates that in 
DMA mode the last bit was shifted out of the transmit 
register and that the DMA byte count did not equal 
zero. When an underrun occurs, the transmitter halts 
without sending the CRC or the end flag. 

TSTAT.6 (NOACK) - No Acknowledge - If set, indi
cates that no acknowledge was received for the previous 
frame. Will be set only if HBAEN is set and no ac
knowledge is received prior to the end of the IFS. 
NOACK is not set following a broadcast or a multi
cast packet. 

TST AT.7 (LNI) - Line Idle - If set, indicates the re
ceive line is idle. In SDLC protocol it is set if IS consec
utive ones are received. In CSMA/CD protocol, line 
idle is set if no transitions occur on GRXD for 1.6 bit 
times after a required transition. LNI is cleared after a 
transition on GR X D. 

TxC - External Clock input for GSC transmitter. 

UR - Underrun flag, see TSTAT . 

XRCLK - External OSC Receive Clock Enable bit, see 
PCON. 

XTCLK - External GSC Transmit Clock Enable bit, 
see GMOD. 
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8XC152JA/JB/JC/JD 
UNIVERSAL COMMUNICATION CONTROLLER 

8-BIT MICROCOMPUTER 

• 8K Factory Mask Programmable ROM Available 

• Superset of 80C51 Architecture 

• Multi-Protocol Serial Communication 
I/O Port (2.048 Mbps/2.4 Mbps Max) 
- SDLC/HDLC Only 
- CSMAlCD and SDLC/HDLC 
- User Definable Protocols 

• Full Duplex/Half Duplex 

• MCS®-51 Compatible UART 

• 16.5 MHz Maximum Clock Frequency 

• Multiple Power Conservation Modes 

• 64KB Program Memory Addressing 

• 64KB Data Memory Addressing 

• 256 Bytes On-Chip RAM 

• Dual On-Chip DMA Channels 

• Hold/Hold Acknowledge 

• Two General Purpose Timer/Counters 

• 5 or 7 I/O Ports 
• 56 Special Function Registers 

• 11 Interrupt Sources 

• Available in 48 Pin Dual-in-Line Package 
and 68 Pin Surface Mount PLCC 
Package 
(See Packaging Spec. Order #231369) 

The 80C152, which is based on the MCS®-51 CPU, is a highly integrated single-chip 8-bit microcontroller 
designed for cost-sensitive, high-speed, serial communications. It is well suited for implementing Integrated 
Services Digital Networks (ISDN), emerging Local Area Networks, and user defined serial backplane applica
tions. In addition to the multi-protocol communication capability, the 80C152 offers traditional microcontroller 
features for peripheral 1/0 interface and control. 

Silicon implementations are much more cost effective than multi-wire cables found in board level parallel-to
serial and serial-to-parallel converters. The 83C152 contains, in silicon, all the features needed for the serial
to-parallel conversion. Other 83C152 benefits include: 1) better noise immunity through differential signaling or 
fiber optic connections, 2) data integrity utilizing the standard, designed in CRC checks, and 3) better modulari
ty of hardware and software designs. All of these-cost, network parameter and real estate improvements
apply to 83C152 serial links between boards or systems and 83C152 serial links on a single board. 
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inter 8XC152JAI JBt JCt JD 

80C152JB/JD General Description 

The 80C152JB/JD is a ROMless extension of the 
80C152 Universal Communication controller. The 
80C152JB has the same five 8-bit 1/0 ports of the 
80C152, plus an additional two 8-bit 1/0 ports, Port 5 
and Port 6. The 80C152JB/JD also has two addi
tional control pins, EBEN (EPROM Bus ENable), and 
EPSEN (EPROM bus Program Store ENable). 

EBEN selects the functionality of Port 5 and Port 6. 
When EBEN is low, these ports are strictly 1/0, simi
lar to Port 4. The SFR location for Port 5 is 91 Hand 
Port 6 is OA 1 H. This means Port 5 and Port 6 are not 
bit addressable. With EBEN low, all program memo
ry fetches take place via Port 0 and Port 2. (The 
80C152 is a ROM less only product). When EBEN is 
high, Port 5 and Port 6 form an addressldata bus 
called the E-Bus (EPROM-Bus) for program memory 
operations. 

EPSEN is used in conjunction with Port 5 and Port 6 
program memory operations. EPSEN functions like 
PSEN during program memory operation, but sup
ports Port 5 and Port 6. EPSEN is the read strobe to 
external program memory for Port 5 and Port 6. 
EPSEN is activated twice during each machine cycle 
unless an external data memory operation occurs on 
Port(s) 0 and Port 2. When external data memory is 
accessed the second activation of EPSEN is 
skipped, which is the same as when using PSEN. 
Note that data memory fetches cannot be made 
through Ports 5 and 6. 

When EBEN is high and EA is low, all program mem
ory operations take place via Ports 5 and 6. The high 
byte of the address goes out on Port 6, and the low 
byte is output on Port 5. ALE is still used to latch the 
address on Port 5. Next, the op code is read on Port 
5. The timing is the same as when using Ports 0 and 
2 for external program memory operations. 

Table 1. Program Memory Fetches 

EBEN EA 
Program 

PSEN EPSEN Comments 
Fetch via 

0 0 PO,P2 Active Inactive Addresses O-OFFFFH 

0 1 N/A N/A N/A Invalid Combination 

1 0 P5,P6 Inactive Active Addresses O-OFFFFH 

1 1 P5,P6 Inactive Active Addresses 0-1 FFFH 
PO,P2 Active Inactive Addresses ~ 2000H 

Table 2. 8XC152 Product Oifferences 

ROM less 
CSMA/CO 

HOLC/SOLC 
ROM PLCC 

PLCC 51/0 71/0 
Version 

and 
Only 

Version and 
Only Ports Ports 

HOLC/SOLC Available OIP 

80C152JA * * (83C152JA) * * 
80C152JB * * * 
80C152JC * * (83C152JC) * * 
80C152JD * * * 

NOTES: 
* = options available 
o standard frequency range 3.5 MHz to 12 MHz 
o .. -1" frequency range 3.5 MHz to 16.5 MHz 
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Pin # Pin Description 

DIP PLCC(1) 

48 2 Vee-Supply voltage. 

24 3,33(2) Vss-Circuit ground. 

18-21, 27-30, Port O-Port 0 is an 8-bit open drain bidirectional 1/0 port. As an output port each pin 
25-28 34-37 can sink 8 LS TTL inputs. Port 0 pins that have 1 s written to them float, and in that 

state can be used as high-impedance inputs. 
Port 0 is also the multiplexed low-order address and data bus during accesses to 

external program memory if EBEN is pulled low. During accesses to external Data 
Memory, Port 0 always emits the low-order address byte and serves as the multiplexed 
data bus. In these applications it uses strong internal pullups when emitting 1 s. 

Port 0 also outputs the code bytes during program verification. External pullups are 
required during program verification. 

1-8 4-11 Port 1-Port 1 is an 8-bit bidirectional 1/0 port with internal pullups. Port 1 pins that 
have 1 s written to them are pulled high by the internal pullups, and in that state can be 
used as inputs. As inputs, Port 1 pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the internal pullups. 

Port 1 also serves the functions of various special features of the 8XC152, as listed 
below: 

Pin Name Alternate Function 

P1.0 GRXD GSC data input pin 
P1.1 GTXD GSC data output pin 
P1.2 DEN GSC enable Signal for an external driver 
P1.3 TXC GSC input pin for external transmit clock 
P1.4 RXC GSC input pin for external receive clock 
P1.5 HLD DMA hold input/output 
P1.6 HLDA DMA hold acknowledge input/output 

29-36 41-48 Port 2-Port 2 is an 8-bit bidirectional 1/0 port with internal pullups. Port 2 pins that 
have 1 s written to them are pulled high by the internal pullups, and in that state can be 
used as inputs. As inputs, Port 2 pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the internal pullups. 

Port 2 emits the high-order address byte during fetches from external Program 
Memory if EBEN is pulled low. During accesses to external Data Memory that use 16-
bit addresses (MOVX @ DPTR and DMA operations), Port 2 emits the high-order 
address byte. In these applications it uses strong internal pullups when emitting 1 s. 

During accesses to external Data Memory that use 8-bit addresses (MOVX @ Ri), 
Port 2 emits the contents of the P2 Special Function Register. 

Port 2 also receives the high-order address bits during program verification. 

10-17 14-16, Port 3-Port 3 is an 8-bit bidirectional 1/0 port with internal pullups. Port 3 pins that 
18,19, have 1 s written to them are pulled high by the internal pull ups, and in that state can be 
23-25 used as inputs. As inputs, Port 3 pins that are externally being pulled low will source 

current (IlL, on the data sheet) because of the pullups. 
Port 3 also serves the functions of various special features of the MCS-51 Family, as 

listed below: 

Pin Name Alternate Function 

P3.0 RXD Serial input line 
P3.1 TXD Serial output line 
P3.2 INTO External Interrupt 0 
P3.3 INT1 External Interrupt 1 
P3.4 TO Timer 0 external input 
P3.5 T1 Timer 1 external input 
P3.6 WR External Data Memory Write strobe 
P3.7 RD External Data Memory Read strobe 

NOTES: 
1. N.C. pins on PLCC package may be connected to internal die and should not be used in customer applications. 
2. It is recommended that both Pin 3 and Pin 33 be grounded for PLCC devices. 
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Pin Description (Continued) 

Pin # Pin Description 
47-40 65-58 Port 4-Port 4 is an 8-bit bidirectional 1/0 port with internal pull ups. Port 4 pins that 

have 1s written to them are pulled high by the internal pullups, and in that state can 
be used as inputs. As inputs, Port 4 pins that are externally being pulled low will 
source current (IlL, on the data sheet) because of the internal pullups. In addition, 
Port 4 also receives the low-order address bytes during program verification. 

9 13 RST -Reset input. A logic low on this pin forthree machine cycles while the 
oscillator is running resets the device. An internal pullup resistor permits a power-on 
reset to be generated using only an external capacitor to Vss. Although the GSC 
recognizes the reset after three machine cycles, data may continue to be 
transmitted for up to 4 machine cycles after Reset is first applied. 

38 55 ALE-Address Latch Enable output signal for latching the low byte of the address 
during accesses to external memory. 

In normal operation ALE is emitted at a constant rate of % the oscillator 
frequency, and may be used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each access to external Data 
Memory. While in Reset, ALE remains at a constant high level. 

37 54 PSEN-Program Store Enable is the Read strobe to External Program Memory. 
When the 8XC152 is executing from external program memory, PSEN is active 
(low). When the device is executing code from External Program Memory, PSEN is 
activated twice each machine cycle, except that two PSEN activations are skipped 
during each access to External Data Memory. While in Reset, PSEN remains at a 
constant high level. 

39 56 EA-External Access enable. EA must be externally pulled low in order to enable 
the 8XC152 to fetch code from External Program Memory locations OOOOH to 
OFFFH. 

EA must be connected to Vee for internal program execution. 

23 32 XTAL 1-lnput to the inverting oscillator amplifier and input to the internal clock 
generating circuits. 

22 31 XTAL2-0utput from the inverting oscillator amplifier. 

N/A 17,20 Port 5-Port 5 is an 8-bit bidirectional 1/0 port with internal pullups. Port 5 pins that 
21,22 have 1 s written to them are pulled high by the internal pullups, and in that state can 
38,39 be used as inputs. As inputs, Port 5 pins that are externally being pulled low will 
40,49 source current (IlL, on the data sheet) because of the internal pullups. 

Port 5 is also the multiplexed low-order address and data bus during accesses to 
external program memory if EBEN is pulled high. In this application it uses strong 
pullups when emitting 1 s. 

N/A 67,66 Port 6-Port 6 is an 8-bit bidirectional 1/0 port with internal pullups. Port 6 pins that 
52,57 have 1 s written to them are pulled high by the internal pullups, and in that state can 
50,68 be used as inputs. As inputs, Port 6 pins that are externally pulled low will source 
1,51 current (IlL, on the data sheet) because of the internal pull ups. 

Port 6 emits the high-order address byte during fetches from external Program 
Memory if EBEN is pulled high. In this application it uses strong pullups when 
emitting 1 s. 

N/A 12 EBEN-E-Bus Enable input that designates whether program memory fetches take 
place via Ports 0 and 2 or Ports 5 and 6. Table 1 shows how the ports are used in 
conjunction with EBEN. 

N/A 53 EPSEN-E-bus Program Store Enable is the Read strobe to external program 
memory when EBEN is high. Table 2 shows when EPSEN is used relative to PSEN 
depending on the status of EBEN and EA. 

11-74 



infef 8XC152JAI JBI JCI JD 

OSCILLATOR CHARACTERISTICS 

XT AL 1 and XT AL2 are the input and output, respec
tively, of an inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. 

To drive the device from an external clock source, 
XTAL 1 should be driven, while XT AL2 is left uncon
nected, as shown in Figure 4. There are no require
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 

XTAL2 

XTAL 1 

..... -----~vss 

270431-5 

Figure 3. Using the On-Chip Oscillator 

NC - XTAL2 

EXTERNAL 
OSCILLATOR ----I XTAL 1 

SIGNAL 

270431-6 

Figure 4. External Clock Drive 

IDLE MODE 

In Idle Mode, the CPU puts itself to sleep while most 
of the on-chip peripherals remain active. The major 
peripherals that do not remain active during Idle, are 
the DMA channels. The Idle Mode is invoked by 
software. The content of the on-chip RAM and all 
the Special Function Registers remain unchanged 
during this mode. The Idle Mode can be terminated 
by any enabled interrupt or by a hardware reset. 

POWER DOWN MODE 

In Power Down Mode, the oscillator is stopped and 
all on-chip functions cease except that the on-chip 
RAM contents are maintained. The mode Power 
Down is invoked by software. The Power Down 
Mode can be terminated only by a hardware reset. 

Table 3. Status of the Eltternal Pins During Idle and Power Down Modes 
80C152JA/83C152JA/80C152JC/83C152JC 

Mode 
Program 

ALE PSEN Port 0 Port 1 Port 2 Port 3 Port 4 
Memory 

Idle Internal 1 1 Data Data Data Data Data 

Idle External 1 1 Float Data Address Data Data 

Power Down Internal 0 0 Data Data Data Data Data 

Power Down External 0 0 Float Data Data Data Data 

80C152JB/80C152JD 

Mode 
Instruction 

ALE PSEN EPSEN PortO Port 1 Port 2 Port 3 Port 4 Port 5 Port 6 
Bus 

Idle PO,P2 1 1 1 Float Data Address Data Data OFFH OFFH 

Idle P5,P6 1 1 1 Data Data Data Da~a Data OFFH Address 

Power Down PO,P2 0 0 1 Float Data Data Data Data OFFH OFFH 

Power Down P5,P6 0 1 0 Data Data Data Data Data OFFH OFFH 

NOTE: 
For more detailed information on the reduced power modes refer to the Embedded Controller Handbook, and Application 
Note Ap·252, "Designing with the80C51BH." 
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ABSOLUTE MAXIMUM RATINGS· 

Ambient Temperature Under Bias .... o·c to + 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any pin to Vss .. -0.5V to (Vee + 0.5V) 

Voltage on Vee to vss ........... -0.5V to +6.5V 

Power Dissipation ....................... 1.0W(9) 

·Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS (T A = O·C to + 70·C; Vee = 5V ± 10%; Vss = OV) 

Symbol Parameter Min 
Typ 

Max Unit Test Conditions 
(Note 3) 

VIL Input Low Voltage -0.5 D.2Vee-0.1 V 
(All Except EA, EBEN) 

VIL1 Input Low Voltage -0.5 0.2Vee-0.3 V 
(EA, EBEN) 

VIH Input High Voltage 0.2Vee+ 0.9 Vee + 0.5 V 
(Except XT AL 1, RST) 

VIH1 Input High Voltage 0.7Vee Vee + 0.5 V 
(XTAL 1, RST) 

VOL Output Low Voltage 0.45 V IOL = 1.6 mA 
(Ports 1, 2-, 3, 4, 5, 6) (Note 4) 

VOL1 Output Low Voltage 0.45 V IOl = 3.2mA 
(Port 0, ALE, PSEN, EPSEN) (Note 4) 

VOH Output High Voltage 2.4 V IOH = -60p.A 
(Ports 1, 2, 3, 4, 5, 6 COMM9 Vee = 5V ±10% 
ALE, PSEN, EPSEN) 

0.9Vee V IOH = -10p.A 

VOH1 Output High Voltage 2.4 V IOH = -400p.A 
(Port 0 in External Vee = 5V ±10% 
Bus Mode) 

0.9Vee V IOH = - 40 p.A (Note 5) 

IlL Logical 0 Input -50 p.A VIN = 0.45V 
Current (Ports 1, 2, 3, 4, 5, 6) 

ITL Logical 1 to 0 -650 p.A VIN = 2V 
Transition Current 
(Ports 1, 2, 3, 4, 5, 6) 

III Input Leakage. ±10 p.A 0.45<VIN<Vee 
(PortO, EA) 

RRST Reset Pullup Resistor 40 kfl 

IIH Logical 1 Input Current (EBEN) +60 p.A 

Icc Power Supply Current: 
Active (16.5 MHz) 31 41.1 mA (Note 6) 
Idle (16.5 MHz) 8 15.4 mA (Note 6) 
Power Down Mode 10 p.A Vee = 2.0V to 5.5V. 
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NOTES: 
3. "Typicals" are based on samples taken from early manufacturing lots and are not guaranteed. The measurements were 
made with Vee = 5V at room temperature. 
4. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-
to-O transitions during bus operations. In the worst Cases (capacitive loading> 100 pF), the noise pulse on the ALE pin may 
exceed o.av. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
5. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9Vee specifi
cation when the address bits are stabilizing. 
6. lee is measured with all output pins disconnected; XTAll driven with TClCH, TCHCl = 5 ns, ~ = Vss + 0.5V, VIH = 
Ys;Q - 0.5V; XTAL2 N.C.; Port 0 pins connected to Vee<:....:'Operating" current is measured with EA connected to Vee and 
RST connected to Vss. "Idle" current is measured with EA connected to Vss, RST connected to Vee and GSC inactive. 
7. The specifications relating to external data memory characteristics are also applicable to DMA operations. 
a. Tavwx should not be confused with TaVWX as specified for aOC51BH. On aOC152, TaVWX is measured from data 
valid to riSing edge of WR. On aOC51BH, TaVWX is measured from data valid to falling edge of WR. See timing diagrams. 
9. This value is based on the maximum allowable die temperature and the thermal resistance of the package. 
10. All specifications relating to external program memory characteristics are applicable to: 

EPSEN for PSEN . 
Port 5 for Port 0 
Port 6 for Port 2 
when EBEN is at a logical 1 on the BOC152JB/JD. 

MAX Icc (ACTIVE) = (2.24 X FREQ) + 4.16 (Note 6) 
MAX Icc (IDLE) = (O_8 x FREQ) + 2.2 (Note 6) 
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270431-7 

Figure 5. Icc vs Frequency 

EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a Signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand for. 

I: Instruction (program memory contents). 
L: Logic level LOW, or ALE. 
P: PSEN. 
Q: Output data. 
R: READ Signal. 
T: Time. 
V: Valid. 
W: WRITE signal. 
X: No longer a valid logiC level. 
Z: Float. 

A: Address. 
C: Clock 

For example, 

D: Input data. 
H: Logic level HIGH. 
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A.C. CHARACTERISTICS (T A = O·C to + 70·C; Vee = 5V ± 10%; Vss = OV; Load Capacitance for 
Port 0, ALE, and PSEN = 100 pF; Load Capacitance for All Other Outputs = 80 pF) 

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS (Note 7,10) 

Symbol Parameter 16.5 MHz Variable Oscillator Unit 
Min . Max Min Max 

1/TCLCL Oscillator Frequency 3.5 12 MHz 
80C152JAI JC 
83C152JAI JC 
80C152JB/JD 

80C152JAI JC-1 3.5 16.5 MHz 
83C152JAI JC-1 
80C152JB/JD-1 

TLHLL ALE Pulse Width 81 2TCLCL-40 ns 
TAVLL Address Valid to ALE Low 5 TCLCL-55 ns 
TLLAX Address Hold After ALE Low 25 TCLCL-35 ns 

TLLlV ALE Low to Valid 142 4TCLCL-100 ns 
Instruction In 

TLLPL ALE Low to PSEN Low 20 TCLCL-40 ns 
TPLPH PSEN Pulse Width 137 3TCLCL-45 ns 

TPLIV PSEN Low to Valid 77 3TCLCL-105 ns 
Instruction In 

TPXIX Input Instruction 0 0 ns 
Hold After PSEN 

TPXIZ Input Instruction 35 TCLCL-25 ns 
Float After PSEN 

TAVIV Address to Valid 198 5TCLCL-105 ns 
Instruction In 

TPLAZ PSEN Low to Address 10 10 ns 
Float 

TRLRH RD Pulse Width 263 6TCLCL-100 ns 

TWLWH WR Pulse Width 263 6TCLCL-100 ns 

TRLDV RD Low to Valid 138 5TCLCL-165 ns 
Data In 

TRHDX Data Hold After RD 0 0 ns 

TRHDZ Data Float After RD 51 2TCLCL-70 ns 
TLLDV ALE Low to Valid 335 8TCLCL-150 ns 

Data In 

TAVDV Address to Valid 380 9TCLCL-165 ns 
Data In 

TLLWL ALE Low to RD or 132 232 ·3TCLCL-50 3TCLCL+50 ns 
WRLow 

TAVWL Address to RD or 112 4TCLCL-130 ns 
WRLow 

TQVWX(8) Data Valid to WR 196 6TCLCL-167 ns 
Transition 

TWHQX Data Hold After WR 10 TCLCL-50 ns 

TRLAZ RD Low to Address 0 0 ns 
Float 

TWHLH RD or WR High to 20 100 TCLCL-40 TCLCL+40 ns 
ALE High 
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EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE __ ..I 

PSEN/EPSEN __ ..I 

PORTO/PORTS ___ ..I 

PORT2/PORT6 ___ -J~-----------------A-8---A-l-S----
270431-8 

EXTERNAL DATA MEMORY READ CYCLE 

ALE 

PSEN I------TLLDV-~--_I·I 

-~_t__--- TRLRH ---I 

PORTO INSTR. IN 

PORT2 P2.0-P2.7 OR A8-A15 FROM DPH A8-AIS FROM PCH 

270431-9 
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EXTERNAL DATA MEMORY WRITE CYCLE 

ALE 
, I 

H- TWHLH 

PSEN '" 1 
-TLLWL TWLWH , 1 

TOVWX " - TAVLL -TLLAX.--! - r- TWHOX 

~ AO-A7 FROM R, OR DPL ) DATA OUT )( XAo-A7 FROM PCL INSTR. IN PORTO 

TAVWL 

~ P2.0-P2.7 OR A8-A15 FROM DPH X A8-A15 FROM PCH -PORT 2 

270431-10 

EXTERNAL CLOCK DRIVE 
Symbol Parameter Min Max Units 

1/TCLCL Oscillator Frequency _ 3.5 16.5 MHz 

TCHCX High Time 20 ns 

TClCX Low Time 20 ns 

TCLCH Rise Time 20 ns 

TCHCL Fall Time 20 ns 

EXTERNAL CLOCK DRIVE WAVEFORM 

270431-11 
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LOCAL SERIAL CHANNEL TIMING-SHIFT REGISTER MODE 

Symbol Parameter 
16.5 MHz Variable Oscillator 

Units 
Min 

TXLXL Serial Port Clock Cycle 727 
Time 

TOVXH Output Data Setup to 473 
Clock Rising Edge 

TXHOX Output Data Hold After 4 
Clock Rising Edge 

TXHDX Input Data Hold After 0 
Clock Rising Edge 

TXHDV Clock Rising Edge to 
Input Data Valid 

SHIFT REGISTER MODE TIMING WAVEFORMS 

INSTRUCTION I 
ALE 

CLOCK 

OUTPUT DATA 

t 
WRITE TO SBU F 

INPUT DATA 

Max Min Max 

12TCLCL ns 

10TCLCL-133 ns 

2TCLCL·117 ns 

0 ns 

473 10TCLCL-133 ns 

4 X~ __ -JX~ __ -JX~ __ -Jl 
! 

SET TI 

________ -J'~=, __ ,=~'~J~~~J,~,~_J'~~~_J.~J, __ ,=~,~J~~ 

I 
CLEAR RI 

A.C. TESTING: 

INPUT, OUTPUT WAVEFORMS 

vee-a.s=>( >c 0.2 Vcc+0.9 

0,2Vcc-0,1 
0.45 V ;.........;;.;...-----

270431-13 

AC Inputs During Testing are Driven at Vee-0,5 for a Logic "1" 
and OA5V for a Logic "0", Timing Measurements are made at VIH 
Min for a Logic "1" and VIL Max for a Logic "0", 

11·81 

! 
SET RI 

270431-12 

FLOAT WAVEFORM 

270431-14 
For Timing Purposes a Port Pin is no Longer Floating when a 
100 mV change from Load Voltage Occurs, and Begins to Float 
when a 100 mV change from the Loaded VOHIVOL Level occurs 
10 LilaH ;, ±20 mA, 
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GLOBAL SERIAL PORT TIMINGS-Internal Baud Rate Generator 

Symbol Parameter 
16.5 MHz (BAUD = 0) Variable Oscillator 

Unit 
Min Max Min Max 

HBTJA Allowable jitter on 0.0375 (0.125 x /Ls 
the Aeceiver for % (BAUD+1)x 
bit time (Manchester 8TCLCL) 
encoding only) -25 ns 

FBTJA Allowable jitter on 0.10 (0.25 x /Ls 
the Aeceiver for one (BAUD+1)X 
full b,it time (NAZI 8TCLCL) 
and Manchester) -25 ns 

HBTJT Jitter of data from ±10 ±10 ns 
Transmitter for % 
bit time (Manchester 
encoding only) 

FBTJT Jitter of data from ±10 ±10 ns 
Transmitter for one 
full bit time (NAZI 
and Manchester) 

DATA Data rise time for 20 20 ns 
Aeceiver(11 ) 

DFTA Data fall time for 20 20 ns 
Aeceiver(12) 

NOTES: 
11. Same as TCLCH, use External Clock Drive Waveform. 
12. Same as TCHCL, use'External Clock Drive Waveform. 

GSC RECEIVER TIMINGS (INTERNAL BAUD RATE GENERATOR) 

t+- BT "I 
1 1 I, 

MANCHESTER :::::x ~X~ ~ X ~ ~GRXD 
1 I ..... ;..... I~:....-....' 1 

1 HBTJR 1 FBTJR 

NRZI :::::x ~. ~ ~ GRxD 

'jl ., 
FBTJR 

270431-15 
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GSC TRANSMIT TIMINGS (INTERNAL BAUD RATE GENERATOR) 

"1 .----- BT -----.,·1 
1 1 

MANCHESTER ==x----~~, ""U ~ * ~ c:: GTxD 
I 1 ....... ' ..... 1 I~I~I I 

I __ --------HB-T-JT--~~--~Ir--~~---F-BT-J-T---------I 
NRZ1::::x ______ ... $t-' .::::~~::: ::::::.$f" ______ c:: GTxD 

FBTJT 
270431-16 

GLOBAL SERIAL PORT TIMINGS--External Clock 

Symbol Parameter 
16.5 MHz Variable Oscillator 

Unit 
Min Max Min Max 

1/ECBT GSC Frequency with an 0.009 2.4 0.009 Fosc x 0.145 MHz 
External Clock 

ECH External Clock High 170 2TCLCL ns 
+ 45 ns 

ECU13) External Clock Low 170 2TCLCL ns 
+ 45 ns 

ECRT External Clock Rise 20 20 ns 
Time(11) 

ECFT External Clock Fall 20 20 ns 
Time(12) 

ECDVT External Clock to Data ns 
Valid Out - Transmit 150 150 
(to External Clock 
Negative Edge) 

ECDHT External Clock Data ns 
Hold - Transmit 0 0 
(to External Clock 
Negative Edge) 

ECDSR External Clock Data 45 45 ns 
Set-up - Receiver 
(to External Clock 
Positive Edge) 

ECDHR External Clock to Data 50 50 ns 
Hold - Receiver 
(to External Clock 
Positive Edge) 

NOTE: 
13. When using the same external clock to drive both the receiver and transmitter, the minimum ECl spec effectively 
becomes 195 ns at all frequencies (assuming 0 ns propagation delay) because ECDVT (150 ns) plus ECDSR (45 ns) re
quirements must also be met (150 + 45 = 195 ns). The 195 ns requirement would also increase to include the maximum 
propagation delay between receivers and transmitters. 
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GSC TIMINGS (EXTERNAL CLOCK) 

I' ECBT 'I 
1 1 

. ~I II ), 

EXTERNAL CLOCK \ t. X"--___ ..J1 
I4--ECL-----'::- ECH ----: 1 
1 ~ ,:- ECDVT 

TRANSMIT DATA --""'"': X : X,.--------""""I"'--
ECDHT -+t ;.... 

~I'----ECBT-----I'I 

1 1 

EXTERNAL CLOCK ~ ).r" ----"'\X I 
I~------~ ~I ______ -J 

--; ECDSR '-ECDHR--; 

RECEIVE DATA ::::::::::X~: _____ ~~:::::::::::::::::::::::::::: 
270431-17 

DESIGN NOTES 

Within the 8XC152 there exists a race condition that may set both the RON and AE bits at the end of a valid 
reception. This will not cause a problem in the application as long as the following steps are followed: 

-Never give the receive error interrupt a higher priority than the valid reception interrupt 

-Do not leave the valid reception interrupt service routine when AE is set by using a RETI instruction until AE 
is cleared. To clear AE set the GREN bit, this enables the receiver. If the user desires that the receiver remain 
disabled, clear GREN after setting it before leaving the interrupt service routine. 

-If the AE bit is checked by user software in response to a valid reception interrupt, the status of AE should 
be considered invalid. 

The race condition is dependent upon both the temperature that the device is currently operating at and the 
processing the device received during the wafer fabrication. 

DATA SHEET REVISION SUMMARY 

The following represents the key differences between this datasheet and the "-001" version of the 
80C152/83C152 data sheet. Please review this summary carefully. 

1. Status of data sheet changed from "ADVANCED" to "PRELIMINARY". 

2. 80C152JC, 83C152JC, and 80C152JD were added. 

3. Added AE/RDN design note. 

4. This revision summary was added. 

5. Note # 13 was added (Effective ECl spec at higher clock rates). 

6. Table #2 changed to Table #3 (Status of pins during Idle/Power Down). 

7. Current Table #2 was added (JA vs. JB vs. JC vs. JD matrix). 

8. Transmit jitter spec changed from ± 35 ns and ± 70 ns to ± 10 ns. 
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UNIVERSAL COMMUNICATION CONTROLLER 

8-BIT MICROCOMPUTER 
EXPRESS 

• Extended Temperature Range • 3.5 to 12 MHz Vee = 5V ± 10% 

• Burn-In 

The Intel EXPRESS system offers enhancements to the operational specifications of the 8XC152 microcon
troller. These EXPRESS products are designed to meet the needs of those applications whose operating 
requirements exceed commercial standards. 

The EXPRESS program includes the commercial standard temperature range with burn-in and an extended 
temperature range. 

With the commercial standard temperature range, operational characteristics are guaranteed over the temper
ature range of O·C to + 70·C. With the extended temperature range option, operational characteristics are 
guaranteed over the range of - 40·C to + 85·C. 

The optional burn-in is dynamic for a minimum time of 160 hours at 125·C with Vee = 6.9V ±0.25V, following 
guidelines in MIL-STD-883, Method 1015. 

Package types and EXPRESS versions are identified by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 1. 

For the extended temperature range option, this data sheet specifies the parameters which deviate from their 
commercial temperature range limits. The commercial temperature range data sheets are applicable for all 
parameters not listed here. 

11-85 
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Electrical Deviations from Commercial Specifications for Extended Temperature 
Range . 

D.C. and A.C. parameters not included here are the same as in the commercial temperature range data 
sheets. Maximum oscillator frequency for express products is 12 MHz. 

D.C. CHARACTERISTICS TA = -40'Cto + 85'C;Vcc = 5V ±10%;Vss = OV 

Limits Test 
Symbol Parameter Unit 

Conditions Min Max 

VIL Input Low Voltage (Except EA, EBEN) -0.5 0.2Vcc - 0.15 V 

VILI EA, EBEN -0.5 0.2Vcc - 0.35 V 

VIH Input High Voltage (Except XTAL 1, RST) 0.2Vcc + 1.0 Vcc + 0.5 V 

VIHI Input High Voltage to XTAL 1, RST 0.7VCC + 0.1 Vcc + 0.5 V 

IlL Logical 0 Input Current (Port 1,2,3,4,5,6) -75 /LA Yin = 0.45V 

ITL Logical 1 to 0 transition -750 /LA Yin = 2.0V 
Current (Ports 1, 2, 3, 4, 5, 6) 

Table 1. Prefix Identification 

Prefix Package Type Temperature Range Burn-In 

P Plastic Commercial No 

C Ceramic Commercial No 

N PLCC Commercial No 

LP Plastic Extended Yes 

LC Ceramic Extended Yes 

LN PLCC Extended Yes 

NOTE: 
• Commercial temperature range is O'C to 70'C. Extended temperature range is - 40'C to + 85'C . 
• Burn·in is dynamic for a minimum time of 160 hours at 125'C, Vee = 6.9V ±0.25V, following guidelines in MIL-STD-883 
Method 1015 (Test Condition D). 

Examples: 

P80C152JA indicates BOC152JA in a plastic package and specified for commercial temperature range, without 
burn-in. , 
LC83C152JA indicates 83C152JA in a ceramic package and specified for extended temperature range with 
burn-in. 

DATA SHEET REVISION SUMMARY 

The following represents the key differences between this datasheet and the "-001" version of the express 
80C152/83C152 datasheet. Please review this summary carefully. 

1. Status of datasheet changed from "ADVANCED" to "PRELIMINARY". 

2. 80C152JC, 83C152JC, and 80C152JD were added. 

3. This revision summary was added. 
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HARDWARE DESCRIPTION 
OF THE 8XC451 

INTRODUCTION 

The 8XC451 is an expanded I/O, 8-bit control-oriented 
microcontroller based on the MCS®-51 architecture. 
The 8XC451 contains all of the features of the 80C51 

. with three extra I/O ports, one of which is a bi-direc
tional bus-type port with I/O strobes and flags. The 
8XC451 features include: 

• One Extra Strobed Bus Port 

• Two Extra I/O Ports 

• 56 Programmable I/O Lines 

• 4 Kbytes Mask-Programmable ROM 

• 128 x 8-Bit RAM 

• Full Duplex Serial Channel 

• 64K Program Memory Space 

• 64K Data Memory Space 

• Power Control Modes 

• Boolean Processor 

The 8XC451 uses the standard 8051 instruction set and 
is compatible with the existing MCS~51 family of prod
ucts. The 83C451 is the factory masked ROM device; 
the 80C451 is the ROMless device; and the 87C451 is 
the EPROM device. It is assumed that the reader is 
familiar with the 8051 architecture. For more detailed 
information on the 8051, consult the "Architectural 
Overview Chapter" and the "Hardware Description of 
the 8051, 8052, and 80C51" chapter in the Embedded 
Controller Handbook. 

PORT 4 

This port is an 8-bit bidirectional I/O port with internal 
pullups similar to Port 1. Port 4 has SFR address COH 
assigned. Port 4 is bit addressable and is functionally 
identical to Port 1. 

I P4.71 P4.sl P4.51 P4.41 P4.31 P4.21 P4.1 I P4.0 I 
Port 4 Data Address = OCOH Reset Value = 11111111 B 

PORT 5 

This port is an 8-bit bidirectional I/O port with internal 
pullups similar to Port 1. Port 5 has SFR address C8H 
assigned. Port 5 is bit addressable and is functionally 
identical to Port 1. 

I P5.71 P5.sl P5.51 P5.41 P5.31 P5.21 P5.1 I P5.0 I 
Port 5 Data Address = OCSH Reset Value = 11111111 B 
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PORT 6 

Port 6 is a special 8-bit bidirectional I/O port with 
internal pullups. This port can be used as a standard 
I/O port, or in strobed modes of operation in conjunc
tion with four newly added special control lines: ODS, 
IDS, AFLAG, and BFLAG (see Figure I). Port 6 oper
ating modes are controlled by the port 6 control status 
register (CSR). Port 6 and the CSR are addressed at the 
special function register addresses shown in Table 1. 
The following four control pins are used in conjunction 
with port 6. 

ODS: Handshake input for port 6 strobed output data. 
ODS can be programmed to control the port 6 output 
drivers and the output buffer full flag (OBF), or to clear 
only the OBF flag bit in the CSR (output-always 
mode). ODS is active low for output driver control. The 
OBF flag can be programmed to be cleared on the neg
ative or positive edge of ODS. 

IDS: Handshake input for port 6 strobed input data. 
IDS is used to control the port 6 input latch and input 
buffer full flag (IBF) bit in the CSR. The input data 
latch can be programmed to be transparent when the 
IDS is low and latched. on the positive transition of 
IDS, or to latch only on the positive transition of IDS. 
Correspondingly, the IBF flag is set on the negative or 
positive transition of IDS. 

AFLAG: A bidirectional I/O pin. AFLAG can be pro
grammed to be an output, set high or low under pro
gram control, or to output the state of the output buffer 
full flag. AFLAG can also be programmed to be an 
input which selects whether the contents of the output 
buffer, or the contents of the port 6 control status regis
ter will be output on port 6. This feature grants com
plete port 6 status to external devices. 

BFLAG: A bidirectional I/O pin. BFLAG can be pro
grammed to be an output, set high or low under pro
gram control, or to output the state of the input buffer 
full flag. BFLAG can also be programmed to input an 
enable signal for port 6. When BFLAG is used as an 
enable input, port 6 output drivers are in the high im
pedance state, and the input latch does not respond to 
the IDS strobe when BFLAG is high. Both features are 
enabled when BFLAG is low. This feature facilitates 
the use of the 8XC451 in bussed multiprocessor sys
tems. 

I ps.71 ps.sl PS.5 I PS.4 I PS.3 I PS.2 I PS.1 I P6.0 I 
Port 6 Data Address = ODSH Reset Value = 11111111 B 
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PORT 6 CONTROL STATUS 
REGISTER 

The control status register (CSR) establishes the mode 
of operation for port 6 and indicates the current status 
of the Port 6 I/O registers. All control status register 
bits can be read and written by the CPU, except bits 0 
and I, which are read only. Reset writes ones to bits 2 
through 7, and writes zeros to bits 0 and 1. 

CSR.o-lnput Buffer Full Flag (IBF) (Read Only) 

The IBF· bit is set to a logic I when Port 6 data is· 
loaded into the input buffer under control of IDS. This 
can occur on the negative or positive· edge of IDS, as 
determined by CSR.2. IBF is cleared when the CPU 
reads the input buffer register. 

CSR.1-0utput Buffer Full Flag (OBF) (Read 
Only) 

The OBF flag is set to a logic I when the CPU writes to 
the Port 6 output data buffer. OBF is cleared by the 

INDEX 
CORNER 

PO.7/AD7 

positive or negative edge of ODS, as determined by 
CSR.3. 

CSR.2-IDS Mode Select (IOSM) 

When CSR.2 = 0, a low-to-high transition on the IDS 
pin sets the IBF flag. The Port 6 input buffer is loaded 
on the IDS positive ed~When CSR.2 = 1, a high-to
low transition on the IDS pin sets the IBF flag. The 
Port 6 input buffer is transparent when IDS is low, and 
latched when IDS is high. 

CSR.3-output Buffer Full Flag Clear Mode 
(OBFC) 

When CSR.3 = 1, the positive edge of the ODS input 
clears the OBF flag. When CSR.3 = 0, the negative 
edge of the ODS input clears the OBF flag. 

80C4S1 

83C4S1 

P6.1 

P6.0 

AFLAG 

BFLAG 

IDS 

ODS 

Vss 
XTALI 

XTAL2 

PS.7 

PS.6 

PS.S 

PS.4 

PS.3 

PS.2 

PS.l 

PS.O 

270582-1 

Figure 1. Pin Connections (PLCC) 
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Port 5 Control Status Register 

Symbol Position Function 

MB1, MBO CSR.7,6 BFLAG Mode Select: 0,0 = Logic 0 Out; 0,1 = Logic 1 Out' 
1,0 = IBF Output; 1,1 = PE Input 
BFLAG: 0 = Select; 1 = Disable 1/0 

MA1, MAO CSR.5,4 AFLAG Mode Select: 0,0 = Logic 0 Out; 0,1 = Logic 1 Out 
1,0 = OBF Output'; 1,1 = SEL Input 

Status AFLAG: 0 = Data; 1 = Control I 

OBFC CSR.3 Output Buffer Flag Clear Mode: 0 = Negative Edge of ODS 
1 = Positive Edge of ODS 

IDSM CSR.2 Input Data Strobe Mode: 0 = Positive Edge of IDS 
1 = Low Level of IDS 

OBF CSR.1 Output Buffer Full Flag: 0 = Output Data Buffer Empty 
1 = Output Data Buffer Full 

IBF CSR.O Input Buffer Full Flag: 0 = Input Data Buffer Empty 
1 = Input Data Buffer Full 

"NOTE 
Output-always mode: MBI = 0, MAl = 1, and MAO = O. In this mode, Port 6 is always enabled for-output. ODS only clears 
the OBF flag. 

CSR_4, CSR_5-AFLAG Mode Select (MAO, MAi) 

Bits 4 and 5 select the mode of operation for the 
AFLAG pin, as follows: 

MAi MAO 
o 0 
o 1 
1 0 

1 

AFLAG Function 
Logic 0 Output 
Logic 1 Output 
OBF Flag Output (CSR.1) 
Select (SEL) Input Mode 

The select (SEL) input mode is used to determine 
whether the Port 6 data register or the control status 
register is output on Port 6. When the select feature is 
enabi!:d, the AFLAG input controls the source of Port 
6 output data. A logic 0 on AFLAG input selects the 
Port 6 data register, and a logic 1 on AFLAG input 
selects the control status register. 

CSA-5, CSR_7-BFLAG Mode Select (MBO, MBi) 

Bits 6 and 7 select the mode of operation for the 
BFLAG pin, as follows: 

MBi 
o 
o 

MBO 
o 

o 
1 

BFLAG Function 
Logic 0 Output 
Logic 1 Output 
IBF Flag Output (CSR.O) 
Port Enable (PE) 

In the port enable mode, IDS and ODS inputs are dis
abled when BFLAG input is high. When the BFLAG 
input is low, the port is enabled for I/O. 
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I MBI I MBa I MAl I MAO I OBFC IIOSM I OBF I IBF 

Port 6 Control Status Address = OE8H 
Reset Value = 11111100B Bit.Addressable 

Upon reset, Port 6 is configured in the bus interface 
input mode to prevent disruption of data on the bus of a 
host processor. It can also be configured as a standard 
I/O port by tying the control pins IDS, ODS, AFLAG 
and BFLAG to V ss before reset. AFLAG and BFLAG 
can be used as simple outputs in the standard I/O port 
mode by tying only IDS and ODS to V ss. Grounding 
IDS and ODS prevents any edges from occuring on 
these signals thereby preventing automatic data trans
fers and setting and resetting of flags. 

SPECIAL FUNCTION REGISTERS 

A map of the S'pecial Function Register (SFR) space is 
shown in Table 1. 

Note that not all of the addresses are occupied. Unoc
cupied addresses are not implemented on the chip. 
Read accesses to these addresses will in general return 
random data, and write accesses will have no effect. 

User software should not write l's to these unimple
mented locations, since they may be used in future 8051 
products to invoke new features. In that case the reset 
or inactive values of the new bits will always be 0, and 
their active values will be 1. 
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Table 1. Special Function Register Memory Map and Values after Reset 

F8 

°B 
00000000 FO 

P6CSR 
11111100 E8 

'ACC 
00000000 EO 

P60ata 
11111111 08 

°PSW 
00000000 00 

P5 
11111111 C8 

P4 
11111111 

co 

°IP 
XXXOOOOO B8 

°p3 
11111111 BO 

'IE 
OXXOOOOO A8 

o P2 
11111111 AO 

.oSCON 'SBUF 
00000000 XXXXXXXX 98 

• P1 
11111111 .' 90 

° TCON °TMOO °TLO °TL1 ° THO ° TH1 
00000000 ·00000000 00000000 00000000 00000000 00000000 88 

• PO • SP • OPL • OPH 
11111111 00000111 00000000 00000000 80 

NOTES: 
• = Found in the 8051 core (See 8051 Hardware Description for explanations of these SFRs) 

•• = See description of PCON SFR. Bit PCON.4 is not affected by reset. 
X = Undefined 
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FF 

F7 

EF 

E7 

OF 

07. 

CF 

C7 

BF 

B7 

AF 

A7 

9F 

97 

8F 

• PCON·· 
OOXXOOOO 87 
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CHMOS SINGLE-CHIP 8-BIT CPU 
WITH RAM AND EXPANDED I/O 

• 
• 
• 
• 
• 
• 
• 

83C451/83C451-1/83C451-2 
CHMOS SINGLE-CHIP 8-BIT CPU WITH 4K BYTES 

FACTORYMAS~PROGRAMMABLEROM 

8XC451 - 3.5 to 12 MHz, Vee = 5V ± 20% 
8XC451-1 - 3.5 to 16 MHz, Vee = 5V ± 20% 
8XC451-2 - 0.5 to 12 MHz, Vee = 5V ± 20% 

Idle and Power Down Modes • High Performance CHMOS Process 

128 x 8-Bit RAM • Boolean Processor 

56 Programmable I/O Lines • 5 Interrupt Sources 

One Extra Strobed Bus Port • Two Extra Standard Ports 

Two 16-Bit Timer/Counters • Full Duplex Serial Channel 

64K Program Memory Space • 64K Data Memory Space 

TTL- and CMOS-Compatible Logic • 68-Pin PLCC Package 

The 8051 family of CHMOS products are fabricated on Intel's CHMOS III process and are functionally compati
ble with the standard 8051 family of HMOS and EPROM products. CHMOS III is a technology which combines 
the high speed and density characteristics of HMOS with the low power attributes of CMOS. This combination 
expands the effectiveness of the powerful 8051 architecture and instruction set. 

The 80C451/83C451 are similar to the 80C51 in features with three additional I/O ports, one of which is a 
special strobed port. The 83C451 contains 4K bytes of ROM. Both devices contain 128 bytes of RAM; 56 I/O 
lines; two 16-bit timer/counters; a five source two-level interrupt structure; a full-duplex serial port; on-chip 
oscillator and clock circuitry; and two software selectable modes of reduced activity for further power reduction 
- Idle and Power Down. ' 

The extremely low operating power, along with the two reduced power modes, Idle and Power Down, make 
this part very suitable for low power applications. The Idle mode freezes the CPU while allowing the RAM, 
timer/counters, serial port, and interrupt system to continue functioning. The Power Down mode saves the 
RAM contents but freezes the oscillator, causing all other chip functions to be inoperative. 

12-5 
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PACKAGES 

Part 

83C451 
80C451 

Prefix 

N 

INDEX 
CORNER 

PO.1/AD1 

PO.D/ADO 

Vee 
P4.7 

P4.S 

P4.5 

P4.4 

P4.3 

P4.2 

P4.1 

P4.0 

Package Type 

68 Pin PLCC 

PS.1 

PS.D 

AFLAG 

BFLAG 

IDS 

ODS 

vss 
XTAL1 

80C451 

83C451 
XTAL2 

P5.7 

P5.S 

P5.5 

P5.4 

P5.3 

P5.2 

P5.1 

P5.0 

~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ 

270561-2 

Figure 2. Pin Connections (PLCC) 

PIN DESCRIPTION 

Vee: Supply voltage during normal, Idle, and Power 
Down operations. 

Vss: Circuit ground. 

Port 0: Port 0 is an 8-bit open drain bidirectional 1/0 
port. Port 0 pins that have 1 s written to them float, 
and in that state can be used as high-impedance 
inputs. 

Port 0 is also the multiplexed low-order address and 
data bus during accesses to external Program and' 
Data Memory. In this application it uses strong inter-

12-7 

nal pull ups when emitting 1s. Port 0 also outputs the 
code ·bytes during program verification in the 
83C451. External pullups are required during pro
gram verification. 

Port 1: Port 1 is an 8-bit bidirectional 1/0 port with 
internal pullups. Port 1 pins that have 1 s written to 
them are pulled high by the internal pull ups, and in 
that state can be used. as inputs. As inputs, Port 1 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

Port 1 also receives the low-order address bytes 
during program verification. 
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Port 2: Port 2 is an 8-bit bidirectional I/O port with 
internal pullups. Port 2 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 2 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

Port 2 emits the high-order address byte during 
fetches from external Program Memory and during 
accesses to external Data Memory that use 16-bit 
addresses (MOVX@DPTR). In this application it 
uses strong internal pullups when emitting 1 s. 

During aCCesses to external Data Memory that use 
8-bit addresses (MOVX@Ri), Port 2 emits the con
tents of the P2 Special Function Register. 

Port 2 also receives some control signals and the 
high-order address bits during program verification. 

Port 3: Port 3 is an 8-bit bidirectional I/O port with 
internal pullups. Port 3 pins that have 1 s written to 
them are pulled high by the internal pull ups, and in 
that state can be used as inputs. As inputs, Port 3 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the pull
ups. 

Port 3 also serves the functions of various special 
features of the 8051 Family, as listed below: 

Pin Name Alternate Function 

P3.0 RXD Serial input line 
P3.1 TXD Serial output line 
P3.2 INTO External interrupt 0 
P3.3 INT1 External interrupt 1 
P3.4 TO Timer 0 external input 
P3.5 T1 Timer 1 external input 
P3.6 WR External Data Memory write strobe 
P3.7 RD External Data Memory read strobe 

Port 4: Port 4 is ail 8-bitbidirectional I/O port with 
internal pull ups. Port 4 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used as inputs. As inputs, Port 4 
pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

Port 5: Port 5 is an 8-bit bidirectional I/O port with 
internal pull ups. Port 5 pins that have 1 s written to 
them are pulled high by the internal pullups, and in 
that state can be used ·as inputs. As inputs, Port 5 

pins that are externally being pulled low will source 
current (IlL, on the data sheet) because of the inter
nal pullups. 

Port 6: Port 6 is a special 8-bit bidirectional I/O port 
with internal PLJllups. This port can be used as a 
standard I/O port, or in strobed modes of operation 
in conjunction with the following four special control 
lines. 

Port 6 Control Lines 

ODS: Output data strobe 

IDS: Input data strobe 

AFLAG: A bidirectional I/O pin 
with internal pullups 

BFLAG: A bidirectional I/O pin 
with internal pullups 

RST: Reset input. A logiC high on this pin for two 
machine cycles while the oscillator is running resets 
the device. An internal pulldown resistor permits a 
power-on reset to be generated using only an exter
nal capacitor to Vee. 
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ALE: Address Latch Enable output signal for latch
ing the low byte of the address during accesses to 
external memory. 

In normal operation ALE is emitted at a constant 
rate of 1/6 the oscillator frequency, and may be 
used for external timing or clocking purposes. Note, 
however, that one ALE pulse is skipped during each 
access to external Data Memory. 

PSEN: Program Store Enable is the Read strobe to 
External Program Memory. When the 83C451 is exe
cuting from Internal Program Memory, PSEN is inac
tive (high). When the device is executing code from 
External Program Memory, PSEN is activated twice 
each machine cycle, except that two PSEN activa
tions are skipped during each access to External 
Data Memory. . 

EA: External Access enable. EA must be strapped to 
Vss in order to enable the 8XC451 to fetch code 
from External Program Memory locations OOOOH to 
OFFFH. 

EA must be strapped to Vee for Internal Program 
execution. 

XTAL 1: Input to the inverting oscillator amplifier and 
input to the internal clock generating circuits. 

XTAL2: Output from the inverting oscillator amplifi
er. 
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OSCILLATOR CHARACTERISTICS 

XT AL 1 and XT AL2 are the input and output, respec
tively, of an inverting amplifier which can be config
ured for use as an on-chip oscillator, as shown in 
Figure 3. 

XTAL2 

XTAL 1 

.... ------1 vss 

270561-3 

Figure 3. Using the On-Chip Oscillator 

To drive the device from an external clock source, 
XT AL 1 should be driven, while XT AL2 is left uncon
nected, as shown in Figure 4. There are no require
ments on the duty cycle of the external clock signal, 
since the input to the internal clocking circuitry is 
through a divide-by-two flip-flop, but minimum and 
maximum high and low times specified on the Data 
Sheet must be observed. 

NC - XTAL2 

EXTERNAL 
OSCILLATOR ----I XTAL 1 

SIGNAL 

~L.v_s_s __ 

270561-4 

Figure 4. External Clock Drive 
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IDLE MODE 

In Idle Mode, the CPU puts itself to sleep while all 
the on-chip peripherals remain active. The mode is 
invoked by software. The content of the on-chip 
RAM and all the Special Function Registers remain 
unchanged durin;) this mode. The Idle Mode can be 
terminated by any enabled interrupt or bya hard
ware reset. 

It should be noted that when Idle is terminated by a 
hardware reset, the device normally resumes pro
gram execution, from where it left off, up to two ma
chine cycles before the internal reset algorithm 
takes control. On-Chip hardware inhibits access to 
internal RAM in this event, but access to the port 
pins is not inhibited. To eliminate the possibility of an 
unexpected write to a port pin when Idle is terminat
ed by reset, the instruction following the one that 
invokes Idle should not be one that writes to a port 
pin or to external memory. 

POWER DOWN MODE 

In Power Down Mode, the oscillator is stopped and 
all on-chip functions cease except that the on-chip 
RAM content is maintained. The mode is invoked by 
software. The Power Down Mode can be terminated 
only by a hardware reset. 
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Table 1. Status of the External Pins during Idle and Power Down Modes 

Mode 
Program 

ALE 
Memory 

Idle Internal 1 

Idle External 1 

Power Down Internal 0 

Power Down External 0 

AFLAG BFLAG 

AFLAG 
MODE 

(CSR.4&.5) 

OUTPUT 
BUFFER 
FULL 
(CSR.1 ) 

BFLAG & ODS 
MODE 

(CSR.6&.7) 

INPUT 
BUFFER 
FULL 
(CSR.O) 

PSEN PortO 

1 Data 

1 Float 

0 Data 

0 Float 

PORT 6 

INTERNAL BUS 

Figure 5. Port 6 Block Diagram 
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Port 2 

Data 

Address 

Data 

Data 

Ports 1, 3, 4, 5, 6 

Data 

Data 

Data 

Data 

IDS 
MODE 

EDGE/LEVEL 
SELECT (CSR.2) 

270561-5 
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ABSOLUTE MAXIMUM RATINGS(1)* 

Ambient Temperature Under Bias .... ODC to + 70DC 

Storage Temperature .•........ -6SDC to + 1S0DC 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Voltage on Any Pin to Vss ... - O.SV to Vee + O.SV 

Voltage on Vcc to Vss ........... - O.SV to + 6.SV 

Maximum IOL per liD Pin .................. 1S mA 

Power Dissipation ...•.....•..........•.•..• 1.0W 
This value is based on the maximum allowable die temperature and 
the thermal resistance of the package. 

NOTICE' Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS T A = ODC to 70DC; Vec = SV ± 20%; Vss = OV 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Max 

VIL Input Low Voltage, except EA -0.5 0.2 Vee - 0.1 V 

VILl Input Low Voltage, EA -0.5 0.2 Vee - 0.3 V 

VIH Input High Voltage 0.2 Vee + 0.9 Vee + 0.5 V 
(except XTAL 1, RST) 

VIHl Input High Voltage 0.7 Vee Vee + 0.5 V 
(XT AL 1, RST) 

VOL Output Low Voltage 0.3 V IOL = 100 fLA(l) 
(Ports 1,2,3,4,5,6, AFLAG, BFLAG) 

0.45 V IOL = 1.6 mA (1) 

1.0 V IOL = 3.5 mA(l,4) 

VOL1 Output Low Voltage 0.3 V IOL = 200 fLA(l) 

(Port 0, ALE, PSEN) 
0.45 V IOL = 3.2 mA(l) 

1.0 V IOL = 7 mA(1,4) 

VOH Output High Voltage Vee - 0.3 V IOH = -10 fLA 
(Port 1,2,3,4,5,6, AFLAG, BFLAG) 

Vee - 0.7 V IOH = -30 fLA 

Vee - 1.5 V IOH = -60 fLA 

VOH1 Output High Voltage (Port a Vee - 0.3 V IOH = -200 fLA 
in ext bus mode, ALE, PSEN) 

Vee - 0.7 V IOH = -3.2 mA(4) 

Vee - 1.5 V IOH = -6.5 mA(4) 

IlL Logical a Input Current (Ports -50 fLA VIN = 0.45V 
1,2,3,4,5,6, AFLAG, BFLAG) 

ITL Logical 1 to a Transition -650 fLA VIN = 2V 
(Ports 1,2,3,4,5,6, AFLAG, BFLAG) 
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D.C. CHARACTERISTICS T A ~. O·C to lO·C; VCC = 5V ± 20%; VSS= OV (Continued) 

Symbol Parameter 
Limits 

Unit Test Conditions 
Min Typ Max 

III hiput Leakage Current ±10 /LA o < VIN < Vee -0.3V 
(Port 0, EA, IDS, ODS) 

RRST Reset Pulldown Resistor 50 150 kO 

CIO Pin Capacitance 10 pF Test Freq = 1 MHz 

TA = 25°C 

lee Power Supply Current 
Active Mode, 12 MHz(4) 11 22 mA 
Idle Mode, 12 MHz(4) 1.7 5 mA (Note 3) 

Power Down Mode 5 50 /LA 

NOTES: 
1. Capacitive loading on Ports 0 and 2.may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-
to-O transitions during bus operations. In the worst case (capacitive loading> 100 pF), the noise pulse on the ALE line may 
exceed-O.BV. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall below the 0.9 Vee 
specification when the address bits are stabilizing. 
3. See Figures 6 through 9 for lee test conditions. 
4. Care should be taken to assure that the total power diSSipation is held within the package limits. 
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40 mA 

30 mA 

20 mA 

10 mA 

OmA 
O!.lHz 

........ !.lAX . 

~ :::-- TYPICAL 

;F-ji;'LE - !.lAX. 
TYPICAL 

4!.lHz 8MHz 12!.lHz 16!.lHz 

270561-6 

Icc MAX at other frequencies is given by: 
Active Mode 

Icc MAX = 1.6 x FREQ + 2.6 
Idle Mode 

Icc MAX = 0.36 x FREQ + 1.2 
Where FREQ is in MHz, Icc MAX is given in rnA. 

Figure 6. Icc vs Frequency. 
Valid only within frequency specifications 

of the device under test. 

XTAL2 
XTAL1 
vss 

270561-7 

Figure 7. Icc Test Condition, Active Mode. 
All other pins are disconnected. 

Vee-0.5 .------~~~---..,. 
0.7 Vee 

0.45V ---"f0.2 Vee-O.l 
TCHCL 

PO 

RST EA 

XTAL2 
XTAL1 
VSS 

270561-8 

Figure 8. Icc Test Condition, Idle Mode. 
All other pins are disconnected. 

Vee 

PO 

RST EA 1----, 

8XC451 

XTAL2 
XTALI 
Vss 

All other pins disconnected 
270561-9 

Figure 10. Icc Test Condition, 
Power Down Mode. 

All other pins are disconnected. 

270561-10 

Figure 9. Clock Signal Waveform for Icc Tests in Active and Idle Modes. TCLCH = TCHCL = 5 ns. 
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Explanation of the AC Symbols 

Each timing symbol has 5 characters. The first char
acter is always a "T" (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
signal. The following is a list of all the characters and 
what they stand .for. 

A: Address 
C: Clock 
D: Input data 
H: Logic level HIGH 
I: Instruction (program memory contents) 
L: Logic level LOW, or ALE 

A.C. CHARACTERISTICS 

P: PSEN 
Q: Output data 
R: RDsignal 
T: Time 
V: Valid 
W: WR signal 
X: No longer a valid logic level 
Z: Float 

Example: 

TAVLL = Time for Address Valid to ALE Low. 
TLLPL = Time for ALE Low to PSEN Low. 

TA = O°C to + 70°C, Vee = 5V ±20%, Vss = OV, load capacitance for Port 0, ALE, and PSEN = 100 pF, 
load capacitance for all other outputs = 80 pF. 

Symbol Parameter 
12 MHzOsc Variable Osc 

Unit 
Min Max Min Max 

1/TCLCL Oscillator Freq. 8XC451 3.5 12 MHz 
8XC451-1 3.5 16 
8XC451-2 0.5 12 

TLHLL ALE Pulse Width 127 2TCLCL - 40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL - 40 ns 

TLLAX Address Hold after ALE Low 48 TCLCL - 35 ns 

TLLlV ALE Low to Valid Instr In 234 4TCLCL - 100 ns 

TLLPL ALE Low to PSEN Low 43 TCLCL - 40 ns 

TPLPH PSEN Pulse Width 205 3TCLCL - 45 ns 

TPLIV PSEN Low to Valid Instr In 145 3TCLCL - 105 ns 

TPXIX Input Instr Hold after PSEN 0 0 ns 

TPXIZ Input Instr Float after PSEN 59 TCLCL - 25 ns 

TAVIV Address to Valid Instr In 312 5TCLCL - 105 ns 

TPLAZ PSEN Low to Address Float 10 10 ns 

TRLRH RD Pulse Width 400 6TCLCL - 100 ns 

TWLWH WR Pulse Width 400 6TCLCL - 100 ns 

TRLDV RD Low to Valid Data In 252 5TCLCL - 165 ns 

TRHDX Data Hold after RD 0 0 ns 

TRHDZ Data Float after RD 97 2TCLCL - 70 ns 

TLLDV ALE Low to Valid Data In 517 8TCLCL- 150 ns 

TAVDV Address to Valid Data In 585 9TCLCL - 165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL - 50 3TCLCL + 50 ns 
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A.C. CHARACTERISTICS 
TA = o·c to +70·C, vee = 5V ±20%, vss = OV, load capacitance for Port 0, ALE, and PSEN = 100pF, 
load capacitance for all other outputs = 80 pF. (Continued) 

Symbol Parameter 
12 MHz Clock Variable Clock 

Unit 
Min Max Min Max 

TAVWL Address Valid to RD or WR Low 203 4TCLCL - 130 ns 

TOVWX Data Valid to WR Transition 23 TCLCL - 60 ns 

TWHOX Data Hold after WR 33 TCLCL - 50 ns 

TOVWH Data Valid to WR High 433 7TCLCL - 70 ns 

TRLAZ RD Low to Address Float 0 0 ns 

TWHLH RD or WR High to ALE High 43 102 TCLCL - 40 TCLCL + 40 ns 

PORT 6 INPUT (Input Rise and Fall Times 5 ns) 

TILIH IDS Width 270 3TCLCL + 20 ns 

TDVIH Data Setup to IDS High 0 0 ns 

TIHDX Data Hold after IDS 30 30 ns 

TFLIL PEto IDS 25 25 ns 

TIVFV IDS to SFLAG (ISF) Delay 130 130 ns 

PORT 6 OUTPUT 

TOLOH ODS Width 270 3TCLCL + 20 ns 

TFVDV SEL to Data Out Delay 85 85 ns 

TOLDV ODS to Data Out Delay 80 80 ns 

TOHDZ ODS to Data Float Delay 35 35 ns 

TOVFV ODS to AFLAG (OSF) Delay 100 100 ns 

TFLDV PE to Data Out Delay 120 120 ns 

TOHFH ODS High to AFLAG (SEL) Delay 100 100 ns 

EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE __ oJ 

PSEN --", 
PORTO __ oJ 

PORT 2 ___ oJ AB-A15 

270561-11 
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EXTERNAL DATA MEMORY READ CYCLE 

ALE 

PSEN 

PORTO 

PORT2 _--'''-___ ....;.P;:;2.;.0-.;.P;:;2.;..7 ,;;OR,;.;A,;;8;,.-A;;,;I;,.5.;,;rR,;;0;;;".;;0;,;PH;...-___ .J', __ ....;.A;;,8-..;,A;,;;15;..;.;.rR;;,OM;;.;.,;pC;,;;H __ 
270561-12 

EXTERNAL DATA MEMORY WRITE CYCLE 

ALE 

PSEN 

Tl.LWL ---.,~-- TWLWH 

ViR----+----""'\.i 
~----.J 

PORTO DATA OUT 

PORT2_--',~ ___ ~P~2.~0-~P~2.~7~OR~A~8~-A~I~5~rR~O~"~0~PH~ ___ .J''--~~~~~~ __ 
270561-13 

PORT 6 SELECT MODE WAVEFORMS PORT 6 INPUT WAVEFORMS 

005 _______ _ PE(srLAG) 

tOHFH 

SEL(ArLAG) --.,...-..JJ 
trvDV 

PORT 6 __ ..:;OA;;,;T;,;,A _-'J\,..;=.JI\....:;;;~ 
PORT 6 _____ -« ____ tIH_Dt-

270561-14 270561-15 

IBF FLAG OUTPUT WAVEFORMS PORT 6 OUTPUT WAVEFORMS 

ISr(BrUG) 

270561-16 

270561-17 
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EXTERNAL CLOCK DRIVE WAVEFORM EXTERNAL CLOCK DRIVE 
Symbol Parameter Min Max Unit 

1/TCLCL Oscillator Frequency 
80C451 3.5 12 
80C451-1 3.5 16 MHz 
80C451-2 0.5 12 

270561-1B TCHCX High Time 20 ns 

TCLCX Low Time 20 ns 

TCLCH Rise Time 20 ns 

TCHCL Fall Time 20 ns 

SERIAL TIMING-SHIFT REGISTER MODE 
Test Conditions: TA = O·C to 70·C; Vee = 5V ±20%; Vss = OV; load capacitance = 80 pF. 

Symbol Parameter 

TXLXL Serial Port Clock Cycle Time 

TOVXH Output Data Setup to Clock Rising Edge 

TXHOX Output Data Hold after Clock Rising Edge 

TXHDX Input Data Hold after Clock Rising Edge 

TXHDV Clock Rising Edge to Input Data Valid 

SHIFT REGISTER MODE TIMING WAVEFORMS 

INSTRUCTION I 
ALE 

CLOCK 

OUTPUT DATA 

! 
WRITE TO S8UF 

12 MHzOsc. Variable Oscillator Unit 
Min Max Min Max 

1.0 12TCLCL ,...s 

700 10TCLCL - 133 ns 

50 2TCLCL - 117 ns 

0 0 ns 

700 10TCLCL - 133 ns 

I 
SET TI 

INPUT DATA -----~.,...-...... J-"I.IJ ""''''I~,r"..,..,.,'r--''''''''=I~,r~'r~'=~r---,..r:-c="-,r,,..,..,.,'' 

f 
CLEAR RI 

A.C. TESTING INPUT, OUTPUT WAVEFORMS 

INPUT AC lEVELS OUTPUT AC lEVELS 

:x:: 2.4V ~ Vee 

0.45V ~OV 

270561-20 

Input timings are driven at 2.4V for a logic "I" and 0.45V for a 
logic "0", Output timing measurements are made at 0.7 Vee for a 
logic "I" and O.BV for a logic "0". 

I 
SET RI 

270561-19 

FLOAT WAVEFORM 

12-17 

270561-21 

For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOl level occurs. 
IOl/lOH <: ± 20 rnA, 
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DATA SHEET REVISION SUMMARY 

The following are the key differences between this and the -001 version of the 83C451/80C451 data sheet: 

1. Package table was added. 

2. Typical values for ICC were added. 

3. Note 5 was added to explain the test conditions for typical values. 

4. Timing spec TQVWH was added. 

5. Data sheet revision summary was added. 

12-18 



UPI.,452 CHMOS 13 
Programmable I/O Processor 





• 
• 
• 
• 
• 
• 
• 

UPI-4S2 
CHMOS PROGRAMMABLE 1/0 PROCESSOR. 

83C452 - 8K x 8 Mask Programmable Internal ROM 

80C452 - External ROM/EPROM 

83C452180C452:3.5 to 14 MHz Clock • Two 16-Bit Timer/Counters 
Rate • Boolean Processor 
Software Compatible with the MCS-51 • Bit Addressable RAM 
Family 

128-Byte Bi-Directional FIFO Slave • 8 Interrupt Sources 

Interface • Programmable Full Duplex Serial 

Two DMA Channels 
Channel 

256 X 8-Bit Internal RAM • 64K Program Memory Space 

34 Additional Special Function • 64K Data Memory Space 

Registers • 68-Pin PGA and PLCC 

40 Programmable I/O Lines 
(See Packaging Spec., Order: # 231369) 

The Intel UPI-452 (Universal Peripheral Interface) is a 68 pin CHMOS Slave 1/0 Processor with a sophisticated 
bi-directional FIFO buffer interface on the slave bus and a two channel DMA processor on-chip. The UPI-452 
is the newest member of Intel's UPI family of products. It is a general-purpose slave 1/0 Processor that allows 
the designer to grow a customized interface solution. 

The UPI-452 contains a complete 80C51 with twice the on-chip data and program memory. The sophisticated 
slave FIFO module acts as a buffer between the UPI-452 internal CPU and the external host CPU. To both the 
external host and the internal CPU, the FIFO module looks like a bi-directional bdttomless buffer that can both 
read and write data. The FIFO manages the transfer of data independent of the UPI-452 core CPU and 
generates an interrupt or DMA request to either CPU, host or internal, as a FIFO service request. 

The FIFO consists of two channels:the Input FIFO and the Output FIFO. The division of the FIFO module 
array, 128 bytes, between Input channel and Output channel is programmable by the user. Each FIFO byte 
has an additional logical ninth bit to distinguish between a data byte and a Data Stream Command byte. 
Additionally, Immediate Commands allow direct, interrupt driven, bi-directional communication between the 
UPI-452 internal CPU and external host CPU, bypassing the FIFO. 

The on-chip DMA processor allows high speed data transfers from one writeable memory space to another. 
As many as 64K bytes can be transferred in a single DMA operation. Three distinct memory spaces may be 
used in DMA operations; Internal Data Memory, External Data Memory, and the Special Function Registers 
(including the FIFO IN, FIFO OUT, and Serial Channel Special Functions Registers). 

13-1 
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r------------------------, 

PSEN 

ALE 

EA 
RST 

-vs.:I:'c~ - ;... - - - - - - - - - - - - - - ..I 

231428-2 

Figure 1. Architectural Block Diagram (Continued) 
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Figure 2. UPI-452 68-Pin PGA Pinout Diagram 
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P.C. Board View-As Viewed from the Component Side of the P.C. Board 
(Underside of Socket) 
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INTRQIN 
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Figure 2A. UPI 452 S8-Pin PLCC Pinout Diagram 
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UPI MICROCONTROLLER FAMILY These UPI Microcontrollers are fully supported by 
Intel's development tools (ICE, ASM and PLM). 

The UPI-452 joins the current members of the UPI 
microcontroller family. UPI's are derivatives of the 
MCSTM family of microcontrollers. Because of their 
on-chip system bus interface, UPI's are designed to 
be system bus "slaves", while their microcontroller 
counterparts are intended as system bus "masters". 

Packaging 

The SOC452/S3C452 is available in either a 6S-pin 
PGA (Pin Grid Array) or 6S-pin PLCC package. 

UPI Family MCSFamlly RAM ROM (Slave (Master Speed (Bytes) (Bytes) Configuration) Configuration) 

SOC452 SOC51 12 MHz 256 -
S3C452 SOC51 12 MHz 256 SK 

SOC452-1 SOC51 14 MHz 256 -
S3C452-1 SOC51 14 MHz 256 SK 

UPI-452 PIN DESCRIPTIONS 
Symbol Pin # Type Name and Function 

Vss 9/43 I Circuit Ground. 

Vee 60 I + 5V power supply during normal and idle mode operation. It is also 
the standby power pin for power down mode. 

XTAL1 3S I Input to the oscillator's high gain amplifier. A crystal or external 
source can be used. 

XTAL2 39 0 Output from the high gain amplifier. 

PortO liD Port 0 is an S-bit open drain bi-directional liD port. Port 0 can sink 
(ADO-AD?) eight LS TTL inputs. It is also the multiplexed low-order address and 
PO.O S data local expansion bus during accesses to external memory . 

. 1 10 

.2 11 

.3 12 

.4 13 

.5 14 

.6 15 
PO.? 16 
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UPI-4S2 PIN DESCRIPTIONS (Continued) 

Symbol Pin # Type Name and Function 

Port 1 1/0 Port 1 is an 8-bit quasi-bi-directionaII/O port. Port 1 can sink four 
(AO-A~ LS TTL inputs. The alternate functions can only be activated if the 
(HLD, HLDA) corresponding bit latch in the port SFR contains a 1. Otherwise, the 
P1.0 7 port pin is stuck at O. Pins P1.5 and P1.6 are multiplexed with HLD 

and HLDA respectively whose functions are defined as below: 
.1 6 Port Pin Alternate Function 
.2 5 P1.5 HLD -Local bus hold 
.3 4 input! output signal 
.4 3 P1.6 HLDA -Local bus hold 
.5 2 acknowledge input 
.6 1 

P1.7 68 

Port 2 1/0 Port 2 is an 8-bit quasi-bi-directionaII/O port. It also emits the high-
(A8-A15) order 8 bits of address when accessing local expansion bus 
P2.0 29 external memory. Port 2 can sink four LS TTL inputs . 

. 1 28 

.2 27 

.3 25 

.4 24 

.5 23 

.6 22 

.7 21 

Port 3 1/0 Port 3 is an 8-bit quasi-bi-directionaII/O port. It is also multiplexed 
P3.0 67 with the interrupt, timer, local serial channel, RDI and WRI 

.1 66 functions that are used by various options. The alternate functions 

.2 65 can only be activated if the corresponding bit latch in the port SFR 

.3 64 contains a 1. Otherwise, the port pin is stuck at O. Port 3 can sink 

.4 63 four LS TTL inputs. The alternate functions assigned to the pins of 

.5 62 Port 3 are as follows: 

.6 61 Port Pin Alternate Function 
P3.7 59 P3.0 RxD - Serial input port 

P3.1 TxD - Serial output port 
P3.2 INTO -Interrupt 0 Ihput 
P3.3 INT1 - Interrupt 1 Input 
P3.4 TO - Input to counter 0 
P3.5 T1 - Input to counter 1 
P3.6 WRI - The write control signal latches the 

data from Port 0 outputs into the 
External Data Memory on the 
local bus. 

P3.7 RDI - The read control signal latches the 
data from Port 0 outputs on the 
local bus. 
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UPI-4S2 PIN DESCRIPTIONS (Continued) 

. Symbol Pin # Type Name and Function 

Port4 I/O Port 4 is an 8-bit quasi-bi-directional I/O port. Port 4 can sink/ 
P4.0 30 source four TTL inputs . 

. 1 

.2 32 

.3 33 

.4 34 

.5 35 

.6 36 

.7 37 

RST 20 I A high level on this pin for two machine cycles while the oscillator is 
running resets the device. An internal pulldown resistor permits 
Power-on reset using only a capacitor connected to Vee. 
This pin does not receive the power down voltage as is the case for 
HMOS MCS-51 family members. This function has been transferred 
to the Vee pin. 

ALE 18 0 Provides Address Latch Enable output used for latching the 
address into external memory during normal operation. ALE can 
sink/source eight LS TTL inputs. 

PSEN 19 0 The Program Store Enable output is a control signal that enables 
the external Program Memory to the bus during normal fetch 
operation. PSEN can sink/source eight LS TTL inputs. 

EA 17 I When held at TTL high level, the UPI-452 executes instructions 
from the internal ROM when the PC is less than 8192 (8K, 2000H). 
When held at a TTL low level, the UPI-452 fetches all instructions 
from external Program Memory. 

DBO 58 I/O Host Bus Interface is an.8-bit bi-directional bus. It is used to transfer 
DB1 57 data and commands between the UPI-452 and the host processor. 
DB2 56 This bus can sink/source eight LS TTL inputs. 
DB3 55 
DB4 54 
DB5 53 
DB6 52 
DB7 51 

CS 44 I This pin is the Chip Select of the UPI-452. 

AO 40 I These three address lines are used to interface with the host 
A1 . 41 system. They define the UPI-452 operations. The interface is 
A2 42 compatible with the Intel microprocessors and the MUL TIBUS. 

READ 46 I This pin is the read strobe from the host CPU. Activating this pin 
causes the UPI-452 to place the contents of the Output FIFO (either 
a command or data) or the Host Status/Control Special Function 
Register on the Slave Data Bus. 

WRITE 47 I This pin is the write strobe from the host. Activating this pin will 
cause the value on the Slav~ Data Bus to be written into the register 
specified by AO-A2. 

DRQIN/ 49 0 This pin requests an input transfer from the host system whenever 
INTRQIN the Input Channel requires data. 

DRQOUT/ 48 0 This output pin requests an output transfer whenever the Output 
INTRQOUT Channel requires service. If the external host to UPI-452 DMA is 

enabled, and a Data Stream Command is at the Output FIFO, 
DRQOUT is deactivated and INTRQ is activated (see 'GENERAL 
PURPOSE DMA CHANNELS' section). 
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UPI-4S2 PIN DESCRIPTIONS (Continued) 

Symbol Pin # Type Name and Function 
INTRQ 50 0 This output pin is used to interrupt the host processor when an 

Immediate Command Out or an error condition is encountered. It is 
also used to interrupt the host processor when the FIFO requests 
service if the DMA is disabled and INTRQIN and INTRQOUT are 
not used. 

DACK 45 I This pin is the DMA acknowledge for the host bus interface Input 
and Output Channels. When activated, a write command will cause 
the data on the Slave Data Bus to be written as data to the Input 
Channel (to the Input FIFO). A read command will cause the Output 
Channel to output data (from the Output FIFO) on to the Slave Data 
Bus. This pin should be driven high (+ 5V) in systems which do not 
have a DMA controller (see Address Decoding). 

Vee 26 I + 5V power supply during operation. 

ARCHITECTURAL OVERVIEW 

Introduction 

The UPI-452 slave microcontroller incorporates an 
80C51 with double the program and data memory, a 
slave interface which allows it to be connected di
rectly to the host system bus as a peripheral, a FIFO 
buffer module, a two channel DMA processor, and a 
fifth 1/0 port (Figure 3). The UPI-452 retains all of 
the 80C51 architecture, and is fully compatible with 
the MCS-51 instruction set. 

The Special Function Register (SFR) interface con
cept introduced in the MCS-51 family of microcon
trollers has been expanded in the UPI-452. To the 
20 Special Function Registers of the MCS-51, the 
UPI-452 adds 34 more. These additional Special 
Function Registers, like those of the MCS-51, pro
vide access to the UPI-452 functional elements in
cluding the FIFO, DMA and added interrupt capabili
ties. Several of the 80C51 core Special Function 
Registers have also been expanded to support add
ed features of the UPI-452. 

This data sheet describes the unique features of the 
UPI-452. Refer to the 80C51 data sheet for a de-

scription of the UPI-452's core CPU functional 
blocks including; 

- TimerslCounters 

-1/0 Ports 

- Interrupt timing and control (other than FIFO and 
DMA interrupts) 

- Serial Channel 

- Local Expansion Bus 

- Program/Data Memory structure 

- Power-Saving Modes of Operation 

- CHMOS Features 

-Instruction Set 

Figure 3 contains a conceptual block diagram of the 
UPI-452. Figure 4 provides a functional block dia
gram. 

FIFO Buffer Interface 

A unique feature of the UPI-4S2 is the incorporation 
of a 128 byte FIFO array at the host-slave interface. 
The FIFO allows asynchronous bi-directional trans
fers between the host CPU and the internal CPU. 

231428-7 

Figure 3. UPI-452 Conceptual Block Diagram 
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ADDITIONAL FEATURES: I 
-SERIAL CHANNEL : 
-EXTERNAL INTERRUPTS 
-HLD!HLD ACK 
-LOCAL EXPANSION 

BUS 
-RD 
-WR 

-EXTERNAL 
COUNTER INPUT 

-EPROM PROGRAM 
AND VERIFY 

I CONTROL ,,-------------
231428-8 

Figure 4. UPI-452 Functional Block Diagram 

The division of the 128 bytes between Input and 
Output channels is user programmable allowing 
maximum flexibility. If the entire 128 byte FIFO is 
allocated to the Input channel, a high performance 
Host can transfer up to 128 bytes at one time, then 
dedicate its resources to· other functions while the 
internal CPU processes the data in the FIFO. Vari
ous handshake signals allow, the external Host to 
operate independently and without frequent monitor
ing of the UPI-452 internal CPU. The FIFO Buffer 
insures that the slave processor receives data in the 
same order that it was sent by the host without the 
need to keep track of addresses. Three slave bus 
interface handshake methods are supported by the 
UPI-452: DMA, Interrupt and Polled. 

The FIFO is nine bits wide. The ninth bit acts as a 
command/data flag. Commands written to the FIFO 
by either the host or internal CPU are called Data 
Stream Commands or DSCs. DSCs are written to 
the input FIFO by the Host via a unique external 
address. DSCs are written to the output FIFO by the 
internal CPU via the COMMAND OUT Special Func
tion Register (SFR). When encountered by the host 
or internal CPU a Data Stream Command can be 
used as an address vector to user defined service 
routines. DSCs provide synchronization of data and 
commands between the Host and internal CPU. 

FIFO PROGRAMMABLE FEATURES 

Size of Input/Output Channels 
The 128 bytes of FIFO space can be allocated be
tween the Input and Output channels via the Chan-

nel Boundary Pointer (CBP) SFR. This register con
tains the number of address locations assigned to 
the ·Input channel. The remaining address locations 
are automatically assigned to the Output FIFO. The 
CBP SFR can only be programmed by the internal 
CPU during FIFO DMA Freeze Mode (See FIFO-Ex
ternal Host Interface FIFO DMA Freeze Mode de
scription) .. The CBP is. initialized to 40H (64 bytes) 
upon reset. . 

The number in the Channel Boundary Pointer SFR is 
actually the first address location of the Output 
FIFO. Writing to the CBP SFR reassigns the Input 
and Output FIFO address space. Whenever the CBP 
is written, the Input FIFO pointers are reset to zero 
and the Output FIFO pointers are set to the value in 
the CBP SFR. 

All of the FIFO space may be assigned to one chan
nel. In such a situation the other channel's data path 
consists·of a single SFR (FIFO IN/COMMAND IN or 
FIFO OUT/COMMAND OUT SFR) location. 

CBP Input FIFO Output FIFO 
Register Size Size 

0 1 128 
1 1 128 
2 2 126 
3 3 125 
4 4 124 
• • • 

7B 123 5 
7C 124 4 
70 125 3 
7E 128 1 
7F 128 1 
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FIFO Read/Write Pointers 

These normally operate in auto-increment (and auto
rollover) mode, but can be reassigned by the internal 
CPU during FIFO DMA Freeze Mode (See FIFO-Ex
ternal Host Interface FIFO DMA Freeze Mode de
scription). 

Threshold Register 

The Input FIFO Threshold SFR contains the number 
of empty bytes that must be available in the Input 
FIFO to generate a Host interrupt. The Output FIFO 
Threshold SFR contains the number of bytes, data 
and/or DSC(s), that must be in the FIFO before an 
interrupt is generated. The Threshold feature pre
vents the Host from being interrupted each time the 
FIFO needs to load or unload one byte of data. The 
thresholds, therefore, allow the FIFO's operation to 
be adjusted to the speed of the Host, optimizing the 
overall interface performance. 

Immediate Commands 

The UPI-452 provides, in addition to data and DSCs, 
a third direct means of communication between the 
external Host and internal CPU called Immediate 
Commands. As the name implies, an Immediate 
Command is available to the receiving CPU immedi
ately, via an interrupt, without being entered into the 
FIFO as are Data Stream Commands. Like Data 
Stream Commands, Immediate Commands are writ
ten either via a unique external address by the host 
CPU, or via dedicated SFR by the internal CPU. 

The DSC and/or Immediate Command interface 
may be defined as either Interrupt or Polled under 
user program control via the Interrupt Enable (IE), 
Slave Control Register (SLCON), and Interrupt En
able Priority (IEP) Special Function Registers, for the 
internal CPU and via the Host Control SFR for the 
external Host CPU. 

DMA 

The UPI-452 contains a two channel internal DMA 
controller which allows transfer of data between any 

of the three writeable memory spaces: Internal Data 
Memory, External Load Expansion Bus Data Memo
ry and the Special Function Register array. The Spe
cial Function Register array appears as a set of 
unique dedicated memory addresses which may be 
used as either the source or destination address of a 
DMA transfer. Each DMA channel is independently 
programmable via dedicated Special Function Reg
isters for mode, source and destination addresses, 
and byte count to be transferred. Each DMA channel 
has four programmable modes: 

- Alternate Cycle Mode 

- Burst Mode 

- FIFO or Serial Channel Demand Mode 

- External Demand Mode 

A complete description of each mode and DMA op
eration may be found in the section titled "General 
Purpose DMA Channels". 

FIFO/SLAVE INTERFACE 
FUNCTIONAL DESCRIPTION 

Overview 

The FIFO is a 128 Byte RAM array with recirculating 
pointers to manage the read and write accesses. 
The FIFO consists of an Input and an Output chan
nel. Access cycles to the FIFO by the internal CPU 
and external Host are interleaved and appear to be 
occurring concurrently to both the internal CPU and 
external Host. Interleaving access cycles ensures 
efficient use of this shared resource. The internal 
CPU accesses the FIFO in the same way it would 
access any of the Special Function Registers e.g., 
direct and register indirect addressing as well as ar
ithmetric and logical instructions. 

Input FIFO Channel 

The Input FIFO Channel provides for data transfer 
from the external Host to the internal CPU (Figure 5). 
The registers associated with the Input Channel dur
ing normal operation are listed in Table 1*. 

Table 1. Input FIFO Channel Registers' 

Register Name Description 

1) Input Buffer Latch . Host CPU Write only 
2) FIFO INSFR Internal CPU Read only 
3) COMMAND IN SFR Internal CPU Read only 
4) Input FIFO Read Pointer SFR Internal CPU Read only 
5) Input FIFO Write Pointer SFR Internal CPU Read only 
6) Input FIFO Threshold SFR Internal CPU Read only 

'See "FIFO-EXTERNAL HOST INTERFACE FIFO DMA FREEZE MODE" section for FIFO DMA Freeze Mpde SFR characteristics description. 
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EXTERNAL HOST 
CPU 

EXTERNAL 
ADDRESS HOST DATA 

BUS 

INPUT WRITE 
POINTER (IWPR) 

THRESHOLD SFR 
(ITHR) 

INPUT READ 
POINTER (IRPR) 

231428-9 

Figure 5. Input FIFO Channel Functional Block Diagram 

The host CPU writes data and Data Stream Com
mands into tlJe Input Buffer Latch on the rising edge 
of the external WR signal. External addressing de
termines whether the byte is a data byte or Data 
Stream Command and the FIFO logic sets the ninth 
bit of the FIFO accordingly as the byte is moved 
from the Input Buffer Latch into the FIFO. A "1" in 
the ninth bit indicates that the incoming byte is a 
Data Stream Command. The Internal CPU reads' 
data bytes via the FIFO IN SFR, and Data Stream 
Commands via the COMMAND IN SFR. 

A Data Str~am Command will generate an interrupt 
to the internal CPU prior to being· read and after 
completion of the previous operation. The DSC can 
then be read via the COMMAND IN SFR. Data can 
only be read via the FIFO IN SFR and Data Stream 
Commands via the COMMAND IN SFR. Attempting 
to read Data Stream Commands as data byaddress
ing the FIFO IN' SFR will result in "OFFH" being 
read, and the Input FIFO Read Pointer will remain 
intact. (This prevents accidental misreading of Data 
Stream Commands.) Attempting to read data as 
Data Stream Commands will have the same conse
quence. 

The Input FIFO Channel addressing is controlled by 
the Input FIFO Read and Write Pointer SFRs. These 
SFRs are read. only registers during normal opera
tion. However, during FIFO DMA Freeze Mode (See 
FIFO-External Host Interface FIFO DMA Freeze 
Mode description), the internal CPU has write ac
cess to them. Any write to these registers in normal 
mode will have no effect. The Input Write Pointer 
SFR contains the address location to which datal 
commands are written from the Input Buffer Latch. 
The write pointer is automatically incremented after 
each write and is reset to zero if equal to the CBP, 
as the Input FIFO operates as a circular buffer. 

If a write is performed on an empty FIFO, the first 
byte is also written into the FIFO IN or COMMAND 
IN SFR. If the Host continues writing while the Input' 
FIFO is full, an external interrupt, if enabled, is sent 
to the host to signal the overrun condition. The 
writes are ignored by'the FIFO control logic. Similar
ly, an internal CPU read of an empty FIFO will cause 
an underrun error interrupt to be generated to the 
interhal CPU and a value of "OFFH" will be read by 
the internal CPU. 
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The Read Pointer SFR holds the address of the next 
byte to be read from the Input FIFO. An Input FIFO 
read operation post-increments the Input Read 
Pointer SFR and loads a new data byte into the 
FIFO IN SFR or a Data Stream Command into the 
COMMAND IN SFR at the end of the read cycle. 

An Input FIFO Request for Service (via DMA, Inter
rupt or a flag) is generated to the Host whenever 
more data can be written into the Input FIFO. For 
efficient utilization of the Host, a "threshold" value 
can be programmed into the Input FIFO Threshold 
SF:R. The range of values of the Input FIFO Thresh
old SFR can be from 0 to (CBP-3). The Request for 
Service Interrupt is generated only after the Input 
FIFO has room to accommodate a threshold number 
of bytes or more. The threshold is equal to the total 

number of bytes assigned to the Input FIFO (CBP) 
minus the number of bytes programmed in the Input 
FIFO Threshold SFR. With this feature the Host is 
assured that it can write at least a threshold number 
of bytes to the Input FIFO channel without worrying 
about an overrun condition. Once the Request for 
Service is generated it remains active until the Input 
FIFO becomes full. 

Output FIFO Channel 

The Output FIFO Channel provides data transfer 
from the UPI-452 internal CPU to the external Host 
(Figure 6). 

The registers associated with the Output Channel 
during normal operation are listed in Table 2*. 

231428-10 

Figure 6. Output FIFO Channel Functional Block Diagram 

Table 2. Output FIFO Channel Registers 

Register Name Description 

1) Output Buffer Latch Host CPU Read only 
2) FIFO OUT SFR Internal CPU Read and Write 
3) COMMAND OUT SFR Internal CPU Read and Write 
4) Output FIFO Read Pointer SFR Internal CPU Read only 
5) Output FIFO Write Pointer SFR Internal CPU Read only 
6) Output FIFO Threshold SFR Internal CPU Read only 

'See "FIFO-EXTERNAL HOST INTERFACE FIFO DMA FREEZE MODE" sectIon for FIFO DMA Freeze Mode regIster characteristIcs deSCriptIon. 
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The UPI-4S2 internal CPU transfers data to the Out
put FIFO via the FIFO OUT SFR and commands via 
the C0MMAND OUT SFR. If the byte is written to 
the COMMAND OUT SFR, the ninth bit is automati
cally set (= 1) to indicate a Data Stream Command. 
If the byte is written to the FIFO OUT SFR the ninth 
bit is cleared (=0). Thus the FIFO OUT and COM
MAND OUT SFRs are the same but the address de
termines whether the byte entered in the FIFO is a 
DSC or data byte. 

The Output FIFO preloads a byte into the Output 
Buffer Latch. When the Host issues a RD/ Signal, 
the data is immediately read from the Output Buffer 
Latch. The next data byte is then loaded into the 
Output Buffer Latch, a flag is set and an interrupt, if 
enabled, is generated if the byte is a DSC (ninth bit 
is set). The operation is carefully timed such that an 
interrupt can be generated in time for it to be recog
nized by the Host before its next read instruction. 
Internal CPU write and external Host read opera
tions are interleaved at the FIFO so that they appear 
to be occurring concurrently. 

The Output FIFO read and write pointer operation is 
the same as for the Input Channel. Writing to the 
FIFO OUT or COMMAND OUT SFRs will increment 
the Output Write Pointer SFR but reading from it will 
leave the write pointer unchanged. A rollover of the 
Output FIFO Write Pointer causes the pointer to be 
reset to the value in the Channel Boundary Pointer 
(CBP) SFR. 

If the external host attempts to· read a Data Stream 
Command as a data byte it will result in invalid data 
(OFFH) being read. The DSC is not lost because the 
invalid read does not increment the pointer. Similarly 
attempting to read a data byte as a Data Stream 
Command has the same result. 

A Request for Service is generated to the external 
Host under the following two conditions: 

1.) Whenever the internal CPU has written a thresh
old number of bytes or more into the Output FIFO 
(threshold = (OTHR) + 1). The threshold num
ber should be chosen such that the bus latency 
time for the external Host does not result in a 
FIFO overrun error condition on the internal CPU 
side. The threshold limit should be large enough 
to make a bus request by the UPI-4S2 to the ex
ternal host CPU worthwhile. Once a request for 
service is generated, the request remains active 
until the Output FIFO becomes empty. The range 
of values of the FIFO Output Threshold (OTHR) 
SFR is from 2 to {(80H-CBP)-11. The threshold 
number can be programmed via the OTHR SFR. 

2.) The second type of Request for Service is called 
"Flush Mode" and occurs when the internal CPU 
writes a Data Stream Command into the Output 
FIFO. Its purpose is to ensure that a data block 
entered into the Output FIFO, which is less than 
the programmed threshold, will generate a Re
quest for Service interrupt, if enabled, and be 
read, or "Flushed" from the Output FIFO, by the 
external host CPU regardless of the status of the 
OTHR SFR. 

Immediate Commands 
Immediate Commands provide direct communica
tion between the external Host and UPI-4S2. Unlike 
Data Stream Commands which are entered into the 
FIFO, the Immediate Command is available to the 
receiving CPU directly, bypassing the FIFO. The Im
mediate Command can serve as a program vector 
pointing into a jump table in the recipients software. 
Immediate Command Interrupts are generated, if en
abled, and a bit in the appropriate Status Register is 
set when an Immediate Command is input or output. 
A similar bit is provided to acknowledge when an 
Immediate Command has been read and whether 
the register is available to receive another com
mand. The bits are reset when the Immediate Com
mands are read.·Two Special Function Registers are 
dedicated to the Immediate Command interface. Ex
ternal addressing determines whether the Host is 
accessing the Input FIFO or the Immediate Com
mand IN (IMIN) SFR. The internal CPU writes Imme
diate Commands to the Immediate Command OUT 
(IMOUT) SFR. 

Both processors have the ability to enable or disable 
Immediate Command Interrupts. By disabling the in
terrupt, the recipient of the Immediate Command 
can poll the status SFR and read the Immediate 
Command at its convenience. Immediate Com
mands should only be written when the appropriate 
Immediate Command SFR is empty (as indicated in 
the appropriate status SFR:HSTAT/SSTAT). Simi
larly, the Immediate Command SFR should only be 
read when there is data in the Register. 

The flowcharts in Figure 7a and 7b illustrate the 
proper handshake mechanisms between the exter
nal Host and internal CPU when handling Immediate 
Commands. 
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HOST & SLAVE INTERFACE SPECIAL FUNCTION REGISTERS 

Slave Interface Special Function Registers 

The Internal CPU interfaces with the FIFO slave module via the following registers: 

1) Mode Special Function Register (MODE) 

2) Slave Control Special Function Register (SLCON) 

3) Slave Status Special Function Register (SST AT) 

Each register resides in the SFR Array and is accessible via all direct addressing modes except bit. Only the· 
Slave Control Register (SLCON) is bit addressable. 

1) MODE Special Function Register (MODE) 

The MODE SFR provides the primary control of the external host-FIFO interface. It is included in the SFR 
Array so that the internal CPU can configure the external host-FIFO interface should the user decide that the 
UPI-452 slave initialize itself independent of the external host CPU. 

The MODE SFR can be directly modified by the internal CPU through direct address instructions. It can also be 
indirectly modified by the external host CPU by setting up a MODE SFR service routine in the UPI-452 program 
memory and having the host issue a Command, either Immediate or DSC, to vector to that routine. 

Symbolic Physical 
Address Address 

MODE MD6 MD5 MD4 OF9H 

(MSB) (LSB) 
Status On Reset: 

o o o l' l' 

MD7 (reserved)" 

MD6 Request for Service to external CPU via; 

1 = DMA (DRQIN/DRQOUT) request to external host when the Input or Output FIFO channel re
quests service 

o = Interrupt (INTRQIN/INTRQOUT or INTRQ) to external host when the Input or Output FIFO 
channel requests service or a DSC is encountered in the 1/0 Buffer Latch 

MD5 Configure DRQIN/INTRQIN and DRQOUT/INTRQOUT to be either; 

1 = Enable (Actively driven) 

o = Disable (Tri-state) 

MD4 Configure INTRQ to be either; 

1 = Enable (Actively driven) 

o = Disable (Tri-state) 

MD3 (reserved)" 

MD2 (reserved)" 

MD1 (reserved)" 

MDO (reserved)" 

2) Slave Control SFR (SLCON) 

The Slave Control SFR is used to configure the FIFO-internal CPU interface. All interrupts are to the internal 
CPU. 
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Symbolic 
Address 

SLCON IFI OFI 

(MSB) 
Status On Reset: 

o o 

ICII 

o 

UPI-4S2 

ICOI FRZ 

o o l' 

IFRS OFRS 

(LSB) 

o o 

Physical 
Address 

OEBH 

IFI Enable Input FIFO Interrupt (due to Underrun Error Condition, Data Stream Command or Request 
Service) 

1 = Enable 

o = Disable 

OFI Enable Output FIFO Interrupt (due to Overrun Error Condition or R~quest Service) 

1 = Enable 

0= Disable 

Note: If the DMA is configured to service a FIFO demand, then the Request for Service Interrupt is 
not generated. 

ICII Generate Interrupt when a command is written to the Immediate Command in Register 

1 = Enable 

0= Disable 

ICOI Generate Interrupt when Immediate Command Out Register is Available 

1 = Enable 

0= Disable 

FRZ Enable FIFO DMA Freeze Mode 

1 = Normal operation 

o = FIFO DMA Freeze Mode 
SC2 (reserved) •• 

IFRS Input FIFO Channel Request for Service 

1 = Request when Input FIFO not empty 

o = Request when Input FIFO full 

OFRS Output FIFO Channel Request for Service 

1 = Request when Output FIFO not full 

o = Channel Request when Output FIFO empty 

NOTES: 
• A '1' will be read from all SFR reserved locations except HCON SFR, HCO and HC2. 

"'reserved'-these locations are reserved for future use by Intel Corporation. 

3) Slave Status SFR (SST AT) 

The bits in the Slave Status SFR reflect the status of the FIFO-internal CPU interface. It can be read during an 
internal interrupt service routine to determine the nature of the interrupt or read during a polling sequence to 
determine a course of action. 

Symbolic 
Address 

SSTAT 

(MSB) 

o o o 
(LSB) 
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SST? Output FIFO Overrun Error Condition 

1 = No Error 

UPI-452 

o = Error (latched until Slave Status SFR is read) 

SST6 Immediate Command Out Register Status 

1 = Full (i.e. Host CPU has not read previous Immediate Command Out sent by internal CPU) 

0= Available 

SST5 FIFO DMA Freeze Mode Status 

1 = Normal Operation 

o = FIFO DMA Freeze_ Mode in Progress 

SST4 Output FIFO Request for Service Flag 

1 = Output FIFO does not request service 

o = Output FIFO requests service 

SST3 Input FIFO Underrun Error Condition Flag 

1 = No Underrun Error 

o = Underrun Error (latched until Slave Status SFR is read) 

SST2 Immediate Command In SFR Status 

1 = Empty 

o = Immediate Command received from host CPU 

SST1 Data Stream Command/Data at Input FIFO Flag 

1 = Data (not DSC) 

o = DSC (at COMMAND IN SFR) 

SSTO Input FIFO Request For Service Flag 

1 = Input FIFO Does Not Request Service 

o = Input FIFO Request for Service 

EXTERNAL HOST INTERFACE SPECIAL FUNCTION REGISTERS 

The external host CPU has direct access to the following SFRs: 

1) Host Control Special Function Register 

2) Host Status Special Function Register 

It can also access other SFRs by commanding the internal CPU to change them accordingly via Data Stream 
Commands or Immediate Commands. The protocol for implementing this is entirely determined by the user. 

1) Host Control SFR (HCON) 

By writing to the Host Control SFR, the host can enable or disable FIFO interrupts and DMA requests and can 
reset the UPI-452. 

Symbolic Physical 
Address Address 

HCON HC? HC6 HC5 HC4 HC3 HC1 OE?H 

(MSB) (LSB) 
Status On Reset: 

0 0 0 0 0 O' 0 O' 
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HC? Enable Output FIFO Interrupt due to Underrun Error Condition, Data Stream Command or Service 
Request 

1 = Enable 

0= Disable 

HC6 Enable Input FIFO Interrupt due to Overrun Error Condition, or Service Request 

1 = Enable 

o = Disable 

HC5 Enable the generation of the Interrupt due to Immediate Command Out being present 
1 = Enable 

0= Disable 

HC4 Enable the Interrupt due to the Immediate Command In Register being Available for a new Immediate 
Command byte 

1 = Enable 

0= Disable 

HC3 Reset UPI-452 

1 = Software RESET 

o = Normal Operation 

HC2 (reserved)" 

HC1 Select between INTRQ and INTRQIN/INTRQOUT as Request for Service interrupt signal when DMA is 
disabled 

1 = INTRQ 

o = INTRQIN or INTRQOUT 
HCO (reserved)' * 

NOTES: 
*A '1' will be read from all SFR reserved locations except HCON SFR, HCO and HC2. 
"'reserved'-these locations are reserved for future use by Intel Corporation. 

2) Host Status SFR (HST A. T) 

The Host Status SFR provides information on the FIFO-Host Interface and can be used to determine the 
source of an external interrupt during polling. Like the Slave Status SFR, the Host Status SFR reflects the 
current status of the FIFO-external host interface. 

Symbolic 
Address 

HSTAT 

(MSB) 
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HST7 Output FIFO Underrun Error Condition 
1 = No Underrun Error 
o = Underrun Error (latched until Host 
Status Register is read) 

HST6 Immediate Command Out SFR Status 
1 = Empty 
o = Immediate Command Present 

HST5 Data Stream Command/Data at Output 
FIFO Status 
1 = Data (not DSC) 
o = DSC (present at Output FIFO COM-
MAND OUT SFR) 
(Note: Only if HST 4 = 0, if HST 4 = 1 then un-
determined) . 

HST4 Output FIFO Request for Service Status 
1 = No Request for Service 
o = Output FIFO Request for Service due to: ' 

a. Output FIFO containing the threshold 
number of bytes or more 

b. Internal CPU sending a block of data ter
minated .by a DSC (DSC Flush Mode) 

HST3 Input FIFO Overrun Error Condition 
1 = No Overrun Error 
o = Overrun Error (latched until Host Status 
Register is read) 

HST2 Immediate Command h, SFR Status 
1 = Full (Le. Internal CPU has not read pre
vious Immediate Command sent by Host) 
0== Empty 

• Reset value; 
'1' - if read by the external Host 

'0' - if read by internal CPU (reads shadow 
latch - see FIFO DMA Freeze Mode descrip
tion) 

HST1 FIFO DMA Freeze Mode Status 
1 = Freeze Mode in progress. 
(In Freeze Mode, the bits of the Host Status 
SFR are forced to a '1' initially to prevent the 
external Host from attempting to access the 
FIFO. The definition of the Host Status SFR 
bits during' FIFO DMA Freeze Mode can be 
found in FIFO DMA Freeze Mode descrip
tion) 
o = Normal Operation 

HSTO Input FIFO Request Service Status 
1 = Input FIFO does not request service 
o = Input FIFO request service due to the 
Input FIFO containing enough space for the 
host to write the threshold number of bytes 
or more 

FIFO MODULE - EXTERNAL HOST 
INTERFACE 

Overview 
The FIFO-external Host interface supports high 
speed asynchronous bi-directional a-bit data trans
fers. The hQst interface is fully compatible with Intel 
microprocessor local busses and with MUL TIBUS. 
The FIFO has two specialized DMA request pins for 
Input and Output FIFO channel DMA requests. 
These are multiplexed to provide a dedicated Re
quest for Service interrupt (DRQINIINTRQIN, 
DRQOUT IINTRQOUT). 

The external Host can program, under user defined 
protocol, thresholds into the FIFO Input and Output 

. Threshold SFRs which determine when the FIFO 
Request for Service interrupt is generated to the 
Host CPU. The FIFO module external Host interface 
is configured by the internal CPU via the MODE 
SFR. "The external Host can enable and disable 
Host interface interrupts via the Host Control SFR." 
Data Stream Commands in the Input FIFO channel 
allow the Host to influence the processing of data 
blocks and are sent with the data flow to maintain 
synchronization. Data Stream Commands in .the 
Output FIFO Channel allow the internal CPU to per
form the same function, and also to set the Output 
FIFO Request Service status logic to the host CPU 
regardless of the programmed value in the Thresh
old SFR. 

Slave Interface Address Decoding 
The UPI-452 determines the desired Host function 
through address decoding. The lower three bits of 
the address as well as the READ, WRITE, Chip Se
lect (CS) and DMA Acknowledge (DACK) are used 
for decoding. Table 3 shows the pin states and the 
Read or Write operations associated with each con
figuration. 

Interrupts to the Host 
The UPI-452 interrupts the external Host via the 
INTRQ pin. In addition, the DRQIN and DRQOUT 
pins can be multiplexed as interrupt request lines, 
INTRQIN and INTRQOUT respectively, when DMA 
is disabled. This provides two special FIFO "Re
quest for Service" interrupts. 

There are eight FIFO-related interrupt sources; two 
from The Input FIFO; three from The Output FIFO; 
one from the Immediate Command Out SFR; one 
from the Immediate Command IN SFR; and one due 
to FIFO DMA Freeze Mode. 

INPUT FIFO: The Input FIFO interrupt is generated 
whenever: 

a. The Input FIFO contains space for a threshold 
number of bytes. 
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Table 3. UPI-452 Address Decoding 

DACK CS A2 A1 AO Read Write 

1 1 X X X No Operation No Operation 

1 0 0 0 0 Data or DMA from Output FIFO Channel Data or DMA to Input FIFO Channel 

1 0 0 0 1 Data Stream Command from Output FIFO Channel Data Stream Command to Input FIFO Channel 

1 0 0 1 0 Host Status SFR Read Reserved 

1 0 0 1 1 Host Control SFR Read Host Control SFR Write 

1 0 1 0 0 Immediate Command SFR Read Immediate Command to SFR Write 

1 0 1 1 X Reserved Reserved 

0 X X X X DMA Data from Output FIFO Channel DMA Data to Input FIFO Channel 

1 0 1 0 1 Reserved Reserved 

NOTES: 
1. Attempting to read a DSC as a data byte will result in invalid data being read. The read pOinters are not incremented so 
that the DSC is not lost. Attempting to read a data byte as a DSC has the same result. 
2. If DACK is active the UPI·452 will attempt a DMA operation when RD or WR becomes active regardless of the DMA 
enable bit (MD6) in the MODE SFR. Care should be taken when using DACK. For proper operation, DACK must be driven 
high (+ 5V) when not using DMA. 

b. When an Input FIFO overrun error condition ex
ists. The appropriate bits in the Host Status SFR 
are set and the interrupt is generated only if en
abled. 

OUTPUT FIFO: The Output FIFO Request for Serv
ice Interrupt operates in a similar manner as the In
put FI FO interrupt: 

a. When the FIFO contains the threshold number of 
bytes or more. 

b. Output FIFO error condition interrupts are gener
ated when the Output FIFO is underrun. 

c. Data Stream Command present in the Output 
Buffer Latch. 

A Data Stream Command interrupt is used to halt 
normal processing, using the command as a vector 
to a service routine. When DMA is disabled, the user 
may program (through HC1) INTRQ to include FIFO 
Request for Service Interrupts or use INTRQIN and 
INTRQOUT as Request for Service Interrupts. 

IMMEDIATE COMMAND INTERRUPTS: 

a. An Immediate Command Out Interrupt is generat
ed, if enabled, to the Host and the corresponding 
Host Status SFR bit (HSTAT HST6) is cleared, 
when the internal CPU writes to the Immediate 
Command OUT (IMOUT) SFR. When the Host 
reads the Immediate Command OUT (IMOUT) 
SFR the corresponding bit in the Host Status 
(HST AT) SFR is set. This causes the Slave Status 
Immediate Command OUT Status bit (SSTAT 
SST6) to be cleared indicating that the Immediate 
Command OUT (IMOUT) SFR is empty. If en
abled, a FIFO-Slave Interface will also be gener
ated to the internal CPU. (See Figure 7b, Immedi
ate Command OUT Flowchart.) 

b. An Immediate Command IN interrupt is generat
ed, if enabled, to the Host when the internal CPU 
has read a byte from the Immediate Command IN 
(IMIN) SFR. The read operation clears the Host 
Status SFR Immediate Command IN Status bit 
(HSTAT HST2) indicating that the Immediate 
Command IN SFR is empty. The corresponding 
Slave Status (SSTAT) SFR bit is also set to indi
cate an empty status. Setting the Slave Status 
SFR bit generates a FIFO·Slave Interface inter
rupt, if enabled, to the internal CPU. (See Figure 
7a, Immediate Command IN Flowchart.) 

NOTE: 
Immediate Command IN and OUT interrupts are ac
tually specific Request For Service interrupts to the 
Host. 

FIFO DMA FREEZE MODE: When the internal CPU 
invokes FIFO DMA Freeze Mode, for example at re
set or to reconfigure the FIFO interface, INTRQ is 
activated. The INTRQ can only be deactivated by 
the external Host reading the Host Status SFR 
(HST1 remains active until FIFO DMA Freeze Mode 
is disabled by the internal CPU). 

Once an interrupt is generated, INTRQ will remain 
high until no interrupt generating condition exists. 
For a FIFO underrun/overrun error interrupt, the in
terrupt condition is deactivated by the external Host 
reading the Host Status SFR. An interrupt is serv
iced by reading the Host Status SFR to determine 
the source of the interrupt and vectoring the appro
priate service routine. 
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DMA Requests to the Host 

The UPI-452 generates two DMA requests, DRQIN 
and DRQOUT, to facilitate data transfer between the 
Host and the Input and Output FIFO channels. A 
DMA acknowledge, DACK, is used as a chip select 
and initiates a data transfer. The external READ and 
WRITE signals select the Input and Output FIFO re
spectively. The CS and address lines can also be 
used' as a DMA acknowledge for processors with 
onboard DMA controllers which do not generate a 
DACK signal. 

The internal CPU can configure the UPI-452 to re
quest service from the. external host via DMA or in
terrupts by programming Mode SFR MD6 bit. In ad
dition the external Host enables DMA requests 
through bits 6 and 7 of the Host Control SFR. When 
a DMA request is invoked the number of bytes tran's
ferred to the Input FIFO is the total number of bytes 
in the Input FIFO (as determined by the CBP SFR) 
minus the value programmed in the Input FIFO 
Threshold SFR. The DMA request line is activated 
only when the Input FIFO has a threshold number of 

_ bytes that can be transferred. 

The Output FIFO DMA request is activated WhEln a 
DSC is written by the internal CPU at the end of a 
less than threshold size block of data (Flush Mode) 
or when the Output FIFO threshold is reached. The 
request remains active until the Input FIFO becomes 
full orthe Output FIFO becomes empty. If a DSC is 
encountered during an Output FIFO' DMA transfer, 
the DMA request is dropped until the DSC, is read. 
The DMA request will be reactivated after the DSC is 
read and remains active until the Output FIFO be
comes empty or arlother DSC is encountered. 

FIFO MODULE· INTERNAL CPU 
INTERFACE 

Overview 

The Input and Output FIFOs are accessed by the 
, internal CPU through direct addressing of the FIFO 
IN/COMMAND IN and FIFO OUT/COMMAND OUT 
Special Function Registers. All of the 80C51 instruc
tions involving direct addressing may be used to ac
cess the FIFO's SFRs. The FIFO IN, COMMAND IN 
'and Immediate Command In SFRs are actually read 
only registers, and their Output counterparts are 
write only. Internal DMA transfers data between In
ternal memory, External Memory and the Special 
Function Registers. The Special Function Registers 
appear as another group of dedicated memory ad
dresses and are programmed as the source or desti-

nation via the DMAO/DMA 1 Source Address or Des
tination Address Special Function Registers. The 
FIFO module manages the transfer of data between 
the external host and FIFO SFRs. 

Internal CPU Access to FIFO Via 
Software Instructions 

The internal CPU has access to the Input and Out
put FIFOs via the FIFO IN/COMMAND IN and FIFO 
OUT/COMMAND OUT SFRs which reside in the 
Special Function Register Array. At the end of every 
instruction that involves a read of the FIFO IN/COM
MAND IN SFR, the SFR is written over bya new 
byte from the Input FIFO channel when available. At 
the end of every instruction that involves a write to 
the FIFO OUT/COMMAND OUT SFR, the new byte 
is written into the Output FIFO channel and the write 
pointer is incremented after the write operation (post 
incremented). 

The internal CPU reads the Input FIFO by using the 
FIFO IN/COMMAND IN SFR as the source register 
in an instruction. Those instructions which read the 
Input FIFO are listed below: 

ADD A,FIFO IN/COMMAND IN 
ADDC A,FIFO INicOMMAND IN 
PUSH FIFO IN/COMMAND IN 
ANL A,FIFO IN/COMMAND IN 
ORL A,FIFO IN/COMMAND IN 
XRL A,FIFO IN/COMMAND IN 
CJNE A,FIFO IN/COMMAND IN, rei 
SUBB A,FIFO IN/COMMAND IN 
MOV direct,FIFO IN/COMMAND IN 
MOV @Ri,FIFO IN/COMMAND IN 
MOV Rn,FIFO IN/COMMAND IN 
MOV A,FIFO IN/COMMAND IN 

After each access to these registers, they are over
written by a new byte from the FIFO. 

NOTE: 
Instructions which use the FIFO IN or COMMAND 
IN SFR as both a source and destination register 
will have the data destroyed as the next data byte 
is rewritten into the FIFO IN register at the end of 
the instruction. These instructions are not support
ed by the UPI-452 FIFO. Data can only be read 
through the FIFO IN SFR and DSCs through the 
COMMAND IN SFR. Data read through the COM
MAND IN SFR will be read as OFFH, and DSCs 
read through the FIFO IN SFR will be read as 
OFFH. The Immediate Command in SFR is read 
with the same instructions as the FIFO IN and 
COMMAND IN SFRs. 
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The FIFO IN, COMMAND IN and Immediate Com
mand In SFRs are read only registers. Any write op
eration performed on these registers will be ignored 
and the FIFO pointers will remain intact. 

The internal CPU uses the FIFO OUT SFR to write 
to the Output FIFO and any instruction which uses 
the FIFO OUT or COMMAND OUT SFR as a desti
nation will invoke a FIFO write. DSCs are differenti
ated from data by writing to the COMMAND OUT 
SFR. In the FIFO, Data Stream Commands have the 
ninth bit associated with the command byte set to 
"1 n. The instructions used to write to the Output 
FIFO are listed below: 

MOV FIFO OUT/COMMOUT, A 
MOV FIFO OUT (COMMOUT, direct 
MOV FIFO OUT /COMMOUT, Rn 
POP FIFO OUT /COMMOUT 
MOV FIFO OUT/COMMOUT, #data 
MOV FIFO OUT/COM MOUNT, @Ri 

NOTE: 
Instructions which use the FIFO OUT/COMMAND 
OUT SFRs as both a source and destination regis
ter cause invalid data to be written into the Output 
FIFO. These instructions are not supported by the 
UPI-452 FIFO. 

GENERAL PURPOSE DMA CHANNELS 

Overview 

There are two identical General Purpose DMA Chan
nels on the UPI-452 which allow high speed data 
transfer from one writeable memory space to anoth
er. As many as 64K bytes can be transferred in a 
single DMA operation. The following memory 
spaces can be used with DMA channels: 

• Internal Data Memory 

• External Data Memory 

• Special Function Registers 

The Special Function Register array appears as a 
limited group of dedicated memory addresses. The 
Special Function Registers may be used in DMA 
transfer operations by specifying the SFR as the 
source or destination address. The Special Function 
Registers which may be used in DMA transfers are 
listed in Table 4. Table 4 also shows whether the 
SFR may be used as Source or Destination only, or 
both. 

The FIFO can be accessed during DMA by using the 
FIFO IN SFR as the DMA Source Address Register 
(SAR) or the FIFO OUT SFR as the Destination Ad-

dress Register (DAR). (Note: Since the FIFO IN SFR 
is a read only register, the DMA transfer will be ig
nored if it is used as a DMA DAR. This is also true if 
the FIFO OUT SFR is used as a DMA SAR.) 

Each DMA channel is software programmable to op
erate in either Block Mode or Demand Mode. In the 
Block Mode, DMA transfers can be further pro
grammed to take place in Burst Mode or Alternate 
Cycle mode. In Burst Mode, the processor halts its 
execution and dedicates its resources to the DMA 
transfer. In Alternate Cycle Mode, DMA cycles and 
instruction cycles occur alternately. 

In Demand Mode, a DMA transfer occurs only when 
it is demanded. Demands can be accepted from an 
external device (through External Interrupt pins, 
EXTO/EXT1) or from either the Serial Channel or 
FIFO flags. In this way, a DMA transfer can be syn
chronized to an external device, the FIFO or the Se
rial Port. If the External Interrupt is configured in 
Edge Mode, a single byte transfer occurs per tran
sition. The external interrupt itself will occur if en
abled. If the External Interrupt is configured in Level 
Mode, DMA transfers continue until the External In
terrupt request goes inactive or the byte count be
comes zero. The following flags activate Demand 
-Mode transfers of one byte to/from the FIFO or Seri
al Channel: 

RI - Serial Channel Receiver Buffer Full 

TI - Serial Channel Transmitter Buffer Empty 

Architecture 

There are three 16 bit and one B bit Special Function 
Registers associated with each DMA channel. 

• The 16 bit Source Address SFR (SAR) points to 
the source byte. 

• The 16 bit Destination Address SFR (DAR) points 
to the destination. . 

• The 16 bit Byte Count SFR (BCR) contains the 
number of bytes to be transferred and is decre
mented when a byte transfer is accomplished. 

• The DMA Control SFR (DCON) is eight bits wide 
and specifies the source memory space, destina
tion memory space and the mode of operation. 

In Auto Increment mode, the Source· Address and/ 
or Destination Address is incremented when a byte 
is transferred. When a DMA transfer is complete 
(BCR = 0), the DONE bit is set and a maskable 
interrupt is generated. The GO bit must be set to 
start any DMA transfer (also, the Slave Control SFR 
FRZ bit must be set to disable FIFO DMA Freeze 
Mode). The two DMA channels are designated as 
DMAO and DMA 1, and their corresponding registers 
are suffixed by 0 or 1; e.g. SARO, DAR1, etc. 
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Table 4. DMA Accessible Special Function Registers 

SFR Symbol 

Accumulator AlACC 
B Register B 
FIFO IN FIN 
COMMAND IN CIN 
FIFO OUT FOUT 
COMMAND OUT COUT 
Serial Data Buffer SBUF 
PortO PO 
Port 1 P1 
Port 2 P2 
Port 3 P3 
Port 4 P4 

DMASpeclal Function Registers 

DMA Control SFR: DCONO, DCON1 
Symbolic 
Address 

DCONO 

DCON1 

Address Source 
Only 

OEOH 
OFOH 
OEEH Y 

' OEFH Y 
OFEH 
OFFH 
099H 
080H 
090H 
OAOH 
OBOH 
OCOH 

Destination 
Only 

Y 
Y 

Either 

Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 

Physical 
Address 

092H 

093H 

Reset Status: DCONO and DCON1 = OOH 

Bit Definition: 

DAS IDA Destination Address Space 

0 0 External Data Memory without Auto-Increment 
0 1 External Data Memory with Auto-Increment 
1 0 Special Function Register 
1 1 Internal Data Memory 

SAS ISA Source Address Space 

0 0 External Data Memory without Auto-Increment 
0 1 Ext~rnal Data Memory with Auto-Increment 
1 0 Special Function Register 
1 1. Internal Data Memory 

DM TM DMA Transfer Mode 

0 0 Alternate-Cycle Transfer Mode 
0 1 Burst Transfer Mode 
1 0 FIFO or Serial Channel Demand Mode 
1 1 External Demand Mode· 
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DONE DMA transfer Flag: 

o DMA transfer is not completed. 

DMA transfer is complete. 

NOTE: 
This flag is set when contents of the Syte Count 
SFR decrements to zero. It is reset automatically 
when the DMA vectors to its interrupt routine. 

GO Enable DMA Transfer: 

o Disable DMA transfer (in all modes). 

Enable DMA transfer. If the DMA is in 
the Siock mode, start DMA transfer if 
possible. If it is in the Demand mode, 
enable the channel and wait for a de
mand. 

NOTE: 
The GO bit is reset when the SCR decrements to 
zero. 

DMA Transfer Modes 
The following four modes of DMA operation are pos
sible in the UPI-452. 

1. ALTERNATE-CYCLE MODE 

General 

Alternate cycle mode is useful when CPU process
ing must occur during the DMA transfers. In this 
mode, a DMA cyCle and an instruction cycle occur 
alternately. The interrupt request is generated (if en
abled) at the end of the process, i.e. when SCR dec
rements to zero. The transfer is initiated by setting 
the GO bit in the DCON SFR. 

Alternate-Cycle FIFO Demand Mode 

Alternate cycle demand mode is useful for FIFO 
transfers of a less urgent nature. As mentioned be
fore, CPU instruction cycles are interleaved with 
DMA transfer cycles, allowing true parallel process
ing. 

This mode differs from FIFO Demand Mode in that 
CPU instruction cycles must be interleaved with 
DMA transfers, even if the FIFO is demanding DMA. 
In FIFO Demand Mode, CPU cycles would never oc
cur if the FIFO demand was present. 

Input Channel 

The DMA is configured as in FIFO Demand Mode' 
and transfers are initiated whenever an Input FIFO 

service request is generated. DMA transfer cycles 
are alternated with instruction execution cycles. 
DMA transfers are terminated as in FIFO Demand 
Mode. 

Output Channel 

The DMA is configured as in FIFO Demand Mode 
and transfers are initiated whenever an Output FIFO 
requests service. DMA transfer cycles are alternated 
with instruction execution cycles. DMA transfers are 
terminated as in FIFO Demand Mode. 

The FIFO logic resets the interrupt flag after trans
ferring the byte, so the interrupt is never generated. 

Once the DMA is programmed to service the FIFO, 
the request for service interrupt for the FIFO is inhib
ited until the DMA is done (SCR = 0). 

2. BURST MODE 

In BURST mode the DMA is initiated by setting the 
GO bit in the DCON SFR. The DMA operation con
tinues until BCR decrements to zero (zero byte 
count), then an interrupt is generated (if enabled). 
No interrupts are recognized during this DMA opera
tion once it has started. 

Input Channel 

The FIFO Input Channel can be used in burst mode 
by specifying the FIFO IN SFR as the DMA Source 
Address. DMA transfers begin when the GO bit in 
the DMA Control SFR is set. The number of bytes to 
be transferred must be specified in the Byte Count 
SFR (BCR) and auto-incrementing of the SAR must 
be disabled. Once the GO bit is set nothing can in
terrupt the transfer of data until the SCR is zero. In 
this mode, a Data Stream Command encountered in 
the FIFO will be held in the COMMAND IN SFR with 
the pointers frozen, and invalid data (FFH) will be 
read through the FIFO IN SFR. If the input FIFO 
becomes empty during the block transfer, an OFFH 
will be read until SCR decrements to zero. 

Output Channel 

The Output FIFO Channel can be used in burst 
mode by specifying the FIFO OUT or COMMAND 
OUT SFR as the DMA Destination Address. DMA 
transfers begin when the GO bit is set. This mode 
can be used to send a block of data or a block of 
Data Stream Commands. If the FIFO becomes full 
during the block transfer, the remaining data will be 
lost. . 
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NOTE: 
All interrupts including FIFO interrupts are not rec
ognized in Burst Mode. Burst Mode transfers 
should be, used to service the FIFO only when' the 
user is certain that no Data Stream Commands are 
in the block to be'transferred (Input FIFO) and that 
the FIFO contains enough space to store the block 
to be transferred. In all other cases Alternate Cycle 
or Demand Mode should be used. 

3.. FIFO AND SERIAL CHANNEL DEMAND 
MODES 

NOTES: 
1. If the output FIFO is configured as a one byte 
buffer and the user program consists of two-cycle 
instructions only, then Alternate-Cycle Mode should 
be used. 
2. In non-auto increment mode for internal to exter
nal, or external to internal transfers, the lower 8 bits 
of the external address should not correspond to 
the FIFO or Serial Port address. 

FIFO Demand Mode, 

Although any DMA mode is possible using the,FIFO 
buffer, only FIFO Demand and Alternate Cycle FIFO 
Demand Modes are recommended. FIFO Demand 
Mode DMA transfers using the input FIFO Channel 
are set-up by setting the GO bit and specifying the 
FIFO IN register as the DMA Source Address Regis
ter. The BCR should be set to the maximum number 
of expected transfers. The user must also program 
bit 1 of the Slave Control Register (SC1) to deter
mine whether the Slave 'Status (SSTAn SFR FIFO 
Request For Service Flag will be activated when the 
FIFO becomes not empty or full. Once the Request 
For Service Flag is activated by the FIFO, the DMA 
transfer begins, and continues until the request flag 
is deactivated. While the request is active, nothing 
can interrupt the DMA (i.e. it behaves like burst 
mode). The DMA Request is held active until one of 
the following occurs: 

1) The FIFO becomes empty. 

2) A Data Stream Command is encountered (this 
generates a FIFO interrupt and DMA operation 
resumes after the Data Stream Command is 
read). 

3) SCR = 0 (this generates a DMA interrupt and 
sets the DONE bit). 

DMA transfers to the Output FIFO Channel are simi
lar. The FIFO OUT or COMMAND OUT SFR is the 
DMA Destination Address SFR, and a transfer is 
started by setting the GO bit. The user programs bit 
" of the Slave Control SFR (SCO) to determine 
whether a demand occurs when the Output FIFO 

is not full or empty. DMA transfers begin when the 
Request For Service Flag is activated by the FIFO 
logic and continue as long as the flag is active. The 
Flag remains active until olJe of the following occurs: 

1) The FIFO becomes full 

2) SCR = 0 (this generates a DMA interrupt and 
sets the DONE bit). 

As in Alternate Cycle FIFO Demand Mode, the FIFO 
logic resets the interrupt flag after transferring the 
byte, so the interrupt is never generated. 

After the GO bit is set, the DMA is activated if one of 
the following conditions takes place: 

SAR(0/1) = FIFO IN and HIFRS flag is set 
DAR(0/1) = FIFO OUT and HOFRS flag is set 

The HIFRS and HOFRS signals are internal flags 
which are not accessible by software. These flags 
are similar to the SSTO 'and SST 4 flags in the Slave 
Status Register except that they are of the opposite 
polarity and once set they are not cleared until the 
Input FIFO becomes empty (HIFRS) or the Output 
FIFO becomes full (HOFRS). 

Serial Channel Demand Mode 

Serial Channel Demand Mode is the logical choice 
when using the Serial Port. The DMAs can be acti
vated by one of the Serial Channel Flags. Receiver 
interrupt (RI) or Transmitter Interrupt (TI); 

SAR(0/1) ;= SSUF and RI flag is set 
DAR(0/1) = SBUF and TI flag is set 

NOTE: 
TI flag must be set by software to initiate the first 
transfer. 

When the DMA transfer begins, only one byte is 
transferred at a time. The serial port hardware auto
matically resets the flag after completion of the 
transfer, so an interrupt will not be generated unless 
DMA servicing is held off due to the DMA being 
done (BCR = 0) or when the Hold/Hold Acknowl
edge logic is used and the DMA does not own the 
bus. In this case a Serial Port interrupt may be gen
erated if enabled because of the status of the RI or 
TI flags. 

In FIFO demand mode, Alternate cycle FIFO de
mand mode or Serial Port demand mode only one of 
the following registers (SBUF, FIN or FOUn should 
be used as either the SAR or DAR registers to, pre
vent undesired transfers. For example if SARO = 
FIN and DARO = SSUF in demand mode, the DMA 
transfer will start if either the HIFRS or TI fiags are 
set. 
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4. EXTERNAL DEMAND MODE 

The DMA can be initiated by an external device via 
External interrupt 0 and 1 (INTO/1NT1) pins. The 
INTO pin demands DMAO (Channel 0) and INT1 de
mands DMA1 (Channel 1). If the interrupts are con
figured in edge mode, a single byte transfer is ac
complished for every request. Interrupts also result 
(INTO and INT1) after every byte transfer (if en
abled). If the interrupts are configured in level mode, 
the DMA transfer continues until the request goes 
inactive or BCR = o. In either case, a DMA interrupt 
is generated (if enabled) when BCR = O. The GO bit 
must be set for the transfer to begin. 

EXTERNAL MEMORY DMA 

When transferring data to or from external memory 
via DMA, the HOLD (HLD) and HOLD-ACKNOWL
EDGE (HLDA) signals are used for handshaking. 
The HOLD and HOLD-ACKNOWLEDGE are active 
low signals which arbitrate control of the local bus. 
The UPI-452 can be used in a system where multi
. masters are connected to a single parallel Address/ 
Data bus. The HLD/HLDA Signals are used to share 
resources (memory, peripherals, etc.) among all the 
processors on the local bus. The UPI-452 can be 
configured in any of three different External Memory 
Modes controlled by bits 5 and 6 (REQ & ARB) in 
the PCON SFR (Table 5). Each mode is described 
below: 

REQUESTER MODE: In this mode, the UPI-452 is 
not the bus master, but must request the bus from 
another device. The UPI-452 configures port pin 
P1.5 as a HLD output and pin P1.6 as a HLDA input. 
The UPI·452 issues a HLD signal when it needs ex· 
ternal access for a DMA channel. It uses the local 
bus after receiving the HLDA signal from the bus 
master, and will not release the bus until its DMA 
operation is complete. 

ARBITER MODE: In this mode, the UPI-452 is the 
bus master. It configures port pin P1.5 as HLD input 
and pin P1.6 as HLDA output. When a device as
serts the HLD signal to use the local bus, the UPI· 
452 asserts the HLDA signal after current instruction 
execution is complete. If the UPI·452 needs an ex
ternal access via a DMA channel, it waits until the 
requester releases the bus, HLD goes inactive. 

DISABLE MODE: When external program memory is 
accessed by an instruction or by program counter 
overflow beyond the internal ROM address or exter· 
nal data memory is accessed by MOVX instructions, 
it is a local memory access and the HLD/HLDA logic 
is not initiated. When a DMA channel attempts data 
transfer to/from the external data memory, the 
HLD/HLDA logic is initiated as described below. 
DMA transfers from the internal memory space to 
the internal memory space does not initiate the 
HLD/HLDA logic. 

The balance of the PCON SFR bits are described in 
the "SOC51 Register Description: Power Control 
SFR" section below. 

Latency 

When the GO bit is set, the UPI·452 finishes the 
current instruction before starting the DMA opera
tion. Thus the maximum latency is 3.5 microseconds 
(at 14 MHz). 

DMA Interrupt Vectors 

Each DMA channel has a unique vectored interrupt 
associated with it. There are two vectored interrupts 
associated with the two DMA channels. The DMA 
interrupts are enabled and priorities set via the Inter
rupt Enable and Priority SFR (see "Interrupts" sec· 
tion). The interrupt priority scheme is similar to the 
scheme in SOC51. 

Table 5. DMA MODE CONTROL· PCON SFR 
Symbolic 
Address 

PCON 

Definition· 

ARB 

0 
0 
1 
1 

-* ARB REQ -* 

(MSB) 
·Defined as per MLS·51 Data Sheet 
Reset Status: OOH 

REQ 

0 
1 
0 
1 

-* 

13·27 

--* _. 
-* 

(LSB) 

HLD/HLDA logic is disabled. 

Physical 
Address 

S7H 

The UPI-452 is in the Requester Mode. 
The UPI·452 is in the Arbiter Mode. 
Invalid 
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When a DMA operation is complete (BCR decre
ments to zero), the DONE flag in the respective 
DCON (DCONO or DCON1) SFR is set. If the DMA 
interrupt is enabled, the DONE flag is reset automat
ically upon vectoring to the interrupt routine. 

Interrupts When DMA is Active 

If a Burst Mode DMA transfer is in progress, the in
terrupts are not serviced until the DMA transfer is 
complete. This is also true for level activated Exter
nal Demand DMA transfers. During Alternate Cycle 
DMA transfers, however, the interrupts are serviced 
at the end of the DMA cycle. After that, DMA cycles 
and instruction execution cycles occur alternately. In 
the case of edge activated External Demand Mode 
DMA transfers, the interrupt is serviced at the end of 
DMA transfer of that single byte. 

DMA Arbitration 
Only one of the two DMA channels is active at a 
time, except when both are configured in the Alter
nate Cycle mode. In this case, the DMA cycles and 
Instruction Execution cycles occur in the following 
order: 

1. DMA Cycle O. 

2. Instruction execution. 

3. DMA Cycle 1. 

4. Instruction execution. 

DMAO has priority over DMA 1 during simultaneous 
activation of the two DMA channels. If one DMA 
channel is"active, the other DMA channel, if activat
ed, waits until the first one is complete. 

If DMAO is already in the Alternate Cycle mode and 
DMA 1 is activated in Alternate Cycle Mode, it will 
take two instruction cycles before DMA 1 is activated 
(due to the priority of DMAO). Once DMA 1 becomes 
active, the execution will follow the normal se
quence. " 

If DMAO is already in the Alternate Cycle mode and 
DMA 1 is activated in Burst Mode, the DMA 1 Burst 
transfer will follow the DMAO Alternate Cycle trans
fer (after the completion of the next instruction). 

If the UPI-452 (as a Requester) asserts a HLD signal 
to request a DMA transfer (see "External Memory 
DMA")and its other DMA Channel requests a trans
fer before the HLDA signal is received, the channel 
having higher priority is activated first. A Burst Mode 
transfer on channel 0 can not b~ interrupted since 
DMAO has the highest priority. A Demand Mode 
transfer on channel 0 is the only type of activity that 
can interrupt a block transfer on DMA 1. 

If, while executing a DMA transfer, the Arbiter re
ceives a HLD Signal, and then before it can aCknowl
edge, its other DMA Channel requests a transfer, it 
then completes the second DMA transfer before 
sending the HLDA signal to release the bus to the 
HLD request. 

DMA transfers may be held off under the following 
conditions: 

1. A write to any of the DMA registers inhibits the 
DMA for one instruction cycle. 

NOTE: 
An instruction cycle may be executed in 1, 2 or 4 
machine cycles dependent on the instruction being 
executed. DMA transfers are only executed after 
the completion of an Instruction cycle never be
tween machine cycles of a Single instruction cycle. 
Similarly instruction cycles are only executed upon 
completion of a DMA transfer whether it be a one 
machine cycle transfer or two machine cycles (for 
ext~ to ext. memory transfers). 

2. A single machine cycle DMA register read opera
tion (I.e. MOV A, DCONO) will inhibit the DMA for" 
one instruction cycle. However a two cycle DMA 
register read operation will not inhibit the DMA 
(I.e. MOV P1, DCONO). 

If the HOLD/HOLD Acknowledge logic is enabled in 
requestor mode the hold request will go active once 
the go bit has been set (for burst mode) and once 
the demand flag is set (for demand mode) regard
less of whether the DMA is held off by one of the 
above conditions. 

The DMA Transfer waveforms are in Figures 8-11. 
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Figure 8. DMA Transfer from External Memory to External Memory 
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Figure 9. DMA Transfer from External Memory to Internal Memory 

51 52 53 54 55 56 51 52 53 

CLOCK 

ALE 

PORT 2 ....;;;==;.J['-_-.,,.........;;OE:;;5.;.;;T1NFA~T1a;.;.N;.;.A;;;00;.;.RFE5:;;5~A1:;;5..;-A-FB __ -!-__ .JJ' __ -+ __ 

PORTO DATA OUT 

I--------O"A CyCLE---------i 
231428-15 

Figure 10. DMA Transfer from Internal Memory to External Memory 
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Figure 11. DMA Transfer from Internal Memory to Internal Memory 

INTERNAL INTERRUPTS 

Overview 

The UPI-452 provides a total of eight interrupt sourc
es (Table 6). Their operation is the same as in the 
80C51 , with the addition of three new interrupt 
sources for the UPI-452 FIFO and DMA features. 
These added interrupts have their enable and priori
ty bits in the Interrupt Enable and Priority (IEP) SFR. 
The IEP SFR is in addition to the 80C51 Interrupt 
Enable (IE) and Interrupt Priority (IP) SFRs. The add
ed interrupt sources are also globally enabled or dis
abled by the EA bit in the Interrupt Enable SFR. Ta
ble 6 lists the eight interrupt sources in order of pri
ority. Table 7 lists the eight interrupt sources and 
their respective address vector location in program 
memory. (DMA interrupts are discussed in the "Gen
eral Purpose DMA Channels" section. Additional in
terrupt information for Timer/Counter, Serial Chan~ 
nel, External Interrupt may be found in the Microcon
troller Handbook for the 80C51.) 

FIFO Module Interrupts to Internal CPU 

The FIFO module generates interrupts to the inter
nal CPU whenever the FIFO requests service or 
when a Data Stream Command is in the COMMAND 
IN SFR. The Input FIFO will request service whenev
er it becomes full or not empty depending on bit 1 of 
the Slave Control SFR (I FRS). Similarly, the Output 

Table 6. Interrupt Priority 
Interrupt Source Priority Level 

External Interrupt 0 
Internal Timer/Counter 0 
DMA Channel 0 Request 
External Interrupt 1 
DMA Channel 1 Request 
Internal Timer/Counter 1 
FIFO - Slave Bus Interface 
Serial Channel 

(highest) 
o 
1 
2 
3 
4 
5 
6 
7 

(lowest) 

Table 7. Interrupt Vector Addresses 
Interrupt Source Starting Address 

External Interrupt 0 3 (003H) 
Internal Timer/Counter 0 11 (OOSH) 
External Interrupt 1 19 (013H) 
Internal Timer/Counter 1 27 (01 BH) 
Serial Channel 35 (023H) 
FIFO - Slave Bus Interface 43 (02BH) 
DMA Channel 0 Request 51 (033H) 
DMA Channel 1 Request 59 (03BH) 

FIFO requests service when it becomes empty or 
not full as determined by bit 0 of the Slave Control 
SFR (OFRS). Request for Service interrupts are 
generated only if enabled by the internal CPU via the 
Interrupt Enable SFR, and the Slave Control Regis
ter. 
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A Data Stream Command Interrupt is generated 
whenever there is a Data Stream Command in the 
COMMAND IN SFR. The interrupt is generated to 
ensure that the internal interrupt is recognized be· 
fore another instruction is executed. 

Immediate Command Interrupts 
a. An Immediate Command IN interrupt is generat· 

ed, if enabled, to the internal CPU when the Host 
has written to the Immediate Command IN (IMIN) 
SFR. The write operation clears the Slave Status 
SFR bit (SSTAT SST2) and sets the Host Status 
SFR bit (HSTAT HST2) to indicate that a byte is 
present in the Immediate Command IN SFR. 
When the internal CPU reads the Immediate Com· 
mand IN (IMIN) SFR the Slave Status SFR status 
bit is set, and the Host Status SFR status bit is 
cleared indicating the IMIN SFR is empty. Clear· 
ing the Host Status SFR bit will cause a Request 
For Service (INTRQ) interrupt, if enabled, to signal 
the Host that the IMIN SFR is empty. (See Figure 
7a, Immediate Command IN Flowchart.) 

b. An Immediate Command OUT interrupt is gener· 
ated, if enabled, to the internal CPU when the 
Host has read the Immediate Command OUT 
SFR. The Host read causes the Slave Status 

Interrupt Enable SFR (IE) 
Symbolic 
Address 

IE EA 

(MSB) 

Symbol Position 

ES 

Immediate Command OUT bit (SSTAT SST6) to 
be set and the corresponding Host Status bit 
(HSTAT HST6) to be cleared indicating the SFR is 
empty. When the internal CPU writes to the Imme· 
diate Command OUT SFR, the Host Status bit is 
set and Slave Status bit is cleared to indicate the 
SFR is full. (See Figure 7b, Immediate Command 
OUT Flowchart.) 

NOTE: 
Immediate Command IN and OUT interrupts are ac· 
tually specific FIFO·Slave Interface interrupts to the 
internal CPU. 

One instruction from the main program is executed 
between two consecutive interrupt service routines 
as in the SOC51. However, if the second interrupt 
service routine is due to a Data Stream Command 
Interrupt, the main program instruction is not execut· 
ed (to prevent misreading of invalid data). 

Interrupt Enabling and Priority 

Each of the three interrupt special function registers 
(IE, IP and IEP) is listed below with its corresponding 
bit definitions. 

ET1 EX1 ETO EXO 

(LSB) 

Function 

Physical 
Address 

OASH 

EA IE.7 Enables all interrupts. If EA = 0, no interrupt will be 
acknowledged. If EA = 1, each interrupt source is 
individually enabled or disabled by setting or clearing its 
enable bit. 

- 1E.6 (reserved) 
- 1E.5 (reserved) 
ES IE.4 Serial Channel interrupt enable 
ET1 IE.3 Internal Timer/Counter 1 Overflow Interrupt 
EX1 1E.2 External Interrupt Request 1. 
ETO 1E.1 Internal Timer/Counter 0 Overflow Interrupt 
EXO IE.O External Interrupt Request O. 
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Interrupt Priority SFR (IP) 

A priority level of 0 or 1 may be assigned to each interrupt source, with 1 being higher priority level, through the 
IP and the IEP (Interrupt Enable and Priority) SFR. A priority level of 1 interrupt can interrupt a priority level 0 
service routine to allow nesting of interrupts. 

Symbolic 
Address 

IP 

Symbol 

-
-
-
PS 
PT1 
PX1 
PTO 
PXO 

(MSB) 

Position 

IP.7 
IP.E! 
IP.5 
IP.4 
IP.3 
IP.2 
IP.1 
IP.O 

PS PT1 PX1 PTO PXO 

(LSB) 

Function 

(reserved) 
(reserved) 
(reserved) 
Local Serial Channel 
Internallimer/Counter 1 
External Interrupt Request 1 
Internal Timer/CoLinter 0 
External Interrupt Request 0 

Physical 
Address 

OBSH 

Priority Within 
A Level 

(lowest) 
-
-
-
0.7 
0.5 
0.3 
0.1 
0.0 

(highest) 

Interrupt Enable and Priority SFR (IEP) 

The Interrupt Enable and Priority Register establishes the enabling and priority of those resources not covered 
in the Interrupt Enable and Interrupt Priority SFRs. 

Symbolic 
Address 

IEP 

Symbol 

-
-
PFIFO 
EDMAO 
EDMA1 
PDMAO 
PDMA1 
EFIFO 

(MSB) 

Position 

IEP.7 
IEP.6 
IEP.5 
IEP.4 
IEP.3 
IEP.2 
IEP.1 
IEP.O 

I PFIFO I EDMAO I EDMA1 I PDMAO I PDMA1 I EFIFO I 
(LSB) 

Function 

(reserved) 
(reserved) , 
FIFO Slave Bus Interface Interrupt Priority 
DMA Channel 0 Interrupt Enable 
DMA Channel 1 Interrupt Enable 
DMA Channel 0 Priority 
DMA Channel 1 Priority 
FIFO SlaVe Bus Interface Interrupt Enable 
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FIFO-EXTERNAL HOST INTERFACE 
FIFO DMA FREEZE MODE 

Overview 

During FIFO DMA Freeze Mode the internal CPU 
can reconfigure the FIFO interface. FIFO DMA 
Freeze Mode is provided to prevent the Host from 
accessing the FIFO during a reconfiguration se
quence. The internal CPU invokes FIFO DMA 
Freeze Mode by clearing bit 3 of the Slave Control 
SFR (SC3). INTRQ becomes active whenever FIFO 
DMA Freeze Mode is invoked to indicate the freeze 
status. The interrupt can only be deactivated by the 
Host reading the Host Status SFR. 

During FIFO DMA Freeze Mode only two operations 
are possible by the Host to the UPI-452 slave, the 
balance are disabled, as shown in Table S. The in
ternal DMA is disabled during FIFO DMA Freeze 
Mode, and the internal CPU has write access to all 
of the FIFO control SFRs (Table 9). 

Initialization 

At power on reset the FIFO Host interface is auto
matically frozen. The Slave Control Enable FIFO 
DMA Freeze Mode bit defaults to FIFO DMA Freeze 
Mode (SLCON FRZ=O). Below is a list of the FIFO 

Special Function Registers and their default power 
on reset values; 

SFR Name Label Value 

Channel Boundary Pointer CBP 40H /64D 
Output Channel Read Pointers ORPR 40H /64D 
Output Channel Write Pointers OWPR 40H /64D 
Input Channel Read Pointers IRPR OOH / OOD 
Input Channel Write Pointers IWPR OOH /OOD 
Input Threshold ITHR SOH / 12SD 
Output Threshold OTHR 01H 1.10 

The Input and Output FIFO channels can be recon
figured by programming any of these SFRs while the 
UPI-452 is in the Freeze Mode. The Host is notified 
when the Freeze Mode is active by a "1" in HST1 of 
the Host Status Register (HSTAT). The Host should 
interrogate HST1 to determine the status of the 
FIFO interface following reset before attempting to 
read from or write to the UPI-452 FIFO buffer. 

NOTE: 
During the initialization sequence of the UPI-452 
FIFO SFRs, the OTHR should be changed from the 
default setting of 1 to a value between 2 and 
{(SOH-CBP)-1J. Ple.ase refer to the section on Input 
and Output FIFO threshold SFRs for further infor
mation. 

Table 8. Slave Bus Interface Status During FIFO DMA Freeze Mode 

Interface Pins; 
CS A2 A1 AO READ WRITE 

Operation In Status In 
DACK Normal Mode FIFO DMA Freeze Mode 

1 0 0 1 0 0 1 Read Host Status SFR Operational 

1 0 0 1 1 0 1 Read Host Control SFR Operational 

1 0 0 1 1 1 0 Write Host Control SFR Disabled 

1 0 0 0 0 0 1 Data or DMA Data from Disabled 
Output Channel 

1 0 0 0 0 1 0 Data or DMA Data to Disabled 
Input Channel 

1 0 0 0 1 0 1 Data Stream Command from Disabled 
Output Channel 

1 0 0 0 1 1 0 Data Stream Command to Disabled 
Input Channel 

1 0 1 0 0 0 1 Read Immediate Command Disabled 
Out from Output Channel 

1 0 1 0 0 1 0 Write Immediate Command Disabled 
In to Input Channel 

0 X X X X 0 1 DMA Data from Output Disabled 
Channel 

0 X X X X 1 0 DMA Data to Input Channel Disabled 
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The UPI-452 can also be programmed to interrupt 
the Host following power on reset in order to indi
cate to the Host that FIFO DMA Freeze Mode is in 
progress. This is done by enabling the INTRa inter
rupt output pin via the MODE SFR (MD4) before the 
Slave Control SFR Enable FIFO DMA Freeze Mode 
bit is set to Normal Mode. At power on reset the 
Mode SFR is forced to zero. This disables all inter
rupt and DMA output pins (INTRa, DRaiN/ 
INTRalN and DRaOUT/INTRaOUT). Because the 
Host Status SFR FIFO DMA Freeze Mode In Prog
ress bit is set, a Request For Service, INTRa, inter
rupt is pending until the Host Status SFR is read. 
This is because the FIFO DMA Freeze Mode inter
rupt is always enabled. If the Slave Control FIFO 
DMA Freeze Mode bit (SLCON FRZ) is set to Nor
mal Mode before the MODE SFR INTRa bit is en
abled, the INTRa output will not go active when the 
MODE SFR INTRa bit is enabled if the Host Status 
SFR has been read. 

The default values for the FIFO and Slave Interface 
represents minimum UPI-452 internal initialization. 
No specific Special Function Register initialization is 
required to begin operation of the FIFO Slave Inter
face. The last initialization instruction must always 
set the UPI,452 to Normal Mode. This causes the 
UPI-452 to exit FIFO DMA Freeze Mode and en
ables Host read/write access of the FIFO. 

Following reset, either hardware (via the RST pin) or 
software (via HCON SFR bit HC3) .the UPI-452 re
quires 2 internal machine cycles (24 TCLCL) to up
date all internal registers. 

Invoking FIFO DMA Freeze Mode 
During Normal Operation 

When the UPI-452 is in normal operation, FIFO DMA 
Freeze Mode should not be arbitrarily invoked by 
clearing SC3 (SC3 = 0) because the external Host 
runs asynchronously to the internal CPU. Invoking 

DRQIN/ ..J 
DRQOUT 

FIFO DMA Freeze Mode without first stopping the 
external Host from accessing the UPI-452 will not 
guarantee a clean break with the external Host. 

The proper way to invoke FIFO DMA Freeze Mode is 
by issuing an Immediate Command to the external 
host indicating that FIFO DMA Freeze Mode will be 
invoked. Upon receiving the Immediate Command, 
the external Host should complete servicing all 
pending interrupts and DMA requests, then send an 
Immediate Command back to the UPI-452 acknowl
edging the FIFO DMA Freeze Mode. request. After 
issuing the first Immediate Command, the internal 
CPU should not perform any action on the FIFO until 
FIFO DMA Freeze Mode is invoked. 

If FIFO DMA Freeze Mode is invoked without stop
ping the Host during Host transfers, only the last two 
bytes of data written into or read from the FIFO will 
be valid. The timing diagram for disabling the FIFO 
module to the external Host interface is illustrated in 
Figure 12. Due to this synchronization sequence, the 
UPI-452 might not go into FIFO DMA Freeze Mode 
immediately after SC3 is cleared. A special bit in the 
Slave Status Register (SST5) is provided to indicate 
the status of the FIFO DMA Freeze Mode. The FIFO 
DMA Freeze Mode operations described in this sec
tion are only valid after SST5 is cleared. 

As FIFO DMA Freeze Mode is invoked, the DRaiN 
or DRaOUT will be deactivated (stopping the trans
ferring of data), bit 1 of the Host Status SFR will be 
set (HST1 = 1), and SST5 will be cleared (SST5 = 0) 
to indicate to the external Host and internal CPU 
that the slave interface has been frozen. After the 
freeze becomes effective, any attempt by the exter
nal Host to access the FIFO will cause the overrun 
and underrun bits to be activated (bits HST7 (for 
reads) or HST3 (for writes)). These two bits, HST3 
and HST7, will be set (deactivated) after the Host 
Status SFR has been read. If INTRa is used to re
quest service, the FIFO interface is frozen upon 
completion of any Host read or write operation in 
progress. 

~ ~----~s~----~ 
I' ~_! A fifO RD/WR AfTER INTERfACE 

, fREEZE IS INVOKED WILL CAUSE 
!~ ____________ ~~~' ______ H~S~T~3~O~R~H~ST~7~T~O~B~E~Scr~ ____ ~ 

INTRQ ..J. _____________________ _ 

SC3 

HSTf 

-------------------------~ 

, 
, fifO INTERNALLY STOPPED fROM 
, ACCEPTING OR OUTPUITING DATA 

Figure 12. Disabling FIFO to Host Slave Interface Timing Diagram 
13-34 

231428-17 



intJ UPI-452 

External Host writing to the Immediate Command In 
SFR and the Host Control SFR is also inhibited 
when the slave bus interface is frozen. Writing to 
these two registers after FIFO DMA Freeze Mode is 
invoked will also cause HST3 (overrun) to be activat
ed (HST3=0). Similarly, reading the Immediate 
Command Out Register by the external Host is dis
abled during FIFO DMA Freeze Mode, and any at
tempt to do so will cause the clearing (deactivating, 
"0") of HST7 bit (underrun). 

After the slave bus interface is frozen, the internal 
CPU can perform the following operations on the 
FIFO Special Function Registers (these operations 
are allowed only during FIFO DMA Freeze Mode). 

For FIFO 
Reconfiguration 

To Enhance the 
Testability 

1. Changing the Channel 
Boundary Pointer SFR. 

2. Changing the Input and 
Output Threshold SFR. 

3. Writing to the read and write 
pointers of the Input and 
Output FIFO's. 

4. Writing to and reading the 
Host Control SFRs. 

5. Controlling some bits of Host 
and Slave Status SFRS. 

6. Reading the Immediate 
Command Out SFR and 
Writing to the Immediate 
Comand In SFR. 

Description of each of these special 
functions are as follows: 

FIFO Module SFRs During 
FIFO DMA Freeze Mode 

Table 9 summarizes the characteristics of all the 
FIFO Special Function Registers during normal and 
FIFO DMA Freeze Modes. The registers that require 
special treatment in FIFO DMA Freeze Mode are: 
HCON, IWPR, IRPR, OWPR, ORPR, HSTAT, 
SSTAT, MIN & MOUT SFRs. They can be described 
in detail as follows: 

Host Control SFR (HCON) 

During normal operation, this register is written to or 
read by the external Host. However, in FIFO DMA 
Freeze Mode (Le. SST5 = 0) the UPI-452 internal 
CPU has write access to the Host Control SFR and 
write operations to this SFR by the external Host will 
not be accepted. If the Host attempts to write to 

HCON, the Input Channel error condition flag 
(HST3) will be cleared. 

Input FIFO Pointer Registers 
(IRPR & IWPR) 

Once the FIFO module is in FIFO DMA Freeze 
Mode, error flags due to overrun and underrun of the 
Input FIFO pointers will be disabled. Any attempt to 
create an overrun or underrun condition by changing 
the Input FIFO pointers would result in an inconsist
ency in performance between the status flag and the 
threshold counter. 

To enhance the speed of the UPI-452, read opera
tions on the Input FIFO will look ahead by two bytes. 
Hence, every time the IRPR is changed during FIFO 
DMA Freeze Mode, two NOPs need to be executed 
so that the two byte pipeline can be updated with the 
new data bytes pointed to by the new IRPR. The 
Threshold Counter SFR also needs to change by the 
same number of bytes as the IRPR (increase 
Threshold Counter if IRPR goes forward or decrease 
if IRPR goes backward). This will ensure that future 
interrupts will still be generated only after a thresh
old number of bytes are available. (See "Input and 
Output FIFO Threshold SFR" section below.) 

In FIFO DMA Freeze Mode, the internal CPU can 
also change the content of IWPR, and each change 
of IWPR also requires an update of the Threshold 
Counter SFR. 

Normally, the internal CPU cannot write into the In
put FIFO. It can, however, during FIFO DMA Freeze 
Mode by first reconfiguring the FIFO as an Output 
FIFO (Refer to "Input and Output FIFO Threshold 
SFR" section below). Changing the IRPR to be 
equal to IWPR generates an empty condition while 
changing IWPR to be equal to IRPR generates a full 
condition. The order in which the pointers are written 
determines whether a full or empty condition is gen
erated. 

Output FIFO Pointer SFR 
(ORPR and OWPR) 

In FIFO DMA Freeze· Mode the contents of OWPR 
can be changed by the internal CPU, but each 
change of OWPR or ORPR requires the Threshold 
Counter SFR to be updated as described in the next 
section. A NOP must be executed whenever a new 
value is written into ORPR, as just described for 
changes to IRPR. As before, changing ORPR to be 
equal to OWPR will generate an empty condition, 
Output FIFO overrun or underrun condition cannot 
be generated though. The FIFO pointers should not 
be set to a value outside of its range. 
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Table 9. FIFO SFR's Characteristics During FIFO DMA Freeze Mode 

Normal FIFO DMA Freeze Mode 
Label Name Operation Operation 

(SST5 = 1) (SST5 = 0) 

HCON Host Control Not Accessible Read & Write 

HSTAT Host Status Read Only Read & Write 4 

SLCON Slave Control Read & Write Read & Write 

SSTAT Slave Status Read Only Read & Write 4 

IEP Interrupt Enable & Priority Read & Write Read & Write 

MODE Mode Register \ Read & Write Read & Write 

IWPR Input FIFO Write Pointer Read Only Read & Write 5 

IRPR Input FIFO Read Pointer Read Only Read & Write 1 , 5 

OWPR Output FIFO Write Pointer Read Only Read & Write 6 

ORPR Output FIFO Read Pointer Read Only Read & Write 2, 6 

CBP Channel Boundary Pointer Read Only Read & Write 3 

IMIN Immediate Command In Read Only Read & Write 

_ IMOUT Immediate Command Out Read & Write Read & Write 

FIN FIFO IN Read Only Read Only 

CIN -COMMAND IN Read Only Read Only 

FOUT FIFO OUT Read & Write Read & Write 

'COUT COMMAND OUT Read & Write Read & Write 

ITHR Input FIFO Threshold Read Only Read & Write 

OTHR Output FIFO Threshold Read Only Read & Write 

NOTES: 
1. Writing of IRPR will automatically cause the FIFO IN SFR to load the contents of the Input FIFO from that location. 
2. Writing to ORPR will automatically cause the IOBl SFR to load the contents of the Output FIFO at that ORPR address. 
3. Writing to the CBP SFR will cause automatic reset of the four pointers of the Input and Output FIFO channels. 
4. The internal CPU cannot directly change the status of these reg,isters. However, by changing the status of the FIFO 
channels, the internal CPU can indirectly change the contents of the status registers. 
5. Changing the Input FIFO Read/Write Pointers also requires that a consistent update of the Input FIFO Threshold Counter 
SFR. 
6. Changing the Output FIFO Read/Write Pointers also requires that a consistent update of the Output FIFO Threshold 
Counter SFR. 
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Input and Output FIFO Threshold SFR 
(ITHR & OTHR) 

The Input and Output FIFO Threshold SFRs are also 
programmable by the internal CPU during FIFO DMA 
Freeze Mode. For proper operation of the Threshold 
feature, the Threshold SFR should be changed only 
when the Input and Output FIFO channels are emp
ty, since they reflect the current number of bytes 
available to read/write before an interrupt is gener
ated. 

Table 10 illustrates the Threshold SFRs range of 
values and the number of bytes to be transferred 
when the Request For Service Flag is activated: 

Table 10. Threshold SFRs Range of Values and 
Number of Bytes to be Transferred 

ITHR No. of Bytes OTHR No. of Bytes 
(lower Available to (lower Available to 

Iseven bits) be Written seven bits) be Read 

0 CBP 2 3 
1 CBP-1 3 4 
2 CBP-2 • • 
• • • • 
• • • • 
• • (80H-CBP)-3 (80H-CBP)-2 

CBP-3 3 (80H-CBP)-2 (80H-CBP)-1 
(80H-CBP)-1 (80H-CBP) 

The eighth bit of the Input and Output FIFO Thresh
old SFR indicates the status of the service requests 
regardless of the freeze condition. If the eighth bit is 
a "1 ", the FIFO is requesting service from the exter
nal Host. In other words, when the Threshold SFR 
value goes below zero (2's complement), a service 
request is generated'. 'The 8th bit of the ITHR SFR 
must be set during initialization if the Host interrupt 
request is desired immediately upon leaving Freeze 
Mode. Normally the ITHR SFR is decremented after 
each external Host write to the Input FIFO and,incre
mented after each internal CPU read of the Input 
FIFO. The OTHR SFR is decremented by internal 
CPU writes and incremented by external Host reads. 
Thus if the pointers are moved when the FIFO's are 
not empty, these relationships can be used to calcu
late the offset for the Threshold SFRs. It is best to 
change the Threshold SFRs only when the FIFO's 
are empty to avoid this complication. The threshold 
registers should also be updated after the pointers 
have been manipulated. 

NOTE: 
The ITHR should only be programmed in the range 
from 0 to (CBP-3). An ITHR value of (CBP-2) could 
result in a failure to set the Input FIFO service re
quest signal after the Input FIFO has been emptied. 

Correspondingly, the OTHR should be programmed 
in the range from 2 to {(80H-CBP)-11. An OTHR 
value of 1 could result in a failure to set the Output 
FIFO service request after subsequent writes by the 
UPI-452 have filled the Output FIFO. 

NOTE: 
When programming the ITHR SFR, the eighth bit 
should be set to 1 (OR'd with 80H). This causes 
HSTAT SFR HSTO = 0, Input FIFO Request For 
Service. If ITHR bit 7 = 0 then HSTAT HSTO = 1, 
Input FIFO Does Not Request Service, and no in
terrupt will be generated. 

Host Status SFR (HST AT) 

When in FIFO DMA Freeze Mode, some bits in the 
Host Status SFR are forced high and will not reflect 
the new status until the system returns to normal 
operation. The definition of the register in FIFO DMA 
Freeze Mode is as follows: 

NOTE: 
The internal CPU reads this shadow latch value 
when reading the Host Status SFR. The shadow 
latch will keep the information for these bits so nor
mal operation can be resumed with the right ~tatus. 
The following bits are set (= 1) when FIFO DMA 
Freeze Mode is invoked; 

HST7 Output FIFO Error Condition Flag 

1 = No error. 

o = An invalid read has been done on the 
output FIFO or the Immediate Command 
Out Register by the host CPU. 

NOTE: 
The normal underrun error condition status is dis
abled. If an Immediate Command Out (IMOUT) 
SFR read is attempted during FIFO DMA Freeze 
Mode, the contents of the IMOUT SFR is output on 
the Data Buffer and the error status is cleared 
(= 0). 

HST6 Immediate Command Out SFR Status 

During normal operation, this bit is cleared 
(=0) when the IMOUT SFR is written by the 
UPI-452 internal CPU and set (= 1) when the 
IMOUT SFR is read by the external Host. 
Once the host-slave interface is frozen (i.e. 
SST5 = 0), this bit will be read as a 1 by the 
host CPU. A shadow latch will keep the infor
mation for this bit so normal operation can be 
resumed with the correct status. 

Shadow latch: 

1 = Internal CPU reads the IMOUT SFR 

o = Internal CPU writes to the IMOUT SFR 
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HST5 Data Stream Command at Output FIFO 

This bit is forced to a "1" during FIFO DMA 
Freeze Mode to prevent the external host 
CPU from trying to read the DSC. Once nor
mal operation is resumed, HST5 will reflect 
the Data/Command status of the current byte 
in the Output FIFO. 

Shadow Latch (read by the internal CPU): 

1 = No Data Stream Command (DSC) 

o = Data Stream Command at Output FIFO 

HST4 Output FIFO Service Request Status 

When FIFO DMA Freeze Mode is invoked, 
this bit no longer reflects the Output FIFO Re
quest Service Status. This bit wll be forced to 
a "1". 

HST3 Input FIFO Error Condition Flag 

1 = No error. 

o = One of the following operations has 
been attempted by the external host and 
is invalid: 

1) Write into the Input FIFO 

2) Write into the Host Control SFR 

3) Write into the Immediate Command In 
SFR 

NOTE: 
The normal Input FIFO overrun condition is dis
abled. 

HST2 Immediate Command In SFR Status 

This bit is normally cleared when the internal 
CPU reads the 1M IN SFR and set when the 
external host CPU writes into the IMIN SFA. 
When the host-slave interface is frozen, read
ing and writing of the IMIN by the internal 
CPU will change the shadow latch of this bit. 
This bit will be read as a "1" by the external 
Host. 

Shadow latch. 

1 = Internal CPU writes into 1M IN SFR 

o = Internal CPU reads the IMIN SFR 

HST1 FIFO DMA Freeze Mode Status 

1 = FIFO DMA Freeze Mode. 

o = Normal Operation (non-FIFO DMA 
Freeze Mode). 

NOTE: 
This bit is used to indicate to the external Host that 
the host-slave interface has been frozen and hence 
the external Host functions are now reduced as 
shown in Table 8. 

HSTO Input FIFO Request Service Satus 

When slave interface is frozen this bit no 
longer reflects the Input FIFO Request Serv
ice Status. This bit will be forced to a "1 ". 

Slave Status SFR (SST AT) 

The Slave Status SFR is a read-only SFR. However, 
once the slave interface is frozen, most of the bits of 
this SFR can be changed by the internal CPU by 
reconfiguring the FIFO and accessing the FIFO Spe
cial Function Registers. 

SST? Output FIFO Overrun Error Flag 

Inoperative in FIFO DMA Freeze Mode. 

SST6 Immediate Command Out SFR Status 

In FIFO DMA Freeze Mode, this bit will be 
cleared when the internal CPU reads the Im
mediate Command Out SFR and set when 
the internal CPU writes to the Immediate 
Command Out Register. 

SST5 FIFO-External Interface FIFO DMA Freeze 
Mode Status ' 

This bit indicates to the internal CPU that 
FIFO DMA Freeze Mode is in progress and 
that it has write access to the FIFO Control, 
Host control and Immediate Command SFRs. 

SST4 Output FIFO Request Service Status 

During normal operation, this bit indicates to 
the internal CPU that the Output FIFO is 
ready for more data. The status of this bit re
flects the position of the Output FIFO read 
and write pointers. Hence, in FIFO DMA 
Freeze Mode, this flag can be changed by the 
internal CPU indirectly as the read and write 
pointers change. 

SST3 Input FIFO Underrun Flag 

Inoperative during FIFO DMA Freeze Mode. 

During normal operation, a read operation 
clears (= 0) this bit when there are no data 
bytes in the Input FIFO and deactivated (= 1) 
when the Slave Status SFR is read. In FIFO 
DMA Freeze Mode, this bit will not be cleared 
by an Input FIFO read underrun error condi
tion, nor will it be reset by the reading of the 
Slave Status SFR. 

SST2 Immediate Command In SFR Status 

This bit is normally activated (= 0) when the 
external' host CPU writes into the Immediate 
Command In SFR and deactivated (= 1) 
when it is read by the internal CPU. In FIFO 
DMA Freeze Mode, this bit will not be activat
ed (= 0) by the external Host's writing of the 
Immediate Command IN SFR since this func
tion is disabled. However, this bit will be 
cleared (= 0) if the internal CPU writes to the 
Immediate Command In SFR and it will be set 
= 1) if it reads from the register. 
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SST1 Data Stream Command at Input FIFO Flag 

In FIFO DMA Freeze Mode, this bit operates 
normally. It indicates whether the next byte of 
data from the Input FIFO is a DSC or data 
byte. If it is a DSC byte, reading from the 
FIFO IN SFR will result in reading invalid data 
(FFH) and vice versa. In FIFO DMA Freeze 
Mode, this bit still reflects the type of data 
byte available from the Input FIFO. 

SSTO Input FIFO Service Request Flag 

During normal operation, this bit is activated 
(= 0) when the Input FIFO contains bytes that 
can be read by the internal CPU and deacti
vated (= 1) when the Input FIFO does not 
need any service from the internal CPU. In 
FIFO DMA Freeze Mode, the status of this bit 
should not change unless the pointers of the 
Input FIFO are changed. In this mode, the in
ternal CPU can indirectly change this bit by 
changing the read and write pointers of the 
Input FIFO but cannot change it directly. 

Immediate Command In/Out SFR 
(lMIN/IMOUT) 

If FIFO DMA Freeze Mode is in progress, writing to 
the Immediate Command In SFR by the external 
host will be disabled, and any such attempt will 
cause HST3 to be cleared (= 0). Similarly, the Imme
diate Command Out SFR read operation (by the, 
host) will be disabled internally and read attempts 
will cause HST7 to be cleared (= 0). 

Internal CPU Read and Write of the 
FIFO During FIFO DMA Freeze Mode 

In normal operation, the Input FIFO can only be read 
by the internal CPU and similarly, the Output FIFO 
can only be written by the internal CPU. During FIFO 
DMA Freeze Mode, the internal CPU can read the 
entire contents of the Input FIFO by programming 
the CBP SFR to 7FH, setting the IRPR SFR to zero, 
and then the IWPR SFR to zero. Programming the 
pointer registers in this order generates a FIFO full 
signal to the FIFO logic and enables internal CPU 
read operations. If the IWPR and IRPR are already 
zero, the write pointer should be changed to a non
zero value to clear the empty status then the point
ers can be set to zero. Writing to the IRDR SFR 
automatically updates the look ahead registers. 

In a similar manner, the internal CPU can write to all 
128 bytes of the FIFO by setting the CBP SFR to 
zero, setting OWPR SFR to zero, and then setting 

ORPR SFR to zero. This generates a FIFO empty 
signal and allows internal CPU write operations to all 
128 bytes of the FIFO. The Threshold registers also 
need to be adjusted when the pointers are changed. 
(See "Input and Output FIFO Threshold SFR" sec
tion below.) 

MEMORY ORGANIZATION 

The UPI-452 has separate address spaces for Pro
gram Memory and Data Memory like the 80C51. The 
Program Memory can be up to 64K bytes. The lower 
8K of Program Memory may reside on-chip. The 
Data Memory consists of 256 bytes of on-chip RAM, 
up t064K bytes of off-chip RAM and a number of 
"SFRs" (Special Function Registers) which appear 
as yet another set of unique memory addresses. 

Table 11a. Internal Memory Addressing 

Memory Space Addressing Method 

Lower 128 Bytes of Direct or Indirect 
Internal RAM 

Upper 128 Bytes Indirect Only 
of Internal RAM 

UPI-452 SFR's Direct Only 

The 80C51 Special Function Registers are listed in 
Table 11 a, and the additional UPI-452 SFRs are list
ed in Table 11 b. A brief description of the 80C51 
core SFRs is also provided below. 

Accessing Exiernal Memory 

As in the 80C51 , accesses to external memory are 
of two types: Accesses to external Program Memory 
and accesses to external Data Memory. 

External Program Memory is accessed under two 
conditions: 

1) Whenever signal EA = 0; or 

2) Whenever the program counter (PC) contains a 
number that is larger than 1 FFFH. 

This requires that the ROM less versions have EA 
wired low to enable the lower 8K program bytes to 
be fetched from external memory. 

External Data Memory is accessed using either the 
MOVX @DPTR (16 bit address) or the MOVX @Ri (8 
bit address) instructions, or during external data 
memory transfers. 
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Table 11b. 80C51 Special Function Registers 

Symbol Name Address Contents 

'ACC Accumulator OEOH OOH 
*B B Register OFOH OOH 
'PSW Program Status ODOH OOH 

Word 
SP Stack Pointer 81H 07H 

DPTR Data Pointer 82H OOOOH 
(consisting of DPH 
and DPL) 

'PO PortO 80H OFFH 
*P1 Port 1 90H OFFH 
'P2 Port 2 OAOH OFFH 
'P3 Port 3 OBOH OFFH 
*IP I nterrupt Priority OB8H OEOH 

Control 
'IE Interrupt Enable OA8H 60H 

Control 
TMOD Timer/Counter 89H OOH 

Mode Control 
'TCON Timer /Counter 88H OOH 

Control 
THO Timer/Counter 8CH OOH 

o (high byte) 
TLO Timer/Counter 8AH OOH 

o (low byte) 
TH1 Timer/Counter 8DH OOH 

1 (high byte) 
TL1 Timer/Counter 8BH OOH 

1 (lOW byte) 
'SCON Serial Control 98H OOH 
SBUF Serial Data Buff 99H I 
PCON Power Control 87H 10H 

I = Indeterminate 
The SFRs marked with an· asterisk (*) are both bit- and 
byte- addressable. The functions of the SFRs are as fol
lows: 

Symbol 

BCRLO 

BCRHO 

BCRL1 
BCRH1 

CBP 

CIN 

COUT 

Table 11 c. UPI-452 Additional 
SpeCial Function Registers 

Name Address 

DMAByte OE2H 
Count Low Byte/ 
High Byte/ 
Channel 0 

OE3H 

Low Byte/ OF2H 
Hi Byte/ OF3H 
Channel 1 

Channel Boundary OECH 
Pointer 
COMMAND IN OEFH 
COMMAND OUT OFFH 
DMA Destination 
Address 

Contents 

I 

I 

I 
I 

40H 

I 
I 

Table 11c. UPI-452 Additional Special 
Function Registers (Continued) 

Symbol Name Address Contents 

DARLO Low Byte/ OC2H I 

DARHO Hi Byte/ OC3H I 
Channel 0 

DARL1 Low Byte/ OD2H I 

DARH1 Hi Byte/ OD3H I 
Channel 1 

DCONO DMAO Control 92H OOH 

DCON1 DMA 1 Control 93H OOH 

FIN FIFO IN OEEH I 

FOUT FIFO OUT OFEH I 

HCON Host Control OE7H OOH 

HSTAT Host Status OE6H OFBH 

*IEP Interrupt Enable OF8H OCOH 
and Priority 

1M IN Immediate Command OFCH I 
In 

IMOUT Immediate Command OFDH I 
Out 

IRPR Input Read OEBH OOH 
Pointer 

ITHR Input FIFO OF6H 80H 
Threshold 

IWPR Input Write OEAH OOH 
Pointer 

MODE Mode Register OF9H 8FH 

ORPR Output Read OFAH 40H 
Pointer 

OTHR Output FIFO OF7H 01H 
Threshold 

OWPR Output Write OFBH 40H 
Threshold 

*P4 Port 4 OCOH OFFH 
DMA Source Address 

SARLO Low Byte/ OA2H I 

SARHO Hi Byte/ OA3H I 
Channel 0 

SARL1 Low Byte/ OB2H I 

SARH1 Hi Byte/ OB3H I 
Channel 1 

'SLCON Slave Control OE8H 04H 

SSTAT Slave Status OE9H 08FH 

I = Indeterminate 
The SFRs marked with an asterisk (*) are both bit- and 
byte- addressable. The functions of the SFRs are as fol-
lows: 
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Miscellaneous Special Function 
Register Description 

BOC51 SFRs 

ACCUMULATOR 

ACC is the Accumuator SFR. The mnemonics for 
accumulator-specific instructions, however, refer to 
the accumulator simply as A. 

B REGISTER 

The B SFR is used during multiply and divide opera
tions. For other instructions it can be treated as an
other scratch pad regster. 

PROGRAM STATUS WORD 

The PSW SFR contains program status information 
as detailed in Table 12. 

STACK POINTER 

The Stack Pointer register is B bits wide. It is incre
mented before data is stored during PUSH and 
CALL executions. While the stack may reside any
where in on-chip RAM, the Stack Pointer is initialized 
to 07H after a reset This causes the stack to begin 
at location OBH. 
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DATA POINTER 

The Data Pointer (DPTR) consists of a high byte 
(DPH) and a low byte (DPL). Its intended function is 
to hold a 16-bit address. It may be manipulated as a 
16-bit register or as two independent a-bit registers. 

PORTS 0 TO 4 

PO, P1, P2, P3 and P4 are the SFR latches of Ports 
0, 1, 2, 3 and 4, respectively. 

SERIAL DATA BUFFER 

The Serial Data Buffer is actually two separate regis
ters, a transmit buffer and a receive buffer register. 
When data is moved to SBUF, it goes to the transmit 
buffer where it is held for serial transmission. (Mov
ing a byte to SBUF is what initiates the 
transmission.) When data is moved from SBUF, it 
comes from the receive buffer. 

TIMER/COUNTER SFR 

Register pairs (THO, TLO), and (TH 1, TL 1) are the 
16-bit counting registers for Timer/Counters 0 and 2. 

POWER CONTROL SFR (PCON) 

The PCON Register (Table 13) controls the power 
down and idle modes in the UPI-452, as well as pro
viding the abiHty to double the Serial Channel baud 
rate. There are also two general purpose flag bits 
available to the user. Bits 5 and 6 are used to set the 
HOLD/HOLD Acknowledge mode (see "General 
Purpose DMA Channels" section), and bit 4 is not 
used. 
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Table 12. Program Status Word 
Symbolic 
Address 

PSW 

Symbol 

CY 
AC 
FO 
RS1 
RSO 
OV 
-
P 

CY AC FO 

(MSB) 

Position 

PSW.? 
PSW.6 
PSW.5 
PSW.4 
PSW.3 
PSW.2 
PSW.1 
PSW.O 

'(AS!, ASO) enable Internal AAM register banks as follows: 

RS1 RSO 

0 0 
0 1 
1 0 
1 1 

RS1 RSO OV 

Name 

Carry Flag 

P 

(LSB) 

Physical 
Address 

ODOH 

Auxiliary Carry (For BCD operations) 
Flag 0 (user assignable) 
Register Bank Select bit 1 • 
Register Bank Select bit O· 
Overflow Flag 
(reserved) 
Parity Flag 

Internal RAM Register Bank 

BankO 
Bank 1 
Bank 2 
Bank 3 

Table 13. peON Special Function Register 
Symbolic 
Address 

PCON 

Symbol 

SMOD 

ARB 
REO 

-
GF1 
GFO 
PD 

IDL 

SMOD ARB 

(MSB) 

'See "Ext Memory OMA" description. 

NOTE: 

REO 

Position 

PCON? 

PCON6 
PCON5 
PCON4 
PCON3 
PCON2 
PCON1 

PCONO 

GF1 GFO PD IDL 

(LSB) 

Function 

Double Baud rate bit. When set to a 

Physical 
Address 

08?H 

1 , the baud rate is doubled when the 
serial port is being used in either 
Mode.1, 2 or 3. 
HLD/HLDA Arbiter control bit • 
HLD/HLDA Requestor control bit' 
(reserved) 
General-purpose flag bit 
General-purpose flag bit 
Power Down bit. Setting this bit 
activates power down operation. 
Idle Mode bit. Setting this bit 
activates idle mode operation. 

If 1 's are written to PO and IOL at the same time, PO takes precedence. The reset value of peON is (OOOXOOOO). 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias ..... O°C to 70'Ct 

Storage Temperature .......... - 65'C to + 150'C 

Voltage on Any 
Pin to Vss ............... -0.5V to Vee + 0.5V 

Voltage on Vee to Vss ........... -0.5V to +6.5V 

Power Dissipation ........................ 1.0W·· 

"Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE' Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS T A = O'C to 70'C; Vee = 5V ± 10%; Vss = OV 

Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee + 0.5 V 
(except XT AL 1, RST) 

VIH1 Input High Voltage 3.9 Vee + 0.5 V 
(XT AL 1, RST) 

VOL Output Low Voltage 0.45 V IOL = 1.6 mA (Note 1) 
(Ports 1, 2, 3,4) 

VOL1 Output Low Voltage 0.45 V IOL = 3.2 mA (Note 1) 
(except Ports 1, 2, 3, 4) 

VOH Output High Voltage 2.4 V IOH = -60 p.A, Vee = 5V ±10% 
(Ports 1, 2, 3, 4) 

0.9 Vee V IOH = -10 p.A 

VOH1 Output High Voltage 2.4 V IOH = ~400 /-LA, Vee = 5V ±10% 
(except Ports 1, 2, 3, 4 and 

0.9 Vee V IOH = -40 p.A (Note 2) 
Host Interface (Slave) Port) 

VOH2 Output High Voltage 2.4 V IOH = -400 /-LA, Vee = 5V ± 10% 
(Host Interface (Slave) Port) 

Vee - 0.4 V IOH = -10 /-LA 

IlL Logical 0 Input Current -50 /-LA VIN = 0.45V 
(Ports 1, 2, 3, 4) 

ITL Logical 1 to 0 Transition -650 /-LA VIN = 2V 
Current (Ports 1, 2, 3, 4) 
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D.C. CHARACTERISTICS TA = 0·Cto70·C;Vcc = 5V ±10%;Vss = OV(Continued) 

Symbol Parameter Min Max Units Test Conditions 

III Input Leakage Current ±10 p.A 0.45V < Y,N < VCC 
(except Ports 1, 2, 3, 4) 

loz Output Leakage Current ±10 p.A 0.45V < VOUT < VCC 
(except Ports 1, 2, 3,4) 

Icc Operating Current 50 mA VCC = 5.5V, 14 MHz (Note 4) 

Icci Idle Mode Current 25 mA VCC = 5.5V, 14 MHz (Note 5) 

Ipo Power Down Current 100 p.A VCC = 2V (Note 3) 

RRST Reset Pull down Resistor 50 150 KO 

CIO Pin Capacitance 20 pF 1 MHz, TA = 25·C 
(sampled, not tested on all parts) 

NOTES: 
1. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLS of ALE and Ports 
1 and 3. The noise is due to external bus capacitance discharging into the Port 0 and Port 2 pins when these pins make 1-
to-O transitions during bus operations. In the worst cases' (capacitive loading> 100 pF), the noise pulse on the ALE line may 
exceed O.BV. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
2. Capacitive loading on Ports 0 and 2 may cause the VOH on ALE and PSEN to momentarily fall before the 0.9 Vee 
specification when the address bits are stabilizing. 
3. Po~ DOWN 'cc....i!..!!!.easured with all output pins disconnected; EA = Port 0 = Vee; XTAL2 N.C.; RST = Vss; DB = 
Vee; WR == RD = DACK = ~ = AO = Al = A2 = Vee. Power Down Mode is not supported on the B7C452P. 
4. lee is measured with all output pins disconnected; XTAL 1 driven with TCLCH, TCHCL = 5 ns, V,L .,; Vss + 0.5V, V,H = 
Vee - O.5V; XTAL2 N.C.; EA = RST = Port 0 = Vee; WR = RD = ~ = CS = AO = Al = A2 = Vee. Icc would be 
slightly higher if a crystal oscillator is used. 
5. Idle Icc is measured with all output pins disconnected; XTAL 1 driven with TCLCH, TCHCL = 5 ns, V,L = Vss + 0.5V, 
V,H = Vee - O.5V; XTAL2 N.C.; Port 0 = Vee; EA = RST = VSS; WR = RD = DACK = CS = AO = Al = A2 = Vee . 

. EXPLANATION OF THE AC SYMBOLS 

Each timing symbol has 5 characters. The first char
acter is always a 'T' (stands for time). The other 
characters, depending on their positions, stand for 
the name of a signal or the logical status of that 
Signal. The following is a list of all the characters and 
what they stand for: 

A: Address. 

C: Clock. 

D: Input data. 

H: Logic level HIGH. 

I: Instruction (program memory contents). 

L: Logic level LOW, or ALE. 

P: PSEN. 

Q: Output data. 

R: READ signal. 

T: Time. 

V: Valid. 

W: WRITE signal. 

X: No longer a valid logic level. 

Z: Float. 

EXAMPLE 

TAVLL = Time for Address Valid to ALE Low. 
TLLPL = Time for ALE Low to PSEN Low. 
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A.C. CHARACTERISTICS T A = O·C to 70·C, Vee = 5V ± 10%, Vss = OV, Load Capacitance for 
Port 0, ALE, and PSEN = 100 pF, Load Capacitance for All Other Outputs = 80 pF 

EXTERNAL PROGRAM AND DATA MEMORY CHARACTERISTICS 

14 MHzOsc Variable Oscillator 
Symbol Parameter Units 

Min Max Min Max 

1/TCLCL Oscillator Frequency 3.5 14 MHz 

TLHLL ALE Pulse Width 103 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low 
25 TCLCL-55 

(Note 1) 
ns 

TLLAX Address Hold after ALE Low 36 TCLCL-35 ns 

TLLlV ALE Low to Valid Instr In 185 4TCLCL-100 ns 

TLLPL ALE Low to PSEN Low 31 TCLCL-40 ns 

TPLPH PSEN Pulse Width 169 3TCLCL-45 ns 

TPLIV PSEN Low to Valid Instr In 110 3TCLCL-105 ns 

TPXIX Input Instr Hold after PSEN 0 0 ns 

TPXIZ Input Instr Float after PSEN 
57 TCLCL-25 

(Note 1) 
ns 

TAVIV Address to Valid Instr In 252 5TCLCL-105 ns 

TPLAZ PSEN Low to Address Float 10 10 ns 

TRLRH RD Pulse Width 329 6TCLCL-100 ns 

TWLWH WR Pulse Width 329 6TCLCL-100 ns 

TRLDV RD Low to Valid Data In 192 5TCLCL-165 ns 

TRHDX Data Hold after RD 0 0 ns 

TRHDZ Data Float after RD 73 2TCLCL-70 ns 

TLLDV ALE Low to Valid Data In 422 8TCLCL-150 ns 

TAVDV Address to Valid Data In 478 9TCLCL-165 ns 

TLLWL ALE Low to RD or WR Low 164 264 3TCLCL-50 3TCLCL+50 ns 

TAVWL Address Valid to RD or WR Low 156 4TCLCL-130 ns 

TQVWX Data Valid to WR Transition 11 TCLCL-60 ns 

TWHOX Data Hold after WR 21 TCLCL-50 ns 

TRLAZ RD Low to Address Float 0 0 . ns 

TWHLH RD or WR High to ALE High 31 111 TCLCL-40 TCLCL+40 ns 

TOVWH Data Valid to WR (Setup Time) 350 7TCLCL-150 ns 

NOTE: 
1. Use the value of 14 MHz specification or variable oscillator specification, whichever is greater. 
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EXTERNAL DATA MEMORY READ CYCLE 

lWHLHH_ 
ALE~ ________________________ +~J , ~. ________ JI 

PSEN J I+I'--'----TLLDV ------I ''-__ --'1 

PORTO 

PORT2 ____ -J,~----~P~2~.O--~P~2.~7~O~R~A~a--~A~IS~F~R~O~M~D~P~H ______ J, __ ~A~a_-~Al~S~F~R~OM~P~CH~_ 

231428-19 

EXTERNAL PROGRAM MEMORY READ CYCLE 

ALE 

TPLPH 

TLLlV.~ TPLIV 

PSEN 

TPXIX 

PORTO 

TAVIV 

PORT2 A8-AIS A8-AIS 

231428-20 
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EXTERNAL DATA MEMORY WRITE CYCLE 

ALEJf 

TWHLH-I h I 

PSENJ \ I 

WR 

TOVWH TWHOX 

PORTO DATA OUT 

PORT2 P2.0-P2.7 OR AB-A15 FROM DPH AB-A15 FROM PCH 

231428-21 

SHIFT REGISTER MODE TIMING WAVEFORMS 
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EXTERNAL CLOCK DRIVE 

Symbol Parameter Min Max Units 

1/TClCl Oscillator Frequency 3.5 14 MHz 

TCHCX High Time 20 ns 

TClCX low Time 20 ns 

TClCH Rise Time 20 ns 

TCHCl Fall Time 20 ns 

NOTE: 
External clock timings are sampled, not tested on all parts. 

SERIAL PORT TIMING-SHIFT REGISTER MODE 

Test Conditions: T A = O·C to 70·C; Vee = 5V ± 10%; Vss = OV; Load Capacitance = 80 pF 

Symbol Parameter 

TXLXL Serial Port Clock Cycle Time 

TQVXH Output Data Setup to Clock Rising Edge 

TXHQX Output Data Hold after Clock Rising Edge 

TXHDX Input Data Hold after Clock Rising Edge 

TXHDV Clock Rising Edge to Input Data Valid 

EXTERNAL CLOCK DRIVE WAVEFORM 

Vcc-O.S - - - - -r-:~~-"'" 

0.4SV 

AC TESTING INPUT, OUTPUT WAVEFORMS 

Vcc-O.S -V- 0.2 Vcc+0.9 >C 
0.4SV --A._0_.2_V,.;c;;;c_-0_._l ------'. 

231428-24 
AC inputs during testing are driven at Vcc -0.5V for a logic "I" 
and 0.45V for a logic "0". Timing measurements are made at VIH 
min. for a logiC "I" and Vil max. for a logic "0". 

14 MHzOsc Variable Oscillator 
Units 

Min Max Min Max 

857 12TCLCl ns 

581 1 OTCLCL -133 ns 

26 2TCLCL-117 ns 

0 0 ns 

581 1 OTCLCL -133 ns 

231428-23 

FLOAT WAVEFORMS 
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TIMING REFERENCE 
POINTS 

231428-25 
For timing purposes a port pin is no longer floating when a 
100 mV change from load voltage occurs, and begins to float 
when a 100 mV change from the loaded VOHIVOl level occurs. 
IOl/loH :> ± 20 mA. 
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HLD/HLDA WAVEFORMS 

Arbiter Mode 

HLD ------.~. THMIN ------I' V-----------
I-THLAL =1 1- THHAH l 

-~~ _____________________ ~V~----------
231428-26 

Requestor Mode 

--rf.----TAMIN-----It 
HLDA \~ ________ __ 

'''''' ==\111.._--HLD / -------------' 231428-31 

HLD/HLDA TIMINGS 

Test Conditions: T A = O°C to + 70°C; Vee = 5V ± 10%, Vss = OV; Load Capacitance = 80 pF 

14 MHz Osc Variable Oscillator 
Symbol Parameter Units 

Min Max Min Max 

THMIN HLD Pulse Width 386 4TCLCL+100 ns 

THLAL HLD to HLDA Delay if 
186 672 4TCLCL-100 8TCLCL+100 

HLDA is Granted 
ns 

THHAH HLD to HLDA Delay 186 672 4TCLCL-100 8TCLCL+100 ns 

TAMIN HLDA Pulse Width 386 4TCLCL+100 ns 

TAHHL HLDA Inactive to 
186 4TCLCL-100 

HLD Active 
ns 

13-49 



intJ UPI·452 

HOST PORT WAVEFORMS 

Tee 

~ i TRV 
Tee 

TOR 

~ ) ~~""""""-+""1::::::>""""""""""""""""""""~:::::>--""""-
DRQIN _ ........ --.;. .... ...;, 

DRQOUT \:..... ............................................................................ _ 
231428-27 

HOST PORT TIMINGS 

Test Conditions: TA = O·C to 70·C; Vee = 5V ± 10%; Vss = OV; Load Capacitance = 80 pF 

14MHzOsc Variable Oscillator 
Symbol Parameter Units 

Min Max Min Max 

TCC Cycle Time 429 6TCLCL ns 

TPW Command Pulse Width 100 100 ns 

TRV Recovery Time 60 60 ns 

TAS Address Setup Time 5 5 ns 

TAH Address Hold Time 30 30 ns 

TOS WRITE Data Setup Time 30 30 ns 

TOHW WRITE Data Hold Time 5 5 ns 

TOHR READ Data Hold Time 5 40 5 40 ns 

TOV READ Active to Read 92 92 ns 
Data Valid Delay 

TOR WRITE Inactive to Read 343 4.8TCLCL ns 
Data Valid Delay 
(Applies only to Host 
Control SFR) 

TRQ READ or WRITE Active 150 150 ns 
to DRQIN or DRQOUT 
Inactive Delay 
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REVISION HISTORY 

DOCUMENT: 
OLD REVISION NUMBER: 
NEW REVISION NUMBER: 

UPI-452 Data Sheet 
231428-004 
231428-005 

1. Maximum Clock Rate was changed from 16 MHz to 14 MHz. This change is reflected in all Maximum Timing 
specifications. 

2. The proper range of values for ITHR has been changed from [0 to (CBP-2) 1 to [ 0 to (CBP-3) 1 to ensure 
proper setting of the Input FIFO request for service bit. See the following sections: INPUT FIFO CHANNEL, 
and INPUT AND OUTPUT FIFO THRESHOLD SFR (ITHR & OTHR). 

3. The proper range of values for OTHR has been changed from [1 to {(80H-CBP)-111 to [2 to (80-CBP)-111 
to ensure proper setting of the Output FIFO request for service bit. See the following sections: OUTPUT 
FIFO CHANNEL, FIFO-EXTERNAL HOST INTERFACE FIFO DMA FREEZE MODE, and INPUT AND OUT
PUT FIFO THRESHOLD SFR (ITHR & OTHR). 

4. The following D.C. Characteristics were deleted from the data sheet: 

VOH = 0.75* Vee @ IOH = -25 p.A, 

VOH1 = 0.75* Vee @IOH = 150 p.A, 
VOH2 = 3.0V @ IOH = 1 mA, and 
lee1 = 15 mA @ Vee = 5.5V (87C452P). 
See D.C. CHARACTERISTICS TABLE. 

5. The parameter descriptions for THHAH and THLAL has been reversed and their maximum specification for 
clock rates less than 14 MHz has been changed from [4TCLC + 100 ns1 to [8TCLC + 100 ns1. See 
HLD/HLDA TIMINGS. 

6. TAMIN specification has been removed from the Arbiter Mode waveform diagram and added to the Request
or Mode waveform diagram. See HLD/HLDA WAVEFORMS. 
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27C64/S7C64 
64K (SK x S) CHMOS PRODUCTION AND 

UV ERASABLE PROMS 
• CHMOS Microcontroller and 

Microprocessor Compatible 
- 87C64-lntegrated Address Latch 
- Universal 28 Pin Memory Site, 2-line 

Control ' 

• Low Power Consumption 
- 100 /-LA Maximum Standby Current 

• Noise Immunity Features 
- ± 10% Vee Tolerance 
- Maximum Latch-up Immunity 

Through EPI Processing 

• High Performance Speeds 
-150 ns Maximum Access Time 

• New Quick-Pulse Programming™ 
Algorithm (1 second programming) 

• Available in 28-Pin Cerdip and Plastic 
DIP Package and 32-Lead PLCC 
Package. 
(See Packaging Spec, Order ;I 231369) 

Intel's 27C64 and 87C64 CHMOS EPROMs are 64K bit 5V only memories organized as 8192 words of 8 bits. 
They employ advanced CHMOS·II-E circuitry for systems requiring low power, high performance speeds, and 
immunity to noise. The 87C64 has been optimized for multiplexed bus microcontroller and microprocessor 
compatibility while the 27C64 has a non-multiplexed addressing interface and is plug compatible with the 
standard Intel 2764A (HMOS II-E). 

The 27C64 and 87C64 are offered in both a ceramic DIP, Plastic DIP, and Plastic Leaded Chip Carrier (PLCC) 
Packages. Cerdip packages provide flexibility in prototyping and R&D environments, whereas Plastic DIP and 
PLCC EPROMs provide optimum cost effectiveness in production environments. A new Quick-Pulse Program
mingTM Algorithm is employed which can speed up programming by as much as one hundred times. 

The 87C64 incorporates an address latch on the address pins to minimize chip count in multiplexed bus 
systems. Designers can eliminate an external address latch by tieing address and data pins of the 87C64 
directy to the processor's multiplexed address/data pins. On the falling edge of the ALE input (ALE/CE), 
address information at the address inputs (Ao-A12) of the 87C64 is latched internally. The address inputs are 
then ignored as data information is passed on the same bus. 

The highest degree of protection against latch-up is achieved through Intel's unique EPI processing. Preven
tion of latch-up is provided for stresses up to 100 mA on address and data pins from -1 V to Vcc + 1V. 

"HMOS and CHMOS are patented processes of Intel Corporation. 

OUTPUT ENABLE 
PROG LOGIC 

X DECODE 

DATA OUTPUTS 
00-07 

OUTPUT BUffERS 

Y-GATING 

65,536 BIT 
CELL WATRIX 

Shaded Areas Cc c,' L:cc,:,/(' represent the 87C64 version 

Figure 1. Block Diagram 
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27256 27128 2732A 2716 

Vpp Vpp 

A'2 A'2 
A7 A7 A7 A7 
As As As As 
As As As AS 
A.. A, A, A, 
~ A3 ~ ~ 
A2 A2 A2" A2 
A, A, A, A, 
Ao Ao AD Ao 
00 00 00 00 
0, 0, 0, 0, 
02 O2 02 O2 
Gnd Gnd Gnd Gnd 

NOTE: 

27C64/87C64 

27C64/87C64 
P27C64/P87C64 

Vee 

PCii 
N.C. 

A, .. 
All 

A. OE .. 
O. 

O. 

O. 

o. 

290000-2 

2716 

VCC 
Ao 
As" 
Vpp 
01: 
A,o 
OE 
07 
Os 
05 
04 
03 

2732A 27128 

Vee 
PGM 

Vee A'3 
Ao Ao 
As As 
A" A" 

OElVpp 01: 
A,o A,O 
CE CE 
Or 07 
00 Os 
05 05 
0, 0, 
03 Oa 

Intel "Universal Site" Compatible EPROM Pin Confi~urations are shown in the adjacent blocks to 27C64 Pins. 
Shaded Areas ra1l;:1irjrepresent the 87C64 version " 

Figure 2. Pin Configuration 

o 

32 PIN PLCC 

0.450" X 0.550" 
(11.430 X 13.970) 

(MILLIMETERS) 

TOP VIEW 

Figure 3. PLCC(N) Lead Configuration 
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27256 

Vee 
A'4 
A'3 
As 
As 
A" 
OE 
A,o 
CE 
07 
Os 
05 
0, 
03 
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Extended Temperature (Express) 
EPROMs 

The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys
tem applications. 

EXPRESS EPROM products are available with 168 
± 8 hour, 125·C dynamic burn-in using Intel's stan
dard bias configuration. This process exceeds or 
meets most industry specifications of burn-in. The 
standard EXPRESS EPROM operating temperature 
range is O·C to 70·C. Extended operating tempera
ture range (-40·C to +85·C) EXPRESS products 
are available along with automotive temperature 
range (-40·C to + 125·C) products. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.1 % electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 

READ OPERATION 

D.C_ CHARACTERISTICS 

EXPRESS EPROM Product Family 

PRODUCT DEFINITIONS 

Type Operating 
Temperature eC) Burn-in 125·C (hr) 

Q Oto +70 168 ±8 
T -40 to +85 NONE 
L ~40to +85 168 ±8 
A -40 to + 125 NONE 
B -40 to + 125 168 ±8 

EXPRESS Options 
27C64/87C64 Versions 

Packaging Options 
Speed Cerdip PLCC Plastic 

Versions DIP 
-1 T,L,Q T T 
-15 T,L,Q T T 
-2 T, L,Q,A, B T,A T,A 
-20 T,L,Q,A T T 

-STD T, L,Q,A, B T,A T,A 
-25 T,L,Q,A T T 
-3 T, L,Q,A, B T,A T,A 
-30 T,L,Q,A T T 

. Electrical Parameters of EXPRESS EPROM products are identical to standard EPROM parameters except for· 

Symbol Parameter 
Min 

ISB Vcc Standby Current (rnA) CMOS 
TTL 

ICC1(1) Vcc Active Current (rnA) TTL 
Vcc Active Current at TTL 
High Temperature 

NOTE: 
1. See notes 4 and 6 of Read Operation D.C. Characteristics. 

27C64 
87C64 

Max 
0.1 
1.0 

20,30 
20,30 

Test Conditions 

CE = Vcc,OE = VIL 
CE = VIH, OE = VIL 
OE = CE = VIL 
OE = CE = VIL 
Vpp = Vcc, Tambient = 85·C 

~,...IL.f . 
"2 290000-14 

Vee 

0. 

0, Binary Sequence from Ao to A12 

°2 
290000-13 

OE = +SV R = 1 K!l Vcc = +SV 
Vpp = + SV GND = OV CE = 33.3 KHz 

PGM =; +SV 

Burn-In Bias and Timing Diagrams 

14-3 
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ABSOLUTE MAXIMUM RATINGS* "Notice: Stresses above those listed under "Abso-

Operating Temperature 
During Read .................. O°C to + 70oC(2) 

Temperature Under Bias ......... -10°C to +80°C 

Storage Temperature .......... - 65°C to + 150°C 

Voltage on Any Pin with 
Respect to Ground .............. -2.0V to 7V(1) 

Voltage on Pin Ag with 
Respect to Ground ......... - 2.0V to + 13.5V(1) 

Vpp Supply Voltage with Respect to Ground 
During Programming ......... -2.0V to + 14V(1) 

Vee Supply Voltage with 
Respect to Ground .......... -2.0V to +7.0V(1) 

lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

READ OPERATION D.C. CHARACTERISTICS O°C ~ TA ~ + 70°C 

Symbol Parameter Notes Min Typ(3) Max Unit Test Condition 
III Input Leakage Current 0.01 1.0 p,A VIN = OV to 5.5V 

ILO Output Leakage Current ±10 p,A VOUT = OV to 5.5V 

IpP1 Vpp Current Read 6 100 p,A Vpp = Vee 

ISB Vec Current Standby ICMOS 5 100 p,A CE = Vee 
with Inputs- ITTL 4 1.0 mA CE = VIH 

lee1 Vce Current Active 4,6 20,30 mA CE = VIL 
f = 5 MHz, lOUT = 0 mA 

VIL Input Low Voltage (± 10% Supply) -0.5 0.8 
(TTL) 

V Vpp = Vec 
Input Low Voltage -0.2 0.2 

(CMOS) 

VIH Input High Voltage( ± 10% Supply) 2.0 Vee+ 0.5 
(TTL) 

Input High Voltage Vee- 0.2 Vec+ 0.2 
V Vpp = Vee 

(CMOS) 

VOL Output Low Voltage 0.45 V 10L =2.1 mA 

VOH Output High Voltage 3.5 V 10H= -2.5mA 

los Output Short Circuit Current 7 100 mA 

Vpp Vpp Read Voltage 8 Vee- 0.7 Vce V 

NOTES: 
1. Minimum D.C. input voltage is -0.5V. During transitions. 
the inputs may undershoot to - 2.0V for periods less than 
20 ns. Maximum D.C. Voltage on output pins is 
Vce + 0.5V which may overshoot to Vee + 2V for periods 
less than 20 ns. 
2. Operating temperature is for commercial product defined 
by this specification. Extended temperature options are 
available in EXPRESS and Military version. 
3. Typical limits are at Vee = 5V, T A = + 25'C. 
4. 20 mA for STD and -3 versions; 30 mA for -2 and 
150 ns versions. 

VIL. VIH levels at TTL inputs. 
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5. ALE ICE or CE is Vee ± 0.2V. All other inputs can have 
any value within spec. 
6. Maximum Active power usage is the sum Ipp + Icc. The 
maximum current value is with Outputs 00 to 07 unloaded. 
7. Output shorted for no more than one second. No more 
than one output shorted at a time. los is sampled but not 
100% tested. 
8. Vpp may be one diode voltage drop below Vee. It may 
be connected directly to Vee. 
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READ OPERATION 

A.C. CHARACTERISTICS 27C64(1) Qoe ,,; T A ,,; + 7Qoe 

27C64-1 27C64-2 

Vee ±5% N27C64-1 N27C64-2 

P27C64-1 P27C64-2 
Versions (3) 

Vee ±10% 
27C64-15 27C64-20 

N27C64-15 N27C64-20 

P27C64-15 P27C64-20 

Symbol Characteristic Min Max Min Max 

tACC Address to Output Delay 150 200 

teE CE to Output Delay 150 200 

tOE OE to Output Delay 75 75 

tDF(2) OE High to Output High Z 35 55 

tOH(2) Output Hold from Addresses. CE 0 0 

or OE Change· Whichever is First 

NOTES: 
1. A.C. characteristics tested at VIH = 2.4V and VIL = 0.45V. 

Timing measurements made at VOL = O.BV and VOH = 2.0V. 
2. Guaranteed and sampled. 
3. Model Number Prefixes: No prefix = Cerdip; P = Plastic DIP; N = PLCC. 

A.C. WAVEFORMS 27C64 

NOTES: 

V,"----_"" 
ADDRESSES 

V,' _____ _ 

V," -------t-'\ 

ADDRESS 
VALID 

_--tCEI31~ V," ______ -+ ____ '\. 

OUTPUT _____ ~H;;,;IQ;;,;H~Z _____ +lH++_< 

1. Typical values are for T A = 25°C and nominal supply voltages. 
2. This parameter is only sampled and is not 100% tested. 

27C64 

N27C64 

27C64-25 
N27C64-25 

Min Max 

250 

250 

100 

60 

0 

3. OE may be delayed up to tCE-tOE after the falling edge of CE without impact on tCE' 
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27C64-3 

N27C64-3 

27C64-30 
Unit 

N27C64-30 

Min Max 

300 ns 

300 ns 

120 ns 

105 ns 

0 ns 

HIGHZ 

290000-5 
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A.C. CHARACTERISTICSJlr:MC1~ o·c ~ T A ~ + 70·C '(", " CN fu ~,t,@;.i" 

87C64-1 87C64-2 
87C64 87C64-3 

Vee ±5% N87C64·1 N87C64-2 
N87C64 N87C64-3 Versions (3) P87C64-1 P87C64-2 

87C64-15 87C64-20 
87C64-25 87C64-30 

Unit 
Vee ±10% N87C64-15 N87C64-20 

N87C64-25 N87C64-30 
P87C64-15 P87C64-20 

Symbol Parameter Min Max Min Max Min Max Min Max 

tLL Chip Deselect Width 50 50 60 75 ns 

tAL Address to CE-Latch Set-up 7 20 25 30 ns 

tLA Address Hold from CE-LATCH 30 45 50 60 ns 

tACL CE-Latch Access Time 150 200 250 300 ns 

tOE Output Enable to Output Valid 75. 75 100 120 ns 

tCOE ALE ICE to Output Enable 30 45 50 60 ns 

tCHZ(2) Chip Deselect to Output in High Z 45 50 60 75 ns 

tOHZ(2) Output Disable to Output 35 50 60 75 ns 
in HighZ 

NOTES: 
1. A.C. characteristics tested at VIH = 2.4V and VIL = 0.45V. 

Timing measurements made at VOL = O.SV and VOH = 2.0V. 
2. Guaranteed and sampled. 
3. Model Number Prefixes: No prefix = Cerdip; P = Plastic DIP; N = PLCC. 

A.C. WAVEFORMS ;tllod41 
AOORESSES~_'--';_""ILJ._= __ ~ 

ALE/CE~= '" ~ (~3-
OUTPUTS -

i5E _____ -__ I_CO_E __ t IOE PIO"Z 

290000-6 

CAPACITANCE(1) TA = 25·C, f = 1.0 MHz 

Symbol Parameter Max Unit Conditions 

CIN Address/Control Capacitance 6 pF VIN = OV 

COUT Output Capacitance 12 pF VOUT = OV 

NOTE: 
1. Sampled. Not 100% tested. 

A_C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

4!-
2.4 

2.0> _____ 2.0 
TEST PO'INTS ___ OUTPUT 

0.8 ,,0;,;;.8;;... __ 
0.45 

~lN'" 
3.3Ka 

DEVICE 
290000-10 UNDER OUT 

TEST 
JeL.100 pF 

A.C. Testing: Inputs are driven at 2,4V for a Logie "1 "and 0,45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
logic "I" and O.BV for a Logic "0". 

290000-3 
CL = 100 pF 
CL Includes Jig Capacitance 

14-6 
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DEVICE OPERATION 

The modes of operation of the 27C64/87C64 are 
listed in Table 1. A single 5V power supply is re
quired in the read mode. All inputs are TTL levels 
except for Vpp and 12V on Ag for inteligent Identifier 
mode. 

Table 1. Mode Selection for 27C64 and 87C64 

Pins ALE/CE OE PGM Ag Ao Vpp Vee Outputs 
Mode CE (7) (7) 

Read VIL VIL VIH X(1) X Vcc 5.0V DOUT 

Output Disable VIL VIH VIH X X Vcc 5.0V HighZ 

Standby VIH X X X X Vcc 5.0V HighZ 

Programming VIL VIH VIL X X (4) (4) DIN 

Program Verify VIL VIL VIH X X (4) (4) DOUT 

Program Inhibit VIH X X X X (4) (4) HIGHZ 

inteligent Identifier(3) VIL VIL VIH VH(2) VIL VCC VCC 89 H (6) 
-Manufacturer 88 H (6) 

inteligent Identifier(3) VIL VIL VIH VH(2) VIH VCC VCC 07H 
-27C64 

inteligent Identifier(3, 5) VIL VIL VIH VH(2) VIH VCC VCC 37 H 
-87C64 

NOTES: 
1. X can be VIL or VIH. 
2. VH = 12.0V ± O.5V. 
3. A1-Ae, A10-12 = VIL· 
4. See Table 2 for Vcc and Vpp voltages. 
5. ALE/CE has to be toggled in order to latch in the addresses and read the signature codes. 
6. The Manufacturer's identifier reads B9H for Cerdip devices; BBH for Plastic DIP and PLCC devices. 
7. In Read Mode tie PGM and Vpp to Vcc. 

Read Mode: 27C64 

The 27C64 has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output enable 
(OE) is the output control and should be used to 
gate data from the output pins. Assuming that ad
dresses are stable, the address access time (tACe) 
is equal to the delay from CE to output (tCE)' Data is 
available at the outputs after a delay of tOE from the 
falling edge of OE, assuming that CE has been low 
and addresses have been stable for at least 
tACC-tOE· 
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Read Mode: 87C64 

The 87C64 was designed to reduce the hardware 
interface requirements when incorporated in proces
sor systems with multiplexed address-data busses. 
Chip count (and therefore power and board space) 
can be minimized when the 87C64 is designed as 
shown in Figure 4. The processor's multiplexed bus 
(ADo-7) is tied to both address and data pins of the 
87C64. All address inputs of the 87C64 are latched 
when ALE/CE is brought low, thus eliminating the 
need for a separate address latch. 
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The 87C64 internal address latch is directly enabled 
through the use of the ALE/CE line. As the transition 
occurs on the ALE/CE from the TTL high to the low 
state, the last address presented at the address pins 
is retained. Data is then enabled onto the bus from 
the EPROM by the OE pin. 

Vss Vee RST 

~ P1 ALE I----+j AlE/CE 

fA P5EN OE 

P3~ 

Figure 4. 80C31 with 87C64 
System Configuration 

Standby Mode 

290000-4 

The 27C64 and 87C64 have Standby modes which 
reduce the maximum Vee current to 100 pA Both 
are placed in the Standby mode when CE or 
ALE/CE are in the CMOS-high state. When in the 
Standby mode, the outputs are in a high impedance 
state, independent of the OE input. 

Two Line Output Control 

Because EPROMs are usually used in larger memo
ry arrays, Intel has provided 2 control lines which 
accommodate this multiple memory connection. The 
two control lines allow for: 

a) the lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
will not occur. 

To use these two control lines most efficiently, CE 
(or ALE/CE) should be decoded and used as the 
primary device selecting function, while OE should 
be made a common connection to all devices in the 
array and connected to the READ line from the sys
tem control bus. This assures that all deselected 
memory devices are in their low power standby 
mode and that the output pins are active only when 
data is desired from a particular memory device. 

SYSTEM CONSIDERATIONS 

The power switching characteristics of EPROMsre
quire careful decoupling of the devices. The supply 
current, Icc, has three segments that are of interest 
to the system designer-the standby current .level, 
the active current level, and the transient current 

. peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran
sient and inductive current peaks is dependent on 
the output capacitive and inductive loading of the 
device. The associated transient voltage peaks can 
be suppressed by complying with Intel's Two-Line 
Control,and by properly selected decoupling capaci
tors. It is recommended that a 0.1 J-LF ceramic ca
pacitor be used on every device between Vee and 
GND. This should be a high frequency capacitor for 
low inherent inductance and should be placed as 
close to the device as possible. In addition, a 4.7 /LF 
bulk electrolytic capacitor should be used· between 
Vee and GND for every eight devices. The bulk ca
pacitor should be located near where the power sup
ply is connected to the array. The· purpose of the 
bulk capacitor is to overcome the voltage droop 
caused by the inductive effect of PC board-traces. 

PROGRAMMING MODES 

Caution: Exceeding 14Von Vpp will permanently 
damage the device. 
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Initially, and after each erasure, all bits of the 
EPROM are in the "1" state. Data is introduced by 
selectively programming "Os" into the desired bit lo
cations. Although only "Os" will be programmed, 
both "1s" and "Os" can be present in the data word. 
The only way to change a "0" to a "1" is by ultravio
let light erasure. 

The device is in the programming mode when Vpp is 
raised to its programming voltage (See Table 2) and 
CE (or ALE/CE) and PGM are both at TTL low and 
OE = V,H. The data to be programmed is applied 8 
bits in parallel to the' data output pins. The levels 
required for the address and data inputs are TTL. 

Program Inhibit 

Programming of multiple EPROMS in parallel with 
different data is easily accomplished by using the 
Program Inhibit mode. A high-level CE (or ALE/CE) 
or PGM input inhibits the other devices from being 
programmed. 
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Except for CE (or ALE/CE), all like inputs (including 
OE) of the parallel EPROMs may be common. A TTL 
low-level pulse applied to the PGM input with Vpp at 
its programming voltage and CE (or ALE/CE) = VIL 
will program the selected device. 

Program Verify 

A verify (read) should be performed on the pro
grammed bits to determine that they have been cor
rectlurogrammed. The verify~erformed with OE 
and CE (or ALE/CE) at VIL, PGM at VIH, and Vee 
and Vpp at their programming Voltages. Data should 
be verified a minimum of tOE after the falling edge of 
OE. 

inteligent IdentifierTM Mode 

The inteligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose of 
automatically matching the device to be pro
grammed with its corresponding programming algo
rithm. This mode is functional in the 25°C ± 5°C am
bient temperature range that is required when pro
gramming the device. 

To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line A9 of the 
EPROM. Two identifier bytes may then be se
quenced from the device outputs by toggling. ad
dress line AO from VIL to VIH. All other address lines 
must be held at VIL during the inteligent Identifier 
Mode. 

Byte 0 (AO = VILl represents the manufacturer code 
and byte 1 (AO = VIH) the device identifier code. 
These two identifier bytes are given in Table 1. 
ALE/CE of the 87C64 has to be toggled in order to 
latch in the addresses and read the Signature 
Codes. 
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ERASURE CHARACTERISTICS (FOR 
CERDIP EPROMS) 

The erasure characteristics are such that erasure 
begins to .occur upon exposure to light with wave
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data shows that constant expo
sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex
posed to these types of lighting conditions for ex
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era
sure. 

The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (Le., UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm2. The erasure time with 
this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000 p,W/cm2 power rat
ing. The EPROM should be placed withi~ 1 inc.h of 
the lamp tubes during erasure. The maximum Inte
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm2 (1 week @ 12000 p,W/ 
cm2). Exposure of the device to high intensity UV 
light for longer periods may cause permanent dam
age. 

CHMOS NOISE CHARACTERISTICS 

Special EPI processing techniques have enabled In
tel to build CHMOS with features adding to system 
reliability. These include input/output protection to 
latch-up. Each of the data and address pins will not 
latch-up with currents up to 100 mA and voltages 
from -1V to Vee + 1V. 

Additionally, the Vpp (programming) pin is designed 
to resist latch-up to the 14V maximum device limit. 
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Figure 5. Quick-Pulse Programmlng™ Algorithm 

Quick·Pulse Programming™ Algorithm 

Intel's 27C64 and 87C64 EPROMs can now be pro
grammed using the Quick-Pulse Programming Algo
rithm, developed by Intel to substantially reduce the 
throughput time in the production environment. This 
algorithm allows these devices to be programmed in 
under one second, almost a hundred fold improve
ment over previous algorithms. Actual programming 
time is a function of the PROM programmer being 
used. 

The Quick-Pulse Programming Algorithm uses initial 
pulses of 1 00 microseconds fOllowed by a byte veri-

fication to determine when the address byte has 
been successfully programmed. Up to 25 100 Jls 
pulses per byte are provided before a failure is rec
ognized. A flowchart of the Quick-Pulse Program
ming Algorithm is shown in Figure 5. 

For the Quick Pulse Programming Algorithm, the en· 
tire sequence of programming pulses and byte verifi
cations is performed at Vee = 6.25V and Vpp at 
12.75V. When programming of the EPROM has 
been completed, all bytes should be compared to 
the original data with Vee = Vpp = 5.0V. 
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D.C. PROGRAMMING CHARACTERISTICS (27C64/B7C64) T A = 2SoC ± SoC 

Table 2 

Symbol Parameter 
Limits Test Conditions 

Min Max Unit (Note 1) 

III Input Current (All Inputs) 1.0 JLA VIN = VIL or VIH 

VIL Input Low Level (All Inputs) -0.1 0.8 V 

VIH Input High Level 2.0 Vee + 0.5 V 

VOL Output Low Voltage During Verify 0.45 V IOL = 2.1 mA 

VOH Output High Voltage During Verify 3.5 V IOH = -2.S mA 

lee2(3). Vee Supply Current 30 mA 

IpP2(3) Vpp Supply Current (Program) 30 mA CE = VIL 

VIO Ag in!eligent Identifier Voltage 11.S 12.5 V 

Vpp Programming Voltage 12.S 13.0 V 

Vee Supply Voltage During Programming 6.0 6.S V 

A.C. PROGRAMMING CHARACTERISTICS 27C64 
T A = 2SoC ± SoC, See Table 2 for Vee and Vpp Voltages 

Symbol Parameter 

tAS Address Setup Time 

tOES OE Setup Time 

tos Data Setup Time 

tAH Address Hold Time 

tOH Data Hold Time 

tOFP OE High to Output Float Delay 

tvps Vpp Setup Time 

tves Vee Setup Time 

teEs CE Setup Time 

tpw PGM Program Pulse Width 

tOE Data Valid from OE 

A_C. CONDITIONS OF TEST 
Input Rise and Fall Times (10% to 90%) ...•.. 20 ns 

Input Pulse Levels .....•............ O.4SV to 2.4V 

Input Timing Reference Level ....... O.BV and 2.0V 

Output Timing Reference Level ...•.. O.BV and 3.SV 

Min 

2 

2 

2 

0 

2 

0 

2 

2 

2 

95 
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Limits Conditions 

Typ Max Unit (Note 1) 

JLs 

JLs 

JLs 

JLs 

JLs 

130 ns (Note 2) 

JLs 

JLs 

JLs 

100 10S JLs Quick-Pulse 

1S0 ps 

NOTES: 
1. Vec must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 
2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no long
er driven-see timing diagram. 
3. The maximum current value is with outputs 00 to 07 Un
loaded. 
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PROGRAMMING WAVEFORMS 27C64 

PROGRAM VERIFY 

ADDRESSES 

,-
C ~ ADDRESS STABLE 

f.--IAS_ .. -=1. f--'AH 

DATA 
HIGHZ 

DATA OUT V~LlD DATA IN STABLE 

_'os_ .'OH. - tDFP(2) 

r-

12.75V 

,---./ 
f4--'vPS_ 

V" 

S.OV 

8.25V 

---.I 
I-'ves_ 

Vee 

S.OV 

-
~ 

V,H 

CE 
V" 

I- lees_ 

V,H 

PGM 

V" ~ 

-- I,w 
I"'- _'oes~ 

'OE(2) 

~ -- topw - \ 
V,H 

OE 
VIL 
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NOTES: 
1. The Input Timing Reference Level is O.BV for VIL and 2V for a VIH. 
2. tOE and tDFP are characteristics of the device but must be accommodated by the programmer. 
3. When programming the 27C64, a 0.1 j.tF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which can damage the device. 
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A.C. PROGRAMMING CHARACTERISTICS 87C64 
T A = 25°C ± 5°C, See Table 2 for Vcc and Vpp Voltages. 

Symbol Parameter 
Limits 

Min Typ 

tvps Vpp Setup Time 2 

tvcs Vcc Setup Time 2 

tLL Chip Deselect Width 2 

tAL Address to Chip Select Setup 1 

tLA Address Hold from Chip Select 1 

tpw PGM Pulse Width 95 100 

tos Data Setup Time 2 

tOFP OE High to Data Float 0 

tOES Output Enable Setup Time 2 

tOE Data Valid from Output Enable 

tOH Data Hold Time 2 

tCES CE Setup Time 2 

NOTE: 
1. Programming tolerances and test conditions are the same as 27C64. 

PROGRAMMING WAVEFORMS 87(;S4 

ADDRESS )I( ADDRESSES ( 

'~IAL+ ... ILA-

DATA 

Unit Conditions 
Max 

J.Ls 

J.Ls 

J.Ls 

J.Ls 

J.Ls 

105 J.Ls Quick-Pulse 

J.Ls 

130 ns 

J.Ls 

150 ns 

J.Ls 

J.Ls 

ALE/CE f-
~IDS-

~; x::: ~ID::lloES- IOE I-IDF;.i 

ILL-
(1) 

~ 
IvPS_ t 

(1) 
-Ivcs i---1 CES-

vpp 

Vce 5V 

Ipw 
"'i~;w 
'----' 
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NOTE: 
1. 12.75V Vpp & 6.25V Vee for Quick-Pulse Programming Algorithm. 
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87C257 

256K (32K x 8) CHMOS UV ERASABLE PROM 

• CHMOSINMOS Microcontroller and 
Microprocessor Compatible 
- 87C257-lntegrated Address Latch 
- Universal 28 Pin Memory Site, 2-line 

Control 

• Low Power Consumption 

• High Performance Speeds 
- 170 ns Maximum Access Time 

• Noise Immunity Features 
- ± 10% Vee Tolerance 
- Maximum Latch-up Immunity 

Through EPI Processing 

• New Quick-Pulse Programmlng™ 
Algorithm 
- 4 Second Programming 

• 28-Pin Cerdip and 32-Lead PLCC 
Packages 
(See Packaging Spec., Order .. 231369) 

Intel's 87C257 CHMOS EPROM is a 256K-bit 5V-only memory organized as 32,768 8-bit words. It employs 
advanced CHMOS*II-E circuitry for systems requiring low power, high speed performance, and noise immuni
ty. The 87C257 is optimized for compatibility with multiplexed address/data bus microcontrollers such as 
Intel's 16 MHz 8051- and 8096- families. 

The 87C257 incorporates latches on all address inputs to minimize chip count, reduce cost, and simplify 
design of multiplexed bus systems. The 87C257's internal address latch allows address and data pins to be 
tied directly to the processor's multiplexed address/data pin!'!. Address information (inputs Ao-A14) is latched 
early in the memory-fetch cycle by the falling edge of the ALE input. Subsequent address information is 
ignored while ALE remains low. The EPROM can then pass data (from pins 00-07) on the same bus during 
the last part of the memory-fetch cycle. 

The 87C257 is offered in ceramic DIP and Plastic Leaded Chip Carrier (PLCC) packages. The Cerdip package 
provides flexibility in prototyping and R&D environments while the PLCC version is used in surface mount and 
automated manufacturing. The 87C257 employs the Quick-Pulse Programming™ Algorithm for fast and reli
able programming. 

Intel's EPI processing achieves the highest degree of latch~up protection. Address and data pin latch-up 
prevention is provided for stresses up to 100 mA from -1V to VCC + 1V. 

"HMOS and CHMOS are patented processes of Intel Corporation. 

ALE 

AO-A'4 
ADDRESS 

INPUTS 

OUTPUT ENABLE 
PROG LOGIC 

CHIP ENABLE 

ADDRESS LATCH ENABLE 

Y DECODE 

X DECODE 

Figure 1. Block Diagram 

14-14 

DATA OUTPUTS 
00-°7 

OUTPUT BUFFERS 

Y-GATING 

262,144 BIT 
CELL t.AATRIX 

290135-1 

October 1988 
Order Number: 290135-005 



intJ 87C2S7 [?)OO~Il..O[M]OOO~OOW 

Pin Names 87C64 87C257 87C64 

Ao-A14 ADDRESSES VPP 
ALEtvpp vee Vee 

A12 A12 A14 PGM 
A7 A7 A13 N.C 
A6 A6 As As 
A5 A5 Ag 

A9 

00-0 7 OUTPUTS 

OE OUTPUT ENABLE 

CE CHIP ENABLE 
A4 A4 All All 
As A3 OE OE 
A2 A2 Al0 Al0 

ALE/vpp Address Latch 
Enable/Vpp 

Al Al CE ALE/CE 
Ao Ao 07 07 
00 00 06 06 
01 01 05 05 
02 02 04 04 
Gnd GND 03 Os 

N.C. NO CONNECT 

D.U. Don't Use 

290135-2 

FIGURE 2. DIP Pin 
Configuration 

N27C64 8KX8 A7 A12 vpp DU vee PGM NC 

N27C128 16KX8 I I I I I PGM A13 

N87C257 32KX8 t J ALE/ 
Vpp- L 1 A14 Al3 

nnnnnnn 
4 3 2 I 32 31 30 

A61--1-- [ 5 0 29 B - I-- A8 

AS r-- [ 6 28 - t-- A9 

A4 r-- [ 7 27 

B -
r- AIl 

A3 r-- [ 8 32 LEAD PLCC 26 - - NC 

A2 t--- [ 9 0.450" X 0.550" 25 

~ -
- OE 

(11.430 X 13.970) 

Al t--- [ 10 
(MILLIMETERS) 

24 1- - AID 

AD t--f--- [ 
TOP VIEW 

~ 
11 23 CE CE CE 

NC -f--- [ 12 22 1-- 07 

00 -f--- [ 13 21 J I--=- - 06 

14 15 16 17 18 19 20 

UUUUUUU 
I I I I I I I 
I I I I I L 1 

01 02 GND DU 03 04 05 

290135-13 

Figure 3. PLCC Lead Configuration 
NOTE: 
Intel "Universal Site"-Compatible EPROM Pin Configurations are Shown in the Blocks Adjacent. 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family receives addi
tional processing to enhance product characteris
tics. EXPRESS processing is available for· several 
EPROM densities allowing the appropriate memory 
size to match system applications. EXPRESS 
EPROMs are available with 168 ± 8 hour, 12S·C dy
namic burn-in using Intel's standard bias configura
tion. This process meets or exceeds most industry 
burn-in specifications. The standard EXPRESS 
EPROM operating temperature range is O·C to 
+ 70·C. Extended operating temperature range 
(-40·C to +8S·C) EXPRESS and automotive tem
perature range (- 40·C to + 12S·C) products are 
also available. Like all Intel EPROMs, the EXPRESS 
EPROM family is inspected to 0.1 % electrical AQL. 
This allows reduction or elimination of incoming test
ing. 

AUTOMOTIVE AND EXPRESS 
OPTIONS 

Versions 

Speed Packaging Options 

Versions Cerdlp PLCC 

-200V05 A A 
-200V10 A, L A,T 
-250V10 A,L A, T 
-250VOS A A 

AUTOMOTIVE AND EXPRESS EPROM 
PRODUCT FAMILY 

PRODUCT DEFINITIONS 

Type 
Operating Burn-in 12S·C 

Temperature ("C) (hr) 

T -40·C to + 85·C NONE 

L - 40·C to + 8S·C 168 ±8 

A - 40·C to + 12S·C NONE 

14-16 
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DE = 5V R = 1 Kn vee = + 5V 
ALElVpp = + 5V vss = GND CE = GND 

30 )'$ 

H 
AOJlSLf 
At.J"""l..J . . 
• 

At~ 
290135-5 

Binary Sequence from Ao to A14 

Burn-In Bias and Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 
Operating Temperature During 

Read .•...•.••••••••••••.•... O'C to + 70'C(2) 
Temperature Under Bias ••••••• -1 O'C to + 80'C(2) 
Storage Temperature ••••....•. - 6S'C to + 1S0'C 
Voltage on any Pin with 

Respect to Ground •.•••••••.••• - 2V to + 7V(1) 
Voltage on A9 with 

RespecttoGround .......... -2Vto +13.SV(1) 

Vpp Supply Voltage with Respect to Ground 
During Programming •••.••.•. - 2V to + 14.0V(1) 

VCC Supply Voltage with 
Respect to Ground ........••.. -2V to + 7.0V(1) 

READ OPERATION 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

D.C. CHARACTERISTICS TIL and NMOS Inputs 

Symbol Parameter Notes Min Typ(3) Max Units Test Condition 

III Input Load Current 0.01 1.0 IJoA. VIN = OV to 5.5V 

ILO Output Leakage Current ±10 p.A VOUT = OV to 5.5V 

ISB Vee Current Standby I Switching 10 rnA CE = ALE = VIH 
with Inputs- I Stable 1.0 rnA CE = VIH. ALE = VIL 

leel Vee Current Active 5 30 rnA CE = VIL. ALE = VIH 
f = 5 MHz. lOUT = 0 mA 

VIL Input Low Voltage (± 10% Supply) 1 -0.5 O.B V 

VIH Input High Voltage (± 10% Supply) 2.0 Vee + 0.5 V 

VOL Output Low Voltage 0.45 V 10L = 2.1 mA 

VOH Output High Voltage 2.4 V 10H = -400p.A 

los Output Short Circuit Current 6 100 mA 

D.C. CHARACTERISTICS CMOS Inputs 

Symbol Parameter Notes Min Typ(3) Max Units Test Condition 

III Input Load Current 0.01 1.0 p.A VIN = OV to 5.5V 

ILO Ou1put Leakage Current ±10 p.A VOUT = OV to 5.5V 

ISB Vee Current Standby I Switching 4 6 mA CE = ALE = Vee 
with Inputs- 1 Stable 100 p.A CE = Vee. ALE = GND 

leel Vee Current Active 5 15 mA CE = VIL. ALE = VIH 
f = 5 MHz. lOUT = 0 mA 

VIL Input Low Voltage (± 10% Supply) -0.2 O.B V 

VIH Input High Voltage (± 1 0% Supply) 0.7 Vee Vee + 0.2 V 

VOL Output Low Voltage 0.4 V 10L = 2.1 mA 

VOH Output High Voltage Vee - 0.8 V 10H = -2.5 rnA 

los Output Short Circuit Current 6 100 mA 

NOTES: 
1. Minimum D.C. input voltage is - 0.5V. During transitions. the inputs may undershoot to - 2.0V for periods less than 20 ns. 
Maximum D.C. voltage on output pins is Vee + 0.5V which may overshoot to Vee + 2V for periods less than 20 ns. 
2. Operating temperature is for commercial product defined by this specification. Extended temperature options are available 
in EXPRESS and Automotive versions. 
3. Typical limits are at Vee = 5V. TA = + 25'C. 
4. CE is Vee.±0.2V. All other inputs can have any value within spec. 
5. Maximum current value is wi!h outputs 00 to 07 unloaded. 
6. Output shorted for no more than one second. No more than one output shorted at a time. los is sampled but not 100% 
tested. 
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READ OPERATION 

A.C. CHARACTERISTICS(1) o·c s: T A s: + 70·C 

Vee ±50/0 N87C257-200V05 

Verslons(3) 87C257-200V10 87C257"250V10 Units 
Vee ± 100/0 87C257-170V10 

N87C257-200V10 N87C257-250V10 

Symbol Characteristic Min Max Min Max Min Max 

tACC· Address to Output Delay 170 200 250 ns 

teE CE to Output Delay 170 200 250 ns 

toE OE to Output Delay 58 75 100 ns 

tOF(2) OE High to Output High Z 35 40 55 ns 

tOH(2) Output Hold from Addresses, CE or 0 0 0 ns 

OE Change-Whichever is First 

tLL Latch Deselect Width 35 50 60 ns 

tAL(2) Address to Latch Set-Up 7 15 25 ns 

tLA Address Hold from LATCH 23 30 40 ns 

tLOE ALE to Output Enable 23 30 40 ns 

NOTES: A.C. CONDITIONS OF TEST 
1. See A.C. Testing Input/Output Waveforms for timing 
measurements. 
2. Guaranteed and sampled. 
3. Model Number Prefixes: No Prefix = CERDIP. 

Input Rise and Fall Times (10% to 90%)., .... 10 ns 
Input Pulse Levels ....•............... VOL to VOH 
Input Timing Reference Level ................ 1.5V 
Output Timing Reference Level ........ VIL and. VIH 

A.C. WAVEFORMS 

NOTES: 

V1H 
ALE 

CE 

or 

V1L 

VIH-----r-.~-_+""""'" 

V1L 
(2) 

t LOE --~.,--tOE V
IH 
____ +-________ _ 

V1L 

i------tACC -------1 

OUTPUT HIGH Z 
VIH ___ ~---~------------J!~~--<:~~~~~~Ee~ 
V1L 

1. This parameter is only sampled and is not 1000/0 tested. 
2. OE may be delayed up to teE-tOE aiter the falling edge of CE without impact on tCE. 

14-18 

290135-6 



inter 87C257 

CAPACITANCE(1) TA = 25°C. f = 1.0 MHz 

Symbol Parameter Max Units Conditions 

CIN Address/Control Capacitance 6 pF VIN = OV 

COUT Output Capacitance 

NOTE: 
1. Sampled. Not 100% tested. 

A.C. TESTING INPUT/OUTPUT WAVEFORM 

IH OUTPUT 
V'L 

290135-7 

A.C. testing inputs are driven at VOH for a Logic "1" 
and Val for a Logic "0". Timing measurements are 
made at V,H for a Logic "1" and V,l for a Logic "0". 

DEVICE OPERATION 

12 pF VOUT = OV 

A.C. TESTING LOAD CIRCUIT 

1.:.~ 

~ ~lN914 

3.3kn. 
DEVICE 
UNDER 
TEST .:eCl 

--
Cl = 100 pF 
Cl Includes Jig Capacitance 

OUT 

290135-8 

Table 1 lists 87C257 operating modes. Read mode requires a single 5V power supply. All input levels are TTL 
or CMOS except A9 in inteligent Identifier mode and Vpp. 

Table 1. Mode Selection 

Pins 
CE OE Ag Ao 

ALE/ 
Vee Outputs 

Mode Vpp 

Read VIL VIL X(1) X X 5.0V DOUT 

Output Disable VIL VIH X X X 5.0V HighZ 

Standby VIH X X X X 5.0V HighZ 

Programming VIL VIH X X (Note 4) (Note 4) DIN 

Program Verify VIH VIL X X (Note 4) (Note 4) DOUT 

Optional Program VIL VIL X X Vec (Note 4) DOUT 
Verify (Note 4) 

Program Inhibit VIH VIH X X (Note 4) (Note 4) HighZ 

inteligent Identifier(3) VIL VIL VH(2) VIL X Vec 89 H 
-Manufacturer 

inteligent Identifier(3) VIL VIL VH(2) VIH X Vee 24 H 
-87C257 

NOTES: 
1. X can be V,l or V,H. 
2. VH = 12.0V ±0.5V. 
3. A1-A8. AlO-12 = V,l. A13-14 = X. 
4. See Table 2 for Vee and Vpp programming voltages. 
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Read Mode 

The 87C257 has two control functions; both must be 
logically active to obtain data at the outputs. Chip 
Enable (CE) is the power control and the device-se
lect. Output enable (OE) gates data to the output 
pins by controlling the output buffer. When the ad
dress is stable (ALE = VIH) or latched (ALE = VILl, 
the address access time (tAcd equals the delay 
from CE to output (tCE). Ou~ts display valid data 
tOE after the falling edge of OE, assuming tACC and 
tCE times are met. 

The 87C257 reduces the hardware interface in'multi
plexed address-data bus systems. Figure 4 shows a 
low power, small board space, minimal chip 
87C257 imicrocontroller design. The processor's 
multiplexed bus (ADo_?) is tied to the 87C257's ad
dress and data pins. No separate address latch is 
needed because the 87C257 latches all address in
puts when ALE is low. 

The ALE input controls the 87C257's internal ad
dress latch. As ALE transitions from VIH to VIL, the 
last address present at the address pins is retained. 
The OE control can then enable EPROM data onto 
,the bus. 

vss vee RST vee vss 

Figure 4. 80C31 with 87C257 
System Configuration 

Standby Mode 

290135-9 

The standbLmode substantially reduces Vcc cur
rent. When CE = VIH, the standby mode places the 
outputs in a high impedance state, independent of 
the OE input. 

Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two contol inputs to accommodate 
multiple memory connections. Two-line control pro-
vides for: ' 

a) the lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
will not occur. 

To efficiently use these two control inputs, an ad
dress decoder should enable CE while OE should be 
connected to all memory-array devices and the sys
tem's READ control line. This assures that only se
lected memory devices have active outputs while 
deselected memory devices are in low-power stand
by mode. 

SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in
terested in three supply current (ICC) issues-stand
by current levels, active current levels, and transient 
current peaks produced by falling and rising edges 
of Chip Enable. Transient current magnitudes de
pend on the device outputs' capacitive and inductive 
loading. Two-Line Control and proper decoupling ca
pacitor selection will suppress transient voltage 
peaks. Each device should have a 0.1 fLF ceramic 
capacitor connected between its Vcc and GND. This 
high frequency, low inherent-inductance capacitor 
should be placed as close as possible to the device. 
Additionally, for every eight devices, a 4.7 fLF elec
trolytic capacitor should be placed between Vcc and 
GND at the array's power supply connection. The 
bulk capacitor will overcome voltage slumps caused 
by PC board trace inductances. 

PROGRAMMING MODES 

Caution: Exceeding 14Von Vpp will permanently 
damage the device. ' 

Initially, and after each erasure, all EPROM bits are 
in the "1" state. Data is introduced by selectively 
programming "Os" into the desired bit locations. Al
though only "Os" are programmed, the data word 
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can contain both "1s" and "Os". Ultraviolet light era
sure is the only way to change "Os" to "1 s". 

The programming mode is entered when Vpp is 
raised to its programming voltage (see Table 2). 
Data is programmed by applyi~an 8-bit word to the 
output pins (00-7). Pulsing CE to TTL-low while 
OE = VIH will program data. TTL levels are required 
for address and data inputs. 

Program Inhibit 

The Program Inhibit mode allows parallel program
ming of multiple EPROMs with different data. With 
Vpp at its programming voltag~ CE-Iow pulse pro
grams the desired EPROM. CE-high inputs inhibit 
programming of non-targeted devices. Except for CE 
and OE, parallel EPROMs may have common in
puts. 

Program Verify 

With Vpp and Vee at their programming voltages, a 
verify (read) determines that bits are correctly pro
grammed. The verify is performed with CE = "6ti 
and OE = VIL. Valid data is available tOE after OE 
falls low. 

Optional Program Verify 

The optional verify allows parallel programming and 
verification when several devices share a common 
bus. It is performed with CE = OE = VIL and Vpp = 
Vee = 6.25V. The normal read mode is then used 
for program verify. Outputs will tri-state depending 
on OE and CEo 

inteligent IdentifierTM Mode 

The inteligent Identifier Mode will determine an 
EPROM's manufacturer and device type. Program
ming equipment can automatically match a device 
with its proper programming algorithm. 

This mode is activated when programming equip
ment forces 12V ± 0.5V on the EPROM's Ag ad
dress line. With A1-AB, A1O-A12 = VIL (A13-14 are 
don't care), address line Ao = VIL will present the 
manufacturer's code and Ao = VIH the device code 
(see Table 1). When Ag = VH, ALE need not be 
toggled to latch each identifier address. This mode 
functions in the 25'C ± 5'C ambient temperature 
range required during programming. 

ERASURE CHARACTERISTICS (FOR 
CERDIP EPROMS) 

Exposure to light of wavelength shorter than 4000 
Angstroms (A) begins EPROM erasure. Sunlight and 
some fluorescent lamps have wavelengths in the 
3000-4000A range. Constant exposure to room-lev
el fluorescent light can erase an EPROM in about 3 
years (about 1 week for direct sunlight). Opaque la
bels over the window will prevent unintentional era
sure under these lighting conditions. 

The recommended erasure procedure is exposure 
to 2537 A ultraviolet light. The minimum integrated 
dose (intensity x exposure time) is 15 Wsec/cm2. 
Erasure time using a 12000 J)-W/cm2 ultraviolet 
lamp is approximately 15 to 20 minutes. The 
EPROM should be placed about 1 inch from the 
lamp. The maximum integrated dose is 7258 
Wsec/cm2 (1 week @ 12000 J)-W/cm2). High intensi
ty UV light exposure for longer periods can cause 
permanent damage. 
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Figure 5. Qulck·Pulse Programmlng™ Algorithm 

CHMOS NOISE CHARACTERISTICS 

System reliability is enhanced by Intel's gHMOS 
EPI-process techniques. Protection on each data 
and address pin prevents latch-up; even with 100 
mA currents and voltages from -1V to Vee + 1V. 
Additionally, the Vpp pin is designed to resist latch
up to the 14V maximum device limit. 

Quick-Pulse Programming™ Algorithm 

The Quick-Pulse Programming algorithm programs 
Intel's 87C257 EPROM. Developed to substantially 
reduce production programming throughput time, 
this algorithm can program a 87C257 in under four 
seconds. Actual programming time depends on the 
PROM programmer used. 

The Quick-Pulse Programming algorithm uses a 100 
microsecond initial-pulse followed by a byte verifica-

tion to determine when the addressed byte is cor
rectly programmed. The algorithm terminates if 25 
100,...s pulses fail to program a byte. Figure 5 shows 
the Quick-Pulse Programming algorithm flowchart. 

The entire program-pulse/byte-verify sequence is 
performed with Vee = 6.25V and Vpp = 12.75V. 
When programming is complete, all bytes should be 
compared to the original data with Vee = 5.0V. 

Alternate Programming 

Intel's 27C256 and 27256 Quick-Pulse Programming 
algorithms will also program the 87C257. By overrid
ing a check for the inteligent Identifier, older or non
upgraded PROM programmers can program the 
87C257. See Intel's 27C256 and 27256 data sheets 
for programming waveforms of these alternate algo
rithms. 
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D.C. PROGRAMMING CHARACTERISTICS TA = 25°C ±5°C 

Table 2 

Symbol Parameter 
Limits 

Min Max 

III Input Current (All Inputs) 1.0 

VIL Input Low Level (All Inputs) -0.2 O.B 

VIH Input High Level 2.0 Vee + 0.5 

VOL Output Low Voltage During Verify 0.4 

VOH Output High Voltage During Verify Vee - O.B 

lee2(3) Vee Supply Current 30 

IpP2(3) Vpp Supply Current (Program) 50 

VIO A9 inteligent Identifier Voltage 11.5 12.5 

Vpp(1) . Programming Voltage 12.5 13.0 

Vec!1)' Supply Voltage During Programming 6.0 6.5 

A.C. PROGRAMMING CHARACTERISTICS 

TA = 25°C ±5°C; see Table 2 for Vee and Vpp voltages. 

Symbol Parameter 
Limits 

Min Typ Max 

tAS Address Setup Time 2 

toES OE Setup Time 2 

tos Data Setup Time 2 

tAH Address Hold Time 0 

tOH Data Hold Time 2 

tOFP(2) OE High to 
0 130 

Output Float Delay 

tYPS(1) Vpp Setup Time 2 

tYes(1) Vee Setup Time 2 

tpw CE Program Pulse Width 95 100 105 

toE Data Valid from OE 150 

NOTES: 

Unit 

/J-A 

V 

V 

V 

V 

mA 

mA 

V 

V 

V 

Unit 

/J-s 

/J-s 

/J-s 

/J-s 

/J-s 

ns 

/J-s 

/J-s 

/J-s 

ns 

1. Vee must be applied simultaneously or before Ypp and removed simultaneously or after Ypp. 

Test Conditions 

VIN = VIL or VIH 

IOL = 2.1 mA 

IOH = -400/J-A 

CE = VIL 

Conditions 

2. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer 
driven-see timing diagram. 
3. The maximum current value is with outputs 00 to 07 unloaded. 
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, In!eligent identifier, ,In!eligent identifier 'I' Blank Check " Pr ram • • Prog~am , , Re~d 'I 
1 Monufocturer I Devlco Illegal Bit Check 1 og 1 Verify 1 Verify 

Ag = 12.0V 
12.0 V • - - - - -

Address v�H _____ -J.1-____ A~O~=_V~I~L __ ·_~·_'U£+-A~I--~8'-A-l~O~-~12~=-V~IL~,~_A_D_D_RE_S_S_V_A_l_ID __ Jl~---------A-D-D-R-ES-S--Sl-A_B_l_E-+ ________ ~~---~~uu-'~'-~~-~-.-~---'u--,~----VIL 

VIH 

Data 

VIL 

AlE/:::el~ : = ~ - -- --- --- -1- -----------r 

NOTES: 

\~~~ . ---, --------T ------- ----
Vee 

VIH 

cr 
VIL 

V1H \ 

BE 
VIL 

1. The input timing reference level is Vil = O.BV and VIH = 2V. 
2. toE and tOFP are device characteristics but must be accommodated by the programmer. 
3. To prevent device damage during programming, a 0.1 ,...F capacitor is required between Vpp and ground to suppress spurious voltage transients, 

290135-11 

4. During programming, the address latch function is bypassed whenever Vpp = 12.7SV or A9 = VH. When Vpp and A9 are at TTL levels, the address latch function is 
enabled, and the device functions in read mode. 
5. Vpp ean be 12,7SVduring Blank Check and Final Verify; if so, CE must be VIH. 
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87C75PF 
MICROCONTROllER PERIPHERAL 1/0 
PORT EXPANDER WITH 32Kx8 EPROM 

2 Configurable a-bit I/O Ports • No-Glue Microcontroller Interface 
-Open Drain - Programmable Memory Map 
- Quasi-bi-directional - Programmable Control Signals 
-CMOS - Built-in Address Latches 

32K x a EPROM - Integrated Address Decoder 

- 200nS Access Time III Special Function Registers (SFRs) 

Quick-Pulse Programming TM Algorithm - Port Latch Read/Write 

- 4 Second Programming - Port Pin Read 

Configuration Registers II low Power CHMOS-II-E 

- Relocate the EPROM in Memory - TTL Compatible 

- Relocate the SFRs in Memory II 40-Pin DIP, 44-Lead PLCC 
- Programmable RESET Level (See Packaging Spec., Order #231369) 

- Double or Single Plane Operation 

The microcontroiler peripheral Port Expander contains two 8-bit bi-directional I/O ports, a 32K x 8 EPROM, 
fully multiplexed address/data pins, and a user-configurable architecture. A microcontroiler that accesses 
external memory must use two of its 8-bit I/O ports for multiplexed address/data lines. The Port Expander 
recovers these two ports while supplying needed EPROM memory. Considerable board space and design time 
can be saved by replacing discrete memory, port, address-decoder, address-latch, and glue chips with a single 
Port Expander chip. 

User-programmable options allow "no-glue" interfacing with 8051, 8096, and 80188 microcontroiler families. 
EPROM and port addresses can be relocated within dual-64K-byte memory planes. Non-standard-architecture 
microcontroilers (68xx, 63xx, Z8xx, etc.) require only minimal "glue" chips to interface with the Port Expander. 
The programmable RESET input will conform to various microcontrollers. Its flexible architecture allows appli
cations to use multiple Port Expander chips. 

The device's flexibility accommodates several microcontroiler architectures. Its default mode is ideal for dual
memory-plane 8051 applications. A single plane option conforms to 80188, 68xx, and 8-bit-mode 8096 archi
tectures. The memory-plane overlap option allows address-constrained systems and 8051 systems that have 
code compiled from high-level languages to use multiple Port Expanders. 
'CHMOS is a patented process of Intel Corporation. 
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87C75PF 

ARCHITECTURE 

Intel's 8051-family and the 87C75PF form the most 
versatile, integrated microcontroller combination in 
the industry. No other solution provides a microcon
troller, 32K-bytes of EPROM and port expansion in 
only two chips. Also, the 87C75PF takes full advan
tage of the 8051 's separate program- and data
memory planes. The 87C75PF uses all sixteen ad
dress/data lines and all of the 8051 's control signals 
to access two 64K-byte memory planes. In fact, this 
architecture accommodates two 87C75PFs - 64K
bytes of EPROM and 4 ports - still leaving room for 
60K of RAM and other features. 

The 87C75PF's versatility makes possible minimum
chip solutions for other microcontroller architec
tures, too. Single memory-plane modes are user pro
grammable for no-glue interfaces to 8096BH, 
80C196, 8098, and 80188 controllers. 

Flexible Memory Map 

Programmable memory map options will customize 
the 87C75PF for any application. Intel's 8051 and 
8096 microcontrollers have boot-up locations in the 
lower half of their memory maps. The 87C75PF's 
EPROM defaults to low memory for these control
lers. 80188, 68xx, and 63xx microcontrollers use 
high-memory boot-up (code and vector) addresses. 
A user programmable option will move the 
87C75PF's EPROM to the device's high-memory 
addresses. Special Function Registers and port ad
dresses can also be moved to any 2K-byte address 
boundary. 

Programmable Control 

Reset level varies depending on the microcontroller 
family. The 87C75PF's reset (RST) is active-high to 
match the 8051. Other microcontrollers have active
low reset. A programmable active-low reset option 
will configure the 87C75PF for these controllers. 

Versatile 1/0 Ports 

The 87C75PF has two 8-bit I/O ports. Port 1 is 
open-drain and port 2 is quasi-bi-directional. The 
open-drain port can be used for high impedance in
puts or "wire-ORed" input/outputs. The quasi-bi-di
rectional port can be used as inputs with built-in pull
up resistors or as low-current-drive outputs. Alter
nate modes allow either port to have active pull-up 
(CMOS) outputs. This output mode provides higher 
current, faster switching, and low power port drive. 

Minimum Chip Microcontroller Solution 

Primary applications are: 1) single-chip microcontrol
ler systems that have outgrown the controller'S inter
nal code-memory and 2) multiple-chip systems that 
need featureS-integration, such as redesigned appli
cations that recover ports with discrete components. 
Typical memory expansion requires EPROM, port 
expander chips, address latches, address decoder 
and glue-logic chips - all are incorporated in the 
87C75PF (Figure 1). 
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Figure 2. 40·Pin Dip Package 
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Figure 3. 44-Lead PLCC Package 
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PIN DESCRIPTIONS 

Symbol Pin Number 
Function 

DIP PLCC 
VPP/RST 1 2 In operating mode, VPP/RST is VIL or VIH and serves as the reset 

input. RST is user programmable as active-high or active-low via the 
Control Level Register (CLR. 7). When RST is asserted, ports are set 
to inputs in non-CMOS mode or 1 's in CMOS mode. With RST 
asserted, port-writes have no affect; port-latch-reads return "1s". 
VPP is the programming supply-voltage input. 

CE 2 3 CE, the master device enable input, is active-low. When asserted, 
data can be written and read to/from the device. 
When CE is not asserted, the memory is in standby and cannot be 
accessed; ports cannot be accessed but maintain their current active 
states. 

A15-Aa 3-10 4-11 High-order addresses flow into the device when ALE = VIH and are 
latched when ALE = VIL. 

GND 11 12,34 VSS (Ground) pins. 

ADrADo 12-19 14-21 Multiplexed low-order address/data. After ALE latches addresses, 
these pins input or output data depending on RD, WR/PGM, and 
PSEN. 

PSEN 20 22 This active-low pin is the Program Store ENable. EPROM or non-
volatile registers are read if this pin is asserteJL 
If bit ELR.6 is programmed ("0"), PSEN and RD are internally 
combined. If either or both of these signals is VIL, EPROM or SFR 
data is accessed depending on the addre~ 
When VPP is at its programming voltage, PSEN and RD are internally 
combined, as described above. This allows a resident microcontroller 
to use its READ signal to verify programmed data during in-system 
programming. 

P2.0-P2.7 21-28 24-31 8-bit I/O port pins with Quasi-bi-directional (internal pull-up) outputs. 
All Port 2 pins can be configured as CMOS outputs by programming 
Control Level Register bit CLR.5. 

ALE 29 32 Addresses flow through the latches to address decoders when ALE = 
V,H. ALE's fallin~ge latches all addresses independent of CEo 
PSEN, RD, and WR/PGM are non-functional when ALE is VIH. Read 
and write modes are possible only when ALE is VIL. 

RD 30 33 During normal operation, RD is used to read information from the 
SFRs. 
If bit ELR.6 = "0", RD and PSEN are internally combined (see PSEN 
pin description). 
During programming, RD and PSEN are internally combined when 
VPP is at its programming Voltage. This pin's location is the same as a 
megabit EPROM's GND pin. For compatibility with PROM 
programmers that force this pin to ground, RD becomes non-
functional when P1.0 is at VH. 

P1.0-P1.7 31-38 35-42 General purpose8-bit open-drain I/O port pins. 
When P1.0 is at VH (12V) the Configuration Plane can be accessed 
(see the Mode table) and RD is internally disabled. 
To prevent device damage, Port 1 must be reset, by RST, or have a 
"1" written to P1.0 before VH is applied to P1.0. 
All Port 1 pins can be configured as CMOS outputs by programming 
Control Level Register CLR.6. 

WR/PGM 39 43 The active-low WR/PGM is used to write data to the SFRs. During 
programming (VPP = 12.75V), the SFRs cannot be written, and this 
signal becomes the program-pulse control input. 

VCC 40 44 This pin is the supply voltage input. 
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EXTENDED TEMPERATURE 
(EXPRESS) uC PERIPHERAL 

Intel's EXPRESS microcontroller and application
specific peripheral families receive additional pro
cessing to enhance product characteristics. EX
PRESS processing is available for several microcon
trollers, EPROMs, and peripheral products allowing 
the appropriate device to match custom system ap
plications. EXPRESS devices are available with 168 
± 8 hour, 125°C dynamic burn-in using Intel's stan
dard bias configuration. This process meets or ex
ceeds most industry burn-in specifications. The stan
dard EXPRESS operating temperature range is O°C 
to + 70°C. EXPRESS extended operating tempera
ture range (- 40°C to + 85°C) and automotive tem
perature range (- 40°C to + 125°C) products are 
also available. Like all Intel products, the EXPRESS 
family is inspected to 0.1 % electrical AOL. This al
lows reduction or elimination of incoming testing. 

AUTOMOTIVE AND EXPRESS 
PRODUCT FAMILY 

PRODUCT DEFINITIONS 

Type 
Operating Burn-in 125°C 

Temperature eC) (hr) 

0 O°Cto + 70°C 168 ±8 

T -40°C to + 85°C NONE 

L - 40°C to + 85°C 168 ±8 

AUTOMOTIVE AND EXPRESS 
OPTIONS 

Speed 
Packaging Options 

Versions CERDIP PLCC 

- Contact your 
local Intel Sales 

Office for EXPRESS 
product availability 

Burn-In Bias and Timing Diagrams 

A15 

A14 

A13 

A12 

All 

Al0 

A9 

AS 

AD7 

ADS 

AD5 

AD4 

AD3 

AD2 

AD1 

ADO 

Vee 

Vee 

'"'1 r-250 ns 

ALE, PSEN 

ADO 

'--_--'r . 
A15 

Binary Sequence from ADO to A 15 

This cycle also includes port read/write accesses. 

Vee ~+5V. Vpp/RST ~ +5V. CE ~ GND. 
~D ~ +5V. WR/PGM ~ +5V. R ~ 10K 
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(Vpp=TIl) 
OR 

(Vpp=TIlIk P1.0=VH) 
OR 

(Vpp=TIL Ik P1.0=TIl) 

FFFFh "'::=====1, FBOOh ... 

(Vpp= 12.75 Ik PSR=X1h) (Vpp = 12.75 Ik PSR = X2h) 

FFFFh ~-----. F"FtFh ,.------. 

SFR/RAM BLOCK 
DEFAULT LOCATION 

2K-BYTE 
BOUNDARY 

~~~~~ 1------1 BOOOh 
7FFFh 

OOOOh L....,... ___ --' 

WR 
Rii----..J 

EPROM 
(DEFAULT 
LOCATION) 

OOOOh L...-___ r-----' 

Inteligent 
Identifiers 

OOOOh L....L...-~r--_--' 

PSEN----~~----------~------------~------------------------~ 
SFR/RAM 

PLANE 
EPROM 
PLANE 

CONFIGURATION 
PLANE 

290165-4 

Figure 4. The Port Expander's a·Plane Memory Map 

MEMORY MAP 

The Port Expander contains three memory planes -
EPROM plane, special function register/RAM (or 
SFR/RAM) plane, and the configuration plane. Fig· 
ure 4 shows the three memory planes. 

The EPROM's default location (in an erased device) 
is at the bottom 32K bytes (OOOOh to 7FFFh) of the 
64K-byte EPROM plane. The default location of the 
special function register block is F800h to FFFFh in 
the SFR/RAM plane. Non-volatile registers (NVRs) 
are mapped at addresses 7FFDh through 7FFFh in 
the configuration plane. 

Non-volatile registers are used to program the loca
tions of the EPROM, SFR block, and other features 
(see Figure 7). In normal operating mode, the config
uration plane cannot be accessed; only the EPROM 
and SFR/RAM planes are available. During pro
gramming/verification, the plane select register, 
PSR, (SFR default location F810h) determines 
which plane - EPROM or configuration - is ac
cessed. The EPROM array is programmed/verified if 
PSR contains xxxxxx01 b (X1 h). The configuration 
plane is programmed/verified if PSR contains 
xxxxxx10b (X2h) before Vpp is raised to 12.75V. 

NVRs in the configuration plane are also read if pin 
P1.0 = VH (12V) while Vpp = TTL. This allows 
PROM programmers to identify the device, down
load its configuration, and program duplicates ac
cordingly. 

ARCHITECTURE FLEXIBILITY 

The Port Expander can operate in several configura
tions. The configuration plane's non-volatile regis
ters configure the device for microcontroller-archi
tecture compatibility. 

8051 architecture accommodates two 64K-byte 
memory planes - program-memory and data-mem
ory planes. In its default mode (erased) the device is 
configured with these two independently address
able planes - a perfect companion for the 8051 
family. 

Many other 8-bit microcontrollers (8096BH, 8098, 
Z8xx, 68xx, etc.), and 8051s with code compiled 
from high-level languages, can handle only one 64K
byte memo,ry plane. Another mode configures the 
device for single plane operation - again, a perfect 
8-bit micro controller companion device. 
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Often, more than two external ports and greater 
than 32K-bytes of external EPROM are required in 
single-memory-plane applications. Another mode al
lows two Port Expanders to supply 60K-bytes of 
EPROM and four 8-bit I/O ports - still leaving 4K
bytes for other read/write devices. 

Double-plane Applications 

The default configuration has two memory planes; 
program (EPROM) and data (SFR/RAM). This con
figuration is consistent with the 8051 architecture. 
The EPROM plane is read-only and is accessed by 
PSEN. The SFR/RAM plane is a read/write plane 
that is accessed by the RD and WR/PGM inputs. 
These Signals and the sixteen address inputs pro
vide two 64K-byte memory-planes. 

Single-plane Applications 

Many microcontroller architectures have only one 
64K-byte memory plane. One way to configure the 
device for a single-plane is to simply tie PSEN and 
RD together and connect the combined read signal 
to the system's READ line. 

8051 machine code compiled from high-level lan
guages often can't deal with separate program- and 
data-planes. Systems using high-level languages 
usually form one 64K-byte memory plane by combin
ing PSEN and RD into a common READ signal (by 
using an AND gate). 

FFFFh FFFFh 
SFR, FBOOh sm,2 

EPROM 
2 

BOOOh BOOOh 

EPROM EPROM 
(DEFAULT) 1 

IOOOOh IOOOOh 

ONE DEVICE TWO DEVICES 
TWO PLANES TWO PLANES 

(BOS1, B096BH, BOI BB) (B051 , B096BH, B01BB) 

The Port Expander provides a better solution. If the 
EPROM Location Register bit ELR.6 is programmed, 
PSEN and RD are combined internally to form a 
common READ signal. Either of these signals can 
be used to gate data from the EPROM plane and/or 
SFR/RAM plane to the outputs. In effect, this mode 
forms a single 64K-byte memory plane. For 8051 
high-level-language systems,~ external glue is re
quired to "AND" PSEN with RD. The 8051 's PSEN 
and RD signals can be connected directly to the Port 
Expander's corresponding inputs. Single-plane, non-
8051 microcontroller systems need to route their 
READ line to either, or both, PSEN or RD. If only one 
input is used, the other must be tied high. 

Overlapped Single Plane 

Two Port Expanders can fit in a single-memory
plane system by programming the configuration 
plane's non-volatile registers. To accomplish this, 
each device must have its SFR block mapped over a 
portion of its EPROM array. The SFR block can be 
placed on any 2K-byte boundary by programming 
the SFRLR. EPROM Location Register bit ELR.7 al
lows the EPROM to be moved to high memory or to 
remain in its default low-memory location. Program
ming ELR.6, the overlap bit, allows the EPROM 
plane to be mapped over the SFR/RAM plane; this 
also internally combines PSEN and RD. 2K EPROM 
bytes located at the SFR block's base-address are 
disabled and replaced by the 2K-byte SFR block. 

Figure 5 shows various memory configurations. 

FFFFh FFFFh 
FBOOh SFR, 
FOOOh 

EPROM EPROM 
2 

BBOOh 
BOOOh BOOOh 

7BOOh 

EPROM @ EPROM 
1 

OOOOh sm, 
IIOOOOh 

ONE DEVICE TWO OEVICES 
ONE PLANE ONE PLANE 

(B051. B096BH, BOI BB, 6Bx,) (B051. B096BH, 
63xx, 6B,,) 

290165-5 

Figure 5. A Few Possible Memory Plane Configurations 
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EPROM 

The Port Expander contains a 32,768 x 8-bit 
EPROM. When erased, the EPROM is located be
tween EPROM plane addresses CCCCh and 7FFFh. 
This is a common boot-up address range for most 
microcontrollers, including 8.051 and 8.096 families. 
For microcontrollers that reset in high addresses, 
the EPROM can be relocated to device addresses 
8C'o'oh. through FFFFh via the EPROM Location 
Register. This also allows systems' to use two Port 
Expanders - one with EPROM at low-memory and 
the other with EPROM relocated at high-memory. 

When a valid address is present, PSEN controls 
EPROM access. Asserting PSEN during non~valid 
addresses places device outputs at high impedance. 

SPECIAL FUNCTION REGISTERS 
(SFRs) 

SFR addresses described below and in Figure 6 are 
default in an erased device. A 2K-byte block (default 
locations F8'o'oh through FFFFh) is r.eserved for 
ports, plane select register (PSR), and future fea~, 
tures. The SFR/RAM-block base address can 
change· depending on the SFRLR's five most-signifi
cant bits (Figure 1.0). Only five SFR/RAM-block lo
cations are defined. Accessing any other addresses 
in this block places the external bus in a high imped
ance state allowing external devices to occupy 
these locations. 

Ports are accessed by reading or writing the SFRs. 
Port 1 and Port 2 latch data is read/written by ac
cessing locations F8'o'oh and F8'o1 h. F8'o2h through 
F8'o7h are reserved for future port latches. Port 1 
and Port 2 pins are read at F8.08h and F8.09h. Writ
ing to these locations has no effect. F8'oAh through 
F8'oFh are reserved for future port-pin locations. 

F81Ch is a two-bit read/write plane select register 
. (PSR). During program/verify, PSR's value before 
Vpp = 12.75V determines whether the EPROM- or 
configuration-plane is accessed. If PSR contains 
xxxxxx'o1 b, the EPROM plane is programmed and 
verified. If PSR contains xxxxxx1.Ob, configuration 
plane registers will be programmed and verified. In 
operating mode, the configuration plane cannot be 
accessed. However, in the configuration read mode 
(P1 . .O = VH and Vpp = TTL) configuration registers . 
can be read (only) and the SFRs can be written 
(only). 

PSR 

Port 1 Port 2 
Pins Pins F808h FBOFh 

Port 1 Port 2 
latch Latch F800h F807h 

290165-6 

NOTE: 
SFRs are shown in their default locations. 

Figure 6. SFR Memory Map 

CONFIGURATION PLANE 

Non-Volatile Registers (NVRs) 

The configuration plane contains the inteligent Iden
tifierTM and non-volatile registers. This plane is read: 

1) if P1.C = VH (VH = 12V ± 1V) while Vpp = TTL 
or 

2) ,if PSR contains xxxxxx1.Ob while Vpp = 12.75V. 

Inteligent Identifier codes are at 'o'o'o'oh (manufactur
er) and .0.0.01 h (device). NVRs are at 7FFDh (CLR), 
7FFEh (ELR), and 7FFFh (SFRLR). 

NVRs are programmedlverified by writing xxxxxx1 .Ob 
to PSR before Vpp = 12.75V; inteligent Identifier 
bytes are read-only. Figure 7 shows the configura
tion plane's NVR locations. Condition 1) above al
lows PROM programmers to check the device's 
configuration and locate the SFRs and EPROM. 
NVRs are EPROM cells which, when erased, con
tain "1s". 

290165-7 

Figure 7. Configuration Plane Memory Map 
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Control Level Register (CLR) 

The Control level Register, ClR (7FFDh), is used to 
change the RST pin's active level and port output 
drive. RST is active-high and CMOS port-drive is dis
abled in an erased device. If the reset level bit, 
RSTl (ClR.7), is programmed ("0"), RST is active
low. Port 1 and/or Port 2 outputs will be CMOS if 
P1 C (ClR.6) and/or P2C (ClR.5) are programmed. 

CLR 7FFDh 
4 3 2 1 a 

x I X I X I X I X I 

CLR.7 = RESET LEVEL 
o = Active·Low 
1 = Active-High (Default) 

CLR.6 = PORT 1 OUTPUT 
o = CMOS Output Drive 
1 = Open Drain (Default) 

CLR.5 = PORT 2 OUTPUT 
o = CMOS Output Drive 
1 = Quasi-bi-directional 

(Default) 

THESE Brrs ARE 
"DON'T CARE" 

290165-8 

Figure 8. Control Level Register (CLR) 

EPROM Location Register (ELR) 

The EPROM location Register (ElR) is at 7FFEh. 
The EPROM location bit, El (ElR.7), places the 
EPROM at either top or bottom EPROM-plane ad
dresses. When erased, the EPROM array is at 
0000h-7FFFh in the 64K-byte address space. Pro
gramming ElR.7 = "0" places the EPROM at 
8000h-FFFFh. 

When erased, the overlap option is disabled. 
EPROM and SFR/RAM blocks are in default loca
tions. PSEN accesses EPROM- and RD accesses 
the SFR-data. 

If the OVERLAP bit, OVlP (ElR.6), is programmed, 
EPROM and SFR/RAM planes overlap. PSEN and 
RD are internally combined. If either is VIL, EPROM 
or SFR data is accessed depending on the address. 

If the SFR/RAM block's 2K-byte boundary overlaps 
the EPROM array and ElR.6=O, the SFR/RAM 
block replaces 2K EPROM bytes. Accessing non
defined bytes in the 2K-byte space places the exter
nal bus in a high-Z state. By programming ElR.6, 
one-memory-plane microcontrollers (8096, 80188, 
68xx) and 8051 s with high-Ievel-Ianguage-compiled 
code can use two 87C75PFs. 

ELR 7FFEh 

THESE Brrs ARE 
LOCA- LAP 

110N 
"DON'T CARE" 

ELR. 7 = EPROM 
LOCATION 

o = High Memory 
1 = Low Memory (Default) 

ELR.6 = SFR/EPROM 
OVERLAP 

o = Overlap EPROM/SFRs 
1 = No Overlap (Default) 

290165-9 

Figure 9. EPROM Location Register (ElR) 

SFR location Register (SFRLR) 

The SFRlR (7FFFh) determines the SFR/RAM 
block's five most-significant base-address bits; 
SFRlR.7 = A15, SFRlR.6 = A14, SFRlR.5 = 
A 13, SFRlRA = A 12, and SFRLR.3 = A 11. Pro
gramming this register places the SFR/RAM block 
on any 2K-byte boundary. For example, the SFRs 
are placed at 2800h by programming 00101 xxxb. 

SFRLR 7FFFh 
7 6 5 4 3 2 1 0 

THESE Brrs DEFINE THE SFR 2K- THESE Brrs ARE 
BYTE BOUNDARY 

SFRLR.7 = A15 
SFRLR.6 = A14 
SFRLR.5 = A13 
SFRLR.4 = A12 
SFRLR.3 = A11 

"DON'T CARE" 
290165-10 

Figure 10. SFR Location Register (SFRLR) 
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Port 1 

Port 1 has 8 open-drain, bi-directional pins. Pins float 
if "1 s" are written to latches or RST is asserted. 
They can then serve as high impedance inputs. 

P1.0 receives -high voltage (VH = 12V) during the 
inteligent IdentifierlNVR Mode. P1.0 MUST BE RE
SET (BY RST OR BY WRITING "1" TO P1.0) BE
FORE APPLYING VH. For megabit PROM program
mer compatibility, P1.0 = VH disables RD. 

All Port 1 pins are CMOS outputs (TTL level in 
200ns, CMOS level in 1us) if P1C is programmed 
(CLR6 = "0"). Asserting RST or writing "1 s" will 
present CMOS VOH levels. CMOS-configured Port 1 
pins should not be used as inputs. Port latch writes 
occur on WR's rising edge to prevent glitches when 
changing individual bits; other bits are not affected. 

READ PIN 

READ 
LATCH 

INTERNAL 
DATA BUS 
WRITE TO 

LATCH 

RESET 

CONTROL------t_-.JH 

290165-11 

Figure 11. Port 1 Pin Diagram 

Port 2 

Port 2is an 8-bit quasi-bi-directional port. Writing 
"1s" asserts short-duration active pull-ups to guar
antee CMOS VOH levels within 200ns. Port 2 pins 
are held high by internal pull-ups allowing them to 
serve as inputs. Pins pulled low externally source 
current (InJ. Port 2 latches are set to "1 s" upon re
set. 

Programming P2C (CLR.5 = "0") configures Port 2 
as CMOS outputs. Asserting RST or writing "1s" 
outputs CMOS VOH levels. CMOS-configured Port 2 
pins should not be used as inputs. Port latch writes 
occur on WR's rising edge to prevent glitches when 
changing individual port bits; other bits are not af
fected. 

READ PIN 

READ 
LATCH 

INTERNAL 
DATA BUS 
WRITE TO 

LATCH 

RESET 

CONTROL-----!_J-;I 

PULSEO----...J 
PULL-UP 

290165-12 

Figure 12. Port 2 Pin Diagram 

SYSTEM APPLICATIONS 

The 87C75PF significantly reduces chip count and 
interfacing hardware in multiplexed address/data 
bus systems. Figure 13 shows a low power, small 
board space, minimum chip design. The controller's 
multiplexed bus (ADo_7) is tied to the 87C75PF's 
address/data pins. Separate address latches and 
address decoders are not needed because the 
87C75PF latches all sixteen addresses and decodes 
internal features within its two 64K-byte memory 
planes. 

ALE controls the 87C75PF's internal address latch
es. A VJJ:L!Q. Vu.Jransitio~atches the present ad
dress. PSEN, RD, and WR control data-flow be
tween the controller and 87C75PF. 8051, 8096, and 
80188 families benefit from the 87C75PF's "no
glue" interface. 

PORT 2 A8-15 AB-15 

PORT2 

80C31/ 87C75PF 80C51FA 
PORTO ADO. ADO-7 

ALE PORT2 

PSEN 
Rii 
WR GND 

290165-13 

Figure 13. "No-glue" 80C51 with 87C75PF 
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Table 1. MODE SELECTION 87C75PF (default configuration shown) 

MODE CE PSEN RD WR/PGM ALE(6) Vpp/RST(4) Vee P1.0(2) ADo-7 

Reset X(l) X X X X VIH 5V X(10) X 

Read EPROM(12) VIL VIL VIH VIH VIL X 5V X DOut 

Read SFR(12) VIL VIH VIL VIH VIL X 5V X DOut 

Single Plane Read(8) VIL VIL orVIL VIH VIL X 5V X DOut 

Output Disable VIL VIH VIH X VIL X 5V X HighZ 

WriteSFR VIL VIH VIH VIL VIL VIL(14) 5V XorVH Din 

Write Disable VIL X X VIH VIL X 5V X HighZ 

Read/Write Disable VIL X X X VIH X 5V X HighZ 

Standby VIH X X X X X 5V X HighZ 

Program VIL VIH X(ll) VIL VIL Vpp(3) VCp(3) VH(7) Din 
EPROM/NVR(5) 

EPROMINVR Verify(5) VIL VIL X(ll) VIH VIL Vpp VCP VH DOut 

Program Inhibit VIH X X X X Vpp Vcp X HighZ 

Alternate Program VIL VIH VIH VIL VIL Vpp Vcp X Din 

Alternate Verify(9) VIL VIL orVIL VIH VIL Vpp Vcp X DOut 

NVR Config Read(13) VIL VIL X VIH VIL X(7) 5V VH DOut 

inteligent(13) • Manuf VIL VIL X VIH VIL X(7) 5V VH 89h 

Identifier 
- Device VIL VIL X VIH VIL X(7) 5V VH DOh 

NOTES: 
1. X can be VIL or VIH. 
2. VH=12.0V ±1V. 
3. Vpp=12.75V and Vcp=6.25v during programming. 
4. RST is active-high (erase default shown) or programmable via CLR.7 as active-low. 
5. The EPROM array is programmed/verified if PSR=Xlh. The NVR array is programmed/verified if PSR=X2h. NVRs and 

inteligent Identifier can be read when Pl.0 = VH and Vpp = TTL. 
6. Data cannot be read/written when ALE=VIH. ALE must toggle - VIH to VIL - to latch addresses. 
7. Reset must occur via Vp~RST or "1" written to Pl.0 before Pl.0=VH' 
8. If ELR.6=0, PSEN and RD are internally combined. 
9. If Vpp= 12.75V, PSEN and RD are internally combined. If either is VIL, EPROM (PSR=Xlh) or NVR (PSR=X2h) data is 

verified. If P1.0=VH, RD is non-functional. If Vpp=TTL and Pl.0=VH, only NVRs and inteligent identifier can be read. 
10. RST sets port latches to "ls". After reset, Pl.0 (="1") is protected when VH is applied. 
11. For programmer compatibility, the 87C75PF's RD is disabled when Pl.D = VH. 
12. PSEN and RD can be asserted simultaneously unless the EPROM and SFRs overlap & ELR.6=1. 
13. Addresses must be latched during Identifier/NVR reads. 
14. RST not asserted. 
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DEVICE OPERATION 

Table 1 lists 87C7SPF operating and programming 
modes. Operating modes require a 5V power supply. 
Programming modes require 12.7SV Vpp, 6.2SV 
Vcc, and 12.0V Identifier/NVR-read voltages. All in
put levels are TIL or CMOS except Vpp, Vcp, and 
VH· 

OPERATING MODES 

Reset 

RST is an active-high input in an erased device. Pro
gramming CLR.7 ("0") makes RST active-low. As
serting RST for SOOns sets port latches to "1 s". RST 
affects no other writable locations. Before a PROM 
programmer enters the inteligent IdentifierlNVR 
read mode, RST should be asserted (or "1" written 
to P1.0) to set P1.0's pin. This protects P1.0 from 
damage by the 12.0V identifier voltage. 

EPROM Read Mode 

PSEN enables EPROM data onto ADo-7 and con
trols the device's output buffer. This active-low pin 
functions only when CE and ALE are asserted. 
When an address is latched (ALE = VIL>, access 
time (tAVDV) equals the CE to output delay (tCLDV). 
Outputs display valid data tELDV after PSEN's falling 
edge, assuming tAVDV and tCLDV times are met. 

SFR Read Mode 

RD enables SFR data onto ADo-7 and controls the 
device's output buffer. This active-low pin functions 
only when CE and ALE are VIL. EPROM read mode 
timing requirements apply to this mode. 

Single Plane Read Mode 

This mode allows single-plane microcontrollers and 
80S1-family controllers with high-Ievel-Ianguage
compiled code to use an 87C7SPF without "glue" 
devices. It is possible to assert PSEN and RD simul
taneously. Data bus conflict will not occur if the 
SFRs are not memory mapped over EPROM array 
addresses. If SFR and EPROM addresses overlap, 
bus conflict can be avoided if the EPROM location 
register's "Overlap" bit (ELR.6) is programmed. Pro
gramming this bit also internally combines PSEN 
and RD. Asserting either (or both) enables EPROM 
or SFR data, depending on the address, onto 
ADo_7. See the "Overlapped Single Plane" section 
for details. 

Output Disable Mode 

If PSEN and RD are not asserted, the device's out
put buffers (1\00_7) are disabled. Data can be writ
ten to the 87C7SPF or transferred to/from other de
vices. 

SFR Write Mode 

WR/PGM enables data on ADo-7 to be written into 
the SFRs. This active-low pin functions only when 
CE and ALE are VIL. When an address is latched 
(ALE = VIL> and data has been present for tDVWH, 
WR's rising edge latches data into an SFR. Other 
A.C. timing parameters must be observed. 

Write Disable 

SFR data cannot be written when WR/PGM is high. 
Low-address and data share common pins, but the 
device allows new addresses only when ALE is high; 
data can be written only when ALE is low. 

Read/Write Disable 

Since the Port Expander uses a multiplexed ad
dress/ data bus, data can be read or written only if a 
valid address is latched. To prevent erroneous reads 
or spurious writes of invalid data, PSEN, RD, and 
WR/PGM are non-functional when ALE is high; how
ever, new address information can enter the ad
dress latches. ALE's falli~ edge latches the ad
dress and enables PSEN, RD, and WR/PGM. 

Standby Mode 

Standby mode substantially reduces Vcc current. 
CE = VIH places output buffers in low-power, ~ 
impedance mode independent of PSEN, RD, or WR. 
Two-line output control (CE + PSEN or CE + RD) 
provides: 

a) minimum memory power dissipation, and 

b) assurance that data bus contention will not occur. 

To efficiently use two-line control, address decoding 
circuitry should enable CEo PSEN should be con
nected to the microcontroller's program-store en
able (PSEN), RD to the controller's data-read enable 
(RD), and WR/PGM to its write control (WR). This 
assures that only selected memory and peripheral 
devices have active inputs and outputs while non
selected devices are in low-power standby mode. 
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PROGRAMMING MODES 

EPROM/Configuration (NVR) 
Programming Mode 

Initially and after each erasure, all EPROM and NVR 
bits are in the "1" state. Data is introduced by selec
tively programming "Os" into the desired bit loca
tions. Although only "Os" are programmed, the data 
word can contain both "1s" and "Os". Ultraviolet 
light erasure is the only way to change "Os" to "1s". 

The programming mode is entered when Vpp is 
raised to its programming voltage. After latching an 
address, data is programmed by.2EP~ an 8-bit 
word to data pins ADo-7. Pulsing WR/PGM to TTL
low while CE and ALE are VIL will program data. TTL 
levels are required for address and data inputs. 

To accommodate PROM programmers that force 
the RD pin to ground (DIP pin 30), applying 12V to 
~rt pin P1.0 will internally disable the 87C75PF's 
RD input. When Vpp is not at its programming volt
age the device is in the inteligent Identifier mode. 
When Vpp is raised for programming, the inteligent 
Identifier mode is disabled. 

EPROM and NVR Verify 

With Vpp and Vee at their programming levels and 
CE asserted, EPROM or configuration data (depend
ing on PSR's contents) can be verified. To simplify 
on-board and in-system programming, PSEN and 
RD are internally combined when Vpp is at its pro
gramming level. Either signal can be used to verify 
programmed data (if P1.0 is not VH). 

For compatibility with PROM programmers equipped 
for word-wide megabit EPROMs, DIP-pin 30 - the 
87C75PF's RD pin - is internally disabled when 
P1.O is VH. 

Program Inhibit 

The Program Inhibit mode allows parallel program
ming and verification of multiple devices with differ
ent data. With Vpp at its programming voltage, a 

WE/PGM pulse programs any device that has CE 
asserted. Programming is inhibited on any device 
with CE not asserted. 

Alternate Programming and 
Verification Modes 

For programmers that can apply VIH or Vee to RD, 
the EPROM and NVRs can be programmed using a 
more conventional slow-motion write-mode-type al
gorithm. 12V need not be applied to P1.O to disable 
the RD pin during the alternate programming mode. 
PSEN and RD are internally combined when Vpp is 
applied, and either signal can be used to enable 
EPROM or NVR data during program verification. 
See the Quick-Pulse Programming algorithm flow
chart and waveforms at the end of this data sheet. 

inteligent Identifier™/NVR Mode 

Programming equipment determines the device's 
manufacturer, type, and configuration (NVR con
tents) by using the inteligent Identifier/NVR Mode. A 
programmer can read a master device's identifier 
and NVRs, select the proper algorithm, and program 
duplicates accordingly. 

The configuration plane is accessed by raising port 
pin P1.0 to VH = 12.0V. Before P1.0 is brought to 
VH, Port 1 must be reset by asserting the Vpp/RST 
pin or by writing a "1" to P1.O's latch. When ALE 
latches a valid address and PSEN is VIL, identifier/ 
NVR data appears on Address/Data pins ADo_y. 
For compatibility with programmers that support me
gabit EPROMs, RD,. which is usually forced to 
ground, is "don't-care" when P1.0 = VH. When CE, 
ALE, and PSEN are VIL and P1.0 = VH, identifier/ 
NVR data can be read. While in this mode, the SFR/ 
RAM plane cannot be read but can be written. The 
PSR register can be configured so that either the 
EPROM or configuration plane is programmed when 
Vpp is raised. This mode's temperature range is 
25°C + 5°C. 
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ABSOLUTE MAXIMUM RATINGS* 

Read Operating Temperature ...... O·C to + 70·C(2) 
Case Temperature Under Bias .. -1 O·C to + 80·C(2) 
Storage Temperature .......... -65·C to + 150·C 
AI/Input or Output Voltages ..... - 2.0V to + 7.0V(1) 

with Respect to Ground 
Voltage on Pin P1.0 .......... - 2.0V to + 13.5V(1) 

with Respect to Ground 
Vpp Supply Voltage ........... -2.0V to + 14.0V(1) 

with Respect to Ground 
Vee Supply Voltage .......... , + 2.0V to + 7.0V(1) 

with Respect to Ground 

READ/WRITE BUS OPERATION 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE Specifications contained within the 
following tables are subjecj to change. 

D.C. CHARACTERISTICS TTL and NMOS Inputs; see A.C. Characteristics for Vee versions offered 

Symbol Parameter Notes Min Max Units Test Conditions 

III Input Load Current (AS-15) 1.0 p,A VIN = OV to Vee 

ILO Output Leakage Current (ADo-7) 10 p,A Vour= OV to Vee 

ISB Vee Current Standby 6 5 mA CE- inactive, ALE = VIL 

lee 
Vee Current Active 

4 60 mA 
CE-active, ALE = VIH 
f(Hz) = 1 ItAVDV, lour = 0 mA 

VIl.: Input Low Voltage 1 -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee+ 0.5V V 

VOL Output Low Voltage 0.45 V 10L = 2.1 mA 

VOH Output High Voltage 1 2.4 V 10H = -400 p,A 

los Output Short Circuit Current 5 100 mA 
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D.C. CHARACTERISTICS CMOS Inputs; Vee = see A.C. Characteristics for versions offered. 

Symbol Parameter Notes Min Max Units Test Conditions 

III I nput Load Current (AS-1S) 1.0 /LA VIN = OV to Vee 

ILO Output Leakage Current (ADo-7) 10 /LA VOUT = OV to Vee 

ISB Vee Current Standby 6 5 rnA CE-inactive, ALE=VIL 

Icc 
Vee Current Active 3 

45 rnA 
CE-active, ALE = VIH 

4 f(Hz) = 1/tAVDV, 10UT=0 rnA 

!vIL Input Low Voltage 1 -0.2 O.B V 

!vIH Input High Voltage 0.7 Vee Vee+ 0.2V V 

!vOL Output Low Voltage 0.40 V 10L = 2.1 rnA 

ivOH Output High Voltage 1 Vee- O.B V 10H = -400/LA 

los Output Short Circuit Current 5 100 rnA 

NOTES: 
1. Minimum DC input voltage is -O.SV during transitions. Inputs may undershoot to -2.0V for periods less than 20 ns. 
Maximum output-pin DC voltage is Vee+O.SV; overshoot may be Vce+2.OV for periods less than 20 ns. 
2. This specification defines commercial-product operating temperatures. EXPRESS and Automotive versions are available 
as noted. 
3. eE is Vee ± 0.2V (S7e7SPF inactive) or ± 0.2V (S7e7SPF active). Other inputs can have any value within specification. 
4. Maximum current value with outputs unloaded. 
5. One output shorted for no more than one second. los is sampled but not 100% tested. 
6. Port latches set to "1s"; outputs unloaded. 

PORTS/RESET 

D.C. CHARACTERISTICS Vee = see A.C. Characteristics for versions offered. 

Symbol Parameter Notes Min Max Units Test Conditions 

III 
Input Leakage Current 

1 10 /LA O.4V ,,; VIN ,,; Vee 
Port 1 Open Drain 

IlL Logic 0 current Port 2 2 -50 /LA P2.x latch = "1", VIN=OV 
(Quasi-bi-directional) 

Ports 1&2 -0.5 0.2 Vee-0.1 V 

VIL Input Low Voltage RST Input 3 -0.5 0.2Vee- 0.1 V 

Ports 1&2 0.2Vee+·9 Vee+ 0.5 V 

VIH Input High Voltage RST Input 3 0.7 Vee Vee+ 0.5 V 

VOL Output Low Voltage 0.40 V 10L = 3.2 rnA 

CMOS rna de 2.4 V 10H = -400/LA 

Ports 1&2 0.9 Vee V 10H = -40/LA 

VOH Output High Voltage Quasi-bi- 2.4 V 10H = -60/LA 

dir Port 2 0.9 Vee V 10H = -10 /LA 

NOTES: 
1. Input Leakage current does not apply to Port 2. 
2. This specification assumes that Port 2 pins are internally driven to "1" but are externally pulled low 
3. RST has hysteresis. VIL is valid at or below 0.2 Vee - O.tV. VIH is valid at or above 0.7 Vee. 
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CAPACITANCE(l) T A = 25°C, f = 1.0MHz 

Symbol Parameter 

C'N Address/Control Capacitance 

COUT Output Capacitance 

Cvpp RST IVPP Capacitance 

CliO Port Pin Capacitance 

NOTE: 
1. Sampled. Not 100% tested. 

A.C. INPUT/OUTPUT REFERENCE WAVEFORMS 

VOH 

INPUT 

VOL 

~--VOH 

OUTPUT 
--":'-"'---VOL 

290165-14 
A.C. test inputs are driven at VOH (2.4 Vnu .for a logic 
"I" and VOL (0.45 Vnu for a logic "0". 
Input timing begins at 1.5V. 
Output timing ends at V,H (2.0 Vnu and V,L 
(0.8Vnu· 
Input Rise and Fall Times (10% to 90%) ,;: 10 ns. 

READ AND WRITE WAVEFORMS 

Max Units 

6 pF 

12 pF 

25 pF 

10 pF 

A.C. TESTING LOAD CIRCUIT 

1..:3rY 

~~lN914 

DEVICE 
3.3k.ll 

UNDER 
TEST .:eCl 

-
CL = 100 pF 
CL Includes Jig Capacitance 

-fo----READ CyCLE----II---
V'H_":"' __ -+_ 

CE V 
Il 

Conditions 

Y,N = OV 

VOUT = OV 

Y,N = OV 

VOUT = OV 

OUT 

290165-15 

-

V'H~~~~~~~~~~~~~~~~~~~~~~~~~~------
As- 15V ~~~~~~~~~~~~~~~~~====~~~~~~~-------IL -

V,H ---'!"""n'I:'7\J~----i. 
ADo_7 V,L ___ "'-lI..vl~ ___ ~ 

V,H 
ALE V,L ___ J 

V,H ----+ __ i-----_ 
PSEN,RD V 

IL 

V,H -----__ i-----+---+-----"'\. 
WR V 

Il 

, VIH~~~~~~~~~~_:~~~-~~~~~~~~~~~~---
PORT PIN L¥~~~~~~~~ ..... ...;;;;;:;;~::;.-~~~~~~IQ£~~~~~----V,L -

RST VV'H ·--··W---:~---------------------------------------------~------. 
'L4~~~~"~ . . 

290165-16 
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EXPLANATION OF A.C. SYMBOLS 

Each timing symbol has five characters. The first is 
always a "t" (for time). Second and fourth charac
ters represent signal names. Third and fifth repre
sent the signal's logical state. The following list 
shows character representations. 

A: Address 
C: Chip Enable or VCC Supply Voltage 
0: Data (or instruction) 

L: ALE or Latch Enable 
P: VPP Programming Voltage 
Q: Port Output 
S: RST (Reset Pin) 
T: Time 
V: Valid 
W: Write Enable 
X: No longer a valid "driven" logic level 
Z: Float or High-Z level 

For example, E: PSEN or RD Enable 
G: PGM (Program Strobe) 
H: Logic High level 

tAVLL = Time from Address Valid to ALE Low 
!J..w:L = Time form ALE Low to Enable (PSEN or 
RD) Low 

A.C. CHARACTERISTICS: READ & WRITE o·C :;;; T A :;;; + 70·C 

Parameter Versions Vcc±5% 87C75PF-200V05 87C75PF-250V05 
Unit 

No Symbol Characteristic Notes Min Max Min Max 

1 tLHLL ALE Pulse Width 50 50 ns 

2 tAVLL Address Valid to ALE Low 7 15 ns 

3 tLLAX Address Hold after ALE Low 20 30 ns 

4 tLLEL ALE Low to PSEN or RD Low 20 30 ns 

5 tLHDV ALE High to Valid Data 235 305 ns 

6 tAVDV Address Valid to Data Valid 3 200 250 ns 

7 tCLDV CE Active to Data Valid 1,3 200 250 ns 

B tELDV PSEN or RD Low to Data Valid 2,3 75 100 ns 

9 tEHDX PSEN, RD, CE, or Address Invalid- 0 0 ns 
Whichever is first - to Data Invalid 

10 tEHDZ PSEN or RD High to Data High-Z 4 35 45 ns 

11 tLLWL ALE Low to WR Low 20 30 ns 

12 tWLWH WR Pulse Width 60 80 ns 

13 tWHlH WR High to ALE High 20 30 ns 

14 tAvWH Address Valid to WR High 200 250 ns 

15 tcVWH CE Active to WR High 200 250 ns 

16 tDvWH Data Valid to WR High 60 80 ns 

17 tWHDX WR High to Data Invalid 10 20 ns 

18 tQVEl Port Input Valid to RD Low 15 25 ns 

19 tEHQX Data Hold after RD High 0 0 ns 

20 tWHQV WR High to Port Output Valid 225 250 ns 

21 tsvsx RST Pulse Width 500 500 ns 

22 tsXAV RST Inactive to Address Valid 0 0 ns 

NOTES: 
1. tCLOV is 1 ,..s during inteligent Identifier/NVR Mode. 
2. tELOV is 750 ns during inteligent Identifier/NVR Mode. 
3. Output load is 100 pF for tAVOV, tCLOV, and tELOV. 
4. Output load is 5 pF for tEHOZ, which is measured at high-Z ±500 my. 
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PROGRAMMING 

cautIon: ExceedIng 14Von Vpp will permanently 
damage the devIce. 

Program and Data Planes 

During programming (Vpp = 12.75V), the SFR/RAM 
plane is not available, only the EPROM and configu
ration planes (depending on PSR's value) can be 
accessed. The SFR/RAM plane is accessed, only 
when Vpp is VIL or VIH. 

Programming the EPROM Plane 

The EPROM array is programmed if the plane select , 
register (PSR) contains xxxxxx01b (X1h) when Vpp 
is raised to 12.75V.ln an erased device, the EPROM 
array occupies addresses OOOOh through 7FFFh and 
is programmed at these locations. After program
ming, the array can be relocated to addresses 
8000h-FFFFh by programming the EPROM location 
register bit ELR.7 (EL) in the configuration plane. Al
ternately, the EPROM array can be relocated first 
via ELR.7 and programmed at addresses 8000h
FFFFh. 

Programming the Configuration Plane 

The configuration plane contains five information 
bytes. Addresses OOOOh and 0001 h contain read
only inteligent identifiers. The control level register, 
EPROM location register, and SFR location register 
are at 7FFDh, 7FFEh, and 7FFFh. These latter three 
non-volatile registers (NVRs) are made of EPROM 
cells. EPROM registers allow the device to be con
figured, or erased and reconfigured, for various mi
crocontroller architectures. 

These registers are programmed if the plane select 
register (PSR) contains xxxxxx10b (X2h) when Vpp 
is raised to 12.75V. Once this plane is entered, it is 
programmed and verified just like the EPROM plane. 

ERASURE CHARACTERISTICS (FOR 
CERAMIC, WINDOWED EPROMS) 

Exposure to light of wavelength shorter than 4000 
Angstroms (A) begins erasure. Sunlight and some 
fluorescent lamps have wavelengths in the 3000-

, 4000A range. Constant exposure to room-level fluo
rescent light can erase an EPROM in about 3 years 
(about 1 week for direct sunlight). Opaque labels 
over the window will prevent unintentional erasure 
under these lighting conditions. 

The recommended erasure procedure is exposure' , 
to 2537 A ultraviolet light. The minimum integrated 
Erasure time using a 12000 uW I cm2 ultraviolet lamp 
is approximately 15 to 20 minutes. The EPROM 
should be placed about 1 inch from the lamp. The 
maximum integrated dose is 7258 Wsec/cm2 (1 
week - 12000 uW/cm2). High intensity UV light ex
posure for longer periods can cause permanent 
damage. 

QUICK-PULSE PROGRAMMINGTM 
ALGORITHM 

The Quick-Pulse Programming algorithm pro,grams 
Intel's 87C75PF Port Expander. Developed to sub
stantially reduce production programming through
put time, this algorithm allows optimized ~rogram
ming equipment to program an 87C75PF In under 
four seconds. Actual programming time depends on 
the PROM programmer used. 

The Quick-Pulse Programming algori~hm uses a 100 
microsecond initial-pulse followed by a byte verifica
tion to determine when the addressed byte is cor
rectly programmed. The algorithm terminates if 25 
100us pulses fail to program a byte. Figure 14 shows 
the 87C75PF Quick-Pulse Programming algorithm 
flowchart. 

The entire program-pulse/byte-verify and final verify 
sequence is performed with Vee = 6.25V and Vpp 
= 12.75V. When programming is complete, all bytes 
should be compared to the original data with Vee = 
5.0V. 
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FAIL FAIL 

PASS 

NO 
INCREMENT AODRESS 

290165-17 
·P1.0 = 12V is used to intrnally disable the devices RD input for PROM programmers that ground this pin. 

Figure 14. e7C75PF Qulck·Pulse Programmlng™ Algorithm 
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D.C. PROGRAMMING CHARACTERISTICS T A = 25°C ± 5°C 

Symbol Parameter Notes Min Nominal Max Units Test Conditions 

III Input Load Current 1.0 IJ.A VIN = VIL or VIH 

lec2 Vcc Supply Current 2 60 rnA CE = ALE = VIL 

Ipp Vpp Supply Current 2 50 rnA CE = WR = ALE = VIL 

VIL Input Low Voltage -0.2 0.8 V 

VIH Input High Voltage 2.0 Vce+ 0.5V V 

VOL Verify Output Low Voltage 0.40 V IOL = 2.1 rnA 

VOH Verify Output High Voltage Vce- 0.8 V IOH = - 4OO IJ.A 

VIO P1.0 Identifier/Configuration- 11.0 12.0 13.0 V 
Read Voltage 

Vpp Programming Voltage 1 12.5 12.75 13.0 V 

Vcc Supply Voltage During 1 6.0 6.25 6.5 V 
Programming 

NOTES: 
1. Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Maximum current value is with Address/Oata pins AOO-7 in write mode; port pins are unloaded. 

A.C. PROGRAMMING CHARACTERISTICS TA = 25°C ±5°C 

Parameter Limits 

No Symbol Characteristic Min Nominal Max Units 

A tLHLL ALE Pulse Width 100 ns 

B tAVLL Address Valid to ALE Low 20 ns 

C tLLAX Address Hold after ALE Low 50 ns 

0 tOVGL Data valid to WR/PGM Low 2 IJ.s 

E tCHGL Vcc Setup Time to WR/PGM Low 2 IJ.s 

F tLLGL ALE to WR/PGM 2 IJ.s 

G tpHGL Vpp Setup Time to WR/PGM Low 2 IJ.s 

H tGLGH WR/PGM Program Pulse Width 95 100 105 IJ.s 

I tGHDX Data Hold after WR/PGM High 2 IJ.s 

J tOXEL Data In Float to PSEN or RD Low 2 IJ.s 

K tELEH PSEN or RD Verify Pulse Width 150 ns 

L tEHLH PSEN or RD High to ALE High 0 ns 

M tEHDZ PSEN or RD High to Instruction/Data High-Z 0 35 ns 
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8011 j SOFTWARE DEVELOPMENT PA(KAGES 

COIflPUI'E SDlTIfA.E DEJ'EUWIfIENI' SIJPftIIlI' I'fHlI'IIE 
IfICS8-lJ I "AIfII"" 01' IIIQl1JCONI'IlOUE.S 
Intel supports application development for its MU, .. ·51 family of mit~['()contr()lIers with n mmplete 
set of development languages and utilities. These \,(x)ls Include a mac[,(Jas!ll~mbler. a PIJM (1)mpller, 
Iinker/relocator prngram, a librarian utility, and an object'\,(l-hex utility. U~'Velop mde In the 
language(s) you desire, then combine obl~'t modules f['(lm dllferent languages in\,(l a single, fast 
program. These tools were designed to work with each other, with the MCS·51 architecture, and with 
the IntellCI<:51 00 In-clrcult emulator. 

I'EAI'IJIlES 
• SupportJor all members of the Intel MC8-51 

family rl embedded microcontrollers 
. • ASM·51 Macroassembler 

• PIJM·51 hlgb·levellanguage 
• L1nkerIRelocator program 

• Library utility 
• Object \,() hexadecimal converter 
• lIosted un IBM PC XT/AT,;!J. 3.0 or later 
• Worldwide service and support 

imJ------------------~ 
InM O.,.lI'OIllIn 81111U1Til'S nil n'!llxWllhUIt) fill' lhr,'llIl'ci 81'1)' c;rruill') clllll'r Uwn clmlil.r)' t'Tllb.ldit'(lln iln Inlti (lfIw1ul1. Nlllltll,. rin'llilltak'nL lin'll:tl.'S art' 
implk'd. Inrnrmaliun mnlniPlod hlon'in 1W,1m.,k'l'l pn'Viwlly Inrhlildl'd :tpt'('/flr~ll.IlflN un Uk'I"A' Ik'\'I,,'I'I rl1lm 11111.; lind I" !luh~'I':I.IA) mlln"", wILl ... "~ir:". 

&·IM'l1lht~. 19SH 
@lnhiOI'pIrBUllnl9H8 (Irdt'l' NUrnll'l':2HURIf.HJ(JI 

15-1 



flpre 1. MCSG!-5IApplication Development Process 

tlSM-51 MtiCllOtiSSEMBUR 
ASM-51 is the macroassembler for the MCS-51 family of 
mieromntrollers. ASM-51 provides filII and accurate support 
lor all of the specific compunent's instructions. It also 
provides symbolic access to the many features of the 
MCS-51 family of microcontrollers. Also provided is an 
"include" file with all the appropriate component rt'{listers 
and memory spaces defined. 

The macl'O facility in ASM-51 save; development and 
maintenance time. since common code sequences need only 
be developed onlX). 

r£/.51 fJOMr'£EIl 
PUM-51 is a high-level language designed to suppurt the 
software requirements of the MCS-51 family of 
mlcrocontrollers. The PlJM-51 compiler translates PUM 
high-level language statements into MCS-.51 relocatable 
object code. Major features of the PlJM-51 compiler include: 

• 81nICIIUd ...... a •• hIc fOl' _.f 
__ te.aIICJe aM e"'_nd. The PIM-51 
language suppurts modular and structured programming. 
making programs easier to understand. maintain. and 
debug. 

• Data lyPftl fadlltale "a""_ ca. ••• 
f_Uo.s.PlJM-51 suppor~~ three data types to 
faCilitate various arithmetic. logiC and address functions. 
The language also uSt's BASED variatlles that map more 
than one variable to the same memory location to save 
memory space. 

• •• lelTllpi allrlbuae speeds aMll •• effort.. 
The INTERRUPT attribute allows you to easily define 
interrupt handling pJ'Occdures. The compiler will generate 
code to save and restore the program status word for 
INTERRUPT procedures. 

• CAMIe opU.lza~ reillKe8 .. e.ory 
requlre.e.l8. The PUM-51 compiler has four 
different levels of optimization for significantly reducing 
the size of thc program. 

........ e ca.padblilly sa_ devel ••• e.a 
U.e. PlJM-51 object module; are compatible with 
object modules generated by all other MCS-51 language 
translators. This compatibility allows for easy linking of 
all modules and the ability to do symbolic debugging with 
the IntellCE51 00 in-cireuit emulator. 

15-2 



11£-51 Ullker/lldef:arer 
Intel's RL-51 utility is used to link multiple MCS-Sl object 
modules into a single program. resolve all refercnces 
between modules and assign absolute addresses to all 
relocatable segments_ Modules can be written in either 
ASM-51 or PUM-5 L 

UB-!U 
The Intel LIB-51 utility creates and maintains libraries of 
sonware object modules. Standard modules can be plam! 
in a library and linked into your applications programs 
using RI.-5 L When using libraries, the linker will link only 
those modules that are required to satisfy e~ternal 
references. 

LIB-51 and RL·51 make it easy to reuse software modules 
that are fully debugged and used by various applications. 
thus shortening the sonwarc development cycle. 

DB fJBlEC'I' m IIEXIiDEClIfI,4£ 
CfJIWEIl'l'EIl 
The OH utility converts Intel OMF-51 object modules into 
standard hexadecimal format. This allows the code to be 
loaded directly into PROM via non-Intel PROM 
programmers. 

SEIlI'ICE, SlJrrtJIl'I', liND 'I'IlIlINING 
Intel augments Its MCS-51 architecture family of 
development tools with a full array of seminars. classes. 
and workshops; on-site consulting services; field application 
engineering expertise; telephone hot·line support; and 
ROftwarc and hardware maintenance contracts. This lull line 
of services will ensure yoar design success. 

ORDERING INFORMATION 

D86ASM51* 

D86PLM51* 

MC8-S1 Assembler for PC XT or AT 
system (or compatible). running DOS 3.0 
orhigber 

PUM-51 Soltware Package for PC XT or 
AT system (or compatible). running DOS 
3.0 or higher 

·Also Includes: RelocatorlLinker. Object·to-hex converter. and Librarian. 

MQ) is a l't'gistt'retilr'cJdt'llIurk und 1(;1-: is a lradtmark of Intl'l CUl'plll"dLlolI 
IBU and PCiAT an' I'lo,glllerc.'d tradt'marks ur IIIlt"mStitlnal Buslnt'MO'l Ma('hlrll'S Cnrplll'alton 
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AEDIT SOURtE tODE AND TEXT EDITOR 

,.IlfJGRA.IfIIf1ER SlJ,.,."Rf' 
AEDIT Is a full-screen text editing system designed specifically for software engineers and technical 
writers_ With the facilities for automatiC program block Indentation. HEX display and input. and full 
macro support. AEDIT is an essential tool for any programming environment.. And with AEDiT. the 
output file is the pure ASCII text (or HEX code) you Input-no special characters or proprietary 
formats_ 

Dual file editing means you can create source code and its supporting documents at the same time. 
Keep your program listing with its errors In the background for easy reference while correcting the 
source in the foreground. Using the split-screen windowing capability. it is easy to compare two files. 
or copy text from one to the other. The DOS system-escape command eliminates the need to leave the 
editor to compile a program. get a directory listing. or execute any other program executable at the 
DOS system level. 

There are no limits placed on the size of the file or the length of the lines processed with AEDiT. It 
even has a batch mode for those times when you need to make automatic string substitutions or 
insertions in a numher of separate text files. 

A.EDI'I' 1'EA.'I'lJRES 
• Complete range of editing support-from 

document processing to HEX code entry and 
modification 

• Supports system escape for quick execution 
of PC-DOS System level commands 

• Full macro support for complex or repetitive 
editing tasks 

• Hosted on PC-DOS and RMX operating 
systems 

• Dual file support with optional split-screen 
windowing 

• No limit to file size or line length 
• Quick response with an easy to use menu 

driven interface 
• Configurable and extensible for complete 

control of the editing process 

imJ-------------------
1ntr:1 CnrporauOll assumes no responSlblllLY ror the use (j any Cin::ulLry ot.her than drcultry embodied In an Inlel product.. No OI.hcr circuit pat.t.'Tt ticense& are 
implied. Information conLaincd herein supersedes previouSly publiShed speclncaUons on these 00\'1008 rrom Inltl alld is subjcc~ to change \\Iltboul. notJoo. 

ScplA)mbcr.1988 
@ Int.e\ Corporation 1988 Order Number: 280804.()()2 
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FEATIJRES 

POWERFIJ£ TEXT EDITOIl 
As a text editor. AEDIT is versatile and complete. In addition 
to simple character insertion and cursor positioning 
commands. AF:D1T supports a number of text block 
processing commands. Using these commands you can 
easily move. copy. or delete both small and large blocKS of 
text. AEDIT also provides facilities for forward or reverse 
string searches. string replacement and query replace. 

AEDIT removes the restriction of only inserting characters 
when adding or modifying text. When adding text with 
AEDIT you may choose to either insert characters at the 
current cursor location. or over·write the existing text as you 
type. This fiexibility simplifies the creation and editing of 
tables and charts. 

IJSER INTERFIICE 
The menu-driven interface AEDIT provides makes it 
unnecessary to memorize long lists of commands and their 
syntax. Instead. a complete list of the commands or options 
available at any point is always displayed at the bottom of 
the screen. This makes AEDIT both easy to learn and easy 
to use. 

FIlU FUXIBIUTY 
In addition to the standard PC terminal support provided 
with AEDIT. you are able to configure AEDIT to work with 
almost any terminal. This along with user·definable macros 
and full adjustable tabs, margins, and case sensitivity 
combine to make AEDIT one of the most fiexible editors 
available today. 

SPECIFICATIONS 

HOST SYSTEItI 
AEDIT for PC·DOS has been designed to run on the IBM· PC 
XT, IBM PC AT. and compatibles. It has been tested and 
evaluated for the PC·DOS 3.0 or greater operating system. 

Versions of AEDIT are available for the iRMX"'-86 and 
RMX II Operating System. 

ORDERING INI'ORItIIITION 
D86EDlNL 

122716 

122721 

AEDIT Source Code Editor Release 2.2 for 
PC·DOS with supporting documentation 

AEDlT·DOS Users Guide 

A!o:DI1:DOS Pocket Reference 

RMX864WSU AEDIT for iRMX-86 Operating System 

R286EDI286EU AEDIT for iRMX II Operating System 

It"'I:RO SIJPPORT 
AEDIT will create macros by simply keeping track of the 
command and text that you type, "learning" the function the 
macro is to perform. The editor remembers your actions for 
later execution. or you muy store them in a file to use in a 
later editing session. 

Alternatively. you can design a macro using AEDlT's 
powerful macro language. Included with the editor is an 
extensive library of useful macros which you may use or 
modify to meet your individual editing needs. 

TEXT PROCESSING 
For your documentation needs. paragraph filling or 
justification simplifies the chore of document formatting. 
Automatic carriage return Insertion means you can focus on 
the content of what you are typing instead of how close you 
are to the edge of the screen. 

SERVICE, SIJPPORT, liND TRIIINING 
Intel augments its development tools with a full array of 
seminars. classes, and workshops; on·site consulting 
services; field application engineering expertise; telephone 
hot-line support; and software and hardware maintenance 
contracts. This full line of services will ensure your design 
suocess. 

Por direct information on Intel's Development Tools, or for 
the number of your nearest sales office or distributor, call 
800874-6835 (U.S.). For information or literature on 
additional Intel products, call 800-548-4725 (U.S. and 
Canada). 
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IN-CllUlJl'l' EMIJU'l'OR I'OR 'l'HE MCS® !J t FIlMIL), OF 
MICROCON'l'ROU.EIlS 
The IC~-5100/252In-Circuit Emulator is a complete hardwarclsoftware dehug environment for 
developing embedded control applications based on the Intel MCS-~ I f~mlly of microcontrollers. With 
high-performanoe 16 MHz emulation, symbolic debugging, and nexihle memory mapping, the 
ICE-5100/252 emulator expedites all stages of develupment: hardware development, software 
development, system integration, and system test; shortening your project's time to market. 

FEIl'l'IJIlES 
• Full speed to 16 MHz. 
• 64KB of emulation mapped memory. 
• 254 frames of execution trace_ 
• SymboliC debug. 
• Serial link to an IBM PC XT, AT. 100% 

compatible. 
• Four address breakpoints with in-range_ 

out-of-range, and page breaks. 
• On-line disassembler and single line 

assembler_ 

• Souroe code display. 
• ASM-51 and PUM-51 language support. 
• Pop-up help. 
• DOS shell escape. 
• On-line tuU)rial. 
• Built-in CRT based editor_ 
• System self-test diagnostics, 
• Worldwide service and support. 

1011'1 CilrrluraUnn il:\"llm('~ nn 1'('t'pun~lhlIJ1~ lur Ihl' U~ 01 an> rirruttr~ ulht'f Lhan l'ifruitl) l'mhudit'd in tin Imt'lllflKlufI. Nllulhl'r t'il11l1t Imll'lll lu,'mu.':o\ arl' 
Impljt'd. Infllrmali!ln (11IMailll'd hl'n'In ,~upl'rSl.·dt-:; Ilrl,\I()Il:'iI~ puhU:lh<>d ~l'IN'lfiratllfll:l nn 1m'S(' fII'\rn-s frum Inkl ilOOI!t s\lhlt~'11n rllan" ... ' \\ilhuul nolin'. 

St'llh'mht-r. HIH8 
© Intd uJrporaliun 19BH Uffli'r NtIIllhl't: 2H1I7AA.(M12 
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ONE TOOL FOR ENTIRE 
DEIIEUJPIfIEN'I' CI'CLE 
The ICE·5100/252 emulator speeds target system 
development by Jllowing hardware and software design to 
proceed simultaneously. You am develop software even 
tlerore prototype hardwJre is finished. And because the 
ICE·51001252 emulator precisely matches the component's 
electrir.al and timing chJracteristics. it"s a valuable tool for 
hardware development and debug. Thus. the ICE·51001252 
emulator C.3n debug a prototype or production system at 
any stage in its development. without introducing extraneous 
hardware or software test tools. 

HIGH-SPEED, REAL-TIME EMfJLATlON 
The ICE·51001252 emulator provides full·speed. real·time 
emulation up to 16 MHz. Because the emulator is fully 
transparent to the tJrget system. you have complete control 
over hardware and software debug and system integration. 

64KB of zero wait·state emulation memory IS available to 
replace target system code memory. allowing software 
debug to begin even before prototype hardware is finislJed. 

FUXIBU BREAIlPOINTlNG FOR 
QfJltJll PROBUIflISOLA'I'ION 
The ICE·5100/252 emulator supports three different types 
of break specifir.ations: specitic address hreaks on up to 
64.000 possible addresses; range breaks. both within and 
outside a user·defined range; and page breaks. up to 256 
pages on 2fi6·byte boundaries. 254 frames of execution 
trace memory provide ample debug information. with each 
frame divided into 16 bits of pmgram execution address 
and 8 bits of external event information. A maximum of four 
tracepoints allows qualified trace for a vari~ty of debug 
conditions. 

SI'MBOUC DEBfJGGING FOR FAS'I' 
IJEIIE£OPMENT 
Design team productivity is enhanced by the use of 
symbolic detJug refcrences to program line. high·level 
statements. and module and variable names. The terms 
used to develop programs are the Ham~ used for system 
clcbugging. 

PA'I'CH CODE WI'I'HOIJ'I'RECOIfIPIUNG 
Code·patching is easy with the ICE·51 00/252 emulator'S 
single·line assembler. Machine code can he disassembled to 
mnemonics for significantly easier debugging and project 
development. 

EASI' TO LEARN AND fJSE 
The ICE·51 00/252 is accompanied by a full tutorial that 
cxplains all system functions and provides many examples. 
Mditional features such as on· line help. a built·in CRT·based 
editor. and DOS shell escape make the emulator fast and 
easy to use for both novice and experienced users. You can 
develop your own test suites or save frequently·used debug 
routines as debug procedures (PROCs) that can be invoked 
with a single command. 

WORWWIDE SERIIICE AND SfJPPOR'I' 
The ICE·5100/252 emulator is supported by Intel's 
worldwide service and support organization. In addition to 
an extended warranty. you r.an choose from hotline support. 
on·site system engineering assistJncc. and a variety of 
hands·on training workshops. 

ICE'"·5 I 001252 Emulator Supported Components 

OD-(;II •• OD-(;hlp 
Part Prol!P'am Memory Dalll Memory 

8031 None 128 bytes 
8051 4KROM 128 bytes 
8751 4K EPROM 128 bytes 
80C31 None 128 bytes 
ROC51 4K ROM 128 bytes 
87C51 4K EPROM 128 bytes 
8032 None 256 bytes 
8052 8K ROM 256 bytes 
8752 8K Jo:PROM 256 hytes 
ROC51FA None. 256 bytes 
83C51FA 8K ROM 256 bytes 
B7C5Hl\ 8K EPROM 256 bytes 
80C51FB None 256 bytes 
R3C51FB 16K ROM 256 hytes 
87C51FB 16K EPROM 2fJtl bytes 
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SBt:I'IllGU fJONSIIIEIUJ'IfS 
The emulation processor's user-pin timings and loadings are Identical to the 8OC51 FA romponent except as follows. 

Maximum Operating ICC and Idle ICC (ma)" 

Va: 
...... _ QIIen .... 1a: c .. )· ..... _I.O:C .. )·· 

4V Ill' "V 4V Ill' "V 
rre.-1IeY 

0.5 MHz 0.87 1.62 3.0 0.58 1.21 2.5 
3.5 MHz 4.8 6.82 9.76 2.2 4.97 6.33 
8.0 MHz 10.5 15.0 20.5 6.0 8.98 11.76 

12.0 MHz 15.2 22.2 30.2 9.2 13.34 17.46 
16.0 MHz 19.4 28.6 38.7 11.8 17.4 23.4 

"ICC Is measured with all output pins disconnected 
XTAL 1 driwn with TCLCH.TCHCL - IOns. VII = V .. + .5V. V,. = Va: - .5V. XTAL2 not connected. 
For maximum operating ICC 
Ei: - RST - PortO - Va:' 

·"For maximum Idle ICC 
EX - PortO - Vee. RST - Va:. internal dock to PCA gated olT. 

• Up to 25 pf of additional pin capacitance Is contributed 
by the processor module and target adaptor assemblies. 

• Pin 31. EA. bas approximately 32 pf of additional 
capacitance loading due to sensing Circuitry. 

PIlfI(;BSSOIllllf)f)fJU DlltlENSIONS 

rI(IIIft t. Processor Module DimenSions 

SPE~lrl~t\TIONS 

-..,. . .......,.,.: 
IBM f'C.XT. AT or compatible 
f'C.OOS 3.0 or later 
512K RAM 
One Roppy drive and hard disk 

• Pins 18 and 19. XTAL 1 and XTAL2. respectively. have 
approximately 15 to 16 pf of additional capacitance when 
conf'Jgured for crystal operation. 

- --__ r.dIH 
C •• III.e .... S. «:··1 IIeGII 

RST trigger threshold 2.SV 7O'!fI VnI3.SV ." Vn. - 5VI 
RST Input Impedance 4K·l0K ohms SOK·l50K ohms 
Port tIl -800j.A -50,.A 
Clock threshold 2.5V 70% V,,13.5V 0 V".- 5V) 

I'fIyskal t:unH:la'lllllal: 
The ICE-51001252 emulator consists of the following 
components: ... ....... HelPt ---Illdl c:. IadI c:. IadI c:. 
Controller Pod 8.25 21.0 1.5 3.8 13.5 34.3 
User Cable 39.0 99.0 
Processor 

Module" 3.8 9.7 1.5 3.8 4.0 10.2 
Power Supply 7.6 18.1 4.0 10.2 11.0 28.0 
SerialCabJe 144.0 360.0 

·with supplied target adaptor. 
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EIec,rlal Curae'erislkII: 
Power supply 
1 OO·IZOV or 2ZD-Z40V srlectable 
50·60 Hz 
2 amJls (AC max) @ 12()V 
1 amp (AC ma~) @ 24()V 

E.I'lI'O • .e.,., CllarlUlel'l8lk8: 
Operating temperature: + 10°C to + 400C (50°F to 104°[,) 
Operating humidity: Maximum o[ 85% relative humidity. 
non-condensing 

ORDERING INFORMATION 

01'<11'1' O~h' 

pI 2:i21-: I'r'\ll 

pl252KITD 

IlC2521-:ITD 

TA2521l 

DH6ASMf)1 

D86f'LM51 

D86r:DINL 

1l1'scription 

I-:it mntains lC:r:-~ 11l()/2~2 user prohl' 
assemhly. poY;('r supply and cahll's. 5t'rial 
cahles, t<lrgl'l u(lapter, nystal lHlwI'r 
afwssory. l'mulator mntroller po<l, 
l'mulmor so[ty;art'. DOS host 
communimtion. ~SM·~ 1 and Ar:DIT tl'xt 
l'ditor (requires 8(1[twart' license). 

"it contains the same components as 
pI252KITAD. excluding ASM·fll and the 
AEDIT [('xt editllr (requires software 
license), 

Conversion kit for IC8·5100/452. 
IC~:·5100/451. or IC~·51O()/044 running 
PC· DOS 3.0 or later, to provide emulation 
support [or MCS-51 components (rt~quire5 
software license). 

Target adajltter mnVl'l'ting 4/l·pin DIP to 
44·pin PLCC package. 

ASM/RL ~ 1 package for I'C·DOS (requirl'$ 
so[twa['(' licensl'), 

PIJMIRL ;; I package for PC·DOS 
(rt'quirt'$ software Iic<'rIse). 

A~:DIT text editor ((II' I)(~D()S, 

MCS is a !'t'gistr",d U'allt-mar' arltlIC~: is a lnllh'lllal', of Inlt'! CIlI'IKIJ'alion, 

IBM antll'C/AT are rt'~istt'rl'd lradl'mmks and I'GIXT a tradl'mar' of Intt'rnalionaillusinl'ss Machirll's CorpOl'uUIHl. 
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IN-t:IIlfJIJIT ElfIlJ"A.'I'OIl FOR THE IfICS'" -5 I FA.IfII"t' 01' 
IfIICIlOCONTROUERS 
The ICE·51001451 In·Circuit Emulator is a complete hardwarl'/sortwarl' cI('hug ('nvironnll'nt for 
developing embeddl'd control applieations ha!ItXI on the Intd MCS :; I fllmily of mil'l'lK,mtnlll('I's. 
With high·performance 12 MHz emulation, symbolic dehugging, and nl'xihl(' memory mapping, th(' . 
ICE·5100/451 emulator expedites all stagrs 01' developml'nt: hardwal'!' dlwlopnlt'nt, soflwarl' 
drvelopment, system integration, and system test: shortt'Ring yOllr projl~'t'S time to markl't. 

IlEA.TIJRES 
• Full speed til 12 MHz. 
• 64KB of emulation mapped memory. 
• 254 frames of execution trace. 
• Symbolic debug. 
• Serial link to an IBM PC XT, AT. 100% 

compatible. . 
• Four address breakpoints with in·range, 

out-of·range, and page breaks. 
• On·line disassembler and single line 

assembler. 

• StlUI'!1' ('(KII' display. 
• J\S\j.fi I and PUM·;' I langua/'I(' support. 
• Pop·up hdp. 
• DOS shell ('S('ap('. 
• On·lim' tutorial. 
• Built·in C~'I' hase<l ('<litoI'. 
• Syst('m sdf·I.!'st .diagnoslies. 
• Worldwidl' S('rvi('(' and Slllipol't. 

IRld (j'rJMII'Ulhln IIS.'IUQ1C'14 nu n'ltlulsilnllt) rllr Uk' 1t\I' Clf any l'irl'Ull~ IIlhl'f (him t1n'ul!r> "mlll.lll'd In iI1llnll'IIIIIMlmt. \1I1~t"r nrnlit flilh'lII h.l'I1Sl':O illl' 
Inllllit,1 Infumlilliun mntaim'd ht'n'tn NUJJI'~'lt'!I pft,\lnlL'tI> IJllhll:dll'(l :4II1Tifu':llllJnll nn UII'!a' oil" ,n'!'- fmm Inh·1 ,11111 IS z.:llh,." In t'hallj.~· II.nI11". IIIIIJIl' 

SI'!Jh'llhe'f. nIH" e Inte'l (;CII"INll"atilin I!WI (ltde'! 'I~lIInl"r: :!HUKlI211112 
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ONE TOOL FOR ENTIRE 
DEVELOPMENT CYCLE 
The ICE-5100/451 emulator speeds target system 
development by allowing hardware and software design to 
proceed simultaneously. You can develop software even 
before proto~ype hHrdwHre is fini~hed. And because the 
ICE·5100/4:i1 emulator precisely matches the component"s 
electrical and timing characteristiCS. it"s a valuable tool for 
hardware development and debug. Thus, the ICE·5100/451 
emulator can debug a prototype or production system at 
any stage in its development, without introducing extraneous 
hardware or software test tools. 

HIGH-SPEED, REAL-TIME EMIJLATION 
The ICE-5100/451 emulator provides full-speed, real-time 
emulation up to 12 MHz. Because the emulator is fully 
transparent to the target system, you have complete control 
over hardware and software debug and system integration. 

64KB of zero wait-state emulation memory is available to 
replace target system code memory, allowing software 
debug to begin even before prototype hardware is finished. 

FLEXIBLE BREAM.POINTING FOR 
QIJICM. PROBLEM ISOLATION 
The ICE-5100/451 emulator supports three diITerent types 
of break specifications: specific address breaks on up to 
64,000 possible addresses; range breaks, both within and 
outside a lIser-defined range; and page breaks, up to 256 
pages on 256-byte boundaries. 254 frames of execution 
trace memory provide ample debug information, with each 
frame divided into 16 bits of program execution address 
and 8 bits of external event information. A maximum of four 
tracepoints allows qualified trace for a variety of dehug 
conditions. 

SYIfIBOLlC DEBIJGGING FOR FAST 
DEVELOPIfIENT 
i)esign team productivity is enhanced by the use of 
symbolic debug references to program line, high-level 
statements, and module and variable names. The terms 
used to develop programs are the same used for system 
debugging. 

PATCH CODE WITHOIJT RECOMPILING 
Code-patching is easy with the ICE-51001451 emulator'S 
single-line assembler. Machine code can be disassemhled to 
mnemoniCS for significantly easier debugging and project 
development. 

EASY TO LEARN AND IJSE 
The ICE-5100/451 is 8ccompanil'd hy a full tutorial that 
rxplain~ all ~y~WIII functions antI prol'i!lt's many examples. 
Additional features such as on·lint' hl'lp, a huilt-in CRT-based 
editor, and DOS shelll'St'HPl' makt' thl' t'mulator fast and 
easy to use for both novict' and t'.\pt'rit'Dced u~ers. You can 
develop your own test suites or SHlI' frequently-used debug 
routines as debug PrtX'edUI'l'S (PROCs) that ran be invoked 
with a single command. 

WORLDWIDE SERVICE AND SIJPPORT 
The ICE-5100/451 emulator is supported by Intel's 
worldwide service and support organization, In addition to 
an extended warranty, you ran choose from hotllne support, 
on-site system engineering assistanCl', and a variety of 
hands-on training workshops. 

ELECTRICAL CONSIDERATIONS 
The emulation processor'~ ust'r-pin timings and loadings are 
identical to the 1l0C451 mmponl'nt l'Xl'ppt as follows. 

Maximum Operating ICC amI 1(1Il' ICC (mal' 

Ma:.:I ..... OperaU." Ma:.:I .... _ .dle 

\'.., 1(;(; e_a)" 14:(; elBa)"' 
5\' 5\' 

0.5 MHz 4.B7 4.93 
3.5 \IHz 9.:;3 10.39 
8.0 MHz 13.0 12.75 

12.0 MHz 22.2 18.19 

'ICC is measured with all output pillS tliscolIlIl'ctl'd 
XTAL 1 drivl'n with TCLCH.TCIICL = ons, V" = \~, + O.:;\', 
V;h = V,.,.-O.5V. XTAL2 not c(lnlll,,'ted. 
For maximum operating ICC . 
E7i = RST = PortO = V" .. 

•• Maximum idle ICC is tlll'asUf'ed with all output pins 
diSctlOnected. 
XTAL 1 driven with TCLCII. TCHCL = "ns 
VII = V~S + O.5\'. 
Vii = V(.(.-O.5V. 
XTAL2 not connected, 
Port 0 = V,., .. 
llA = RST = V,.,. 
Up to 25 pf of additional pin capacilaltl1' is eOrltrihmed bv the 
processor module and targel adaptt'r assemblies. Pin I (EA) 
has approximately 32 pf of additional ('apacitance loading due 
to sensing circuiLry. Pins 53 and 52. XT~L I and XTAL2, 
respectively. have approximalt'ly 10 III 16 pf of additional 
capacitance when configured for crystal operation. 
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PIlOCESSfJR MfJDIJU DIMENSIONS 

F18ure 1 : Processor Module Dimensions 

CHMfJS DESIGN DIFFERENCES 

CHItlOS 
ChlpF •• eU •• .... poae.180C31 

RST trigger threshold 70% V.,.(3.5V @ \:,. = :;V) 
RST input impedance 50f.:·1 "Of.: ohms 
Port Iii -50"" 
Clock threshold 70% V..,.(3.GV@V".=5V) 

SPEf;IFIf;t\TIONS 

11081 _ •• re.-e •• s: 
Ifl~1 PC·X'!'. AT or compatihl!' 
PC· DOS 3.0 01' later 
J12f.: R.-\\I 
Onr fiOIJ[JY (Irivr and hard disk 

",yskll' tJllal'Kterlstlcs: 
Tht' 10;·5100/451 emulator cunsists of tht' following 
compollt'nls: 

IJIIIl WNUI llelpl 1.e .. UI 
I.d. e- IIKII e- 1.11 e-

CuntrolJer Pud 8.25 21.0 1.5 3,8 la.!) 34.3 
L'srrCahle 39,() 99.0 
Prucessor 
\Iodule* 3.8 9.7 I." 3.8 4.0 10.2 
Power Suppll 7.6 11:1.1 .J.O 10.2 11.0 28.0 
Sfrial Cabl!' 144.0 :160.0 

'with supplied lar~rt adapter. 

EI«.rka' tJllal'a"'"",,k'8: 
l'(lII'('r supply 
1O()·12m 01' :n()·:1~()\ st'l(~·tahl(' 
:,().(l() II~ 

2 amps t·\!: 111:1\1 @ 12m 
1 amp (:\C l11a\) @ 2~m' 

E." ..... .-e .. a. tJllanJ("~"""k8: 
Opt'rating tt'mpt'raltil1': + looe til + -100(; (500~' to 104°F) 
(jl}t'rating hUl11idity: \la\il11ul11 of H5% rl'iati\'(' humidity. 
ntm'ct}ntli'nsing 
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ORDERING INFORMATION 

Order Code 

pl451KITAD 

pl451KITD 

pC45IKITD 

TA451 " 

D86ASM51 

D86PLM51 

D86EDlNL 

Description 

Kit contains ICE·51001451 user probe 
assembly. power supply and cables. 
serial cables. target adapter. crystal 
power accessory. emulator controller 
pod. emulator software. DOS host 
communication cables. ASM·51 and 
AEDIT text editor (requires software 
license). 

Kit contains the same componcnts as 
p1451KITAD. excluding ASM·51 and the 
AEDIT text editor (requires software 
license). 

Conversion kit for ICE·5100/452. 
lCE·5100/252. or lCE·51 00/044 running 
PC-DOS 3.0 or later. to provide 
emulation support for 8OC451 
components (requires software license). 

Target adapter for 68-pin PLCC package 
support. 

ASMIRL 51 package for PC-DOS 
(requires software license). 

PLIMIRL 51 package for PC-DOS 
(requires software license). 

AEDIT text editor for PC-DOS. 

MCS is a registered trademark and ICE is a trademark of 
Intel Corporation. 

IBM and PC/AT are registered trademarks and Pc/xT a 
trademark of International Business Machines Corporation. 
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ItIPI-S 100/04 4 1.-tlr~.1t E •• lator 

'N-tJ'KlJ''I' EltIlJ£.4'1'01lI'OR 'l'1IE RlJ,.,..-44I'tlltI'£1' 01' 
rER',."ERtI£S 
The ICR·51 001044 In·Clrcult Emulator Is a complete hardw81'f/sofl,ware e!ehug rnvlrnnment for 
developing embedded control applications based on the Intel RUPIN -44 family of perlphl'rals. 
Including the 8044·basL'd BI'I'BUS" board products. With high·performance 12 Mllz emulation. 
symbolic debugging. and nexible memory mapping. the ICI-.:-51 001044 emulator expt'dites all stages 
of development: hardware'development_ software development. system intt'.gration. ane! system test; 
shortening your project's time to market. 

I'EtI'I'lJRES 
• Full speed to 12 MHz. 
• 64KB of emulation mapped memory. 
• 254 frames of execution trace. 
• Symbolic debug. 
• Serial link to an IBM PC XT. AT. 100% 

compatible. 
• Four address breakpoints with in-range. 

out-of-range. and page breaks. 
• On-line dIsassembler and single line 

assembler. 

• Source code display. 
• ASM-51 and PllM-51 language support. 
• Pop-up help. 
• DOS shell escape. 
• On-line tutorial. 
• Built-in CRT based editor. 
• System self-tl:'st diagnobtics. 
• WorldWide service and support. 

inter----------
Intrl r,lIrptlratiun OS.'lumt'S nil ROSptJrlSlbllll) fur 1tK> m;r IIf an) "ITrUllt) nlll'f ItlDll rll'l'Ultr)' tmhlldil'd tn an 1111'1 ptnrllll't. No .(tIt.,. rlrruil patl'ftl. IIn·n.'M~ IIrt' 
implll'd. Infurmath,n nmlainrd ht'l't'm KUPt'rri'll PI'l'\hlUld) JMlbll~hl'd IqldU'8!kmti un 11I'ItI' ck'VIn'S mIlD 1w.'1I1I'11II~ 1I11111t~110 t'b.1f\M1' ~ittll.d nntin'. 

Si')l,«'lnbrr.19RA 
~ Iltl.'l ClI'llllralillfl 19AH Ortk'l' "Wrut.-r: 280818-001 
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ONE TOOL 1'011 ENTIRE 
DEI'EWPMENI' CYCLE 
Th~ ICE·51 001044 emulator ~p~ds target system 
development by allowing hardware and software oesign to 
proc(~'d simultanmusly. You can dt'vciop software evl'n 
hefort' PC'Iltotypt' hardwarl' is finished. Ilno because lhl' 
IC~;·!i lOO/044 emulalor p['(~'isl'ly marchi's thl' compom'nt's 
l'i('ctrical and timin~ charaCl.erislics. it's ,I valuahlt' tool for 
harllwa['(' 1)lwlopml'nt and dehug. Thus. thl' ICE·;;) 00/044 
emulator can dcilllg a prototypl' or pro(luctiol1 syslt'm al 
any SUI/-.~' in its t!(wlopml'nt. wilhoul introducing l'xtram'llllS 
hW'dwim' 11/' soflwan' l('st tools. 

HIGH-SPEED, IIEAf,-I'IME EMIlf,ATlON 
'I'll(' ICI';·;; 100/044 ('lllulator providl's rllll·Slnd. !'I'al·tinlt' 
1'l1lullllioll up tf) 12 Mllz. Ikt'allst' till' I'lllulallll' is fully 
lral1Sparl'nt to HII' larget syslem. you haw CtHllplt'l\' ['onlrol 
lI\el' Ila['(lwal'~ and software dl'llllg and systl'm intrgratiofl. 

(i41\1l of zero wait·statl' t'mulation ITlt'morv is mailahlt' to 
['('placI' target system ('lJ(le ml'mor~. allo~il1g soflware 
dt'llUg to IlI'gili 1'\'('11 I)('fo("(' prototype hardwarl' is finishl'd. 

I'UXIBU BREA"POINTlNGI'OIl 
(JIlIC" PROBLEM ISOLATION 
The rex" J()01044 emulator supports th['('(' diffen'nt types 
of break specincations; specific address breaks on up to 
64.000 possihle address!'s; range breaks. hoth within and 
outSide a user·defined range; and page breaks. up to 256 
pages on 256·byte boundaries. 254 framt's of execution 
trace memory provide ample debug information. with each 
frame divided into 16 bits of pmgram execution address 
and 8 hits of externalevcnt information. flmaximulll of four 
tracepoints allows lIualifiml trace lilr a vari('l.y of debug 
('(Imiitions. 

SYMBO",C DEBIlGGINGI'OIl FAST 
DEI'Ef,OPMENI' 
Design team productivity is t'nhanc('d hy till' USI' of 
symholic ddlllg r\'f('ft'nn's to progf<lm lim'. high·II'wl 
st.atl'ml'nts. and moduli' anti I"ariahlt' nam('s. Thl' tl'rms 
uSl'd to d(wlop programs art' th(' sam(' us('d for systt'!Il 
dl'illiggilig. 

PATCH CODE WII'HOIll'RECOMPI",NG 
Code·patching is easy with th(' IC~:·!i 1001044 ('mulator's 
singh"linl' assl'mhll'r. Machim' ('(Idl' can he disas~'mhll,d to 
1I11U'!Ilol1ics for significantly mSil'r dl'hugging and projl'ct 
IIt'vl'lopnwnt. 

EASYI'Of,EAIINANDIlSE 
Thl' ICE·:, I OO!044 is aecompanil'd hy a full tutorial that 
I'.\plains all syst.l'm functions am) pnlviril's many I'xamplt's. 
:\(Idttional featurt's such as on·lim' hl'ip, a huilt·in CRT·ba~~1 
I'ditor. and DO!') shl'lI I'scapl' makl' th(' I'mulat.or fast. alld 
('aSj t.o ust' for hoth !lovin' and I'xpI'rit'ncl'd uSl'rs. You can 
dl'wlop your own tl'st suitt'S or saw fft'quently,usl'd dehug 
routines as dl'hug PrtK'I'liures (PROCs) tlmt can III' invokl'd 
with a singlt' ('()mmand. 

WORWWIDE SEIIJ'ICE AND SIlPPOIIl' 
The ICE·:' 100/044 emulator is supported hy Inters 
worldWide s('rvicr and support organiUltion. In adrlition to 
an extended warranty. you can choose from hotline support. 
on·site system engineering assistanl't'. and a ~ariety of 
hands~m training workshops. 
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ElECTRICAl. CONSIDEIlATlOlfS 
Th,' emulmion processor's user·pin limin~s mId 11~)(lin~s arl' 
id.'ntiraJ til thl' B044 (~Jlllrxment !'\Cept as follows. 

• lip to 2:; pI' of ml(lilionalltill l'all<lfiuIII(,(' is ('Imlrihul.~1 
b~ U~, PI"IH"l'ssor nUXIIJI!' and tarWI adaptllr aR~I'mtJlies. 

• Pin :ll. ~:A. has <lltllroxinWH'ly :12 Itfof millitional 
capadtann' Illmlin~ ',Iut' to s('nsin~ ('ir('uitr~. 

• I'ins 18 ami Ifl. X'I"II.I and X'[·\L2. rI'Sp.~'1iV('ly. haw 
appI"ximall,ly Ifi to I (I pf of additillnal mp,lcitancc ",'hen 
ronfil:uml for <Tystal ol)('ralioll. 

PlWCESSOllltlODlfl.E DIMI:NSlONS 

l'lIUFe 1. Processor \llIdul~ Dimrnsions 

SPECifICATIONS 

IIoSI 1le,,1I'f'(':,.ellls: 

lB~lI'C·Xl fIT or ntlllpatillll' 
PC·Do.'> :l.ll ()(' latl'l' 
:'121\ RAM 
0111' 1l0PIty drill' alld 11anlllis~ 

IJIec,rfu' Cllar-.lerisllOl: 
POWl'I' suppl~ 
I(M)·I 2llV III' 220·240V SI'It"tahll' 
fi(HIOllz 
2 mlll~ (At: Ul<lx) @ 120V 
I 1111111 W: I1In\) @ 2·IOV 

DESIGN CONSIDEIlA'I'lflNS 
gXI'(,lItion of us('1' progJ"1lITlS thai contain illtl'rl'lIpt muUm's 
rmlSI'S illcorm't (jala to Ill' stored in th., Imcc hum'l'. \Ihm 
an inll'rrupt IICCUI'S. the l1('xt inslrul'lillll to III' 1'.\I'l'ull'd is 
placl'd into till' tran' huff.'1' 11I'fllre it is actually IW('l1ll~1. 
~"lIowing cllmpll'tion of thl' intl'rrupl roulinl', till' instrucUOII 
is I'xl~'lIte.1 ami again plal'l'd into thl' tl'acl' huffl'r. 

.. lIyslca' Characler's"cs: 
The IC~:·:' IlXI{044 emulatllr mnsists of Ihl' fllilowillg 
1"lIlIl)(II1I'lItS: 

IInlt Width Helpt l.eqlh 
lad. (;. Inch (;m Inch (;m 

011111'0111'1' 1'011 1l.2~ 21.0 I.:' :l,B I:Ui :14.:1 
lispr Cahlt' :m.o f)fW 
I'I'OCl'SSOI' 

ModulI" :l.8 !),7 I.~ :l.ll 1.0 10.2 
l'ow,,1' Supply 7.li IB.I ~.O 10.2 11.0 2H.O 
S"l'ial Call1t' IHO 3HO.O 

"" il.li slIppli"Ii 1 m'~"1 aliaptlll'. 

"'II"'I'OIIlIIellUJ' ClJarac'erls"cs: 
()pl'ratin~ Wmpl'l'nt.ul'l': + 10"(; to + 40"C (!i0"1" III 104"1'1 
()pl'l'nt.in~ humidity: Maximulli or Ho % 1"lalivl' humidity, 
Illln'lXllltll'llsing 
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ORDERING INFORMATION 

Order Code 

pl044KITAD 

pl044KITD 

pC044f.;1'1'1) 

D86/\8M;;1 

D86PLM51 

D86EDlNL 

Description 

Kit contains 1Cf:·51001044 user probe 
assembly. power supply and cabJtos. serial 
cables. target adaplt'J', crystal power 
accessory. emulator controller pod, 
emulator suftware. DOS host 
communication. 1\8M·51 and "EDIT lext 
l'ditur (l'eIluirt'S soCtwal't' license). 

Kit cuntalns the same mmponents as 
pl()44KIT"D. I'xcluding "8M·;; I and til<' 
M:DIT It'xl l'dltor (1't~luirt'S soCtwal't' 
li(,t'nSl'). 

(~JII\'t'rsiun kit fur IC~:·!i 1 (XII4!i2. 
IO:·51(XJ/45I. Ilr IC~:·5100J252 running 
PC·DOS 3.0 ur latrr. to pl'tlVidl' emulatiun 
suppurt fur RVPI·44 family uf pt'fiphl'rals 
(1't~luil'l's Sl~'tware Iic~.nS!'J. 

ASMIRL 51 package for PC·DOS (1't~luil't'S 
Sllftware license). 

PLIMIRL 51 package fur PGD08 
(requires SlICtware license). 

A«;DIT text editor for PGDOS. 

MCS Is a I't'{llstered trademark and IC~ Is a trademark or Intel Corporation. 

IBM and PClAT are registered trademarks and PClXT a trademark or International Business Machines Corporation. 
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ASIC: Intel Cell--Based 
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inter 
INTRODUCTION TO THE 

INTEL 1.5 MICRON CHMOS III CELL LIBRARY 

PREFACE 

A growing . number of system designers are turning to Application Specific Integrated Circuits (ASICs) for the 
solution to their system design needs. ASIC design methodologies bridge the gap between standard ICs and fully
customized devices. Using sophisticated software design tools and a collection of predefined circuit elements, system 
designers realize the benefits of custom ICs without incurring the high cost and long development times associated 
with full custom designs. 

The Intel Design Environment provides a flexible system for designing and manufacturing Intel ASIC products. The 
design environment includes a comprehensive set of CAE/CAD tools, design libraries running on the Daisy and 
Mentor engineering workstations, and design and manufacturing services. Intel cell-based designs are backed by a 
proven manufacturing capability and the same strict adherence to quality and reliability applied to Intel standard 
products. 

This chapter introduces the Intel 1.5 Micron CHMOS III Cell Library. It provides cell data specifications and 
describes Intel design services as they relate to cell-based designs executed at Intel design centers or at the customer 
site. 

The Intel 1.5 Micron CHMOS III Cell Library provides customers with the building blocks necessary to design 
complex semicustom integrated circuits. The Intel 1.5 Micron CHMOS III Cell Library is composed of pre-designed, 
fully characterized equivalents of common circuit elements and Intel standard products. The library includes SSI, 
MSI, and LSI circuit elements commonly used in system design. In addition, the library contains VLSiCELTM 
elements, functional equivalents of Intel standard microcontroller, microprocessor, and microprocessor support 
peripheral products. 

FEATURES/BENEFITS 
• Over 150 SSI/MSI/LSI logic functions. 

• A comprehensive cell library provides a wide range of cell-based ASIC solutions. The library is highlighted by 
VLSiCEL elements, cell versions of popular Intel standard microprocessors, microcontrollers, and microproces
sor support peripherals. VLSiCEL elements offer the highest level of microcomputer-based system integration. 
Intel's cell-based design methodology offers customers the ability to use predefined circuit elements as building 
blocks to design complex circuits. The current library includes: 

80C51BH 8-Bit Microcontroller 
82C37A Programmable DMA Controller 
82C54 Programmable Interval Timer 
82C59A Programmable Interrupt Controller 
82C84A 8086/8088 Clock Generator 
82C284 80286 Clock Generator 
82C88 8086/8088 Bus Controller 
82288 80286 Bus Controller 

A complete set of test vectors is provided for each VLSiCEL building block, providing a guaranteed 0.1 % AQL 
(Acceptable Quality-Level) or better. 

• The emulator kit for 80C51-based ASICs includes a complete set of tools for hardware and software debug of 
ASIC core-based designs. 

• UCS family is based on the 80C51BH standard product and includes both the microcontroller core and peripher
al functions. This family makes the internal communications bus (SFR Bus) available to the designer. 

• User-configurable n-bit counters, registers, multipliers, and magnitude comparators built from "telescoping" cells 
achieve high performance for repetitive functions. 
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INTRO TO INTEL CELL-BASED DESIGN 

• CHMOS III-An advanced 1.5 micron, dDuble-layer metal CMOS prDcess technDIDgy providing high perfDrm
ance, high density, and IDW pDwer semicustDm integrated circuits with proven manufacturability. 

• CMOS, TTL, and Schmitt Trigger cDmpatible I/O cells available with a variety Df drive levels and ESD protec
tiDn to. 2000V. 

• A cDmplete set Df packaging DptiDns with lead CDunts up to. 208 pi·ns. Special packaging cDnfiguratiDns and higher 
pin CDunt packages are available upDn request. 

• The Intel Design EnvirDnment provides a cDmprehensive set o.f CAE/CAD to.o.ls, IDgic libraries, and custo.mer 
SUpPDrt and design services that enable users withDUt IC design expertise to. design . their o.wn cell-based ASICs. 

• Intel's 1.5 Micro.n CHMOS III Cell Library is fully supPo.rted o.n Mento.r and Daisy cDmpatible engineering 
wo.rkstatio.ns. Mainframe simulatio.n capability is supPo.rted through Intel technDIDgy centers and direct dial-up 
to. Intel facto.ry mainframes. 

CELL-BASED DESIGN 

Why Cell-Based ASICs? 

Semicusto.m integrated circuits are designed from a variety Df functio.nal building blo.cks ranging in co.mplexity from 
individuallDgic gates to. LSI and VLSI functio.ns. Cell-based ASICs o.ffer the highest level o.f semicusto.m integratiDn 
and are capable o.f implementing co.mplex VLSI functio.ns (micropro.cesso.rs and microco.ntro.llers). They also. Dffer 
high perfo.rmance, increased functiDnality and better silicDn utilizatiDn because the individual cells have been hand
packed to. the highest pDssible densities. Better silico.n utilizatiDn means IDwer-cDst pro.ductiDn in high vo.lume. Full 
custDm ICs can prDvide the same benefits as cell-based ICs. HDwever, while full custDm designs o.ften,require years 
to. develDp, semicustDm chips can be develo.ped in weeks o.r mDnths. Well-characterized, easy-to.-use autDmated 
design methDdDIo.gies also. typify semicustDm chipdevelDpment, making ASIC design accessible to. system engineers 
witho.ut specialized IC design experience. System manufacturers realize a faster time to. market, thus giving mDre 
time to. co.ncentrate Dn system rather than IC issues. 

Why Intel? 

Intel believes that to. successfully serve its ASIC custDmers, it must provide custo.mers with a co.mprehensive product 
o.ffering, advanced manufacturing capabilities, a cDmplete CAE to.DI set, and design services to. SUPPo.rt the entire 
ASIC design process. ' 

• PrDduct Dffering. Intel Dffers a cDmplete cell-based library including ASIC versiDns o.f Intel standard pro.ducts. 

• Manufacturing expertise. Intel ASIC manufacturing draws Dn the reco.gnized strengths o.f Intel CMOS technDIo.
gy, advanced packaging, and.a demDnstrated expertise in assembly and test. 

• Design to.Dls. Custo.mers may access the Intel libraries o.n a variety o.f platfo.rms, including the Daisy Systems and 
MentDr Graphics cDmpatible wDrkstatio.ns. SimulatiDns fDr complex designs are suppDrted Dn' mainframes 
through Intel TechnDlDgy Centers and direct dial-up to. the Intel factDry. The UC51-EDK SUPPo.rts cDde develDp
ment' and "bread bDard" simulatiDn o.f 80C51-based ASICs. 

• Design services. Intel provides cDmplete dDcumentatio.n fDr ASIC pro.duct lines. TechnDIo.gy centers Dffer CDm

prehensive hands-o.n training 'CDurses. 
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What is a Standard Cell? 

A standard cell can be thought of as a well characterized module containing an individual, independent, logic circuit. 
It is a complete functional block with predesigned and precharacterized logic. Intel has designed these cells for 
optimum electrical performance and silicon utilization. The standard SSIIMSI cells in the library have been designed 
with a fixed-height and variable-width configuration. These cells are arranged horizontally in rows with routing 
channels on either side. The height of these routing channels is variable, and is determined by required metalization 
interconnect between the cells. 

Customers who design with standard cells need only look at a "black box" view of the functions. Knowledge of or 
training on gate/transistor level functionally is not necessary, making the cell-based approach similar to designing 
with commodity logic or standard products. 

Figure 1 is an example of a standard cell. 

Large scale functions including the VLSiCEL elements and Intel's special function cells are designed as "both" 
variable-width and variable-height cell structures. 

CONNECTS TO ROUTING CHANNEL 

~ 

II ESF11 
CELL BORDER 

270649-1 

Figure 1. Example Standard Cell 

An Example of a Cell-Based Design 

Figure 2 depicts a 25,000 "gate" cell-based design where a gate is defined as equal to 4 transistors (the typical 
equivalent complexity of a 2-input NAND function). When VLSiCEL and special function cells are used in a cell
based ASIC, higher densities are achieved via the large, custom-designed cells. Intel cell-based ASICs often have 
100,000 or more transistors. 

• 80C51 BH VLSiCEL 
• 16,384 Bytes Of Program Memory 
• 256 Bytes of RAM 
• 2,000 Gates of Random Logic 
.84 to 196 Pin I/O 

I I I I I I I I I I 
r- I I -
r- I I -
I-

RAM 256 -
r- -
r- -
r- r-
r- r-

UC5116 ,..... r-
- r-
- r-
- r-
- I I r-
- I r-I :. 

RANDOM LOGIC 

+ I I I I I I I I I I 
I 

PAD RING 

Figure 2. Example Cell-Based Design 
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CELL TYPES 

Standard Cells 

The 1.5 Micro CHMOS III CeIl Library is composed of over 150 hard-wired basic logic building blocks. Thesl) 
standard ceIls represent SSI and MSI cells, and are as easy to use as their commodity logic counterparts. 

The cell library offers an extensive variety of random logic ceIls. Included in this category are AND, OR, NAND, 
NOR, AND-OR, AND-OR-INVERT, EXCLUSIVE OR and EXCLUSIVE NOR gates. Inverters and buffers are 
available with normal drive, high drive, or 3-state outputs. 

The Intel ceIl library contains a broad range of flip-flops and latches. Flip-flops include D, JK, and Toggle; latches 
include transparent, SR, and SR. AIl bistable devices in the Intel 1.5 Micron CHMOS III CeIl Library contain an 
asynchronous master reset input to aid in system design. Flip-flop and latch configlirations provide enable, 3-state, 
scan input, and set functionality. Other standard ceIl functions in the Intel 1.5 Micron CHMOS III cell Library 
include multiplexers, decoders/demultiplexers and a parity generator/checker. 

Telescoping Cells 

Registers, shift registers, counters, adders, and magnitude comparators are all available in the Intel 1.5 Micron 
CHMOS III CeIl Library as "telescoping" ceIls. Telescoping ceIls provide silicon-efficient, user-configurable imple
mentation of repetitive logic functions. 

Designing a telescoping multistage' device may require three types of telescoping cells: body cells, control cells, and 
cap ceIls. Body ceIls provide the basic function required by a telescoping component. Control cells provide an 
interface between a body ceIl and an external network. Cap ceIls are used as a driver for any fmal output (such as 
carry-out) related to the overall operation of the device. The use of cap ceIls is optional. 

Telescoping ceIls aIlow the designer to implement the exact function width required by the design. Silicon utilization 
is optimized. Front-end workstation tools make the creation of telescoping blocks transparent to the user. 

Cluster Macros 

Intel provides customers with the capability to group ceIls' which when placed together perform a higher level 
function. During the layout phase of the design, these ceIls are physically placed together on-chip-minimizing 
delays due to interconnect. These cell groups, or cluster macros, are particularly useful for controlling critical path 
timing.' 
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1/0 Cells 

The Intel cell library contains over 30 types of I/O buffer cells. Input, output, and I/O cells are available in TTL or 
CMOS compatible configurations. Input cells are available in both inverting or non-inverting configurations, and 
with Schmitt Trigger inputs. Each type of input cell contains bonding pads as well as input static protection 
networks. Output cells are also available in both inverting or non-inverting configurations and with open drain and 
3-state outputs. Output cells include bonding pads and output static protection networks. ESD protection to 2000V 

, is provided. 

Table 1 shows the available I/O cells and the associated options. 

Memory Cells 

The most popular Static RAM sizes are available as standard blocks in the cell library. All RAM cells feature byte
wide organization, with densities ranging from 512 to 8K bits. 

VLSiCEL TM Elements 

VLSiCEL building blocks provide the customer with the ability to use Intel standard products in their design. The 
VLSiCEL elements are captured and simulated as complete functions with fully supported simulation models. Intel 
has addressed the long-standing test issues that have prevented the incorporation of embedded microprocessors and 
complex functions into semicustom ICs by the building in elements of design for testability. All VLSiCEL building 
blocks come with a pre-defined set of test vectors, assuring circuit validation and eliminating test "bottlenecks." 
Complex chips can be designed in a fraction of the time required for gate-level implementations. 

CELL SIZE 

The standard cells (SSI, MSI) in the 1.5 Mi~ron CHMOS III Cell Library are fixed-height, variable-width cells. Intel 
expresses the size of these cells in terms of grids. Grid counts provide a relative measure of the physical size of these 
cells. The grid count for each cell, indicated on the cell data sheet, can be used to determine with circuit configura
tion that yields the optimum silicon area for a given design. 

Table 1. Available I/O Cells and Associated Options 

I/O Cell Types Options 

Input TTL and CMOS compatible 
Inverting/non-inverting buffers 
Schmitt Trigger inputs 
Pull-up resistors 
Normal and high drive 

Output TTL and CMOS compatible 
Inverting/non-inverting buffers 
3-state, open drain, push·pull 
Multiple output drive levels 

Bidirectional TTL and CMOS compatible 
3-state outputs, latched inputs 
Multiple output drive levels 
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THE INTEL DESIGN ENVIRONMENT 

Intel's design environment provides the customer with a comprehensive set of CAE/CAD tools, logic libraries, 
customer support and design services. The design environment enables users without IC design expertise to design 
their own Application Specific Integrated Circuits (ASICs). This section willfocus on the design interface for Intel 
cell-based ASICs. 

AN OVERVIEW OF THE INTEL DESIGN ENVIRONMENT 

Intel's design environment includes all the design tools and services required to design cell-based ASICs. 

The cell-based ASIC design sequence begins with the entering of the design schematic followed by the ·generation of a 
netlist (a netlist defines the interconnections between the cells used in the design). Once a netlist has been specified, 
simulation tooIs allow the engineer to evaluate the functionality of the design, including timing verification. The 
design engineer dermes the stimulus to exercise the design and verify performance during the simulation phase. After 
a .successful simulation, automatic place and route tools are used to layout the design. The design is then re-simulat
ed using the delay times that are computed from the layout database. After a successful resimulation, prototypes are 
manufactured, tested, and delivered. 

During all phases oethe design process, Intel provides a wide range of support services. Dedicated regional ASIC 
specialists provide local design analysis and c.onsultation. Technology centers offer comprehensive customer training 
and technical support, along with access to the software tools running on a variety of hardware platforms. Extensive 
documentation is available for all software tools and libraries. 

AN OVERVIEW OF THE CELL-BASED DESIGN SEQUENCE 

Cell-based ASIC designs can be separated into three major phases: design, layout and verification, and manufactur
ing. 

DESIGN PHASE 

The design phase includes device specification, logic design, schematic capture, and simulation of the ASIC device. 
Figure 3 shows the typical flow of events that Occur during the design phase of a cell-based ASIC design. 

After becoming familiar with the CAE tools andthe Intel 1.5 Micron CHMOS III Cell Library, the engineer begins 
the design process by creating a chip specification. This includes functionality, logic partitioning, and physical 
requirements (Le., I/O limitations, packaging, power requirements, die size limitations, operating conditions, and 
performance requirements). Intel recommends that the engineer adhere to several cell-based design guidelines and 
design for testability considerations which are covered in the Introduction to Cell-Based Design Course. Duringthis 
phase, customers may also develop functional and timing delay simulation vectors and identify critical paths. 

Once the preliminary design is complete, an optional pre-design review can be held. The engineer will then begin 
selecting cells from the Intel 1.5 Micron CHMOS III Cell Library. Celis are organized into three general categories 
within the library: VLSiCEL elements, special function celis, and standard celis. Data specification sheets can be 
used to select functions the same way a component catalog is used to evaluate standard components for board level 
design. 

Upon completion of the chip specification and cell selection, the engineer enters the schematic on a CAE worksta
tion. Schematic capture can be done at an Intel technology center or on an Intel-supported workstation at the 
customer site. Customers may wish to hold an optional pre-simulation design review with Intel at this time. 
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A functional simulation and a full timing analysis are required to verify that the design will meet performance 
requirements. Simulation may be done using workstation simulation or Intel-supported mainframe simulators, de
pending on the complexity of the design. Designs greater than the approximately 10K gates in complexity often 
require the computational power of a mainframe for efficient simulation. This mainframe capability gives designers 
maximum flexibility for simulating large designs such as those including VLSiCEL elements. This phase may require 
several iterations. 

During the design and simulation phase, it is important to consider the testability requirements for the circuit. Intel 
requires customers to produce designs with 100% observability when performing an industry standard node toggle 
test. Fault grading is an available option. 

After the design is successfully simulated, a pre-layout design review must occur before layout can begin. Once 
approved by both Intel and the customer, the design progresses to the layout and verification phase. 

CUSTOMER ACTIVITIES INTEL ACTIVITIES 

CUSTOMER TRAINING 

OPTIONAL r---------------------. 
PRE-SIMULATION DESIGN REVIEW 

._-------------------_. 

'-----+I. PRE-LAYOUT DESIGN REVIEW 

270649-4 

Figure 3. Design Phase Flowchart (Technology Center) 
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CUSTOMER ACTIVITIES INTEL ACTIVITIES 

PRE-LAYOUT DESIGN REVIEW 

FINAL DESIGN RELEASE 

Figure 4. Layout and Verification Phase Flowchart 

CUSTOMER ACTIVITIES INTEL ACTIVITIES 

FINAL DESIGN RELEASE 

Figure 5. Manufacturing Phase Flowchart 
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LAYOUT AND VERIFICATION 

Figure 4 shows the sequence of events in the layout and verification phase. Placement and routing of the ASIC 
design is performed using automatic place and route software. As a final check Intel factors in the actual delay times 
as determined from the layout database (this is called back annotation). The design is then resimulated and post- pre
layout simulation results are compared for consistency. When requirements are met, and both Intel and the customer 
are satisfied with the results, a final design specification is approved. The design specification becomes the governing 
document against which prototype and production components are evaluated. The design then enters the manufac
turing phase. 

MANUFACTURING PHASE 

Figure 5 shows the sequence of events in the manufacturing phase. After the layout and verification phase has been 
completed, Intel will produce prototypes. These prototypes will be submitted to the customer for a final review and 
production approval. 

Intel offers rapid turnaround times for its ASIC products. The ASIC circuits are fabricated, tested, sorted, assembled 
into packages, and tested again as finished devices. Customer-defined test patterns are used to verify the device, and 
standard parametric tests are used to confirm performance over temperature and supply voltage extremes. 

PACKAGING 

Intel provides a variety of standard IC packages for use with cell-based ASIC designs. Among the available packag
ing options. are ceramic and plastic Dual-In-Line Packages (DIP) with up to 48 pins, Plastic Leaded Chip Carriers 
(PLCC) with up to 84 pins, ceramic and plastic Pin Grid Arrays (PGA) with up to 180 pins, and ceramic and plastic 
quad flatpacks for up to 208 pin configurations. 

QUALITY AND RELIABILITY 

Intel is committed to the highest possible standards of quality, reliability and customer satisfaction in its products. 
All ASIC products must meet the same quality and reliability standards as Intel standard products. Intel insists on 
building-in quality and reliability for every product from the very beginning of a technology and product develop
ment cycle. Strict controls and monitors are applied in the manufacturing process to ensure high quality and 
reliability. All processes are audited regularly to ensure that they meet specifications. For additional details on Intel's 
quality and reliability programs, refer to the Components Quality/Reliability Handbook, Order Number 210997. 

Intel's cell-based products are shipped to a 0.1 % AQL level and less than 200 FITs (Failures In Time). 

DESIGN SUPPORT 

Intel customers have the option to specify as much or as little design support as needed to complete their ASIC. 
Table 2 describes two preferred ASIC design interfaces: design tasks performed at the customer's site or at an Intel 
technology center. Customers may also opt for full service design support. 

Intel's design environment provides the necessary design tools and services for all these design interface alternatives . 
. Customers who choose to develop their ASIC on-site port Intel libraries onto their own CAE systems and design the 
device within their own development environment. Customers who decide to use Intel technology centers for ASIC 
development take advantage of Intel's on-site CAE systems, libraries, and applications support to assist them during 
their design effort. 
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Table 2 lists the major steps required to execute a design and specifies the responsibilities for each party. 

Table 2. Design Sequence Responsibilities 

Activity Technology Center Customer Site 

Pre-design Start Intel/Customer Intel/Customer 
Design Review 

Cell Selection Intel/Customer Customer 

Schematic Capture Intel/Customer Customer 

Simulation Intel/Customer Customer 
(Functional) 

Simulation (Timing) Intel/Customer Customer 

Pre-Layout Design Intel/Customer Intel/Customer 
Review 

Test Vector Intel/Customer Customer· 
Generation 

Autolayout Intel Intel 

Post-Layout Intel/Customer Customer 
Simulation 

Post-Layout Intel/Customer Intel/Customer 
Approval 

Mask Generation Intel Intel 

WaferFab Intel Intel 

Assembly/Test Intel Intel 

Prototype Approval Customer Customer 

COMPUTER AIDED ENGINEERING (CAE) TOOLS 

The 1.5 Micron CHMOS III Cell Library runs on all engineering workstations from Daisy Systems and Mentor 
Graphics. This wide range of compatibility gives designers the flexibility to execute cell-based designs using a variety 
of CAE hardware. 

MAINFRAME-BASED SIMULATION 

. Simulation requirements for complex designs are often best served by mainframe computational power. Using an 
Intel mainframe simulator, customers can run simulations that are too time consuming or not possible to do using a 
desktop workstation environment. An integrated design database allows for portability between the mainframe 
environment and the workstation environment. 

Intel's mainframe computers may be accessed through dial-up from the customer site or via an Intel technology 
center. 

INTEL TECHNOLOGY CENTERS 

Intel technology centers offer training classes, design consultation and technical workstation support for semicustom 
chip design, cell-based design libraries, and CAE workstations as well as access to workstations for schematic 
capture and simulation. Customers may use the technology centers to take advantage of Intel's on-site systems, 
libraries and services. Each center is equipped with Daisy Systems and Mentor Graphics workstations. Direct access 
to the Intel mainframe is also available for efficient simulation of complex designs. 

Training classes and technical support are available from Intel's technology center ASIC specialists. The 
Introduction to Intel Cell-Based Design Course consists of both lecture and labs emphasizing "hands-on" experience. 
Lectures address Intel-specific design practices; labs offer hands-on training in the Intel design environment. Contact 
your local Intel field sales office for scheduling. 
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INTEL TECHNOLOGY CENTERS 

CALIFORNIA, USA 

Intel Technology Center 
3065 Bowers Avenue 

Santa Clara, CA USA 95051 
Tel: (408) 765-2252 

FRANCE 

Intel Technology Center 
1 Rue Edison, BP303 
78054 St. Quentin EN 

Yvelines Cedex, France 
Tel: 33 1-30-57-7000 

RELATED PUBLICATIONS 
• Cell-Based Design-Daisy Environment 

• Cell-Based Design-Mentor Environment 

• Microprocessor and Peripheral Handbook 

• Components QualityiReliability Handbook 

Order # 83002 

Order # 830000 

Order # 230843 

Order #210997 
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MASSACHUSETTS, USA 

Intel Technology Center 
3 Carlisle Rd. 

Westford, MA USA 01886 
Tel: (617) 692-3222 

UNITED KINGDOM 

Intel Technology Center 
Piper's Way 

Swindon SN3IRJ 
Wiltshire, U.K. 

Tel: 0793 696000 
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1.5 MICRON CHMOS III CELL LIBRARY 

• 1.5 Micron CMOS 
• User Conflgurable N-Bit Counters, 

Registers, Adders, and Magnitude 
Comparators Built from "Telescoping" 
Cells Achieve High Performance and 
SilicQn Efficiency for Repetitive 
Functions . . 

• RAM Configurations up to 8K bits 

• All VLSI Cells are Tested and Verified 
Using the Equivalent Standard Product 
Test Program, Guaranteeing 0.1 % AQL 
or Better. 

240051-1 

The Cell·Based IC Shown here Contains the 
80C51BH ASIC Core. This Design also Integrates 
Approximately 2700 Gates of User Control Logic 

'Daisy is a registered trademark of Daisy Systems Corporation. 

• VLSiCEL TM Elements, Cell Versions of 
Popular Intel Standard 
Microprocessors, 
Microcontrollers, and Microprocessor 
Support Peripherals, Offer the Highest 
Level of Micro-Computer Based 
System Integration. The Current Library 
Includes: 
- 80C51BH 8-Bit Microcontroller 
- 82C37 A Programmable DMA 

Controller 
- 82C54 Programmable Interval 

Timer 
- 82C59A Programmable Interrupt 

-82C84 
-82C284 
-82C88 
-82288 

Controller 
8086/8088 Clock Generator 
80286 Clock Generator 
8086/8088 Bus Controller 
80286 Bus Controller 

240051-2 

The Cell·Based IC Shown above Depicts a 
Standard Cell Design with 3000 Gates of User 

Logic and 3 RAM Configurations 

'Mentor Graphics is a registered trademark of Mentor Graphics Corporation. 
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DESCRIPTION 

Intel's advanced cell-based family of integrated 
circuits is based on a comprehensive set of pre
designed, fully-characterized functions for the inte
gration of system logic into high-performance, cost 
effective semicustom devices. The basic cell library 
contains over 150 logic, 1/0 and special function 
cells. Also available are VLSiCEL TM elements such 
as the 80C51 BH 8-bit microcontroller, and cell 
equivalents of Intel microprocessor support periph
eral functions. Intel libraries run on several industry 
standard CAE platforms, including Daisy Systems' 
and Mentor Graphics' workstations. Customers may 
receive expert technical support via Intel's fully 
equipped technology centers. Once a design has 
been completed to the customer's satisfaction, Intel 
produces its cell-based IC using a 1.5 micron double 
layer metal CMOS process. This process is also 
used on standard components such as the 
80C51 BH, thus ensuring manufacturability and high 
quality and reliability. 

FEATURES/BENEFITS 

Logic Cells 

• Over 150 SSI/MSI/LSI logic functions to obtain 
high performance and high density. 

• CMOS, TTL, and Schmitt Trigger compatible 1/0 
cells available with a variety of drive levels and 
ESD protection to 2000V. 

Special Function Cells 

• Fixed configuration RAM to 8K bits. 

• User configurable n-bit counters, shift registers, 
adders and magnitude comparators built from 
"Telescoping" cells achieve high performance 
and silicon efficiency for repetitive functions. 

ASIC Emulators 

• ASIC emulators support code development and 
"breadboard" simulation of 80C51 BH-based 
ASICs. 

Packaging 

• A complete set of packaging options with lead 
counts to 208. 

VLSiCEL TM ELEMENTS 

• Cell versions of popular Intel standard microproc
essors, microcontrollers and microprocessor sup
port peripherals are available in the library. These 
"VLSiCEL" elements offer the highest level of mi
crocomputer based system integration. 

80C51 BH 8-bit Microcontroller 

82C37 A Programmable DMA Controller 

82C54 Programmable Interval Timer 

82C59A Programmable Interrupt Controller 

82C84A 8086 Clock Generator 

82C284 80286 Clock Generator 

82C88 8086 Bus Controller 
82288 80286 Bus Controller 

• UCS Family is based on the 80C51 BH standard 
product and includes both the microcontroller 
core and peripheral functions. This family makes 
the internal communications bus (SFR Bus) avail
able to the designer. 

• The 12.5 MHz microprocessor support peripheral 
family includes 82CXX peripheral cells compati
ble with 86/186/286 environments. 

• All VLSI cells are tested and verified using the 
equivalent standard product test program, guar
anteeing 0.1 % AQL or better. 

• Functional relationships identical to the standard 
product, including standard product code com
patibility. 

Design Environment 

• Libraries compatible with workstations from Daisy 
Systems and Mentor Graphics. 

• Mainframe interface accessible to customers via 
Intel technology centers or dial-up from customer 
site. Supports high complexity designs. 

• All design environments include Intel developed 
utilities for back annotation of actual delays from 
layout database for post layout simulations. 

• Software utilities provided by Intel automatically 
converts your simUlation stimUlUS to Intel tester 
compatible vectors. 

• For those designs incorporating the 80C51-based 
VLSI cell and which are designed in the Daisy 
environment, customers may also simulate the 
core using Daisy's Physical Modeling Extension 
(PMX) board. The PMX is a hardware add-on 
chassis and control software that allows the user 
to perform software modeling using an actual 
physical component in the Daisy environment. 
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CHMOS III: 1.5 Micron CMOS LSI and VLSI Functions 

• Intel's cell based products are produced using 
CHMOS III-an advanced 1.5 micron, double-Iay- . 
er metal CMOS process technology providing 
high performance, high density, and low power 
consumption semi-custom integrated circuits with 
proven manufacturability. 

UCS51 FAMILY: UCS51XX and UCS52XX cells list
ed below are fully compatible with the 80C51BH 
standard product. In addition, these cells make the 
internal bus (Special Function Register Bus) of the 
80C51 BH accessible to the designer: A series of 
SFR peripheral cells have been designed to inter
face to this bus. These peripherals are also listed 
below. Peripheral communications are optimized 
(less code required) and the designer can also de
fine his own peripherals and connect them directly 
to the bus. 

• Intel's 80C51 BH standard product also manufac
tured in CHMOS III. 

Manufacturing Reliability 

. • 0.1 % Average Quality Level (AQL) ·against sub
mitted test vectors. 

• < 200 Failures In Time (FITs). 

Name Cell Description 

UCS5100 80C51 BH Microcontroller Core with No ROM, 128 Bytes RAM 

UCS5104 80C51 BH Microcontroller Core with 4K Bytes ROM, 128 Bytes RAM 

UCS5108 80C51 BH Microcontroller Core with 8K Bytes ROM, 128 Bytes RAM 

UCS5116 80C51 BH Microcontroller Core with 16K Bytes ROM, 128 Bytes RAM 

UCS5200 80C51BH Microcontroller Core with No ROM, 256 Bytes RAM 

UCS5204 80C51 BH Microcontroller Core with 4K Bytes ROM, 256 Bytes RAM 

UCS5208 80C51 BH Microcontroller Core with 8K Bytes ROM, 256 Bytes RAM 

UCS5216 80C51 BH Microcontroller Core with 16K Bytes ROM, 256 Bytes RAM 

UCS51BRG Baud Rate Generator 

UCS51SI0 Serial 1/0 

UCS51T2 Timer 2 

UCS51BIU SFR Bus Interface Unit 

UCS51AD 8-Bit Analog to Digital Converter with Sample and Hold 

UCS51 lEU Interrupt Expansion Unit 

NOTE: 
All specifications within tables are subject to change. 
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UC51 FAMILY: UC51 XX cells listed below are fully compatible with the 80C51 BH standard product and are 
available in a variety of ROM configurations. In addition, the signals from the standard product "CORE" have 
been demultiplexed, making all 116 signals available for use. 

Name Cell Description 

UC5100 80C51BH Microcontroller Core with No ROM, 128 Bytes RAM 
UC5104 80C51 BH Microcontroller Core with 4K Bytes ROM, 128 Bytes RAM 
UC5108 80C51 BH Microcontroller Core with 8K Bytes ROM, 128 Bytes RAM 
UC5116 80C51 BH Microcontroller Core with 16K Bytes ROM, 128 Bytes RAM 
UC5200 80C51 BH Microcontroller Core with No ROM, 256 Bytes RAM 
UC5204 80C51 BH Microcontroller Core with 4K Bytes ROM, 256 Bytes RAM 
UC5208 80C51 BH Microcontroller Core with 8K Bytes ROM, 256 Bytes RAM 
UC5216 80C51 BH Microcontroller Core with 16K Bytes ROM, 256 Bytes RAM 

80C51 Based Core Companion Cells: The following 
cells are used in conjunction with the UC51XX cells 
noted above. . 

Name Cell Description 

POSC Oscillator 
PWOSC Oscillator with Power Down 
PADB AddresslData Bus 1/0 Buffer 
PRESET Reset Input Buffer 
PTNQB Quasi-Bidirectional 1/0 Buffer 
PRGPIN UC51 Programmable I/O Buffer 
PRGUCS UCS Programmable 1/0 Buffer 

MICROPROCESSOR SUPPORT PERIPHERAL 
COMPANION CELLS: The following cells are used 
in conjunction with the microprocessor support pe
ripheral cells noted above: 

For use with SP8284/SP82284 

POSC2 Oscillator, frequency range to 
37.5 MHz 

PCN04 Non-inverting CMOS Output Buffer, 
High Drive 

For use with SP8288/SP82288 

PC02 Inverting CMOS Output Buffer, High 
Drive 

PCOT6 3-State Inverting CMOS Output 
Buffer with Enable, High Drive 

MICROPROCESSOR SUPPORT PERIPHERAL 
FAMILY: These cells are equivalent in functionality 
to the corresponding Intel standard products. 

Name Cell Description 

SP8237 Programmable DMA Controller 
SP8254 Programmable Interval Timer 
SP8259 Programmable Interrupt Controller 
SP8284 8086/8088 Clock Generator and Driver 
SP82284 80286 Clock Generator and Ready 

Interface 
SP8288 8086/8088 Bus Controller 
SP82288 80286 Bus Controller 

Fixed Configuration Memory 

Name Cell Description 

RAM64 64 x 8 Static Random Access Memory 
RAM128 128 x 8 Static Random Access Memory 
RAM256 256 x 8 Static Random Access Memory 
RAM512 512 x 8 Static Random Access Memory 
RAM1K 1024 x 8 Static Random Access Memory 

NOTE: 
All specifications within tables are subject to change. 
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Telescoping Cells 

Telescoping cells are building blocks from which 
certain multi-stage logic functions can be imple
mented. They are the preferred method of construc-

tion for multi-stage logic functions because they al
low the designer to implement the exact function 
width required by the design. Silicon utilization is op
timized. Front end work station tools make the crea
tion of telescoping blocks transparent to the user. 

Name Cell Description 

REGC Telescoping Register Control 
REGB Telescoping Register Body 
REGCT Telescoping 3-State Register Control 
REGBT Telescoping 3-State Register Body 
SHRC Telescoping Shift Register Control 
SHRB Telescoping Shift Register Body 
SHLC Telescoping Shift Register with Load, Control 
SHLB Telescoping Shift Register with Load, Body 
CULC Telescoping Up Counter Control 
CULB Telescoping Up Counter Body 
CULP Telescoping Up Counter Carry Out Driver 
CUPC Telescoping Up/Down Counter Control 
CUPB Telescoping Up/Down Counter Body 
CUPP Telescoping Up/Down Counter End Count Driver 
CUPP2 Telescoping Up/Down Counter End Count/Carry/Borrow Driver 
AD DC Telescoping Adder Control 
ADDB Telescoping Adder Body 
ADDP Telescoping Adder Carry Out Driver 
CMPC Telescoping Magnitude Comparator Control 
CMPB Telescoping Magnitude Comparator Body 
CMPP Telescoping Magnitude Comparator Equal/Greater Than/Less Than Driver 

NOTICE: All specifications within tables are subject to change. 
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inter 1.5 Micron CHMOS III Cell Library 

Inverters, Buffers and Gates 

Name Cell Description 

INVN Inverter, Normal Drive 
INVNH Inverter, High Drive 
INVTE 3-State Inverter with Active Low Output Enable, Normal Drive 
INVTD 3-State Inverter with Active High Output Enable, Normal Drive 
BUF Buffer, Normal Drive 
BUFH Buffer, High Drive 
BUF2 Buffer with Dual Output, Normal Drive 
BUFTD 3-State Buffer with Active High Output Enable, Normal Drive 
BUFTE 3-State Buffer with Active Low Output Enable, Normal Drive 
NAN2 2 Input NAND, Normal Drive 
NAN3 3 Input NAND, Normal Drive 
NAN4 4 Input NAND, Normal Drive 
NAN5 5 Input NAND, Normal Drive 
NAN6 6 Input NAND, Normal Drive 
NAN7 7 Input NAND, Normal Drive 
NANB B Input NAND, Normal Drive 
NOR2 2 Input NOR, Normal Drive 
NOR3 3 Input NOR, Normal Drive 
NOR4 4 Input NOR, Normal Drive 
NOR5 5 Input NOR, Normal Drive 
NOR6 6 Input NOR, Normal Drive 
NOR7 7 Input NOR, Normal Drive 
NORB B Input NOR, Normal Drive 
AND2 2 Input AND, Normal Drive 
AND3 3 Input AND, Normal Drive 
AND4 4 Input AND, Normal Drive 
AND5 5 Input AND, Normal Drive 
AND6 6 Input AND, Normal Drive 
AND7 7 Input AND, Normal Drive 
ANDB B Input AND, Normal Drive 
OR2 2 Input OR, Normal Drive 
OR3 3 Input OR, Normal Drive 
OR4 4 Input OR, Normal Drive 
OR5 5 Input OR, Normal Drive 
OR6 6 Input OR, Normal Drive 
OR7 7 Input OR, Normal Drive 
ORB B Input OR, Normal Drive 
AOR22 2 AND2 into OR2, Normal Drive 
AOl22 2 AND2 into NOR2, Normal Drive 
EXR2 2 Input EXCLUSIVE OR, Normal Drive 
EXN2 2 Input EXCLUSIVE NOR, Normal Drive 

NOTICE: All specifications within tables are subject to change. 
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1.5 Micron <?HMOS 1/1 Cell Library 

Flip-Flops and Latches 

Name Cell Description 

FFT Toggle Flip-Flop with Master Reset 
FFTE Toggle Flip-Flop with Enable and Master Reset 
FFJK JK Flip-Flop with Master Reset 
FLJK JK Flip-Flop with Master Set and Master Reset 
FLJKT 3-State JK Flip-Flop with Master Set and Master Reset 
FFO o Flip-Flop with Master Reset 
FFOE o Flip-Flop with Enable and Master Reset 
FLOE o Flip-Flop with Enable, Master Set and Master Reset 
FLOET 3-State 0 Flip-Flop with Enable, Master Set and Master Reset 
FFOM2 o Flip-Flop with 2 to 1 Data Multiplexer and Master Reset 
FLOM2 o Flip-Flop with 2 to 1 Data Multiplexer, Master Set and Master Reset 
FFOHI Positive Edge Event Trigger with Master Reset 
LAD Transparent 0 Latch with.Master Reset 
LSR S-R Latch with Master Reset 
LASR S-R Latch with Enable and Master Reset 
LNSR S-R Latch with Master Reset 
LANSR S-R Latch with Enable and Master Reset 

Multiplexers, Decoders and Arithmetic Functions 

Name Cell Description 

MUX21 2-Line to 1-Line Multiplexer 
MUX41 4-Line to 1-Line Multiplexer 
OMX2 2-Line to 4-Line Oemultiplexer/Oeco~erwith 2 Enables 
OMX3 3-Line to 8-Line Demultiplexer/Decoder 
CPR 8/9-Bit Parity Checker/Generator 

NOTICE: All specifications within tables are subject to change. 
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1.5 Micron CHMOS III Cell Library 

Input/Output Functions 

Name Cell Description 

PCI Non-Inverting CMOS Input Buffer, Normal Drive 
PCIH Non-Inverting CMOS Input Buffer, High Drive 
PTI Non-Inverting TTL Input Buffer, Normal Drive 
PTIH Non-Inverting TTL Input Buffer, High Drive 
PTIRH Non-Inverting TTL Input Buffer with Pull-Up Resistor, High Drive 
PISH Non-Inverting TTL Schmitt Trigger Input Buffer, High Drive 
PISRH Non-Inverting TTL Schmitt Trigger Input Buffer with Pull-Up Resistor, High Drive 
PCO Inverting CMOS Output Buffer, Low Drive 
PCNO Non-Inverting CMOS Output Buffer, Low Drive 
PCOT 3-State Inverting CMOS Output Buffer, Low Drive 
PTO Inverting TTL Output Buffer, Low Drive 
PTNO Non-Inverting TTL Output Buffer, Low Drive 
PTN03 Non-Inverting TTL Output Buffer, Medium Drive 
PTN05 Non-Inverting TTL Output Buffer, High Drive 
PTOT 3-State Inverting TTL Output Buffer, Low Drive 
PTOT3 3-State Inverting TTL Output Buffer, Medium Drive 
PTOT5 3-State Inverting TTL Output Buffer, High Drive 
PTND Non-Inverting TTL Open-Drain Output Buffer, Low Drive 
PTND3 Non-Inverting TTL Open-Drain Output Buffer, Medium Drive 
PTND5 Non-Inverting TTL Open-Drain Output Buffer, High Drive 
PCIO CMOS I/O Buffer; Latched Non-Inverting Input, 3-State Inverting Output, Low Drive 
PTIO TTL I/O Buffer; Latched Non-Inverting Input, 3-State Inverting Output, Low Drive 
PTI03 TTL I/O Buffer; Latched Non-Inverting Input, 3-State Inverting Output, Medium Drive 
PTI05 TTL I/O Buffer; Latched Non-Inverting Input, 3-State Inverting Output, High Drive 

NOTICE All specifications within tables are subject to change. 
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1.5 Micron CHMOS III Cell Library 

INTEL DESIGN ENVIRONMENT ronments. For complex designs requiring simulation 
capability exceeding the capabilities of the worksta
tion, Intel provides mainframe simulation. Automatic 
test vector generation software is provided to assist 
the customer in the development of input test stimu
li. The table below shows the typical flow of Intel 
cell-based design activities. 

Intel's design environment includes the software 
tools necessary to assist customers with their Intel 
cell-based design. Intel provides workstation library 
models and utilities to support schematic capture, 
netlist generation, and functional and timing simula
tion in the Daisy Systems or Mentor Graphics envi-

Task Intel Feature 

System Design 

Schematic Capture, User Logic Customer Maintains Control of the Design Specification. 
and Test Logic Design 

Netlist Generation Electrical Rules Check. Flags Illegal use of Cells. 

Simulation Built in Timing Verifier. 

Test Vector Generation Automatic Conversion of User's Simulation Vectors to 
Intel-tester Compatible Format. 100% Explainable 
Toggle Node Count Required. 

Design Review 

Auto Place and Route Proprietary Tools for Automatic Place and Route, 
Mask design. 

Back Annotationl Resistance and Capacitance Values Extracted from 
Post-Layout Simulation Layout Database. 

Design Review 

Fab, Assembly, Test 

Prototype Delivery On-Time Delivery; Conformance to Specifications. 
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Customer 

Customer 

Customer 

Customer 

Customer 

Customer 

Intel 

Intel/Customer 

Intel/Customer 

Intel 
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1.5 Micron CHMOS III Cell Library 

ABSOLUTE MAXIMUM RATINGS* 
Case Temperature under Bias 

Plastic ...................... - 40°C to + 85°C 
Ceramic .................... - 55°C to + 125°C 

Storage Temperature .......... - 65°C to + 150°C 

DC Supply Voltage (VDD) ............... OV to 7.0V 

Voltage to Any Pin with 
Respect to Ground ....... - 0.5V to VDD + 0.5V 

Power Dissipation .......................... 1.0W 

PACKAGING 

RECOMMENDED OPERATING 
CONDITIONS 
DC Supply Voltage, VDD ............ + 4.5V to 5.5V 

Case Temperature ................. O°C to + 70°C 
* Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
following tables are subject to change. 

Intel's cell-based ICs are available in a wide variety of both through-board and surface-mount packages. DIP, 
chip carrier, pin grid array and flatpack configurations are offered. Special packages are available by request. 

Intel ASIC Components Packaging Alternatives 

Package Type Leadcount Ceramic Plastic 

Dual-ln-Line(1 ) 16 X 
18 X 
20 X X 
24 X X 
28 X X 
40 X X 
48 X X 

Leaded Chip Carrier 20 X 
28 X 
32 X 
44 X(2) X 
52 X 
68 X(2) X 
84 X(2) X 

Leadless Chip Carrier 68 X 
84 X(2) 

Quad Flat Pack 84 X(2) X 
100 X(2) X 
132 X(2) X 
164 X(2) X 

Pin Grid Array 68 X 
72 X 
84 X 
88 X 

100 X 
132 X 
144 X 
180 X 
208 X 

NOTES: 
1. Hermetic DIPs may be side-brazed or CERDIP. 
2. Prototype only. 
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inter 1.5 Micron CHMOS III Cell Library 

D.C. CHARACTERISTICSII-O CELLS 0·C-70·C, 5V ± 10% 

Symbol Parameter Min 

Vil Low Level Input Voltage 
TIL Inputs 
CMOS Inputs 

VIH High Level Input Voltage 
TIL Inputs 2.0 
CMOS Inputs 3.5 

III Low Level Input Current 
TIL Inputs 
CMOS Inputs 

IIH High Level Input Current 
TIL Inputs 
CMOS Inputs 

VOL Low Level Output Voltage 
TIL Inputs 
CMOS Inputs 

VOH High Level Output Voltage 
TIL Inputs 2.4 
CMOS Inputs 3.6 

IOl Low Level Output Current 
TIL Outputs 
TIL Outputs 
TIL Outputs 
CMOS Outputs 

IOH High Level Output Current 
TIL Outputs 
CMOS Outputs 

NOTICE: All specifications within tables are subject to change. 

DESIGN SUPPORT AND INTERFACE 

Intel's design environment provides customers with 
expert technical support; either locally or in dedicat
ed ASIC Technology Centers. Intel training and field 
application engineers offer training classes, design 
consultation, and technical support for semicustom 
chip design, cell-based design libraries, and engi
neering workstation (CAE) tools. ASIC Technology 
Centers are equipped with Daisy and Mentor work
stations. These design centers also provide custom
ers with access to factory mainframes for efficient 
simulation of complex designs. 

Max Units Test Conditions 

0.8 V 
1.2 V 

V 
V 

-10 IJ-A Vil = Vss 
-10 IJ-A Vil = Vss 

10 IJ-A VIH = VDD 
10 IJ-A VIH = VDD 

0.45 V 
0.4 V 

V 
V 

3.2 rnA Low Drive 
7 rnA Medium Drive 
12 rnA High Drive 
3.2 rnA 

-0.08 rnA All Drives 
-2.4 rnA 

ORDERING INFORMATION 

Contact your local Intel sales office. 

RELATED LITERATURE 

Item 
Introduction to Intel Cell-Based Design 

Order 
Number 
231816 
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Daisy Environment 

• Full-functional simulation for the VC51 core cell 
• Physical model enables fast, accurate timing verification 
• Test generator for VC51-to-user logic (ExtASM51) 
• Operates with Physical Modeling Extension (PMX) from Daisy 
• Timing models correlated with Intel's referent simulator to reduce design iterations 
• Post-layout timing values incorporated into simulation (back-annotation) 

PRODUCT DESCRIPTION 
The Daisy-based UCSl Timing Calculation Package contains software and hardware for 
performing full-functional simulation of UCSI-based ASIC devices. The package includes 
a software timing shell, a "Daisy hardware modeling kit" (DHMK), and the "Extended 
ASMS1" for creating test patterns from 80S I instruction mnemonics. The DHMK is used 
with Daisy's Physical Modeling Extension (PM X) to perform accurate timing simulations. 

FEATURES 

Timing Calculation 
The timing calculation shell is installed on the Daisy along with the other full-functional 
models in the 1.5 micron CHMOS cell library. The timing shell is the software interface 
between the DL5-n simulator, and the UCSl physical model. The timing package 
supports functional simulation, full-timing simulation, and post-layout simulation with 
back-annotated delay values. The timings are correlated with the UCSI timing model on 
the referent simulator. 

Daisy Hardware Modeling Kit 
The UCSI-DHMK consists of a bonded-out version of the UC51 
core cell, and the installation/wiring instructions for use with 
the Daisy PMX. When simulating a UC51 design, the DHMK 
enables the user to attach a segment of application code (in hex) 
that will be executed during the simulation. This flexibility 
enables the validation of device confidence tests in addition to 
the logic functionality and timing of the ASIC device. The 
DHMK kit also explains how a user can connect the completed 
UC51-based ASIC to the PMX for doing system-level simulation. 
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UC51 Testability 
The UC51 core cell has been developed to be tested in two modes. The user is only 
responsible for developing test vectors for the logic surrounding the UC51 core. Through 
the use of 13 pins on the device, Intel guarantees it can test the final ASIC - including the 
core. Most of the 13 pins (such as the data bus) can also be used in the application. 

In "core isolation" mode, Intel tests the UC51 core to the same conditions it tests the 
standard 8051. In "user-test" mode, the user.-developed test-vectors are used to verify the 
application-specific logic connected to the UC51. The user develops only one set of 
test-vectors for both logic simulation and production-test, using Intel-supplied conversion 
programs bctween the different environments. To aid development of these user-specific 
stimuli, Intel provides a software tool call ExtASM51. 

ExtASM51 
The Extended Assembler-51 is a modified assembler that generates test-patterns in 
sequence with 8051 instruction mnemonics. Specific keywords in the comment fields 
indicate to ExtASM51 what test patterns should be generated, and how the generated 
veCtors should be synchronized with the executed instructions. For example, to read in 
specific values on UC51 ports, during specific tester cycles, ExtASM51 will generate the 
appropriate stimulus, given a few simple mnemonics. 

ROY DPTR I lOAAAAH 10018 EO 99 ROY! A,tDPTR jlDATABUS=AAH 
ROYX A,fDPTR ; lDATABUS=OOH 311100000 I 
ROY PI,A ; >tDPDRTI=m 12 I I I I I I I I 0 
ROY A, PI ; lIDPDRTI=FFH 4 10101010 1 
ROY A, PI ; lIDPDRTI =OOH 5111111110 
ROYX A,@DPTR ; lDATABUS=AAH 10019 mo 100 ftOV PI,A j )JOPORTI=DFF 
ROY PI,A ; lIOPORTI=DFf 
ROY A, PI ; lIOPDRTI =5'511 
ROY A I PI i )J DPDRT! =AAH 
ROY DPTR ,11234H 
DRt C,ACC.7 
END; 

311110101 I 
3111111110 
3 10010000 1 
3111111110 

S.lple ExtASII51 sour CI Excerpted TPOt output frol ExtASII51 

ExtASM51 generates a test file (in TPDL format) that can be input to the simulator or IC 
tester, as well as a .ROM object file and a .LST file. 

SPECIFICATIONS 
Hardware Required: 
For Schematic Entry and Simulation: Daisy 
Systems' Logician, Personal Logician (286 or 
386), or MegaLogician 
Physical Modeling Extension (PMX), with Two 
(2) Dynamic PEM's 
Two (2) PMX "Pin Grid Daughter Boards" 

Documentation Supplied: 
UC-51 Daisy Hardware Modeling Kit User's 
Guide 

ORDERING INFORMATION 

Software Required: 
Daisy DNIX operating system, release 
5.020rlater 
Intel Daisy Design Entry Package 
Intel Daisy Cell-Bascd Basic Timing 
Package 

Media: 
5.25" and 8" Diskettes Supplied 

DC-S1TP Daisy UC51 Timill:': Package 

Lugil.:i.m .Hn! Ml')+lbl~id,m .m.' rl~i"ll·n.·d Ir,hh·R1<lfl. .. "I P,'i .. ~· s:-· ... t\·m .. c. ·t'T)~\J.llil.n. 
Intt'ICol'"P'lr.'tilln ,h .. um\':-IW Tl'''p'11l .. it'lilil~· rur lilt' \1""01 .1Il~' nrl'uilrv \,lIwr Ih.lIl drnlllr\' l'n1btllli,'I,f il~ ,111 Inld pru,:h.ld. 'p \,Hwr l'ir,'uit p,lll'ni 
li"l'nsl's ,11\' in1r'1i''l.i Intnrm.\hou ,·,lnl.lIn,'l.i 1ll'I\'in ~upl,,,,,,,'dl'" pn·\'llIu .. lv pur.h .. h''l.i "l">t'l'ifk.ltilln"lm thl'~l' Jl"'ll"l'" tn.lm Inll'! 

I'rin\l"t in USA/t\(,'[NI1/H~H/JK/I{I{ S~ 
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• Complete development cycle support for Intel cell-based ASIC designs 
• Complete CAE support on Daisy and Mentor engineering workstations 
c:I Mainframe simulation support for complex designs 
II Emulator kits for software development and prototyping core-based ASICs 
II Productivity-approaches to ASIC testability 
• Training courses on Intel cell-based ASIC design 
• Engineering services in Technology Centers 

Intel's ASIC Tools and Services provide a low-risk approach to high-performance ASIC 
design. The offering includes a comprehensive set of tools for design entry, logic 
simulation, test-program development, and system design, as well as Technology Center 
services that minimizes the number of design changes required to achieve working 
silicon. 

Workstation Libraries 
Intel ASICs are supported by several software libraries that operate on Daisy and Mentor 
Engineering Workstations. The "Design Entry Package" consists of schematic-entry 
symbols and functional timing models for Intel cell-based designs. The package also 
contains several utilities for test-program development, netlisting, rules checking, and 
timing comparison. The design-entry package contains support for Intel-unique 
elements such as telescoping cells, microprocessor cores, 
and peripherals. 

The "Timing Calculation Packages" contain 
full-functional simulation models for performing design 
verification on the engineering workstation. The models 
are correlated to our referent simulator, to reduce the risk 
of design changes when we accept the netlist and do a 
referent simulation. The Timing Calculation Packages 
will incorporate post-layout timing delays 
(back-annotation) into a final simulation prior to the 
manufacture of prototype silicon. Separate Timing 
Calculation Packages are available for the Basic 
Standard-Cell library, and the VLSiCELTM families (for 
Daisy and Mentor). 

Mainframe Simulation 
Customers who use the Design Entry Packages may also access Intel's mainframe-based 
referent simulator for doing design verification. This "Mainframe Design Verification 
System" is accessible through an Intel Technology Center or dial-up via modem. The 
benefits of this approach is the increased simulation throughput time (for larger designs), 
and the ability to design in the same environment in which the cells were originally 
developed. 

intel"---------:-----------c--
© Int~1 Corporation ](~~ 
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Test Methodology 
Intel's approach to testing ASICs enables users to write a Single set of test vectors, that 
will be used for Workstation timing simulation, Mainframe timing simmulation, and 
Production test of wafers and assembled devices. Upon design-acceptance, we can 
ensure that prototype and production devices are tested with the same test vectors used 
during design verification. The format conversions between Daisy, Mentor, mainframe, 
and tester environments are performed by utility programs provided with the Design 
Entry Packages. Also included is a utility that eases the process of writing test vectors; it 
provides a shell-file with predefined and design-specific values already filled in. 

VlSI cells, such as microprocessor cores and peripherals, are designed with a "test ring" 
of circuitry that enables two modes of testing to take place. In "core isolation mode," 
Intel tests the ASIC core to the same stringent requirements as our standard parts. In 
"user test mode," we run the same user-supplied vectors that were used during 
simulation. Our Mainframe Design Verification System, as well as workstation-based 
timing packages for VLSI cells, provide special tools to test the interoperation of the VLSI 
cells and user logic. 

System Design 
Breadboarding and software development for programmable cores are add~sed with 
in-circuit emulation products. These Emulator Design Kits make use of "bond-out" 
versions of the ASIC cores. Such a kit may then be used to build a breadboard version of 
the ASIC, which includes the core and user logic - this is useful for building prototype 
systems prior to the completion of the ASIC device. The Emulator kits also contain 
PC-based software to download and debug system software. 

ASIC lraining 
Training courses for Intel ASIC design, using Daisy or 
Mentor workstations, are offered periodically in Intel 
Technology Centers. More detailed courses on designing 
with microprocessor cores and peripherals are also 
available, and may be combined with the basic courses. 
All courses contain a lecture portion on the design rules 
and methodology, and extensive hands-on lab exercises. 
Contact the local Technology Center for a complete listing 
of training courses and to schedule course times. 

Engineering Services 
Intel Technology Centers are capable of assisting in all or part of an ASIC design. 
Engineers are availaJ>le for consultation, or for complete design specification, verification, 
and test. 

Intel Technology Centers 
California 
Intel Technology Center 
3065 Bowers Avenue 
Santa Clara, CA 95051 
Tel: (408) 987-5400 

Massachusetts 
Intel Technology Center 
3 Carlisle Rd 
Westford, MA 01886 
Tel: (617) 692-3222 

United Kingdom 
Intel Technology Center 
Piper's Way 
Swindon SN31 RJ 
Wiltshire, U.K. 
Tel: 0793 696000 

France 
Intel Technology Center 
1 Rue Edison, BP 303 
78054 Saint-Quentin-

. en-Yvelines Cedex 
Paris, France 
Tel: 33-1-30-57-7000 

Intf-! Curpurath.)n;u;sunws rk1 respunsibility fur IhI.· USt,'l1f .1ny I,;n'lijlry tllhl'f' lhom dn'Uit'lf ,.'mbtdied in an InM pn.!dud. No"l,," drcuit patent 
liaon.'ieul\" impliN. Inr,lI1rk,ti,'fI nml.1ilM.-d hL'Il"n 'IUJ'l'r':!4.'liI·" f"'.'\o'k1usJy publish.'IJ ",pa.tdlic.,tk1l'l1l ~m these devi(\'S fmm InM. 
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• Support for Intel's entire ASIC library, including complex cells 
• Provides design-entry and simulation capability on Mentor Idea Stations 
• Added-value utilities for rules-checking, test-pattern development, and design-flow 

audit 
• Timing models correlated with Intel's referent simulator to reduce design iterations 
• Post-layout timing values incorporated into simulation (back-annotation) 

PRODUCT DESCRIPTION 
The Mentor Design Entry Package and Timing Calculation Packages provide complete 
ASIC design support to users of Mentor Idea Stations. These software libraries contain 
symbols, timing models, and added-value utilities to support Intel cell-based ASIC 
deSigns. The utilities and libraries are well-integrated with Mentor's NETED and 
QuickSim to provide a productive development environment with minimal design risk. 

FEATURES 

Schematic Entry Symbols 
The Mentor Design Entry Package contains symbols for 150 logic cells in the standard-cell 
library, plus microprocessor core and peripheral cells, including the VC51, 8284,8288, 
82284,82288, 8237,8254, 8259. Also included is support for 11 different telescoping cells 
(adders, counters, comparitors, registers) with widths of 1-12 bits. The symbols are used 
in conjunction with Mentor's NETED software. 

Functional Simulation 
The Mentor Design Entry Package contains the intrinsic-delay timing models for the logic 
elements in Intel's ASIC library. This will enable the user to debug the logic of a design, 
but not the timing accuracy. The models are used with QuickSim. 

Full-Functional Timing Simulation 
The Mentor-based Basic Timing Package contains simulation models for the SSI/MSI 
elements of Intel's ASIC library. These contain the load-dependent delays for each pin of 
each cell, under best-case, worst-case, and normal conditions. Both pre-layout delays 
(algorithmically determined) and post-layout delays (back-annotated from the layout 
database) are supported, using QuickSim. 

intel'------------
e Inlel CurptwatitlD 19f1S 
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IDE Utilities 
The Intel Development Environment is the term used to describe the tools al;d services 
that run on engineering workstations and the internal mainframe environment. A set of 
utilities common to the development platforms has been created to ease the development 
of an ASIC design, as well as reduce the number of design iterations required for 
acceptance. The utilities are outlined in the table below. 

Reports the execution time, version number, and errors for the tools 
executed in the design flow. 

IDE_AUTOTPDL Generates a skeleton TPDL file, using design elements extracted 
from the database. 

IDE_BA Backannotates post-layout interconnect delays into the design 
database. 

IDE_ERC Perfurms electrical rules checks, such as pad connections, floating 
inputs, character names, etc. 

IDE_EXPAND Invokes EXPAND with IDE-specific property, parameter, and 
primitive informatiun. 

IDE_ITC Incorporates estimated load-dependent dcIilYS into the design 
database. 

IDE_NETLIST Generates a hierarchical net list in SDL format. 

IDE_SIM Establishes the simulation environment and invokes QuickSim. 

IDE_STATS Creates a report file that profiles the number and types of cells used 
in the design. 

IDE_ TlF Converts simulation outputs to test pattern (.TPN) format. 

IDE_TlFCOMP Compares .TPN files for slow, fast, and typical simulations, and 
reports cycle slips. 

IDE_TOGGLE Generates a list of all un toggled nodes. 

IDE_ TPDL Converts user-developed production test program (in TPDL format) 
to MISL format for simulation stimuli. 

IDE_TRANSFER Copies all necessary design files to floppy disk for design 
acceptance and transfer. 

SPECIFICATIONS 
Hardware Required: 
Apulia DOMAIN System with at least 4 Mb 
RAM; eg, DN3000 ur DN4000 

Software Required: 
Mentor Idea Station SW ReI 6.0 or later 
Fur Design Entry: Mentur Capture Station 
For Simulation: Mentor Idea Station 

ORDERING INFORMATION 

Media: 
1/4" Cartridge Tape shipped with order 
9-track MagTape available by request 
5-1/4" Floppy disks available by request 

Documentation Supplied: 
[ntel Cell-Based Design, Mentor 
Environment 

M-DEP 

MC-BTP 

Melltor Desigll Elltry Package 

Melltor Cell-Based Basic Timillg Package 

Idl',1 Sl.ltiull. NET ED. QukkSim ,md ClplllH' St.llillt' .UL' n.'v.i~t~'r~,-I tr.ldl'lll.lrl, I.t \h'tlh'T (;r.lphil" 
DOMAIN i~ ,1 rl·~i!otl'rl", .. 1 Ir.ldl'm.lrk ul Api.,IIIIl'\lmp\Ih.'T. 11K. 
Intt'! (."llf'pur"liunM;'lOuml'l' I"'n·~pt,""ihility fur tin' U!-ol'ul "llY dr(lIitry ntlll'r th,\Il .. :irnllirv ~·mhlll.til'd In ,It,lnll'l pr, • .tl,d. \,' ,.thl'r ..,rnllt 1,.,111,1 
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• Support for Intel's entire ASIC library, including complex cells 
• Provides design-entry and simulation capability on Daisy workstations 
• Added-value utilities for rules-checking. test-pattern development, and design-flow 

audit 
• Timing models correlated with Intel's referent simulator to reduce design iterations 
• Post-layout timing values incorporated into simulation (back-annotation) 

PRODUCT DESCRIPTION 
The Daisy Design Entry Package and Timing Calculation Packages provide complete 
ASIC design support to users of Daisy workstations (Logician, Personal Logician, 
Mega Logician, and Entry! system). These software libraries contain symbols, timing 
models, and added-value utilities to support Intel cell-based ASIC designs. The utilities 
and libraries are well-integrated with Daisy's ACE, OED, and DLS2, to provide a 
productive development environment with minimal design risk. 

FEATURES 

Schematic Entry Symbols 
The Daisy Design Entry Package contains symbols for 150 logic ceIls in the standard-ceIl 
library, plus microprocessor core and peripheral ceIls, including the VCSl, 8284, 8288, 
82284, 82288, 8237, 8254, 8259. Also included is support for 11 different telescoping cells 
(adders, counters, comparitors, registers) with widths of 1-12 bits. The symbols are used 
in conjunction with Daisy's ACE and DED2 software. 

Functional Simulation 
The Daisy Design Entry Package contains the intrinsic-delay timing models for the logic 
elements in Intel's ASIC library. This will enable the user to debug the logic of a design, 
but not the timing accuracy. The models are used with DED2. 

Full-Functional Timing Simulation 
The Daisy-based Basic Timing Package contains simulation models for the SSI/MSI 
elements of Intel's ASIC library. These contain the load-dependent delays for each pin of 
each cell, under best-case, worst-case, and normal conditions. Both pre-layout delays 
(algorithmically determined) and post-layout delays (back-annotated from the layout 
database) are supported, using DLS2. 

intel"----------· 
<0 Intel Corporation ll1H8 AUGUST lijlQ! 

ORDER !\iUMBER: 2~{l271I .. nlll 
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IDE Utilities 
The Intel Development EtlVironment is the term used to describl' thl' tools ,1l1d sen'ices 
that run on engineering workstations and the internal mainframe l'nvironment. A set of 
utilities common to the development platforms has been crmted to ease the development 
of an' AS[C design, as well as to reduce the numbl'r of lll-sign iterations requirl'd for 
acceptance. The utilities are outlined in the tabl<' belo\\'. 

Reports the execution time, versi<1Il Illlmbl'r. ,1nd errors for the tools 
executed in the design flow. 

IDE_AUTOTPDL Generates a skeleton TrDl fill', using lil'sign ell'l11l'nts extmcted 
from the database with S[NG. 

IDE_NETLIST Generates a hierarchicalnetlist in SDl fornhlt. 

IDE_SOM2TPOL Converts a stimulus fi[e frum SOM fornhlllo lhe TTABLE sl'clion 
app.mded to a TrDL fill'. 

IDE_STATS Creates a report file that profiles the number and types of cells used 
in the design. 

IDE_TCAL Executes TeAL (for load-dependent delav c,lkulati(>I1) with specific 
user options. 

IDE_TIF Converts simulation outputs to test pattc'rn CTI'N) fOT11Mt. 

IDE_TIFCOMP Compares .TPN files for slow. fast, and lypic-"l simul"tions, ;1l1d 
reports cycle slips. 

IDE_TOGGLE Activates the toggle-test environment, invoking S[F[, SOM, DLS, 
and the toggle utility. 

IDE_TPOL Converts user-developed production test program (in TrDL format> 
to SOM format for simulation stimuli. 

IDE_TRANSFER Copies all necessary design fill'S to floppy diskfor dl'sign 
acceptance and transfer. 

SPECIFlCA TIONS 
Hardware Required: 
For Schematic Entry and Simulation: Daisy 
Systems' logician, Personal Logician (286 or 
386), MegaLogician, or DOS-based "Entry!" 
system. 
Required: 4 Mb RAM, 40 Mb Disk 
Suggested: 8 Mb RAM, 80-140 Mb Disk 

Software Required: 
Daisy DNIX operating system, release 5.02 or 
later 

ORDERING INFORMATION 

Media: 
5.25" or H" Diskettes 

Documentation Supplied: 
[ntel Cell-based Design, Daisy Environment 

D-DEP 

DC-BTP 

Daisy DI's(~1I Elliry Package 

Daisy Cd/-Baml Basic Till/;'lg Package 

II~h'l,m .md \1.·~.11.11J.:id.m ,11\' r\~l~I'·n ... llr"d\'m,nl..!- I.t tl.liw S\'~t\'1l\~ (. "rp,'t.1LH'1I 
Inld C"rJ"I.,r,llilln .l!-~Unll'!- Ill' rt"'I·"IUIl~lhllit\' h.r Ilw U",' III .m,\' dhuiln.' <'Ibn Ih,lIlur. WIn "mh,,,ln~t 111.111 11I1,-11'" ... lu. t ," pllwr, mult p,II.'nl 

lin'n,,·" ,In' implil"'l. Inh'Tllt,lti"1l ulnl.lil"'..! h"I\'m "\I~"'ro'I,<II'" pr"I'hlll"]' I'lIbll,,11l .. 1 "p,'<111I .• lu1I1" "11 th .... ,- .1,,\ \1"" tr"111 Into,j 
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MCS®-96 

8098 ARCHITECTURAL OVERVIEW 

The 8098/8398 microcontrollers are pin compatible 
eight-bit data bus interface members of Intel Corpora
tion's MCS®-96 architectural family' of 16-bit micro
controllers; all of which feature a unique 256-byte Reg
ister Arithmetic Logic Unit (RALU) as part of the 
Central Processing Unit (CPU). There are actually 
three devices associated with what is generally referred 
to as the 8098. The product designation of 8398 is the 
nomenclature for the core RALU architecture intended 
for standalone designs with 8K X 8-bit on-chip read 
only memory (ROM) addresses. This on-chip memory 
is mask programmable for executable code and 8-, 16-, 
or with some arithmetic instructions 32-bit memory 
data types. The 8795BH is the 8K byte on-chip 
EPROM component for prototyping and low volume 
production; and the 8098 is the ROMless RALU only 
device intended for applications with external memory 
addressing' to 64K X 8. The EPROM version is the 
highest functionality device, in that it is user program
mable, but is provided in the same package and pinout 
as the 8098/8398 for easy prototyping. All software is 
upward compatible to 8X9XBH and the 80C196KX 
architectures. Notations will be made when features 
and functionality differ between the various devices. 

The on-chip peripheral subsystems (see Figure 1) under 
microcontrol ofthe RALU can be separated into sever
al sections for the purpose of describing its operation. 
There is a 17 -bit arithmetic unit associated with the 
256-byte on-chip register file, a programmable High 
Speed Input/Output (HSIO) engine,a four input ana
log aquisition system (with lO-bit Analog to Digital 
Converter), an internal interrupt controller and wait 
state ready logic, a synchronous/asynchronous serial 
port, and a Pulse Width Modulated (PWM) output for 
use with digital to analog conversion circuits. There are 
also clock generators as well as software and hardware 
timers",that help support the overall operation of the 
device. The 17-bit RALU, lO-bit A/D system, 8-bit 
PWM, and programmable High Speed I/O make the 
8098 a unique high performance product in the 8-bit 
microcontroller industry. Let's examine each feature. 

1.0 CPU OPERATION 

The major components of the 8098 CPU are the fast 
on-chip Register File, Special Function Registers 
(SFRs), Memory Controller and RALU (Register/ 
Arithmetic Logic Unit). Communication with the out
side world is done through either the SFRs or the 

17-1 

Memory Controller. The RALU does not use an accu
mulator, it operates directly on the 256-byte address 
space made up of the Register File and the SFRs. Effi
cient I/O, AID, PWM and serial port operations are 
possible by directly controlling the I/O through the 
SFRs. The main benefits of this structure are the ability 
to quickly change context, the absence of accumulator 
bottleneck, and fast throughput and I/O times. 

1.1 CPU Buses 

A Control Unit and two busses connect the Register 
File and RALU. Figure 1 shows the CPU with its ma
jor bus connections. The two'buses are the "A-Bus" 
which is 8 bits wide, and the "D-Bus" which is 16 bits 
wide. The D-Bus transfers data only between the 
RALU and the Register File or Special Function Regis
ters (SFRs). The A-Bus is used as the address bus for 
the above transfers or as a multiplexed address/data 
bus connecting to the "Memory Controller". Any ac
cesses of either the internal ROM or external memory 
are done through the Memory Controller. 

1.2 CPU Register File 

The Register File contains 232 bytes of RAM which 
can be accessed as bytes, words, or double-words. Since 
each of these locations can be used by the RALU, there 
are essentially 232 "accumulators". The first word in 
the Register File is reserved for use as the stack pointer 
so it can not be used for data when stack manipulations 
are taking place. Addresses for accessing the Register 
File and SFRs are temporarily stored in two 8-bit ad
dress registers by the CPU hardware. 

1.3 RALU Control 

1.4RALU 

Most 'calculations performed by the 8098 take place in 
the RALU. The RALU, shown in Figure 2, contains a 
17-bit ALU, the Program Status Word (pSW), the Pro
gram Counter (PC), a loop counter, and three tempo
rary registers. All of the registers are 16 bits or 17 bits 
(16 plus sign extension) wide. Some of the registers 
have the ability to perform simple operations to off
load the ALU. 
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Figure 2. RALU Block Diagram 
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A separate incrementor is used for the PC; however, 
jumps must be handled through the ALU. Two of the 
temporary registers have their own shift logic. These 
registers are used for the operations which require logi
cal shifts, including Normalize, Multiply and Divide. 
The "Lower Word" register is used only when double
word quantities are being shifted, the "Upper Word" 
register is used whenever a shift is performed or as a 
temporary register for many instructions. Repetitive 
shifts are counted by the 5-bit "Loop Counter". 

The DELAY shown in Figure 2 is used to convert the 
16-bit bus into an 8-bit bus. This is required as all ad
dresses and instructions are carried on the 8-bit A-Bus. 
Se\;eral constants, such as 0, I and 2 are stored in the 
RALU for use in speeding up certain calculations. 
These come in handy when the RALU needs to make a 
2's complement number or perform an increment or 
decrement instruction. 

1.5 Internal Timing 

The 8098 requires an input clock frequency of between 
6.0 MHz and 12 MHz to function. This frequency can 
be applied directly to XTALJ. Alternatively, since 
XTALI and XTAL2 are inputs and outputs of an in
verter, it is also possible to use a crystal to generate the 
clock. A block diagram of the oscillator section is 
shown in Figure 3. 

The crystal or external oscillator frequency is divided 
by 3 to generate the three internal timing phases as 
shown in Figure 4. Each of the internal phases repeat 
every 3 oscillator periods: 3 oscillator periods are re
ferred to as one "state time", the basic time measure
ment for 8098 operations. Most internal operations are 
synchronized to either Phase A, B or C, each of which 
have a 33% duty cycle. Phase A is represented exter
nally by CLKOUT, a signal available on the 68-pin 
part. Phases Band C are not available externally. The 
relationships of XTALl, CLKOUT, and Phases A, B 
and C are shown in Figure 4. It should be noted that 
propagation delays have not been taken into account in 
this diagram. 

The RESET line can be used to start the 8098 at an 
exact time to provide for synchronization of test equip
ment and multiple chip systems. Use of this feature is 
fully explained under RESET, Section 13. 

2.0 MEMORY SPACE 

The addressable memory space on the 8098 consists of 
64 Kbytes, most of which is available to the user for 
program or data memory. Locations which have special' 
purposes are OOOOH through OOFFH and IFFEH 
through 2080H. All other locations can be used for ei
ther program or data storage or for memory mapped 
peripherals. A memory map is shown in Figure 5. 

INTERNAL 
CIRCUITRY 

270652-3 

Figure 3. Block Diagram of Oscillator 

XTAL t 

PHASE A 
(CLOCKOUT) 

PHASE B 

PHASE C 

270652-4 

Figure 4. Internal Timings Relative to XTAL 1 

2.1 Register File 

Locations OOH through OFFH contain the Register File 
and Special Function Registers (SFRs). No code can be 
executed from this internal RAM section. If an attempt 
to execute instructions from locations OOOH through 
OFFH is made, the instructions will be fetched from 
external memory. This section of external memory is 
reserved for use by Intel development tools. 

The RALU can operate on any of the 256 internal reg
ister locations. Locations OOH through 17H are used to 
access the SFRs. Locations 18H and 19H contain the 
stack pointer. These are not SFRs, ~d may be used as 

. standard RAM if stack operations are not being per
formed. The stack pointer must be initialized by the 
user program and can point anywhere in the 64K mem
ory space. The stack builds down. There are no restric
tions on the use of the remaining 230 locations except 
that code cannot be executed from them. 
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Figure 5. Memory Map 

2.2 Special Function Registers 

All of the I/O on the 8098 is controlled through the 
SFRs. Many of these registers serve two functions; one 
if they are read from, the other if they are written to. 
Figure 5 shows the locations and names of these regis
ters. A summary of the capabilities of each of these 
registers is shown in Figure 6, with complete descrip
tions reserved for later sections. 
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Within the SFR space are several registers labeled 
"RESERVED". These registers are reserved for future 
expansion and test purposes. Operations should not be 
performed with these registers as.reads from them and 
writes to them may produce unexpected results. 
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2.3 Power Down 

The upper 16 RAM locations (OFOH through OFFH) 
receive their power from the V PD pin. If it is desired to 
keep the memory in these locations alive during a pow
er down situation, one need only keep voltage on the 
pin. The current required to keep the RAM alive is 
approximately 1 rnA (refer to the datasheet for the ex
act specification). Both Vee and VPD must have power 
applied for normal operation. 

power may now be removed from the Vee pin, the 
VPD pin must remain within specifications. The 8098 
can remain in this state for any amount of time and the 
16 RAM bytes will retain their values. 

To bring the 8098 out of power down, RESET is held 
low while Vee is applied. The 8098 should have stable 
power when the clock circuit starts. Two state times 
after the oscillator has stabilized, the RESET pin can 
be pulled high. The 8098 will begin to execute code at 
location 02080H 10 state times after RESET is pulled 
high. Figure 7 shows a timing diagram of the power 
down sequence. To ensure that the 2 state time mini
mum reset time (synchronous with CLKOUT) is met, 
it is recommended that 10 XTALl cycles be used. 

To place the 8098 into a power down mode, the 
RESET pin is pulled low. Two state times later the part 
will be in reset. This is necessary to prevent the part 
from writing into RAM as the power goes down. The 

Register Description 

RO Zero Register: Always reads as a zero, useful for a base when indexing and as a 
constant for calculations and compares. 

AD_RESULT AID Result Hi/Low: Low and high order Results of the AID converter (byte read 
only) 

AD_COMMAND AID Command Register: Controls the AID 
HSI_MODE HSI Mode Register: Sets the mode of the High Speed Input unit. 
HSLTIME HSI Time HilLa: Contains the time at which the High Speed Input unit was triggered. 

(word read only) 
HSO_TIME HSO Time HilLa: Sets the time or count for the High Speed Output to execute the 

command in the Command Register. (word write only) 
HSO_COMMAND HSO Command Register: Determines what will happen at the time loaded into the 

HSO Time Registers. 
HSI_STATUS HSI Status Registers: Indicates which HSI pins were detected at the time in the HSI 

Time registers and the current state of the pins. 
SBUF (TX) Transmit buffer for the serial port, holds contents to be outputted. 
SBUF(RX) Receive buffer for the serial port, holds the byte just received by the serial port. 
INT_MASK Interrupt Mask Register: Enables or disables the individual interrupts. 
INT_PENDING Interrupt Pending Register: Indicates that an interrupt signal has occurred on one of 

the sources and has not been serviced. 
WATCHDOG Watchdog Timer Register: Written to periodically to hold off automatic reset every 

64K state times. 
TIMER1 Timer 1 HilLa: Timer 1 high and low bytes. (word read only) 
TIMER2 Timer 2 HilLa: Timer 2 high and low bytes. (word read only) 
IOPORTO Port 0 Register: Levels on pins of port o. 
BAUD_RATE Register which determines the baud rate, this register is loaded sequentially. 
IOPORT1 Port 1 Register: Used to read or write to Port 1. 
IOPORT2 Port 2 Register: Used to read or write to Port 2. 
SP_STAT Serial Port Status: Indicates the status of the serial port. 
SP_CON Serial Port Control: Used to set the mode of the serial port. 
1050 1/0 Status Register 0: Contains information on the HSO status. 
IOS1 1/0 Status Register 1: Contains information on the status of the timers and of the 

HSI. 
lOCO 1/0 Control Register 0: Controls alternate functions of HSI pins, Timer 2 reset 

sources and Timer 2 clock sources. 
IOC1 I/O Control Register 1: Controls alternate functions of Port 2 pins, timer interrupts 

and HSI interrupts. 
PWM_CONTROL Pulse Width Modulation Control Register: Sets the duration of the PWM pulse. 

Figure 6. SFR Summary 
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Figure 7. Power Down Timing 

2.4 Reserved Memory Spaces 

A listing of locations with special significance is shown 
in Figure 8. The locations marked Reserved are reo 
served by Intel for use in testing or future products. 
They must be filled with the Hex value FFH to insure 
compatibility with future parts. 

Resetting the 8098 causes instructions to be fetched 
starting from location 2080H. This location was chosen 
to allow a system to have up to 8K of RAM continuous 
with the register file. Further information on reset can 
be found in Section 13. 

OOOOH- 0017H Register Mapped 1/0 (SFRs) 
0018H- 0019H Stack Pointer 
1FFEH- 1FFFH Ports 3 and 4 
2000H- 2011H Interrupt Vectors 
2012H- 2017H Reserved 
2018H Chip Configuration Byte 
2019H Reserved 
201AH- 201BH "Jump to Self" Opcode (27H FEH) 
201CH- 201FH Reserved 
2020H- 202FH Security Key 
2030H- 207FH Reserved 
2080H Reset Location 

Figure 8. Registers with Special Significance 

2.5 Internal ROM and EPROM . 

When an 8398 ROM part is ordered, or an 8795BH 
EPROM part is programmed, the internal memory lo
cations 2080H through 3FFFH are used specified, as 
are the interrupt vectors, Chip Configuration Register 
and Security Key in locations 2000H through 202FH. 

Instruction and data fetches from the internal ROM or 
EPROM occur only if EA is tied high and the address 
is between 2000H and 3FFFH. At all other times data 
is accessed from either the internal RAM space or ex
ternal memory and instructions are fetched from exter
nal memory. The EA pin is latched on RESET rising. 
Information on programming EPROMs can be found 
in the datasheet. 

2.6 Memory Controller 

The RALU talks to the memory (except for the loca
tions in the register file and SFR space) through the 
memory controller which is connected to the RALU by 
the A-Bus and several control lines. Since the A-Bus is 
eight bits wide, the memory controller uses a Slave Pro
gram Counter to avoid having to always get the instruc
tion location from the RALU. This slave PC is incre
mented after each fetch. When a jump or call occurs, 
the slave PC must be loaded from the A-Bus before 
instruction fetches can continue. 

In addition to holding a slave PC, the memory control
ler contains a 4 byte queue to held speed execution. 
This queue is transparent to the RALU and to the user 
unless wait states are forced during external bus cycles. 

2.7 System Bus 

There are several operating modes on the 8098. The 
standard bus mode uses a l6-bit multiplexed address 
and 8-bit data bus. In addition, there are several op
tions available on the type of control signals used by the 
bus. In the standard mode, external memory is ad
dressed through lines ADO through ADl5 which form 
a l6-bit address bus multiplexed with an 8-bit data bus. 
These lines share pins with I/O Ports 3 and 4. The 
falling edge of the Address Latch Enable (ALE) line is 
used· to provide a signal to a transparent latch (i.e . 

. 74LS373) to hold the lower eight address bits while 
data is placed on the bus. 
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To avoid confusion during the explanation of the mem
ory system it is reasonable to give names to the demulti
plexed address/data signals. The address signals will be 
called MAO through MA15 (Memory Address), and 
the data signals will be called MDO through MD7 
(Memory Data). 
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Figure 9. External Memory Timings 

TIMINGS 

Figure 9 shows the idealized waveforms related to the 
following description of external memory manipula
tions. For exact timing specifications please refer to the 
latest datasheet. When an external memory fetch be
gins, the Address Latch Enable (ALE) line rises, and 
the address is put on ADO-ADI5. ALE then falls, the 
address is taken off the pins, and the RD (Read) signal 
goes low. When RD falls, external memory should 
present its data to the 8098. 

BUS PERFORMANCE 

When using an 8-bit external bus with 16-bit data, some 
performance degradation is to be expected when com
pare to fetching the same data internally. On the 8098, 
execution times will slow down with an 8-bit bus if any 
of three conditions occur. First, word writes to external 
memory will cause the executing instruction to take 
two extra state times to complete. Second, word reads 
from external memory will cause a one state time exten
sion of instruction execution time. Finally, if the pre
fetch queue is empty when an instruction fetch is re
quested, instruction execution is lengthened by one 
state time for each byte that must be externally ac
quired(worst case is the number of bytes in the instruc
tion minus one). 
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READ 

The data from the external memory must be on the bus 
and stable for a minimum of the specified setup time 
before the rising edge of RD. The rising edge of RD 
latches the information into the 8098. 

WRITE 

Writing to external memory requires timings that are 
similar to those required when reading from it. The 
main difference is that the write (WR) signal is used 
instead of the RD signal. The timings are the same until 
the falling edge of the WR line. At this point the 8098 
removes the address and places the data on the bus. 
When the WR line goes high the data should be latched 
to the external memory. A unique feature of the 8098 is 
its ability to use the Chip Configuration Register value 
(CCR described later) to configure the timing place
ment of the falling edge ofWR. The exact timing speci
fications for memory accesses can be found in the data
sheet, but Figure 9 contains a conceptual diagram of 
this signal placement. 

READY 

A ready line is available on the 8098 to extend the 
width of the RD and WR pulses in order to allow ac
cess of slow memories or for DMA purposes. If the 
READY line is low by the specified time after ALE 
falls, the 8098 will hold the bus lines to their values at 
the falling edge of CLKOUT. When the READY line 
rises the bus cycle will continue with the next falling 
edge of CLKOUT. 

The 8098 has the ability to internally limit the number 
of wait states to 1, 2 or 3 as determined by the value in 
the Chip Configuration Register (CCR). Using the 
CCR for ready timing is discussed at the end of this 
section. If a ready limit is set, the TLL YH MAX speci
fication is not used. If READY is held low at reset, 
three wait-states will be inserted into the CCR fetch 
cycle. 

OPERATING MODES 

The 8098 supports a variety of options to simplify 
memory systems, interfacing requirements and ready 
control. Bus flexibility is provided by allowing selection 
of bus control signal definitions. In addition, several 
ready control modes are available to simplify the exter
nal hardware requirements for accessing slow devices. 
The Chip Configuration Register (CCR) is used to 
store the operating mode information. 
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Figure 10. Chip Configuration Register 

CHIP CONFIGURATION REGISTER (CCR) 

Config~ration information is stored in the Chip Config
uration Register (CCR). Three of the bits in the register 
specify the bus control mode and ready control mode. 
Two bits also govern the level of ROM/EPROM pro
tection. The CCR bit map is shown in Figure 10. The 
functions associated with each bit are described in this 
section. 

The CCR is loaded on reset with the Chip Configura
tion Byte, located at address 2018H. The CCR register 
is a non-memory mapped location that can only be 
written to during the reset sequence; once it is loaded it 
cannot be changed until the next reset occurs. The 8098 
will correctly read this location in every bus mode. 

If the EA pin is set to a logical 0, the access to 2018H 
comes from external memory. If EA is a logical 1, the 
access comes from internal ROM/EPROM. IfEA is = 
12.5V, the CCR is loaded with a byte from a separate 
non-memory-mapped location called PCCB (Program
ming CCB). The Programming mode is described in the 
datasheet. 

BUS CONTROL 

Using the CCR, the 8098 can be made to provide bus 
control signals of several types. Two control lines have 
dual functions designed to reduce external hardware. 
Bits 2 and 3 of the CCR specify the functions per
formed by these control lines. 
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Figure 11. Bus Width Options 

Standard Bus Control 

If CCR bits 2 and 3 are Is, then the standard 8098 
control signals WR and ALE are provided (Figure 12) 
WR will come out for every write. ALE will rise as the 
address starts to come out, and will fall to provide the 
signal to externally latch the address. 
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Figure 12. Standard Bus Control 

Address Valid Strobe Mode 

If CCR bit 3 is a 0, then an Address Valid strobe is 
provided in the place of ALE (Figure 14). When the 
address valid mode is selected, ADV will go low after 
an external address is setup. It will stay low until the 
end of the bus cycle, where it will go inactive high. This 
can be used to provide a chip select for external memo
ry. 

Write Strobe Mode 

A unique ability of the Bus Controller is to utilize the 
Chip Configuration Register to select at reset time the 
width of the WR signal by changing the position of the 
falling edge relative to the memory cycle. Clearing bit 2 
of the CCR to 0 will enable a shorter WR width. This is 
useful when interfa~ to device that latch data on the 
falling edge of the WR signal. 

Address Valid with Write Strobe 

If both CCR bits 2 and 3 are Os, both the Address Valid 
strobe and the shortened Write Strobe timing will be 
provided for bus control. Figure 15 shows these signals. 

ALE/ADV 

WRITE STROBE A U -"'..! /~--
,STANDARD WRITE 

PO:~O~~~""< ADDRESS Xr-O-U~TP~UT~D"A~TA~""'K::::::: 
270652-12 

Figure 13. Write Strobe Mode 
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Figure 14. Address Valid Strobe Mode 
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Figure 15. Write Strobe with 
Address Valid Strobe 

READY CONTROL 

To simplify read control, four modes of internal ready 
control logic have been provided. The modes are cho
sen by properly configuring bits 4 and 5 of the CCR. 

The internal ready control logic can be used to limit the 
number, of wait states that slow devices can insert into 
the bus cycle. When the READY pin is pulled low, 
wait states will be inserted into the bus cycle Until the 
READY pin goes high, or the number of wait states 
equals the number specified by CCR bits 4 and 5, 
whichever comes first. Figure 16 shows the number of. 
wait states that can be selected. Internal Ready control' 
can be disabled by loading 11 into bits 4 and 5 of the 
CCR. 
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IRC1 IRCO Description 

0 0 Limit to 1 Wait State 
0 1 Limit to 2 Wait States 
1 0 Limit to 3 Wait States 
1 1 Disable Internal Ready Control 

FIGURE 1S.lnternal Ready Control 

This feature provides for simple ready control. For ex
ample, every slow memory chip select line could be 
ORed together and be connected to the READY pin 
with CCR bits 4 and 5 programmed to give the desired 
number of wait states to the slow devices. 

ROM/EPROM LOCK 

Several modes of program memory lock are available 
on the 8398/9795BH. CCR bits 6 and 7 (LOCO, LOCI) 
select whether internal program memory can be read 
(or written in EPROM parts) by a program executing 
from external memory. The modes are shown in Figure 
17. Internal ROM/EPROM addresses 2020H through 
3FFFH are protected from reads while 20()0H through 
3FFFH are protected from writes, as set by the CCR. 

LOC1 Protection 

0 Read Protected 
1 No Protection 

Figure 17. Program Lock Modes 

Only code executing from internal memory can read 
protected internal memory, while a write protected 
memory cannot be written to, even from internal execu
tion. As a result of 8098 prefetching of instructions, 
however, accesses to protected memory are not allowed 
for instructions located above 3FF AH. This is because 
the lock protection mechanism is gated off of the ,Mem
ory Controller's slave program counter and not the 
CPU program counter. If the bus controller receives a 
request to perform a read of protected memory, the 
read sequence occurs with indeterminate data being re
turned to the CPU. Note that the interrupt vectors and 
the CCR are not protected. 

To provide verification and testing when the program 
lock feature is enabled, the 8398 and 8795BH verify the 
security key before programming or test modes are al
lowed to read from protected memory. Before protect
ed memory can be read, the chip reads external memo
ry locations 4020H through 402FH and compares the 
values found to the internal security key located from 
2020H through 202FH. Only when the values exactly 
match will accesses to protected memory be allowed. 

The details of ROM/EPROM accessing are discussed 
in the datasheets. 

3.0 SOFTWARE OVERVIEW 

This section provides information on writing programs 
to execute in the 8098. Additional information can be 
found in the following documents: 

INTEL EMBEDDED CONTROLLER HAND
BOOK 1989 16-BIT 
Order Number 270646 

MCS-96 MACRO ASSEMBLER USER'S GUIDE 
Order Number 186 ASM96 (Intel Systems) 
Order Number 086 ASM96NL (DOS Systems) 

PL/M-96 USER'S GUIDE 
Order Number 186 PLM96 (Intel Systems) 
Order Number 086 PLM96NL (DOS Systems) 

C96 USER'S GUIDE 
Order Number 086 C96NL (DOS Systems) 

Throughout this section, short sections of code are used 
to illustrate the operation of the device. For these sec
tions it has been assumed that a set of temporary regis
ters have been predeclared. The names of these registers 
have been chosen as follows: 

AX, BX,CX and OX are 16-bit registers. 
AL is the low byte of AX, AH is the high byte. 
BL is the low byte of BX 
CL is the low byte of CX 
DL is the low byte of OX 

These are the same as the names for the general data 
registers used in the 80186. It is important to note, 
however, that in the 8098, these are not dedicated regis
ter, but merely the symbolic,names assigned by the pro
grammer to an eight byte region within the onboard 
register file. 

3.1 Operand Types 

The 8098 architecture provides support for a variety of 
data types which are likely to be useful in an 8098 con
trol application. In the discussion of these operand 
types that follows, the names adopted by the PLM-96 
programming language will be used where appropriate. 
To avoid confusion, the name of an operand type will 
be capitalized. A "BYTE" is an unsigned eight bit vari
able; a "byte" is an eight bit unit of data of any type. 
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BYTES 

BYTES are unsigned 8-bit variables which can take on 
the values between 0 and 255 Arithmetic and relational 
operators can be applied to BYTE operands but the 
result must be interpreted in modulo 256 arithmetic. 
Logical operations on BYTES are applied bitwise. Bits 
within BYTES are labeled from 0 to 7, with 0 being the 
least significant bit. There are no alignment restrictions 
for BYTES, so they may be placed anywhere in the 
MCS-96 address space. 

WORDS 

WORDS are unsigned 16-bit variables which can take 
on the values between 0 and 65535. Arithmetic and 
relational operators can be applied to WORD operands 
but the result must be interpreted modulo 65536. Logi
cal operations on WORDS are applied bitwise. Bits 
within words are labeled from 0 to 15 with 0 being the 
least significant bit. WORDS must be aligned at even 
byte boundaries in the MCS-96 address space. The least 
significant byte of the WORD is in the even byte ad
dress and the most significant byte is in the next higher 
(odd) address. The address of a word is the address of 
its least significant byte. Word operations to odd ad
dresses are not guaranteed to operate in a consistent 
manner. 

SHORT-INTEGERS 

SHORT-INTEGERS are 8-bit signed variables which 
can take on the values between -128 and + 127. 
Arithmetic operations which generate results outside of 
the range of a SHORT-INTEGER will set the overflow 
indicators in the program status word. The actual nu
meric result returned will be the same as the equivalent 
operation on BYTE variables. There are no alignment 
restrictions on SHORT-INTEGERS so they may be 
placed anywhere in the MCS-96 address space. 

INTEGERS 

INTEGERS are 16-bit signed variables which can take 
on the values between -"32,768 and 32,767. Arithmetic 
operations which generate results outside of the range 
of an INTEGER will set the overflow indicators in the 
program status word. The actual numeric result re
turned will be the same as the equivalent operation on 
WORD variables. INTEGERS conform to the same 
alignment and addressing rules as do WORDS. 

BITS 

BITS are single-bit operands which can take on the 
Boolean values of true and false. In addition to the nor
mal support for bits as components of BYTE and 
WORD operands, the 8098 provides for the direct test
ing of any bit in the internal register file. The MCS-96 
architecture requires that bits be addressed as compo
nents of BYTES or WORDS, it does not support the 
direct addressing of bits that can occur in the MCS-51 
architecture. 

DOUBLE-WORDS 

DOUBLE-WORDS are unsigned 32-bit variables 
which can take on the values between 0 and 
4,294,967,295. The MCS-96 architecture provides di
rect support for this operand type only for shifts and as 
the dividend in a 32 by 16 divide and the product of a 
16 by 16 multiply. For these operations a DOUBLE
WORD variable must reside in the on-board register 
file of the 8098 and be aligned at an address which is 
evenly divisible by 4. A DOUBLE-WORD operand is 
addressed by the address of its least significant byte. 
DOUBLE-WORD operations which are not directly 
supported can be easily implemented with two WORD 
operations. For consistency with Intel provided soft
ware the user should adopt the conventions for address
ing DOUBLE-WORD operands which are discussed in 
Section 3.5. 

LONG-INTEGERS 

LONG-INTEGERS are 32-bit signed variables which 
can take on the values between 2,147,483,648 and 
2,147,483,647. The 8098 architecture provides direct 
support for this data type only for shifts and as the 
dividend in a 32 by 16 divide and the product of a 16 by 
16 mUltiply. 

LONG-INTEGERS can also be normalized. For these 
operations a LONG-INTEGER variable must reside in 
the onboard register file of the 8098 and be aligned at 
an address which is evenly divisible by 4. A LONG
INTEGER is addressed by the address of its least sig
nifican t byte. 

LONG-INTEGER operations which are not directly 
supported can be easily implemented with two INTE
GER operations. For consistency with Intel provided 
software, the user should adopt the conventions for ad
dressing LONG operands which are discussed in Sec
tion 3.5. 
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3.2 Operand Addressing IMMEDIATE REFERENCES· 

Operands are accessed within the address space of the 
8098 with one of six basic addressing modes. Some of 
the details of how these addressing modes work are 
hidden by the a~sembly language. If the programmer is 
to take full advantage of the architecture, it is impor
tant that these details be understood. This section will 
describe the addressing modes as they 'are handled by 
the hardware. At the end of this section the addressing 
modes will be described as they are seen through the 
assembly language. The six basic address modes which 
will be described are termed register-direct, indirect,in
direct with auto-increment, immediate, short-indexed 
and long-indexed. Several other useful addressing oper
ations can be achieved by combining' these basic ad
dressing modes with specific registers' such as . the 
ZERO register or the stack pointer. 

REGISTER·DIRECT REFERENCES 

The register-direct mode is used to directly access' a 
register from the 256 byte on-board register file. The 
register is selected by an 8-bit field within the instruc
tion . and register address and must. conform to the 
alignment rules for the operand type. Depending on the 
instruction, up to three registers can take part in the 
calculation. 

INDIRECT REFERENCES 

The indirect mode is used to access an operand by plac
ing its address in a WORD variable in the register file. 
The calculated address must conform to the alignment 
rules for the operand type. Note that the indirect ad
dress can refer to an operand anywhere within the ad~ 
dress space of the 8098, including the register file. The 
register which contains the indirect address is selected 
by an eight bit field within the instruction. An instruc
tion can contain only one indirect reference and the 
remaining operands of the instruction (if any) must be 
register-<iirect references. 

INDIRECT WITH AUTO·INCREMENT 
REFERENCES . 

This addressing mode is the same as the indirect mode 
except that the WORD variable which contains the in
direct address is incremented after it is used to address 
the operand. If the' instruction operates on BYTES or 
SHORT-INTEGERS the indirect address variable will 
be incremented by one, if the instruction operates on 
WORDS or INTEGERS the indirect address variable 
will be incremented by two. 

This addressing mode allows an operand to be taken 
directly from a.field in the instruction. For operations 
on BYTE or SHORT-INTEGER operands this field is 
eight bits wide, for opet;ations on WORD or INTE
GER operands the field is 16 bits wide. An instruction 
can contain only one immediate reference and the re
maining operand(s) must be register-direct references. 

SHORT·INDEXED REFERENCES 

In this addressing mode an eight bit field in the instruc
tion selects a WORD variable in the register file which 
is assumed to contain an address. A second eight bit 
field in the instruction stream is sign-extended and 
summed with the WORD variable to form the address 
of the operand which will take part in the calculation. 
Since the eight bit field is sign-extended, the effective 
address can be up to 128 bytes before the address in the 
WORD. variable and up to 127 bytes after it. An in
struction can contain only one short-indexed reference 
and the remaining operand(s) must be register-direct 
references. . 

LONG·INDEXED REFERENCES 

This addressing mode is like the short-indexed mode 
except that a 16-bit field is taken -from the instruction 
and added to the WORD variable to form the , address 
of the operand. No sign extension is necessary. An in
struction call contain only one long-indexed reference 
and the remaining operand(s) must be register-direct 
references. 

ZERO REGiSTER ADDRESSING 

The first two bytes in the register file are fIXed. at zero 
by the 8098 hardware. In addition to providing a fIXed 
source of the constant zero for calculations' and com
parisons, this register can be used as the WORD vari
able in a long-indexed reference. This combination. of 
register selection and address mode allows any location 
in memory. to be addressed directly. 

17-12 



intJ 8098 ARCHITECTURAL OVERVIEW 

STACK POINTER REGISTER ADDRESSING 

The system stack pointer in the 8098 can be accessed as 
register I8H of the internal register file. In addition to 
providing for convenient manipulation of the stack 
pointer, this also facilitates the accessing of operands in 
the stack. The top of the stack, for example, can be 
accessed by using the stack pointer as the WORD vari
able in an indirect reference. In a similar fashion, the 
stack pointer can be used in the short-indexed mode to 
access data within the stack. 

ASSEMBLY LANGUAGE ADDRESSING MODES 

The ASM96 language simplifies the choice of address
ing modes to be used in several respects: 

Direct Addressing. The assembly language will choose 
between register-direct addressing and long-indexed 
with the ZERO register depending on where the oper
and is in memory. The user can simply refer to an oper
and by its symbolic name; if the operand is in the regis
ter file, a register-direct reference will be used, if the 
operand is elsewhere in memory, a long-indexed refer
ence will be generated. 

Indexed Addressing. The assembly language will 
choose between short and long indexing depending on 
the value of the index expression. If the value can be 
expressed in eight bits then short indexing will be used, 
if it cannot be expressed in eight bits then long indexing 
will be used. 

The use of these features of the assembly language sim
plifies the programming task and should be used wher
ever possible. 

3.3 Program Status Word 

The program status word (PSW) is a collection of Boo
lean flags which retain information concerning the state 
of the user's program. The format of the PSW is shown 
in Figure 18. The information in the PSW can be bro
ken down into two basic categories; interrupt control 
and condition flags. The PSW can be saved in the sys
tem stack with a single operation (PUSHF) and re
stored in a like manner (POPF). 

INTERRUPT FLAGS 

The lower eight bits of the PSW are used to individual
ly mask the various sources of interrupt to the 8098. A 
logical "I" in these bit positions enables the servicing of 
the corresponding interrupt. These mask bits can be 
accessed as an eight bit byte (INT_MASK_address 
8) in the on-board register file. Bit 9 in the PSW is the 
global interrupt disable. If this bit is cleared then all 
interrupts will be locked out. Note that the various in
terrupts are collected in the INT_PENDING register 
even if they are locked out. Execution of the corre
sponding service routines will procede according to 
their priority when they become enabled. Further infor
mation on the interrupt structure of the 8098 can be 
found in Section 4. 

CONDITION FLAGS 

The remaining bits in the PSW are set as side effects of 
instruction execution and can be tested by the condi
tional jump instructions. 

Z The Z (Zero) flag is set to indicate that the opera
tion generated a result equal to zero. For the add
with-carry (ADDC) and subtract-with-borrow 
(SUBC) operations the Z flag is cleared if the re
sult in non-zero but is never set. These two in
structions are normally used in conjunction with 
the ADD and SUB instructions to perform multi
ple precision arithmetic. The operation of the Z 
flag for these instructions leaves it indicating the 
proper result for the entire multiple precision cal
culation. 

N The N (Negative) flag is set to indicate that the 
operation generated a negative result. Note that 
the N flag will be set to the algebraically correct 
state even if the calculation overflows. 

V The V (overflow) flag is set to indicate that the 
operation generated a result which is outside the 
range that can be expressed in the destination 
data type. For the SHL, SHLB and SHLL in
structions, the V flag will be set if the most signif
icant bit of the operand changes at any time dur
ing the shift. 

Figure 18. PSW Register 
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VT The VT (oVerflow Trap) flag is set whenever the 
V flag is set but can only be cleared by an instruc
tion which explicitly operates on it such as the 
CLRVT or JVT instructions. The operation of the 
VT flag allows for the testing for a possible over
flow condition at the end of a sequence of related 
arithmetic operations. This is normally more effi
cient than testing the V flag after each instruction. 

C The C (Carry) flag is set to indicate the state of the 
arithmetic carry from the most significant bit of 
the ALU for an arithmetic operation or the state 
of the last bit shifted out of the operand for a shift. 
Arithmetic Borrow after a subtract operation is 
the complement of the C flag. (i.e. if the operation 
generated a borrow then C = 0). 

ST The ST (STicky bit) flag is set to indicate that 
during a right shift a 1 has been shifted first into 
the C flag and then been shifted out. The ST flag 
is undefined after a multiply operation. The ST 
flag can be used along with the C flag to control 
rounding after a right shift .. Consider multiplying 
two eight bit quantities and then scaling the result 
down to 12 bits: 

MULUB AX, CL, DL ;AX: = CL *DL 

SHR AX, #4 ;Shift Right 4 Places 

If the C flag is set after the shift, it indicates that the 
bits shifted off the end of the operand were greater-than 
or equal-to one half the least significant bit (LSB) of the 
result. If the C flag is clear after the shjft, it indicates 
that the bits shifted off the end of the operand were less 
than half the LSB of the result. Without the ST flag, 
the rounding decision must be made on the basis of this 
information alone. (Normally the result would be 
rounded up if the C flag is set.) The ST flag allows a 
finer resolution in the rounding decision: 

CST Value of the Bits Shifted Off 

00 Value = 0 

01 o < Value < 'Iz LSB 

1 0 Value = 'Iz LSB 

1 1 Value> 'Iz LSB 

Figure 19. Rounding Alternatives 

Imprecise rounding can be a major source of error in a 
numerical calculation; use of the ST flag improves the 

. options available to the programmer. 

3.4 Instruction Set 

The 8098 instruction set contains a full set of arithmetic 
and logical operations for the 8-bit data types BYTE 
and SHORT INTEGER and for the 16-bit data types 
WORD and INTEGER. The DOUBLE-WORD and 
LONG data types (32 bits) are supported for the prod
ucts of 16 by 16 multiplies and the dividends of 32 by 
16 divides and for shift operations. The remaining oper
ations on 32-bit variables can be implemented by com
binations of 16-bit operations. As an example the se
quence: 

ADD AX, CX 
ADDCBX,DX 

performs a 32-bit addition, and the sequence 

SUB AX, CX 
SUBC BX,DX 

performs a 32-bit subtraction. Operations on REAL 
(i.e. floating-point) variables are not supported directly 
by the hardware but are supported by the floating-point 
library for the 8098 (FPALc96) which implements a 
single precision subset of the proposed IEEE standard 
for floating-point operations. The performance of this 
software is significantly improved by the 8098 
NORML instruction which normalizes a 32-bit vari
able and by the existence of the ST flag in the PSW. 

In addition to the operations on the various data types, 
the 8098 supports conversions between these types. 
LDBZE (load byte zero extended) converts a BYTE to 
a WORD and LDBSE (load byte sign extended) con
verts a SHORT-INTEGER into an INTEGER. 
WORDS can be converted to DOUBLE-WORDS by 
simply clearing the upper WORD of the DOUBLE
WORD (CLR) and INTEGERS can be converted to 
LONGS with the EXT (sign extend) instruction. 
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The 8098 instructions for addition, subtraction, and 
comparison do not distinguish between unsigned words 
and signed integers. Conditional jumps are provided to 
allow the user to treat the results of these operations as 
either signed or unsigned quantities. As an example, the 
CMPB (compare byte) instruction is used to compare 
both signed and unsigned eight bit quantities. A JH 
(jump if higher) could be used following the compare if 
unsigned operands were involved or a JGT (jump if 
greater-than) if signed operands were involved. 

Section 14.7 summarizes the operation of each of the 
instructions. Complete descriptions of each instruction 
and its timings can be found in the Instruction Set 
chapter. Examples of using the instruction set of the 
MCS-96 family can be found in Application Note AP-
248 "Using the 8096". 

3.5 Software Standards and 
Conventions 

For a software project of any size it is a good idea to 
modularize the program and to establish standards 
which control the communication between these mod
ules. The nature of these standards will vary with the 
needs of the fmal application. A common component of 
all of these standards, however, must be the mechanism 
for passing parameters to procedures and returning 
results from procedures. In the absence of some over
riding consideration which prevents their use, it is sug
gested that the user conform to the conventions adopt
ed by the PLM-96 programming language for proce
dure linkage. It is a very usable standard for both the 
assembly language and PLM-96 environment and it of
fers compatibility between these environments. Anoth
er advantage is that it allows the user access to the same 
floating point arithmetics library that PLM-96 uses to 
operate on REAL variables. 

REGISTER UTILIZATION 

PLM-96 adopts the simple and effective strategy of al
locating the eight bytes between addresses 1CH and 
23H as temporary storage. The starting address of this 
region is called PLMREG. The remaining area in the 
register file is treated as a segment of memory which is 
allocated as required. 

ADDRESSING 32-BIT OPERANDS 

These operands are formed from two adjacent 16-bit 
words in memory. The least significant word of 
the double word is always in lower address, even when 
the data is in the stack (which means that the most 
significant word must be pushed into the stack first). A 
double word is addressed by the address of its least 
significant byte. Note that the hardware supports some 

operations on double words (e.g. normalize and divide). 
For these operations the double word must be in the 
internal register file and must have an address which is 
evenly divisible by four. 

SUBROUTINE LINKAGE 

Parameters are passed to subroutines in the stack. Pa
rameters are pushed into the stack in the order that 
they are encountered in the scanning of the source text. 
Eight-bit parameters (BYTES or SHORT-INTE
GERS) are pushed into the stack with the high order 
byte undefined. Thirty-two bit parameters (LONG
INTEGERS, DOUBLE-WORDS and REALS) are 
pushed into the stack as two 16-bit values; the most 
significant half of the parameter is pushed into the 
stack first. 

As an example, consider the following PLM-96 proce
dure: 

example_procedure: PROCEDURE 
(param1, param2, param3) 

DECLARE param1 BYTE, 

param2 DWORD, 
. param3 WORD; 

When this procedure is entered at run time the stack 
will contain the parameters in the following order: 

??????: param1 
high word of param2 
low word of param2 

param3 
return address ~ Stacie-pOinter 

Figure 20. Stack Image 

If a procedure returns a value to the calling code (as 
opposed to modifying more global variables) then the 
result is returned in the variable PLMREG.PLMREG 
is viewed as either an 8-, 16- or 32-bit variable depend
ing on the type of the procedure. 

The standard calling convention adopted by PLM-96 
has several key features: Procedures can always assume 
that the eight bytes of register file memory starting at 
PLMREG can be used as temporaries within the body 
of the procedure. Code which calls a procedure must 
assume that the eight bytes of register file memory 
starting at PLMREG are modified by the procedure. 
The Program Status Word (PSW~ee Section 3.3) is 
not saved and restored by procedures so the calling 
code must assume that the condition flags (Z, N, V, 
VT, C and ST) are modified by the procedure. Function 
results from procedures are always returned in the vari
able PLMREG. 
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PLM-96 allows the definition of INTERRUPT proce
dures which are executed when a predefined interrupt 
occurs. These procedures do not conform to the rules of 
a normal procedure. Parameters cannot be passed to 
these procedures and they cannot return results. Since 
they can execute essentially at any time (hence the term 
interrupt), these procedures must save the PSW and 
PLMREG when they are entered and restore these val
ues before they exit. 

4,0 INTERRUPT STRUCTURE 

There are 21 sources of interrupts on the 8098. These 
sourceS are gathered into 8 interrupt types as indicated 
in Figure 21. The I/O control registers which control 
some of the sources are indicated in the figure. Each of 
the eight types of interrupts has its own interrupt vector 
as listed in Figure 22. In addition to the 8 standard 
interrupts, there is a TRAP instruction which acts as a 
software generated interrupt. This instruction is not 
currently supported by the MCS-96 Assembler and is 
reserved for use in Intel development systems. 

SOURCE 

r--- IOC1.1 

The programmer must initialize the interrupt vector ta
ble with the starting address of the appropriate inter
rupt service routine. It is suggested that any unused 
interrupts be vectored to an error handling routine. The 
error routine should contain recovery code that will not 
further corrupt an already erroneous situation. In a de
bug environment, it may be desirable to have the rou
tine lock into a jump to self loop which would be easily 
traceable with emulation tools. More sophisticated rou
tines may be appropriate for production code recover
ies. 

Three registers control the operation of the interrupt 
system: Interrupt Pending, Interrupt Mask, and the 
PSW which contains a global disable bit. A block dia
gram of the system is shown in Figure 23. The tran
sition detector looks for 0 to 1 transitions on any of the 
sources. External sources have a maximum transition 
speed of one edge every state time. If this is exceeded 
the interrupt may not be detected. This means that a 
signal that transitions in one state time may not tran
sition again until a subsequent state time. 

INTERRUPT 

EXTINT ~'O-------- EXTINT 
ACH.7 ---0 

NOTE: 

TI FLAG --,--------- SERIAL PORT 

RI FLAG ~ r--- HSO_COMMAND.4 

SOFTWARE TIMER 0 ~""" 
SOFTWARE TIMER 1 
SOFTWARE TIMER 2 
SOFTWARE TIMER 3 

RESET TIMER 2' 

START AlO CONVERSION' 

SOFTWARE TIMER 

HSI.O----------- HSI.O 

r--- HSCLCOMMAND.4 

ANY HSO OPERATION --<> """'0-------- HIGH SPEED OUTPUTS 

r---IOC1.7 
FIFOISFULL~ 

HOLDING REGISTER LOADED ~ HSI DATA AVAILABLE 

AID CONVERSION COMPLETE ----------- AID CONVERSION COMPLETE 

~
--IOC1.2 

TlMERl OVERFLOW ___ '0----..,--- TIMER OVERFLOW 

TlMER2 OVERFLOW ___ I'C ... >-----....J 

L--IOC1.3 

'Only when initiated by the HSO unit. 

Figure 21. All Possible Interrupt Sources 
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Vector Location 

Vector (High (Low Priority 
Byte) Byte) 

Software 2011H 2010H Not Applicable 
Extint 200FH 200EH 7 (Highest) 
Serial Port 200DH 200CH 6 
Software 200BH 200AH 5 

Timers 
HSI.O 2009H 2008H 4 
High Speed 2007H 2006H 3 

Outputs 
HSI Data 2005H 2004H 2 

Available 
AID Conversion 2003H 2002H 1 

Complete 
Timer Overflow 2001H 2000H o (Lowest) 

Figure 22. Interrupt Vector Locations 

SOURCE INTERRUPT 

r--- IOC1.1 
EXTINT ~<>-_______ EXTINT 

ACH.7 ----0 

n FLAG ----,--------- SERIAL PORT 

RI FLAG ~ r--- HSO_COMMAND.4 

SOFTWARE TIMER 
SOFTWARE TIMER 1 
SOFTWARE TIMER 2 

, SOFTWARE TIMER 3 
RESET TIMER 2" 

SOFTWARE TIMER O~'-Io 

START AID CONVERSION" 

HSI.O----------- HSI.O 

r--- HSQ.£OMMAND.4 

ANY HSO OPERATIOrl---<) '-100-------- HIGH SPEED OUTPUTS 

r---IOC1.7 
AFOISFULL~ 

HOLDING REGISTER LOADED ----0 HSI DATA AVAILABLE 

AID CONVERSION COMPLETE ----------- AID CONVERSION COMPLETE 

~
--IOC1.2 

nMER1 OVERFLOW ---0 0------,-- TIMER OVERFLOW 

nMER2 OVERFLOW ---0 .-----' 

L--IOC1.3 

Figure 22. Block Diagram of Interrupt System 

17-17 

270652-15 



intJ 8098 ARCHITECTURAL OVERVIEW 

4.1 Interrupt Control 

Interrupt Pending Register 

When the hardware detects one of the eight interrupts 
it sets the corresponding bit in the pending interrupt 
register (INTJENDING-09H). When the interrupt 
vector is taken, the pending bit is cleared. This register, 
the format of which is shown in Figure 24, can be read 
or modified as a byte register. It can be read to deter
mine which of the interrupts are pending at any given 
time or modified to -either clear pending interrupts or 
generate interrupts under software control. Any soft
ware which modifies the INT_PENDING register 
should ensure that the entire operation is indivisible. 
The easiest way to do this is to use the logical instruc
tions in the two or three operand format, for example: 

ANDB INT_PENDING, # 11111101B 
;Clears the AID Interrupt 

ORB INTJENDING, #OOOOOOlOB 
;Sets the AID Interrupt 

(LOCATION 09H) 

17161514131211101 

III I I ~~'E~cE,,, 
, HSO EVENT 

HSI BIT 0 
SOflWARE TIMERS 

~------- SERIAL I/O 
L..... _________ EXTERNAL INTERRUPT 

270652-17 

Figure 24. Interrupt Pending Register 

Interrupt Mask Register 

IndividUal interrupts can be enabled or disabled by set
ting or clearing bits in the interrupt mask register 
(INT ~ASK -OSH). The format of this register is the 
same as, that of the Interrupt Pending Register shown 
in Figure 24. 

The INT ~SK register can be read or written as 
byte register. A one in any bit position will enable the 
corresponding interrupt source and a zero will 'disable 
the source. The hardware will save any interrupts that 
occur by setting bits in the pending register, even if the 
interrupt mask bit is cleared. The INT--,MASK regis
ter also can be accessed as the lower eight bits of the 

PSW so the PUSHF and POPF instructions save and 
restore the INT~ASK register as well as the global 
interrupt lockout and the arithmetic flags. 

GLOBAL DISABLE 

The processing of all interrupts can be disabled by 
clearing the I bit in the PSW. Setting the I bit will 
enable interrupts that have mask regi~ter bits which are 
set. The I bit is controlled by the EI (Enable Interrupts) 
and 01 (Disable Interrupts) instructions. Note that the 
I bit only controls the actual servicing of interrupts. 
Interrupts that occur during periods of lockout will be 
held in the pending register and serviced on a priori
tized basis when the lockout period ends. 

4.2 Interrupt Priorities 

The priority encoder looks at all of the interrupts which 
are both pending and enabled, and selects the one with 
the highest priority. The priorities are shown in Figure 
22 (7 is highest, 0 is lowest). The interrupt generator 
then forces a call to the location in the indicated vector 
location. This location would be the starting location of 
the Interrupt Service Routine (ISR). 

Interrupt service routines must share some data with 
other routines. Whenever the programmer is coding 
those sections of code which access these shared pieces 
of data, great care must be taken to ensure that the 
integrity of the data is maintained. Consider clearing a 
bit in the interrupt pending register as part of a non-in
terrupt routine: 

LOB AL,INT_PENDING 
ANOB AL, #bitmask 
STB AL,INTJENDING 

This code works if no other routines are operating con
currently, but will cause occasional but serious prob
lems if used in a concurrent environment. (All pro
grams which make use of interrupts must be considered 
to be part of a concurrent environment). These prob
lems can be avoided by assuring mutual exclusion 
which basically means that if more than one routine 
can change a variable, then the programmer must en
sure exclusive access to the variable during the entire 
operation on the variable. 

In many cases the instruction set of the S09S allows the 
variable to be modified with a single instruction. The 
code in the above example can be implemented with a 
single instruction. 

ANOB INTJENDING, #bitmask 
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4.4 Interrupt Timing 

Interrupts are not always acknowledged immediately. 
If the interrupt signal does not occur prior to 4 state
times before the end of an instruction, the interrupt will 
not be acknowledged until after the next instruction has 
been executed. This is because an instruction is fetched 
and prepared for execution a few state times before it is 
actually executed. 

There are 6 instructions which always inhibit interrupts 
from being acknowledged until after the next instruc
tion has been executed. These instructions are: 

EI, DI Enable and Disable Interrupts 
POPF, PUSHF Pop and Push Flags 
SIGND Prefix to perform signed mUltiply and 

divide (Note that this is note an ASM-
96 Mnemonic, but is used for signed 
mUltiply and divide) 

TRAP Software Interrupt 

When an interrupt is acknowledged, the interrupt 
pending bit is cleared, and a call is forced to the loca:
tion indicated by the specified interrupt vector. This 
call occurs after the completion of the instruction in 
process, except as noted above. The procedure of get
ting the vector and forcing the call requires 21 state 
times. If the stack is in external RAM an additional 3 
state times are required. 

The maximum number of state times required from the 
time an interrupt is generated (not acknowledged) until 
the 8098 begins executing code at the desired location is 
the time of the longest instruction, NORML (Normal
ize_42 state times), plus the 4 state times. prior to the 
end of the previous instruction, plus the response time 
(21 to 24 state times). Therefore, the maximum re
sponse time is 70 (42 + 4 + 24) state times. This does 
not include the 12 state times required for PUSHF if it 
is used as the first instruction in the interrupt routine or 
additional latency caused by having the interrupt 
masked or disabled. Refer to Figure 25, Interrupt Re
sponse Time, to visualize an example of worst case sce
nario. 

Interrupt latency time can be reduced by careful selec
tion of instructions in areas of code where interrupts 
are expected. Using "EI" followed immediately by a 
long instruction (e.g. MUL, NORML, etc.) will in
crease the maximum latency by 4 state times, as an 
interrupt cannot occur between EI and the instruction 
following EI. The "DI", "PUSHF", "POPF" and 
"TRAP" instructions will also cause the same situa
tion. Typically the PUSHF, POPF and TRAP instruc
tions would only effect latency when one interrupt rou
tine is already in process, as these instructions are sel
dom used at other times. 

STATE TIMES ~~4~3~2~1~:::::::;~4~2~;;;:::';':;::2~1;:;''----3----''--12--' 
5 ENDING I'NORML'SS END I CALL IS 5.S IF STACK 'PUSH~' ~ 

INSTRUCTION 'NOR"L' FORCED EXTERNAL ' ~~~m~~~~~",.~~~~~L-____ ~~~~~ 
EXECUTION 

EXTINTS 1 INTERRUPT ROUTINE 

PENDING 
BIT 

RESPONSE TIME 

..JSET I CLEARED 

... 1.0--------70 STATE TIMES---------i 
270652-18 

Figure 25. Interrupt Response Time 
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5.0 TIMERS 

Two 16-bit timers are available for use on the 8098. The 
first is designated "Timer I", the second, "Timer 2". 
Timer I is used to synchronize events to real time. 

5.1 Timer 1 

Timer I is clocked once every eight state times and can 
be cleared only by executing a reset. The only other 
way to change its value is by writing to OOOCH but this 
is a test mode which sets both timers to OFFFXH and 
should not b~ used in programs. 

5.2 Timer 2 

Timer 2 can be incremented by transitions (one count 
each transition, rising and falling) on HSI.1. The func
tionality of the timer is determined by the state of I/O 
Control Register 0, bit 7 (IOCO.7). To ensure that all 
CAM entries are checked each count of Timer 2, the 
maximum transition speed is limited to once per eight 
state times. Timer 2 can be cleared by: executing a reset 
by setting lOCO. I, by triggering HSO channel OEH, or 
by pulling HSI.O high. The HSO and CAM are de
scribed in Section 7 and 8. IOCO.3 and ICOO.5 control 
the resetting of Timer 2. Figure 26 shows the different 
ways of manipulating Timer 2. 

5.3 Timer Interrupts 

Both Timer 1 and Timer 2 can be used· to trigger a 
timer overflow interrupt and set a flag in the 1/0 Status 
Register I (lOS 1). The interrupts are controlled by 
IOC1.2 and 10C1.3 respectively. The flags are set in 
IOS1.5 and IOS1.4, respectively. 

Caution must be used when examining the flags, as any 
access (including Compare and Jump on Bit) of 10SI 
clears bits 0 through 5 including the software timer 
flags. It is, therefore, recommended to write the byte to 
a temporary register before testing bits. The general en
abling and disabling of the timer interrupts are con
trolled by the Interrupt Mask Register bit O. In all cas
es, setting a bit enables a function, while clearing a bit 
disables it. 

IOCO.5 
270652-19 

Figure 26. Timer 2 Clock and Reset Options 

5.4 Timer Related Sections 

The High Speed 1/0 unit is coupled to the timers in 
that the HSI records the value on Timer 1 when tran
sitions occur and the HSO causes transitions to occur 
based on values of either Timer 1 or Timer 2. 

A complete listing of the functions of 10SI, lOCO and 
lOCI are in Section 11. 

6.0 HIGH SPEED INPUTS 

The High Speed Input Unit (HSI), can be used to rec
ord the time at which an event occurs with respect to 
Timer 1. There are 4 lines (HSI.O through HSI.3) 
which can be used in this mode and up to a total of 8 
events can be recorded. HSI.2 and HSI.3 are bidirec
tional pins which can also be used as HSO.4 and 
HSO.5. The 1/0 Control Registers (lOCO and lOCI) 
are used to determine the functions of these pins. A 
block diagram of the HSI unit is shown in Figure 27. 
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HSI Trigger Options 

HSI PINS 

~LO 

-ILO'T0 HI 

-lHiOR LOt-
+ + 

.n.nnru1J111.11 
EVERY EIGHTH POSITIVE 

TRANSITION 

FIFO 
INTERRUPT 

&: 111Tsir I CONTROL LOGIC 

4 7x20 BIT 
FIFO 

HSLSTATUS 

270652-51 

Figure 27. High Speed Input Unit 

6.1 HSI Modes 

There are 4 possible modes of operation for each of the 
HSI pins. The HSI mode register is used to control 
which pins will. look for what type of events. The 8-bit 
register is setup as shown in Figure 28. 

High and low levels each need to be held for at least 1 
state time to ensure proper operation. The maximum 
input speed is 1 event every 8 state times except when 

L...---HSI.1 MODE 

L...------HSI.2 MODE 

L...--------HSI.3 MODE 

WHERE EACH 2 - BIT MODE CONTROL FIELD 
DEFINES ONE OF 4 POSSIBLE MODES: 

00 8 POSITIVE TRANSITIONS 
01 EACH POSITIVE TRANSITION 
10 EACH NEGATIVE TRANSITION 
11 EVERY TRANSITION 

(POSITIVE AND NEGATIVE) 

270652-20 

Figure 28. HSI Mode Register Diagram 
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the 8 transition mode is used, in which case it is 1 
transition per state time. The divide by eight counter 
can only be zeroed in mid"count by performing a hard
ware reset on the 8098. 

Ths HSI lines can be individually enabled and disabled 
using bits in lOCO, at location OOISH. Figure 29 shows 
the bit locations which control the HSI pins. If the pin 
is disabled, transitions will not be entered in the FIFO. 

T2RST --0 • _. IOCO.S 

:>'0-0 I ~---- T2 RESET 

• - - IOCO.3 
; _. IOCO.O 

HSI.O ~I--------HSI 
• _. IOCO.2 

r> "'-o~------ HSI 

HSI.1 ~ TlMER2 
T2CLK --0 • _. IOCO.7 CLOCK 

; _. IOCO.4 

HSI.2 --0 ""0_------- HSI 

; _. IOCO.S 

HSI.3 --0 ""0>-------- HSI 
270652-21 

Figure 29. lOCO Control of HSI Pin Functions 
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6.2 HSI FIFO 

When an HSI event occurs, a 7 X 20 bit FIFO stores 
the 16 bits of Timer I and the 4 bits indicating which 
pins pad events. In can take up to 8 state times for this 
information to reach the holding register. For this rea
son, 8 state times must be allowed between consecutive 
reads of HSI_TIME. When the FIFO is full, one addi
tional event, for a total of 8 events, can be stored by 
considering the holding register part of the FIFO. If the 
FIFO and holding register are full, any additional 
events will not be recorded. 

6.3 HSI Interrupts 

Interrupts can be generated by the HSI unit in three 
ways; two FIFO related interrupts and 0 to 1 tran
sitions on the HSI.O pin. The HSI.O pin can generate 
interrupts even if it is not enabled to the HSI FIFO. 
Interrupts generated by this pin cause a vector through 
location 2008H. The FIFO related in~errupts are con
trolled by bit 7 of I/O Control Register 1, (IOCI.7). If 
the bit is a 0, then an interrupt will be generated every 
time a value is loaded into the holding register. If it is a 
1, an interrupt will only be generated when the FIFO, 
(independent of the holding register), has six entries in 
it. Since all interrupts are rising edge triggered, if 
IOCI.7 = I, the processor will not be re-interrupted 
until the FIFO first contains 5 or less records, then 
contains six or more. 

6.4 HSI Status 

Bits 6 and 7 of the I/O Status register I (lOS 1) indicate 
the status of the HSI FIFO. If bit 6 is a 1, the FIFO 
contains at least six entries. If bit 7 is aI, the FIFO 
contains at least 1 entry and the HSI holding register 
has data available to be read. The FIFO may be read 

after verifying that it contains valid data. Caution must 
be used when reading or testing bits in 10SI, as this 
action clears bits 0-5, including the software and hard
ware timer overflow flags. It is best to store the byte 
and then test the stored value. See Section I L 

Reading the HSI is done in two steps. First, the HSI 
Status register is read to obtain the current state of the 
HSI pins and which pins had changed at the recorded 
time. The format of the HSI_ST ATUS Register is 
shown in Figure 30. Second, the HSI Time register is 
read. Reading the Time register unloads one level of the 
FIFO, so if the Time register is read before the Status 
register, the event information in the Status register will 
be lost. The HSI Status register is at location 06H and 
the HSI Time registers are in locations 04H and 05H. 

If the HSI_Time register is read without the holding 
register being loaded, the returned value will be indeter
minate. Under the same conditions, the four bits in 
HSI_STATUS indicating which events have occurred 
will also be indeterminate. The four HSI_ST ATUS bit 
which indicate the current state of the pins will always 
return the correct value. 

It should be noted that many of the Status register con
ditions are changed by a reset, see Section 13. A com
plete listing of the functions of IOS0, 10SI and lOCI 
can be found in Section II. 

LOCAnoN OIH 

~
'5.3210 

HSI.o STATUS 

HSI.l STATUS 

HSI.2STATUS 

HSU STATUS 

270652-22 

Figure 30. HSI Status Register Diagram 
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7.0 HIGH SPEED OUTPUTS 

The High Speed Output unit, (HSO), is used to trigger 
events at specific times with minimal CPU overhead. 
These events include: starting an A to D conversion, 
resetting Timer 2, setting 4 software flags, and switch
ing 6 output lines (HSO.O through HSO.5). Up to eight 
events can be pending at one time and interrupts can be 
generated whenever any of these events are triggered 
HSO.4 and HSO.5 are bidirectional pins which can also 
be used as HSI.2 and HSI.3 respectively. Bits 4 and 6 of 
I/O Control Register I, (IOCI.4. IOCI.6). enable 
HSO.4 and HSO.5 as outputs. 

The HSO unit can generate two types of interrupts. The 
HSO execution interrupt (vector = 2006H) is generat
ed (if enabled) for HSO commands which operate one 
or more of the six output pins. The other HSO inter
rupt is the software timer interrupt (vector = (200BH) 
which is generated (if enabled) by any other HSO com
mand, (e.g. triggering the A/D, resetting Timer 2 or 
generating a software time delay.) 

7.1 HSO CAM 

A block diagram of the HSO unit is shown in Figure 
31. The Content Addressable Memory (CAM) file is 
the center of control. One CAM register is compared 

PORT PINS 

with the timer values every state time, taking 8 state 
times to compare all CAM registers with the timers. 
This defines the time resolution of the HSO to be 8 
state times (2.0 p.s at an oscillator frequency of 12 
MHz). 

Each CAM register is 23 bits wide. Sixteen bits specify 
the time at which the action is to be carried out and 7 
bits specify both the nature of the action and whether 
Timer I or Timer 2 is the reference. 

The format of the command to the HSO unit is shown 
in Figure 32. Note that bit 5 is ignored for command 
channels 8 through OFH. 

To enter a command into the CAM file, write the 7-bit 
"Command Tag" into location 0006H followed by the 
time at which the action is to be carried out into word 
address 0004H. The typical code would be: 

LDB HSO_COMMAND. #what_to_do 

ADD HSO_TlME, TlMERI, #when_to_do_it 

WritiI,lg the time value loads the HSO Holding Register 
with both the time and the last written command tag. 
The command does not actually enter the CAM file 
until an empty CAM register becomes available. 

T2CLK 

T2RST 

270652-23 

Figure 31. High Speed Output Unit 
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Commands in the holding register will not execute even 
if their time tag is reached. Commands must be in the 
CAM for this to occur. Commands in the holding regis
ter can also be overwritten. Since it can take up to 8 
state times for a command to move from the holding 
register to the CAM, 8 states must be allowed between 
successive writes to the CAM. 

To provide proper synchronization, the minimum time 
that should be loaded to Timer 1 is Timer 1 + 2. 
Smaller values may cause the Timer match to occur 
65,636 counts later than expected. A similar restriction 
applies if Timer 2 is used. 

Care must be taken when writing the command tag for 
the HSO. If an interrupt occurs during the time be
tween writing the command tag and loading the time 
value, and the interrupt service routine writes to the 
HSO time register, the command tag used in the inter
rupt routine will be written to the CAM at both the 
time specified by the interrupt routine and the time 
specified by the main program. The command tag from 
the main program will not be executed. One way of 
avoiding this problem would be to disable interrupts 
when writing commands and times to the HSO unit. 
See also Section 4.5. 

CHANNEL: 
0-5 HSO.O - HSO.5 

BIT: 6 HSO.O AND HSO.l 
HSO.2 AND HSO.3 

8-B SOFlWARE TIMERS 
E RESET TIMER2 

START AID CONVERSION 

INTERRUPT I NO INTERRUPT 

SET I CLEAR 

TIMER 2/TIMER 1 

X 

270652-24 

Figure 32. HSO Command Tag Format 

7.2 HSO Status 

Before writing to the HSO, it is desirable to ensure that 
the Holding Register is empty. If it is not, writing to the 
HSO will overwrite the value in the Holding Register. 
I/O Status Register 0 (IOSO) bits 6 and 7 indicate the 
status of the HSO unit. This register is described in 
Section 11. IF ISOO.6 equals 0, the holding register is 
empty and at least one CAM register is empty. If 
IOSO.7 equals 0, the holding register is empty. 

The programmer should carefully decide which of these 
two flags is the best to use for each application. 

7.3 Clearing the HSO 

All 8 CAM locations of the HSO are compared before 
any action is taken. This allows a pending external 
event to be cancelled by simply writing the opposite 
event to the CAM. However, once an entry is placed in 
the CAM, it cannot be removed until either the speci
fied timer matches the written value or the chip is reset. 
If, as an example, a command has been issued to set 
HSO.l when TIMER 1 = 1234, then entering a second 
command which clears HSO.1 when TIMER 1 = 1234 
will result in no operation on HSO.1. Both commands 
will remain in the CAM until TIMER 1 = 1234. 

Internal events are not synchronized to Timer 1, and 
therefore cannot be cleared. This includes events on 
HSO channels 8 through F and all interrupts. 

7.4 Using Timers with the HSO 

Timer 1 is incremented only once every 8 state-times. 
When it is being used as the reference timer for an HSO 
action, the comparator has a chance to look at all 8 
CAM registers before Timer 1 changes its value. Fol
lowing the same reasoning, Timer 2 has been synchro
nized to allow it to change at a maximum rate of once 
per 8 state-times. Timer 2 increments on both edges of 
the input signal. 

When using Timer 2 as the HSO reference, caution 
must be taken that Timer 2· is not reset prior to the 
highest value for a Timer 2 match in the CAM. This is 
because the HSO CAM will hold an event pending until 
a time match occurs, if that match is to a time value on 
Timer 2 which is never reached, the event will remain 
pending in the CAM until the part is reset. 

Additional caution must be used when Timer 2 is being 
reset using the HSO unit, since resetting Timer 2 using 
the HSO is an internal event and can therefore happen 
at any time within the eight-state-time window. This 
situation arises when the event is set to occur when 
Timer 2 is equal to zero. If HSI.O or the T2RST pin is 
used to clear Timer 2, and Timer 2 equal to zero trig
gers the event, then the event may not occur. This is 
because HSI.O and T2RST clear Timer 2 asynchro
nously, and Timer 2 may then be incremented to one 
before the HSO CAM entry can be read and acted 
upon. This can be avoided by setting the event to occur 
when Timer 2 is equal to one. This method will ensure 
that there is enough time for the CAM entry recogni
tion. 

The same asynchronous nature can affect scheduled to 
occur at the same time as an internal Timer 2 reset. 
These events should be logged into the CAM with a 
Timer 2 value of zero. When using this method to make 
a programmable modulo counter, the count will stay at 
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the maximum Timer 2 value only until the Reset T2 
command is recognized. The count will stay at zero for 
the transition which would have changed the count 
from "N" to zero, and then changed to a one on the 
next transition. 

7.5 Software Timers 

The HSO can be programmed to generate interrupts at 
preset times. Up to four such "Software Timers" can be 
in operation at a time. As each preprogrammed time is 
reached, the HSO unit sets a Software Timer Flag. If 
the interrupt bit in the command tag was set then a 
Software Timer Interrupt will also be generated. The 
interrupt service routine can then examine I/O Status 
register 1 (IOS1) to determine which software timer 
expired and caused the interrupt. When the HSO resets 
Timer 2 or starts an A to D conversion, it can also be 
programmed to generate a software timer interrupt but 
there is no flag to indicate that this has occurred. 

Each read or test of any bit in lOS I will clear bits 0 
through 5. Be certain to save the byte before testing it 
unless you are only concerned with I bit. See also Sec
tion 11.5. 

A complete listing of the functions of 10SO, IOS1 and 
lOCI can be found in Section 11. The Timers are de
scribed in Section 5 and the HSI is described in Section 
6. 

8.0 ANALOG INTERFACE 

The 8098 can easily interface to analog signals using its 
Analog to Digital Converter and its Pulse-Width-Mod
ulated (PWM) output and HSO Unit. Analog inputs 
are accepted by the 8-input, lO-bit A to D converter. 
The PWM and HSO units provide digital signals which 
can be filtered for use ~s analog outputs. 

8.1 Analog Inputs 

The on-chip analog-to-digital aquisition system is a 
monotonic successive approximation converter with the 
sample and hold, multiplexer, and D/ A ladder circuits 
built into the silicon. This system can multiplex up to 
eight channels of conversion to 10 bits of resolution 
(1024 unique codes). It has a fixed conversion time of 
88 state times which includes the 4 state time sample 
window. With a 12 MHz clock the conversion would 
take 22 }ls, of which one microsecond was the sample 
window. The sample window period begins 4 state 
times after the conversion is triggered. A 2 pF capaci
tance is charged from the input signal during this sam-

pie window period. The D/ A is comprised of a 256 
resistor ladder which provides ± 4 analog LSB's 
( ± 20 mY) of absolute error, and uses ratioed capaci
tors to capacitively interpolate the result to 10 digital 
LSB's (5 mY) of resolution. This result is the ratio of 
the input voltage and the analog supply voltage 
(VREF).lfthe ratio of this comparison is 1.00, then the 
result will be a IO-bit value will all bits set to logical 
one. This is particularly advantageous when used with 
ratiometric sensors which output proportional signals 
based on the VREF. 

In many applications it is less critical to record the 
absolute accuracy of an input, than it is to resolve that 
some determinable change has occurred. This is an ac
ceptable approach as long as the converter is guaran
teed to be monotonic and has no missing codes, as is 
the case for the 8098. This means that increasing input 
voltages produce adjacent and unique output codes that 
are also increasing. Decreasing input voltages are guar
anteed to produce adjacent and unique output codes 
that are also decreasing. There exists on the 8098 for 
each 10 bit output code a unique input voltage range 
that produces that code only, with a repeatability of 
typically ±0.25 LSB's (1.5 mY). 

The MSC-96 datasheet guarantees that the maximum 
Differential Non-Linearity will be 2 LSB, or 10 mV 
(the minimum is zero). Differential non-linearity speci
fies the maximum difference between the actual code 
widths seen in a converter and what those code widths 
would be in an ideal (perfect) converter. In the MCS-96 
10 bit converter, the code widths are ideally 5 mV (5.12 
VREF/1024). If such a converter is specified to have a 
maximum Differential Non-Linearity of 10 mY, then 
the maximum code width will be no greater than 
10 mV larger than ideal, or 15 mY. This indicates to the 
user how much the input voltage may have changed 
under worst case conditions to produce a one count 
change in a particular lO-bit conversion. Due to the 
fact that the 8098 converter has no missing codes, the 
minimum code width will always be greater than zero. 
The differential non-linearity error on a particular code 
width is compensated for by other code widths in the 
transfer function such that 1024 unique steps occur. 
The actual code widths in the 8098 converter typically 
vary from about 2.5 mV to 7.5 mY; 

The analog input must be in the range of zero to VREF 
(nominally, VREF = 5V). This input can be selected' 
from 8 analog inputs which connect tp the same pins as 
PORT O. A conversion can be initiated either by setting 
the control bit in the AID Command Register (Ad
dress 02Hex), or by programming the High Speed Out
put CAM to trigger the conversion at some specified 
time with sampling intervals occurring accurate to 
± 50 ns. (See AP 406 "MCS-96 Analog Aquisition 
Primer" and the datasheet for further information). 
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8.2 AID Commands 

Analog signals can be sampled by anyone of the 8 
analog input pins (ACaO through ACH7) which are 
shared with Port O. ACH7 can also be used as an exter
nal interrupt if IOCl.1 is set (see Sections 4 and 11). 
The AID Command Register, at location 02H, selects 
which channel is to be converted and whether the con
version should start immediately or when the HSO trig
gers it. The AID command register must be.-written to 
for each conversion, even if the HSO is used as the 
trigger. A to D commands are formatted as shown in 
Figure 33. 

The command register is double buffered so it is possi
ble to write a command to start a conversion tJiggered 
by the HSO while one is still in progress. Care must be 
taken when this is done since if a new conversion is 

(LOCATION 02H) 

started while one is already in progress, the conversion 
in progress is cancelled and the new one is started. 
When a conversion is started, the result register is 
cleared. For this reason the result register must be read 
beforea new conversion is started or data will be lost. 

8.3 AID Results 

Results of the analog conversions are read from the 
AID Result Register at locations 02H and 03H. Al
though these addresses are on a word boundary, they 
must be read as individual bytes. Information in the 
AID Result register is formatted as shown in Figure 
34. Note that the status bit may not be set until 8 state 
times after the go command, so it is necessary to wait 8 
state times before testing it. Information on using the 
HSO is in Section 7. 

I L CHANNEL II SELECTS WHICH OF THE 8 ANALOG INPUT 
~ CHANNELS IS TO BE CONVERTED TO D.IGITAL FORM; 

GO INDICATES WHEN THE CONVERSION IS TO BE 
INITIATED (GO = 1 MEANS START NOW, GO = 0 
MEANS THE CONVERSION IS TO BE INITIATED 
BY THE HSO UNIT AT A SPECIFIEDnME). 

Figure 33. AID Command Register 

Alb RESULT REGISTER 
(LOCATION 03H) . (LOCAnON 02H) 

AID CHANNEL NUMBER 

'----- STATUS 
o = AID CURRENTLY IDLE 
1 = CONVERSION IN PROCESS 

AID RESULT: 1..-_______ LEAST SIGNIFICANT 2 BITS 

MOST SIGNIFICANT BYTE 

Figure 34_ AID Result Register 
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8.4 Pulse Width Modulation Output 
(D/A) 

Digital to analog conversion can be done with the Pulse 
Width Modulation output; a block diagram of the cir
cuit is shown in Figure 35. The 8-bit counter is incre
mented every state time. When it equals 0, the PWM 
output is set to a one. When the counter matches the 
value in the PWM register, the output is switched low. 
When the counter overflows, the output is once again 
switched high. A typical output waveform is shown in 
Figure 36. Note that when the PWM register equals 00, 
the output is always low. Additionally, the PWM regis
ter will only be reloaded from the temporary latch 
when the counter overflows. This means that the com
pare circuit will not recognize a new value to compare 

OVERFLOW 

against until the counter has expired the remainder of 
the current 8-bit count. 

The output waveform is a variable duty cycle pulse 
which repeats every 256 state times (64 J.Ls at 12 MHz). 
Changes in the duty cycle are made by writing to the 
PWM register at location 17H. There are several types 
of motors which require a PWM waveform for most 
efficient operation. Additionally, if this waveform is in
tegrated it will produce a DC level which can be 
changed in 256 steps by varying the duty cycle. 

The PWM output shares a pin with Port 2, pin 5 so 
that these two features cannot be used at the same time. 
IOCI.O equal to I selects the PWM function instead of 
the standard port function. More information on lOCI 
is in Section 11. 

PWM/P2.5 
PIN 

270652-27 

Figure 35. Pulse Width Modulated (01 A) Output 

DUTY PWM CONTROL 
CYCLE REGISTER VALUE OUTPUT WAVEFORM 

0% 00 
HI 
LO 

10% 25 ~~Jl n n 
50% 128 HI 

LO 

HI ..J 90"10 230 U U LO 

HI 
99.6% 255 

LO 

270652-2B 

Figure 36. Typical PWM Outputs 
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8,5 PWM Using the HSO 

The HSO unit can be used to generate PWM wave
forms with very little CPU overhead. If the HSO is not 
being used for other purposes, a 4 line PWM unit can 
be made by loading the on and off times into the CAM 
in sets of 4. The CAM would then always be loaded and 
only 2 interrupts per PWM period would be needed. 
An example of using the HSO in their manner can be 
found AP-248, "Using the 8096". 

9,0 SERIAL PORT 

The serial port on the 8098 has 3 asynchronous and one 
synchronous mode. The asynchronous modes are full 
duplex, meaning they can transmit and receive at the 
same time. The receiver is double buffered so that the 
reception of a second byte can begin before the first 
byte has been read. The port is functionally compatible 
with the serial port on the MCS-51 family of micro con
trollers, althrough the software used to control the 
ports is different. 

Control of the serial port is handled through the Serial 
Port ControVStatus Register at location 11 Hex. Fig
ure 40 shows the layout of this register. 

Data to and from the serial port is transferred through 
SBUF (rx) and SBUF(tx), both located at 07H. Al-

though these registers share the same address, they are 
physically separate, with SBUF (rx) containing the data 
received by the serial port and SBUF (tx) used to hold 
data ready for transmission. The program cannot write 
to SBUF (rx) or read from SBUF (tx). 

The baud rate at which the serial port operates is con
trolled by an independent baud rate generator. The in
put to this generator is from the XT ALl pin. Details on 
setting up the baud rate are given in Section 9.3. 

9,1 Serial Port Modes 

MODE 0 

Mode 0 is a synchronous mode which is commonly 
used for shift register based I/O expansion. In this 
mode the TXD pin outputs a set of 8 pulses while the 
RXD pin either transmits or receives data. Data is 
transferred 8 bits at a time with the LSB first. A dia
gram of the relative timing of these signals is shown in 
Figure 37. Note that this is the only mode which uses 
RXD as an output. 

Although it is not possible to transmit and receive at 
the same time using this mode, two external gates and a 
port pin can be used to time-multiplex the two func
tions. 

TXO "'lJ "'lJ "'lJ "lf "'lJ "'lJ "'lJ "'U 
RXO (out) 

RXO (In) "-\v~l""""\vgof"""'\vQl""""\vQf"""'\vQf"""'\vQf"""'\vQf"""'\vQ'
--J'I.........I'I.........I'I.........I'I.........I'I........./'I.........I'I........./'I........./\....J'I........./\...-J'I.........I\...-J'I.........I'I........./\..-
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Figure 37. Serial Port Mode 0 Timing 
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MODE 1 

Mode 1 is the standard asynchronous communications 
mode. The data frame used in this mode is shown in 
Figure 3S. It consists of 10 bits; a start bit (0), S data 
bits (LSB first), and a stop bit (1). If parity is enabled, 
(the PEN bit is set to a 1), an even parity bit is sent 
instead of the Sth data bit and parity is checked on 
reception. 

MODE 2 

Mode 2 is the asynchronous 9th bit recognition mode. 
This mode is commonly used with Mode 3 for multi
processor communications. Figure 39 shows the data 
frame used in this mode. It consists of a start bit (0), 9 
data bits (LSB frrst), and a stop bit (1). When transmit
ting, the 9th bit can be set to a one by setting the TB8 
bit in the control register before writing to SBUF (tx). 
The TBS bit is cleared on every transmission, so it must' 
be set prior to writing to SBUF (tx) each time it is 
desired. During reception, the serial port interrupt and 
the Receive Interrupt (RI) bit will not be set unless the 
9th bit being received is set. This provides an easy way 
to have selective reception on a data link. Parity cannot 
be enabled in this mode. 

MODE 3 

Mode 3 is the asynchronous 9th bit mode. The data 
frame for this mode is identical to that of Mode 2. The 
transmission differences between Mode 3 and Mode 2 
are that parity can be enabled (PEN = 1) and cause 
the 9th data bit to take the even parity value. The TB8 
bit can still be used if parity is not enabled (PEN = 0). 
When in Mode 3, a reception always causes an inter
rupt regardless of the state of the 9th bit. The 9th bit is 
stored if PEN = 0 and can be read in bit RBS. If PEN 
= 1 then RBS becomes the Receive Parity Error 
(RPE) flag. 

9.2 ContrOlling the Serial Port 

Control of the serial port is done through the Serial 
Port Control (SP _CON) and Serial Port Status 
(SP_STAT) registers shown in Figure 40. Writing to 
location IIH accesses SP _CON while reading it access 
SP_STAT. Note that reads ofSP_STAT will return 
indeterminate data in the lower 5 bits and writing to the 
upper 3 bits of SP _CON has no effect on chip func
tionality. The TB8 bit is cleared after each transmission 
and both TI and RI are cleared whenever SP _STAT 
(not SP _CON) is accessed. Whenever the TXD pin is 
used for the serial port it must be enabled by setting 
IOCI.5 to a 1. lOCI is discussed further in Section 
11.3. 

STOP 

270652-30 

Figure 38. Serial Port Frame_Mode 1 

STOP 

PROGRAMMABLE 9TH BIT ----' 

ll-BIT FRAME 
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Figure 39. Serial Port Frame Modes 2 and 3 
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LOCATION 11H 

SP_STAT SP_CON 
(READ ONLY) (WRITE ONLY) 

1 RII~RPE J 
I 1 5 4 3 I 2 1 1 1 0 J RI TI TBI REN PEN M2 Ml 

,-J I 
L M2• M1 SPECIFIES THE MOD E; 

-PEN 

REN 

Til 

TI 

RI 

RBI 

0.0 = MODE 0 
0.1 = MODEl 
1.0= MODE 2 
1.1 = MODE 3 

ENAILE THE PARITY 

ENABLES THE RECEI 

PROGRAMS THE 9TH 
TRANSMISSION; 

FUNCTION (EVEN PARITY); 

VE FUNCTION; 

DATA BIT (IF NOT PARITY) ON 

ERRUPT FLAG; IS THE TRANSMIT INT 

IS THE RECEIVE INTE RRUPT FLAG; 

IS THE 8TH DATA BIT RECEIVED (IF NOT PARITY); 
RPE IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE). 
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Figure 40. Serial Port Control/Status Register 

In Mode 0, ifREN = I, writing to SBUF (tX) will start 
a transmission. Causing a rising edge on REN, or clear
ing RI with REN = I, will start a reception. Setting 
REN = 0 will stop a reception in progress and inhibit 
further receptions. To avoid a partial or complete un
dersired reception, REN must be set to zero before RI 
is cleared. This can be handled in an interrupt environ
ment by using software flags or in straight-line code by 
using the Interrupt Pending register to signal the com
pletion of a reception. 

In the asynchronous modes, writing to SBUF (tx) starts 
a transmission. A falling edge on RXD will begin a 
reception if REN is set to 1. New data placed in SBUF 
(tx) is held and will not be transmitted until the end of 
the stop bit has been sent. 

In all modes, the RI flag is set after the last data bit is 
sampled approximately in the middle of the bit time. 
Also for all modes, the TI flag is set after the last data 
bit (either 8th or 9th) is sent, also in the middle of the 
bit time. The flags clear when SP _STAT is read, but 
do not have to be clear for the port to receive or trans
mit. The serial port interrupt bit is set as a logical OR 
of the RI and TI bits. Note that changing modes will 
reset the Serial Port and abort any transmission or re
ception in progress on the channel. 

9.3 Determining Baud Rates 

Baud rates in all modes are determined by the contents 
of a 16-bit register at location OOOEH. This register 
must be loaded sequentially with 2 bytes (least signifi
cant byte first). The serial port will not function be
tween the loading of the first and second bytes. The 
MSB of this register equal to a logic one selects the 
source (XTAL I) for the input frequency to the baud 
rate generator. 

The unsigned integer represented by the lower 15 bits 
of the baud rate register defines a number B, where B 
has a maximum value of 32767. The baud rate for the 
four serial modes using XTALI is given by Figure 41. 

Using XTAL1: 
Baud XTALI Frequency --L 

Mode 0: -- = . B ..,.... 0 
Rate 4*(B + I) , 

Baud XTALI Frequency 
Others: -- = -~-:-:--~~ 

Rate 64*(B + I) 

Note that B cannot equal 0, except when using 
XTALI in other than Mode O. 

Figure 41. Baud Rate Calculations 
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Common baud rate values,using XTALI at 12 MHz, 
are shown below. 

Baud Baud Register Value 
Rate Mode 0 Others 

9600 8137H 8013H 
4800 8270H 8026H 
2400 84E1H 804DH 
1200 89C3H B09BH 
300 A70FH 8270H 

Figure 42. Common Baud Rates 

The maximum baud rates are 1.5 Mbaud synchronous 
and 187.5 Kbaud asynchronous with 12 MHz on 
XTALI. 

9.4 Multiprocessor Communications 

Mode 2 and 3 are provided for mUltiprocessor commu
nications. In Mode 2 if the received 9th data bit is not 
1, the serial port interrupt is not activated. The way to 
use this feature in multiprocessor systems is described 
below. 

When the master processor wants to transmit a block of 
data to one of several slaves, it first sends out an ad
dress frame which identifies the target slave. An ad
dress frame wil differ from a data frame in that the 9th 
data bit is I in an address frame and 0 in a data frame. 
No salve in Mode 2 will be interrupted by a data frame. 
An address frame, however, will interrupt all slaves so 
that each slave can examine the received byte and see if 
it is being addressed. The addressed slave switches to 
Mode 3 to receive the coming data frames, while the 
slaves that were not addressed stay in Mode 2 and go 
on about their business. 

10.0 1/0 PORTS 

There are 32 I/O port pins on the 8098. Some of these 
ports are input only, some are output only, some are 
bidirectional and some have alternate functions. In ad
dition to these ports, the HSI/O unit can be used to 
provide extra I/O lines if the timer related features of 
these lines are not needed. 

Input ports connect to the internal bus through an in
put buffer. Output ports connect through an output 
buffer to an internal register that hold the bits to be 
output. Bidirectional ports consist of an internal regis
ter, an input buffer and an output buffer. 
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Port 0 is an input port which is also used as the analog 
input for the A to D converter. Port 2 contains input 
and output. The input and output lines are shared with 
other functions in the 8098 as shown in Figure 43. 
Ports 3 and 4 are open-drain bidirectional ports which 
share their pins with the address/data bus. 

Port Function Alternate Function 

P2.0 Output TXD (Serial Port Transmit) 
P2.1 Input RXD (Serial Port Receive) 
P2.2 Input EXTINT (External Interrupt) 
P2.5 Output PWM (Pulse Width Modulation) 

Figure 43. Port 2 Alternate Functions 

11.0 STATUS AND CONTROL 
REGISTERS 

There are two I/O Control registers, lOCO and lOCI. 
lOCO controls Timer 2 and the HSI lines. lOCI con
trols some pin functions, interrupt sources and 2 HSO 
pins. 

Whenever input lines are switched between two sourc
es, or enabled, it is possible to generate transitions on 
these lines. This could cause problems with respect to 
edge sensitive lines such as the HSI lines, Interrupt line 
and Timer 2 control lines. 

11.1 1/0 Control Register 0 (lOCO) 

lOCO is located at 0015H. The four HSI lines can be 
enabled or disabled to the HSI unit by setting or clear
ing bits in lOCO. Timer 2 functions including clock and 
reset sources are also determined by lOCO. The control 
bit locations are shown in Figure 44. 

HSI.O INPUT ENABLE / DISABLE 

TI~ER 2 RESET EACH WRITE 

HSI.l INPUT ENABLE / DISABLE 

TI~ER 2 EXTERNAL RESET ENABLE/DISABLE 

HSI.2 INPUT ENABLE/DISABLE 

TI~ER 2 RESET SOURCE HSI.O /T2RST 

HSI.3 INPUT ENABLE/DISABLE 

TI~ER 2 CLOCK SOURCE HSI.l /T2CLK 
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Figure 44. 1/0 Control Register 0 (lOCO) 
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11.2110 Control Register 1 (IOC1) 

lOCI is used to select some pin functions and enable or 
disable some interrupt sources. Its location is 0016H. 
Port pin P2.5 can be selected to be the PWM output 
instead of a standard output. The external interrupt 
source can be selected to be either EXTINT (same pin 
as P2.2) or Analog Channel 7 (ACH7, same pin as 
PO.7). Timer I and Timer 2 overflow interrupts can be 
individually enabled or disabled. The HSI interrupt can 
be selected to activate either when there is I FIFO en
try or 7. Port pin P2.0 can be seiected to be the TXD 
output .. HSO.4 and HSO.5 can be enabled or disabled 
to the HSO unit. More information on interrupts is 
available in Section 4. The positions of the lOCI con
trol bits are shown in Figure 45. 

11.3 1/0 Status Register 0 (IOSO) 

There are two I/O Status registers, 10SO and 10SI. 
10SO, located at 00 15H, holds the current status of the 
HSO lines and CAM. The status bits· of 10SO are 
shown in Figure 46. 

SELECT PWM / SELECT P2.5 

EXTERNAL INTERRUPT ACH7 / EXTINT 

TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 

TIMER 2 OVERFLOW INTERRUPT ENABLE/ DISABLE 

HSO.4 OUTPUT ENABLE / DISABLE 

SELECT TXD / SELECT P2.0 

HSO.5 OUTPUT ENABLE / DISABLE 

HSI INTERRUPT 
FIFO FULL / ;;H"OL"D'"IN"'G"R"'E"'G:H;IS""TE""R"L"O"A"n;DE""D 
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Figure 45.1/0 Control Register 1 (IOC1) 

HSO.O CURRENT STATE 

HSO.l CURRE"'T STATE 

HSO.2 CURRENT STATE 

HSO.3 CURRENT STATE 

HSO.4 CURRENT STATE 

HSO.5 CURRENT STATE 

CAM QB HOLDING REGISTER IS FULL 

7 HSO HOLDING REGISTER IS FULL 

270652-35 

Figure 46. 1/0 Status Register 0 (IOSO) 

SOF'lWARE TIMER 0 EXPIRED 

SOFTWARE TIMER 1 EXPIRED 

SOFTWARE TIMER 2 EXPIRED 

SOF'lWARE TIMER 3 EXPIRED 

TIMER 2 HAS OVERFLOW 

TIMER 1 HAS OV.ERFLOW 

HSI FIFO IS FULL 

HSI HOLDING REGISTER DATA AVAILABLE 
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Figure 47. HSIO Status Register 1 (IOS1) 

11.4110 Status Register 1 (IOS1) 

10SI is located at 016H. It contains status bits for the 
timers and the HSI/O. The positions of these bits are 
shown in Figure 47. 

Whenever the processor reads this register all of the 
time-related flags (bits 5 through 0) are cleared. This 
applies not only to explicit reads such as: 

LDB AL,IOSI 

but also to implicit reads such as: 

JB IOS1.3, somewhere_else 

which jumps to somewhere else if bit 3 of 10SI is set. 
In most cases this situation can best be handled by hav
ing a byte in the register file which is used to maintain 
an image of lower five bits of the register. Any time a 
hardware timer interrupt or a HSO software timer in
terrupt occurs the byte can be updated: 

ORB IOSI_image, 10SI 

leaving 10SI image containing all the flags that were 
set before plus all the new flags that were read and 
cleared from 10SI. Any other routine which needs to 
sample the flags can safely check 10SI image. Note 
that if these routines need to clear the flags that they 
have acted on, then the modification of 10SI image 
must be done from inside a critical region (see Section 
4.4). 
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12.0 WATCHDOG TIMER 

The WatchDog Timer (WDT) provides a means to re
cover gracefully from a software upset. When the 
watchdog is enabled it will initiate a hardware reset 
unless the software clears it every 64K state times. 

The WDT is implemented as an 8-bit timer with an 
8-bit prescaler. The prescaler is not synchronized, so 
the timer will overflow between 65280 and 65535 state 
times after being reset. 

When the timer overflows it pulls down the RESET pin 
for at least two state times, resetting the 8098 and any 
other devices tied to the RESET line. If a large capaci
tor is connected to the line, the pin may take a long 
time to go low. This will effect the length of time the 
pin is low and the voltage on the pin when it is finished 
falling. The datasheet contains more information about 
reset hardware connections. 

The WDT is enabled the first time it is cleared. Once it 
is enabled, it can only be disabled by resetting the 8098. 
The internal bit which controls the watchdog can typi
cally maintain its state through power glitches as low as 
Vss and as high as 7.0V for up to I ms. 

Enabling and clearing the WDT is done by writing a 
"OIEH" followed by a "OEIH" to the WDT register at 
location OAH. This double write is used to help prevent 
accidental clearing of the timer. 

12.1 Software Protection Hints 

Glitches and noise on the PC board can cause software 
upsets, typically by changing either memory locations 
or the program counter. These changes can be internal 
to the chip or be caused by bad data returning to the 
chip. 

There are both hardware and software solutions to 
noise problems, but the best solution is good design 
practice and a few ounces of prevention. The software 
can be designed so that the WatchDog times out if the 
program does not progress properly. The WatchDog 
will also time-out if the software error was due to ESD 
(Electrostatic Discharge) or other hardware related 
problems. This prevents the controller from having a 
malfunction for longer than 16 ms if a 12 MHz oscilla
tor is used. 

When using the WDT to protect software it is desirable 
to reset if from only one place in code. This will lessen 
the chance that an undesired WDT reset will occur. 
The section of code that resets the WDT should moni
tor the other code sections for proper operation. This 
can be done by checking variables to make sure they 

are within reasonable values. Simply using a software 
timer to reset the WDT every 15 ms will not provide 
much protection against minor problems. 

It is also recommended that unused areas of code be 
filled with Naps and periodic jumps to an error routine 
or RST (reset chip) instructions. This is particularly 
important in the code around lookup tables, since if 
lookup tables are executed undesired results will occur. 
Wherever space allows, each table should be surround
ed by 7 Naps (the longest 8098 instruction has 7 bytes) 
and a RST or jump to error routine instruction. Since 
RST is a one-byte instruction, the Naps are not needed 
if RSTs are used instead of jumps to an error routine. 
This will help to ensure a speedy recovery should the 
processor have a glitch in the program flow. Since RST 
instruction has an opcode of OFFH, pulling the data 
lines high with resistors will cause an RST to be execut
ed if unimplemented memory is addressed. 

12.2 Disabling the WatchDog 

The WatchDog should be disabled by software not ini
tializing it. If this is not possible, such as during pro
gram development, the WatchDog can be disabled by 
holding the RESET pin at 2.0V to 2.5V. Voltages over 
2.5V on the pin could quickly damage the part. Even at 
2.5V, using this technique for other than debugging 
purposes is not recommended, as it may effect long 
term reliability. It is further recommended that any 
part used in this way for more than several seconds, not 
be used in production versions of products. The data
sheet has more information on disabling the WatchDog 
Timer. 

13.0 RESET 

13.1 Reset Signal 

As with all processors, the 8098 must be reset each time 
the power is turned on. This is done by holding the 
RESET pin low for at least 2 state times after the power 
supply is within tolerance and the oscillator has stabi
lized. 

After the RESET pin is brought high, a ten state reset 
sequence is executed. During this time, the Chip Con
figuration Byte (CCB) is read from location 2018H and 
written to the 8098 Chip Configuration Register 
(CCR). If the voltage on the EA pin selects the inter
nal/external execution mode the CCB is read from in
ternal ROM/EPROM. If the voltage on the EA pin 
selects the external execution only mode the CCB is 
read from external memory. 
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The 8098 can be reset using a capacitor, I-shot, or any 
other method capable of providing a pulse of at least 2 
state times longer than required for vee and the oscil
lator to stabilize. 

For best functionality, it is suggested that the reset pin 
be pulled low with an open collector device. In this 
way, several reset sources can be wired ORed together. 
Remember, the RESET pin itself can be a reset source 
when the RST instruction is executed or when the 
WatchDog Timer overflows. Details of hardware sug
gestions for reset can be found in the datasheet. 

13.2 Reset Status 

The 1/0 lines and control lines of the 8098 will be in 
their reset state within 2 state times after reset is low, 
with Vee and the oscillator stabilized. Prior to that 
time, the status of the I/O lines is indeterminate. After 
the 10 state time reset sequence, the Special Function 
Registers will be set' as follows: 

Register Reset Value 

Port 2 XXOXXXX1B 
PortS ll111111B 
Port 4 llllllllB 
PWMControl OOH 
Serial Port (Transmit) Undefined 
Serial Port (Receive) Undefined 
Baud Rate, Register Undefined 
Serial Port Control XXXXOXXXB 
Serial Port Status XOOXXXXXB 
AID Command Undefined 
AID Result Undefined 
Interrupt Pending Undefined 
Interrupt Mask OOOOOOOOB 
Timer 1 OOOOH 
Timer 2 OOOOH 
WatchDog Timer OOOOH 
HSI Mode llllllllB 
HSI Status Undefined 
10SO OOOOOOOOB 
10Sl OOOOOOOOB 
lOCO XOXOXOXOB 
lOCi XOXOXXX1B 
HSI FIFO Empty 
HSOCAM Empty 
HSOSFR OOOOOOB 
PSW OOOOH 
Stack Pointer Undefined 
Program Counter 20BOH 

Figure 48. Register Reset Status 

Other conditions following a reset are: 

Pin Reset Value 

RD High 
WR/WRL High 
ALE/ADV High 
INST High 

Figure 49. Bus Control Pins Reset Status 

It is important to note that the Stack Pointer and Inter
rupt Pending Register are undefined, and need to be 
initialized in software. The Interrupts are disabled by 
both the mask register and PSW.9 after a reset. 

13.3 Reset Sync Mode 

The RESET line can be used to start the 8098 at an 
exact state time to provide for synchronization of test 
equipment and mUltiple chip systems. RESET is active 
low. To synchronize parts, RESET is brought high on 
the rising edge of XTALI. 

It is very ,possible that parts which start in sync may 
not stay that way. The best example of this would be 
when a "jump on 1/0 bit" is being used to hold the 
processor in a loop. If the line changes during the time 
it is being tested, one processor may see it as a one, 
while the other sees its as a zero. The result is that one 
processor will do an extra loop, thus putting it several 
states out of sync with the other. 

14.0 QUICK REFERENCE 

14.1 Pin Description 

On the 8098/8398 the following pins of the 8096BH are 
not bonded out: Port I , PortO (Analog In) bits 0-3, 
T2CLK (P2.3), T2RST (P2.4), P2.6, P2.7, CLKOUT, 
INST, NMI, BUSWIDTH, BHE/WRH. 
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PIN DESCRIPTIONS 

Symbol Name and Function 

Vee Main supply voltage (5V). 

Vss Digital Circuit Ground (OV). There are two Vss pins, both of which must be connected. 

VPD RAM Standby Supply Voltage (5V). This voltage must be present during normal operation. 
In a Power Down condition (Le. Vee drops to zero), if RESET is activated before Vee drops 
below spec and VPD continues to be held within spec., the top 16 bytes in the Register File 
will retain their contents. RESET must be held low during the Power Down and should not be 
brought high until Vee is within spec and the oscillator has stabilized. 

VREF Reference Voltage for the AID Converter (5V). VREF is also the supply voltage to the 
analog portion of the AID converter and the logic used to read Port O. Must be connected for 
AID and Port 0 to function. 

ANGND Reference Gound for the AID Converter. Must be held at nominally the same potential as 
Vss· 

Vpp Programming voltage for the future EPROM parts. 

XTAL1 Input of the oscillator inverter and of the internal clock generator. 

XTAL2 Output of the oscillator inverter. 

RESET Reset Input to the Chip. Input low for at least 2 state times to reset the chip. The 
subsequent low-to-high transition re-synchronizes GLKOUT and commences a 10-state-time 
sequence in which the PSW is cleared, a byte read from 2018H loads GGR, and a jump to 
location 2080H is executed. Input high for normal operation. RESET has an internal pullup. 

EA Input for Memory Select (External Access). EA equal to a TTL-high causes memory 
accesses to locations 2000H through 3FFFH to be directed to on-chip ROM. EA equal to a 
TTL-low causes accesses to these locations to be directed to off-chip memory. EA has an 
internal pulldown, so it goes to 0 unless driven otherwise. EA is latched at reset. 

ALE/ADV Address Latch Enable or Address Valid Output, as selected by GGR. Both pin optio~ 
provide a latch to demultiplex the address from the address/data bus. When the pin is ADV, it 
goes inactive high at the end of the bus cycle. ADV can be used as a chip select for external 
memory. ALE/ ADV is activated only during external memory accesses. 

RD Read Signal Output to External Memory. RD is activated only during external memory 
reads. 

WR Write Output to External Memory. WR is activated only during external memory writes. 

READY Ready Input to Lengthen External Memory Cycles, for interfacing to slow or dynamic 
memory, or for bus sharing. The bus cycle can be lengthened by up to 1 JLs. When the 
external memory is not being used, READY has no effect. Internal control of the number of 
wait states inserted into a bus cycle held not ready is available through configuration of GGR. 
READY has a weak internal pull up, so it goes to 1 unless externally pulled low. 

HSI Inputs to High Speed Input Unit. Four HSI pins are available: HSI.O, HSI.1 , HSI.2 and HSI.3. 
Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 

HSO Outputs from High Speed Output Unit. Six HSO pins are available: HSO.O, HSO.1, HSO.2, 
HSO.3, HSO.4 and HSO.5. Two of them (HSO.4 and HSO.5) are shared with the HSI Unit. 

Port 0 4-Bit High Impedance Input-Only Port. These pins can be used as digital inputs and/or as 
analog inputs to the on-chip AID converter. 

Port 2 4-Bit Multi-Functional Port. Its pins are shared with other functions in the 8098. 

Ports 3 and 4 8-Bit Bi-Directionall/O Ports with Open Drain Outputs. These pins are shared with the 
multiplexed address/data bus which has strong internal pullups. 
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14.3 Packaging 

The 8098 products are available in 48-pin packages, 
with and without on-chip ROM. The 8795BH EPROM 
is to be used as the prototype vechicle (see the MCS-96 
datasheets for additional information on the 8795BH). 
Section 14.4 showS the pinouts for the 48-pin packages. 
The 48-pin version is offered in a Dual-In-Line Pack
age. 

Transistor Count 

Device Type #MOSGates 

839X/879X 120,000 

809X 50,000 

MTBF Calculations' 

3.8 X 107 Device Hours @ 55°C 

1.7 x 107 Device Hours @ 700C 

*MTBF data was obtained through calculations based 
upon the actual average junction temperatures under 
stress at SsoC and 70°C ambient. 

Thermal Characteristics 

TCASE Package 
(JJA (JJC 

COMM'L EXPRESS Type 

Plastic DIP 38°C/W 

79.75°C 94.75°C Ceramic DIP 26°C/W 6.5°C/W 

14.4 Package 

RXD/P2.1 

TXD/P2.0 

HSIO 

HSII 

HSI2/HS04 

HSI3/HSOS 

HSOO 

HSOI 

HS02 

HS03 

Vss 

Vpp 

PWM/P2.S 

WR 

N.C. 

READY 

AIS/P4.7 

A14/P4.& 

A13/P4.S 

A12/P4.4 

All/P4.3 

Al0/P4.2 

A9/P4.1 

A8/P4.0 
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RESET 

EXTlNTjP2.2 

VpD 

VREf" 
ANGND 

ACH4/PO.4 

ACHS/PO.S 

ACH7/PO.7 

ACH6/PO.6 

EA 
VCC 

Vss 
XTAL1 

XTAL2 

ALE/ADV 

Rri 
ADO/P3.0 

AD1/P3.1 

AD2/P3.2 

AD3/P3.3 

AD4/P3.4 

ADS/P3.S 

AD6!P3.6 

AD7/P3.7 
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14.5 Memory Map 

.... ----..;..-------, FFFFH 

~ ................................................ ~4000H 

20BOH 
~ ................ -::::::-::=-................ ~ 2030H- 207FH 

I-................ ;;;;.;~~~ ................ -; 2020H- 202FH 

I-........ __ ~~~~~=._:::::'::""' .... -; 201CH-201FH 

"'" .... -=.:::;.,.;;;;;;.~;;;,;~;;.;.;. .... ~ .... --t 201AH-201BH 

J---::-:::-:=:::::::::::::--:::::::::---1 2019H 
201BH 

1-........ ..;.. .... -::::::=.:::::-.... ~ ........ """"'1 201 2H - 201 7H 

~----~~:-:-----"12000H 
~--~-~::::::-:'-----"1 lFFFH 

~-----..;....;..-----"1 lFFEH 

' _____________ ; OIOOH 

.. OOFFH 

...::... ______ ..1.. ___________ ...... OOOOH 

270652-5 
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14.7 Instruction Summary 

Mnemonic Oper- Operation (Note 1) Flags Notes ands Z N C V VT ST 
ADD/ADDB 2 D - D+A vt vt vt vt t -
ADD/ADDB 3 D - B+A vt vt vt vt t -
ADDC/ADDCB 2 D - D+A+C .J. vt I<' vt t -
SUB/SUBB 2 D - D-A vt I<' vt vt t -
SUB/SUBB 3 D - B-A vt vt vt I<' t -
SUBC/SUBCB 2 D - D-A+C-1 .J. I<' vt, vt t -
CMP/CMPB 2 D-A vt vt vt vt t -
MULIMULU 2 D,D + 2 - D*A - - - - - ? 2 
MUL/MULU 3 D,D + 2 - B*A - - - - - ? 2 
MULB/MULUB 2 D,D + 1 - D*A - - - - - ? 3 

• MULB/MULUB 3 D,D + 1 - BOA - - - - - ? 3 
DIVU 2 D - (D, D + 2)/ A, D + 2 - remainder - - - vt t - 2 
DIVUB 2 D - (D, D + 1)/A,D + 1 - remainder - - - vt t - 3 
DIV 2 D - (D, D+ 2)/ A, D + 2 - remainder - - - ? t -
DIVB 2 D - (D,D + 1)/A,D + 1 - remainder - - - ? t -
AND/ANDB 2 D - DandA vt vt 0 0 - -
AND/ANDB 3 D - BandA vt vt 0 0 - -
OR/ORB 2 D - DorA vt vt 0 0 - --' 

XOR/XORB 2 D - D(excl.or)A vt vt 0 0 - -
LD/LDB 2 D-A - - - - - -
ST/STB 2 A-D - - - - - -
LDBSE 2 D-A;D+1 - SIGN(A) - - - - - - 3,4 
LDBZE 2 D - A;D+ 1 - 0 - - - - - - 3,4 

,PUSH 1 SP - SP - 2; (SP) - A - - - - - -
POP 1 A - (SP); SP - SP2 - - - - - -

·PUSHF 0 SP - SP - 2; (SP) - PSW; 0 0 0 0 0 0 
PSW - OOOOH 1-0 

POPF 0 PSW' - (SP); SP - SP + 2; I - I<' vt ,vt' vt vt vt vt 
SJMP 1 PC - PC + 11-bit offset - - - - - - 5 
WMP 1 PC - PC + 16-bit offset , - - - - - - 5 
BR [indirect] 1 PC - (A)' - - - - - -
SCALL 1 SP - SP - 2; (SP) - PC; - - - - - - 5 

PC - PC + 11-bit offset 
LCALL 1 SP - SP - 2; (SP) - PC; - - - - - - 5 

PC - PC + 16-bit offset 
RET 0 PC - (SP);SP - SP + 2 - - - - - -
J (conditional) 1 PC - PC + 8-bit offset (if taken) - - - - - - 5 
JC 1 JumpifC = 1 - - - - - - 5 
JNC 1 JunpifC = 0 - - - - - - 5 
JE 1 Jump if Z = 1 - - - - - - 5 

NOTES: 
1. If the nmemonic ends in "B", a byte operation is performed, otherwise II word operation is done. Operands D, B, and A 
must confrom to the alignment rules for the required operand type. D and B are locations in the Register File; a can be 
located anywhere in memory. 
2. D, D + 2,are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in 'memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 
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14.7 Instruction Summary (Continued) 

Mnemonic Oper- Operation (Note 1) Flags Notes ands Z N C V VT ST 
JNE 1 Jump if Z = 0 - - - - - - 5 
JGE 1 Jump if N = 0 - - - - - - 5 
JLT 1 Jump if N = 1 - - - - - - 5 
JGT 1 Jump if N = 0 and Z = 0 - - - - - - 5 
JLE 1 Jump if N = 1 or Z = 1 - - - - - - 5 
JH 1 Jump if C = 1 and Z = 0 - - - - - - 5 
JNH 1 Jump if C = 0 or Z = 1 - - - - - - 5 
JV 1 Jump if V = 1 - - - - - - 5 
JNV 1 Jump if V = 0 - - - - - - 5 
JVT 1 Jump if VT = 1; Clear VT - - - - 0 - 5 
JNVT 1 Jump if VT = 0; Clear VT - - - - 0 - 5 
JST 1 Jump if ST = 1 - - - - - - 5 
JNST 1 Jump ifST = 0 - - - - - - 5 
JBS 3 Jump if Specified Bit = 1 - - - - - - 5,6 
JBC 3 Jump if Specified Bit = 0 - - - - - - 5,6 
DJNZ 1 D - D - 1; if D =F 0 then - - - - - - 5 

PC - PC + a-bit offset 
DEC/DECB 1 D - D-1 " " " ", i -
NEGINEGB 1 D - O-D " " " " i -
INC/INCB 1 D - D+ 1 " " " ", i -
EXT 1 D - D; D + 2 - Sign (D) ", ", 0 0 - - 2 

EXTB 1 D - D; D + 1 - Sign (D) " ", 0 0 - - 3 

NOT/NOTB 1 D - Logical Not (D) " " 0 0 - -
CLR/CLRB 1 D-O 1 0 0 0 - -
SHL/SHLB/SHLL 2 C - msb 19b -0 " ? " " i - 7 

SHRISHRB/SHRL 2 0---+ msb 19b ---+ C " ? " 0 " 7 
SHRAISHRAB/SHRAL 2 msb ---+ msb 19b ---+ C " " " 0 " 7 

SETC 0 C-1 - - 1 - - -
CLRC 0 C-O - - 0 - - -
CLRVT 0 VT - 0 - - - - 0 -
RST 0 PC - 20aOH 0 0 0 0 0 0 a 
DI 0 Disable All Interrupts (I - 0) - - - - - -
EI 0 Enable All Interrupts (I - 1) - - - - - -
NOP 0 PC-PC+1 - - - - - -
SKIP 0 PC - PC + 2 - - - - - -
NORML 2 Left shift till msb = 1; D - shift count " ? 0 - - - 7 

TRAP 0 SP - SP -2; (SP) - PC - - - - - - 9 
PC - (2010H) 

NOTES: 
1. If the mnemonic ends in "8", a byte operation is performed, otherwise a word operation is done. Operands D, 8 and A 
must conform to the alignment rules for the required operand type. D and 8 are locations in the Register File; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2046 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
6.lnitiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2060H. 
9. The assembler will not accept this mnemonic. 
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14.8 SFR Summary 

AID Result LO (02H) 

"AID CHANNEL NUMBER 

STATUS: 
0= AID CURRENTLY IDLE 
I = CONVERSION IN PROCESS 

X 

X 

AID RESULT: 
LEAST SIGNIFICANT 2 BITS 

270652-39 

HSI_Mode (03H) 

L-------HSI.2 MODE 

'----------HSI.3 MODE 

WHERE EACH 2 - BIT MODE CONTROL FIELD 
DEFINES ONE OF 4 POSSIBLE MODES: 

BIT: 

00 B POSITIVE TRANSITIONS 
01 EACH POSITIVE TRANSITION 
10 EACH NEGATIVE TRANSITION 
11 EVERY TRANSITION 

(POSITIVE AND "NEGATIVE) 

HSO Command (06H) 

HSO.O AND HSO.1 
HSO.2 AND HSO.3 

8-B SOFTWARE TIMERS 
E RESET TIMER2 

270652-40 

START AID CONVERSION 

INTERRUPT I NO INTERRUPT 

SET I CLEAR 

TIMER 2 I TIMER 1 

X 

270652-41 
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AID Command (02H) 

11 CHANNEL # SELE. CTS WHICH OF THE 8 
1 ANALOG INPUT CHANNELS IS TO BE 

CONVERTED TO DIGITAL FORM. 

~ GO INDICATES WHEN THE CONVERSION IS TO 
BE INITIATED (GO = 1 MEANS START NOW, 
GO = 0 MEANS THE CONVERSION IS TO BE 
INITIATED BY THE HSO UNIIAT A SPECIFIED TIME). 

270652-42 

SPCON/SPSTAT (11H) 

Bin, BITO SPECIFY THE MODE 
00 = MODE 0 10=MODE 2 
01=MODE111=MODE3 

PEN ENABLE THE PARITY FUNCTION 

REN ENABLES THE RECEIVE FUNCTION 

TBB PROGRAMS THE 9TH DATA BIT 

TI IS THE TRANSMIT INTERRUPT FLAG 

RI IS THE RECEIVE INTERRUPT FLAG 

RBB IS THE 9TH DATA RECEIVED 
(IF NOT PARITY) 

RPE IS THE PARITY ERROR. INDICATOR 
(IF PARITY ACTIVE) 

270652-43 

Baud Rate Calculations 

Using XTAL: 

Baud XT ALl frequency 
Mode 0: -- = . B '"' 0 

Rate 4* (B + 1) , 

. Baud XT ALl Frequency 
Others: -- = ------=---~ 

Rate 64' (B + 1) 

Using T2CLK: 

Baud T2CLK frequency 
Mode 0: -- = ; B '"' 0 

Rate B 

Baud T2CLK Frequency 
Others: -- = ; B '"' 0 

Rate 16* B 
Note that B cannot equal 0, except when using 
XTAL1 in other than Mode O. 
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HSI Status (OSH) 

L.-------HSI.2 STATUS 

lOCO (15H) 

T2RST --0 . - . 10CO.S I :>'-o-o -0_---- T2 RESET ;;-, . 

• _. IOCO.3 
• _. 10CO.O 

HSI.O ~...------- HSI 

L.---------HSI.3 STATUS 

WHERE FOR EACH 2 - BIT STATUS FIELD THE LOWER 
BIT INDICATES WHETHER OR NOT AN EVENT HAS 
OCCURED ON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENT STATUS OF THE PIN. 

• _. IOCO.2 

r<> "'-0_------ HSI 

HSI.1 ~ TII>.1ER2 

T2CLK --0 ~ _. IOCO.7 CLOCK 

• _. 10COA 

lOCO (15H) 

HSI.O INPUT ENABLE / DISABLE 

TIM ER 2 RESET EACH WRITE 

HSI.1 INPUT ENABLE / DISABLE 

270652-44 

TIMER 2 EXTERNAL RESET ENABLE / DISABLE 

HSI.2 INPUT ENABLE / DISABLE 

TIMER 2 RESET SOURCE HSI.O / T2RST 

HSI.3 INPUT ENABLE / DISABLE 

TIMER 2 CLOCK SOURCE HSI.1/T2CLK 
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HSI.2 --0 "'-0...------- HSI 

• _. 10CO.S 

HSI.3 --0 "'-0...------- HSI 
270652-46 

2 

3 

4 

S 

IOSO(15H) 

HSO.O CURRENT STATE 

HSO.1 CURRENT STATE 

HSO.2 CURRENT STATE 

HSO.3 CURRENT STATE 

HSO.4 CURRENT STATE 

HSO.S CURRENT STATE 

CAM Q.!l HOLDING REGISTER IS FULL 

HSO HOLDING REGISTER IS FULL 

270652-47 

Interrupt Pending Register 

(LOCATION 09H) 

171sIs14131211101 

III I I ~ :,~~:~~~E" 
HSO EVENT 
HSI BIT 0 
SOFTWARE. TIMERS 

'---------- SERIAL I/O 
'---------- EXTERNAL INTERRUPT 

PSW Register 

17·41 
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IOC1 (16H) 1051 (16H) 

SELECT PWM / SELECT P2.5 SOFTWARE TIMER 0 EXPIRED 

EXTERNAL INTERRUPT ACH7/ EXTINT 

TIMER 1 OVERFLOW INTERRUPT ENABLE/DISABLE 

TIMER 2 OVERFLOW INTERRUPT ENABLE/DISABLE 

HSO.4 OUTPUT ENABLE / DISABLE 

SELECT TXD / SELECT P2.0 

HSO.5 OUTPUT ENABLE / DISABLE 

HSI INTERRUPT 
FIFO FULL / "'HO""L"O-";IN"'"G"R""EG""IS""T""ER;:-;-;LO"A""'O""EO 

270652-48 

Vector Vector Location Priority 
(High (Low 
Byte) Byte) 

Software 2011H 2010H Not Applicable 
Extint 200FH 200EH 7 (Highest) 
Serial Port 200DH 200CH 6 
Software 200BH 200AH 5 

Timers 
HSI.O 2009H 2008H 4 
High Speed 2007H 2006H 3 

Outputs 
HSI Data 2005H 2004H 2 

Available 
AID Conversion 2003H 2002H 1 

Complete 
Timer Overflow 2001H 2000H o (Lowest) 

17-42 

SOFTWARE TIMER 1 EXPIRED 

SOFTWARE TIMER 2 EXP.IRED 

SOFTWARE TIMER 3 ExPIRED 

TIMER 2 HAS OVERFLOW 

TIMER 1 HAS OVERFLOW 

HSI FIFO IS FULL 

HSI HOLDING REGISTER DATA AVAILABLE 

270652-49 
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MCS®-96 

8098/8398 

• 
• 
• 
• 
• 
• 
• 
• 

ADVANCED 8-BIT MICROCONTROLLER 
WITH 16-BIT CPU 

• 8398: an 8098 with 8K Bytes of On-Chip ROM 

232 Byte Register File • Full Duplex Serial Port 

Register-to-Register Architecture • Dedicated Baud Rate Generator 

10-Bit AID Converter with S/H • 6.25 f-Ls 16 x 16 Multiply 

Two 8-Bit and Two 4-Bit I/O Ports • 6.25 f-Ls 32116 Divide 

20 Interrupt Sources • 16-Bit Watchdog Timer 

Pulse-Width Modulated Output • Four 16-Bit Software Timers 

ROM Lock • Two 16-Bit Counter/Timers 

High Speed I/O Subsystem 

The MCS®-96 family of 16-bit microcontrollers consists of many members, all of which are designed for high
speed control functions. The 8X98 members were designed specifically for those applications that require the 
speed of a 16-bit microcontroller but are limited by board space and cost requirements to an 8-bit external bus. 
The 8X98 members are produced using Intel's HMOS-III process. 

The CPU supports bit, byte, and word operations. Thirty-two bit double-words are supported for a subset of the 
instruction set. With a 12 MHz input frequency the 8098 can do a 16-bit addition in 1.0 p.s and a 16 x 16-bit 
multiply or 32/16 divide in 6.25 p.s. Instruction execution times average 1 to 2 P.s in typical applications. 

Four high-speed trigger inputs are provided to record the times at which external events occur. Six high-speed 
pulse generator outputs are provided to trigger external events at preset times. The high-speed output unit can 
simultaneously perform software timer functions. Up to four 16-bit software timers can be in operation at once. 

The on-chip AID converter includes a Sample and Hold, and converts up to 4 multiplexed analog input 
channels to 10-bit digital values. With a 12 MHz crystal, each conversion takes 22 p.s. 

Also provided on-chip are a serial port, a Watchdog Timer, and a pulse-width modulated output signal. 

VREF ANGND 

PORT 0 

POWER 

PORT 2 HSI HSO 
AL T FUNCTIONS 

, , 
CONTROL 
SIGNALS 

: PORjT
A
:

OR 

DATA 

~==~ BUS 

PORT 4 

Figure 1. MCS®-96 Block Diagram 
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FUNCTIONAL OVERVIEW 

The following section is an overview of the 8X98 
devices, generally referred to as the 8098, Addition
al information is available in the Embedded Control
ler Handbook, order number 210918. 

CPU Architecture 

The 8098 uses the same address space for both 
program and data memory, except in the address 
range from OOH through OFFH. Data fetches in this 
range are always to the Register File, while instruc
tion fetches from these locations are directed to ex
ternal memory. (Locations OOH through OFFH in ex
ternal memory are reserved for Intel development 
systems). 

Within the Register File, locations OOH through 17H 
are register mapped liD control registers, also re
ferred to as Special Function Registers (SFRs). The 
rest of the Register File (018H through OFFH) con
tains 232 bytes of RAM, which can be referenced as 
bytes, words, or double-words. This register space 
allows the user to keep the most frequently-used 
variables in on-chip RAM, which can be accessed 
faster than external memory. Locations OFOH 
through OFFH can be preserved during power down 
via a separate power down .pin (VPD). 

Outside of the Register File, program memory, data 
memory, and peripherals can be intermixed. The ad
dresses with special significance are: 

OOOOH- 0017H Register Mapped 110 (SFRs) 
0018H- 0019H Stack Pointer 
1FFEH- 1FFFH Ports 3 and 4 
2000H- 2011H Interrupt Vectors 
2012H- 2017H Reserved 
2018H Chip Configuration Byte 
2019H Reserved 
201AH- 201BH "Jump to Self" Opcode (27 FE) 
201CH- 201FH Reserved 
2020H- 202FH Security Key 
2030H- 207FH Reserved 
2080H Reset Location 

The 8398 carries 8K bytes of ROM. Internal program 
memory occupies addresses 2000H through 3FFFH. 
Instruction or data fetches from these addresses ac
cess the on-chip memory if the EA pin is externally 
held at 5V. If the EA pin is at OV, these addresses 
access off-chip memory. 

A memory map for the 8098 version of the MCS-96 
product famil~ is shown in Figure 3. 

Reserved location warning: Intel Reserved ad
dresses can not be used by applications which use 
8X98. internal ROM. The data read from a reserved 
location is not guaranteed, and a write to any re
served location could cause unpredictable results. 
When attempting to program Intel Reserved ad
dresses, the data must be OFFFFH to ensure a 
harmless result. A memory map indicating reserved 
locations on the 8X98 is shown in Figure 2. 

Intel Reserved locations, when mapped to external 
memory, must be filled with OFFFFH to ensure com
patibility with future parts. 

FFFFH 

EXTERNAL MEMORY 

OR 1/0 

4000H 

INTERNAL PROGRAM 

STORAGE ROMIEPROM 

OR 

EXTERNAL MEMORY 
2080H 

RESERVED 2072H-207FH 

SIGNATURE WORD 2070H-2071 H 

RESERVED 2030H - 206FH 

SECURITY KEY 2020H - 202FH 

RESERVED 201CH-201FH 

SELF JUMP CODE (27H FEH) 201 AH-201 BH 

RESERVED 2019H 

CHIP CONFIGURATION BYTE 2018H 

RESERVED 2012H·2017H 

INTERRUPT VECTORS 2000H 

Figure 2. Reserved Locations 

The RALU (Register/ALU) section consists of a 17-
bit ALU, the Program Status Word, the Program 
Counter, and several temporary registers. A key fea
ture of the 8098 is that it does not use an accumula
tor. Rather, it operates directly on any register in the 
Register File. Being able to operate directly on data 
in the Register File without having to move it into 
and out of an accumulator results in a significant 
improvement in execution speed. 

In addition to the normal arithmetic and logical func
tions, the MCS-96 instruction set provides the fol
lowing special features: 

6.25 J.Ls Multiply and Divide 
Multiple Shift Instruction 
3 Operand Instructions 
Normalize Instruction 
Software Reset Instruction 
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OFFH 

OFOH 

OEFH 

IAH 

19H 

18H 

17H 

16H 

ISH 

14H 

13H 

12H 

IIH 

10H 

OFH 

OEH 

~OH 

OCH 

OBH 

OAH 

09H 

08H 

07H 

06H 

05H 

04H 

03H 

02H 

OIH 

OOH 

POWER-DOWN 
RAM 

INTERNAL 
REGISTER FILE 

(RAM) 

STACK POINTER STACK POINTER 

PWt.LCONTROL 

1051 lOCI 

1050 lOCO 

RESERVEO RESERVED 

SP _SlAT SP _CON 

10 PORT 2 10 PORT 2 

RESERVED RESERVED 

10 PORT a BAUD_RATE 

TlMER2 (HI) 

TIMER2 (LO) RESERVED 

TIMERI (HI) 

TIMERl (LO) WATCHDOG 

INLPENDING INLPENDING 

INLMASK INLMASK 

SBUF (RX) SBUF (TX) 

HSLSTATUS HSO_COMMAND 

HSUIME (HI) HSO_TlME (HI) 

HSUIME (LO) H50_TlME (LO) 

AD_RESULT (HI) HSU_(OOE 

AD_RESULT (LO) AD_COMMAND 

RO (HI) RO (HI) 

RO (La) RO (LO) 

(WHEN READ) (WHEN WRITIEN) 

255\ 

240 

239 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

II 

10 

9 

8 

7 

6 

5 

4 L 
3 

2 

I 

0 

EXTERNAL MEMORY 
OR 1/0 

INTERNAL PROGRAM 
STORAGE ROM 

OR 
EXTERNAL MEMORY 

RESERVED 

SECURITY KEY 

RESERVED 

SELF JUMP apcaDE (27H FEH) 

RESERVED 

CHIP CONFIGURATION BYTE 

RESERVED 

INTERRUPT VECTORS 

PORT 4 

PORT 3 

EXTERNAL t.lEMORY 
OR 1/0 

INTERNAL RAM 
REGISTER FILE 

STACK POINTER 
SPECIAL FUNCTION REGISTERS 

(WHEN ACCESSED AS DATA MEMORY) 

FFFFH 

4000H 

2080H 

2030H - 207FH 

2020H - 202F"H 

201 CH - 201 F"H 

201AH-20tBH 

2019H 

2018H 

2012H- 2017H 

2000H 

1F"F"F"H 

IF"F"EH 

0100H 
OOF"F"H 

OOOOH 

270532-2 

Figure 3. Memory Map 

All operations on the 8098 take place in a set num
ber of "State Times." The 8098 uses a three phase 
internal clock, so each state time is 3 oscillator peri
ods. With a 12 MHz clock, each state time requires 
0.25 /ks, based on a T osc of 83 ns. 

Operating Modes 

The 8098 supports· a variety of options to simplify 
memory systems. Several ready control modes are 
available to simplify the external hardware require
ments for accessing slow devices. The Chip Config
uration Register is used to store the operating mode 
information. 

CHIP CONFIGURATION REGISTER (CCR) 

Configuration information is stored in the Chip Con
figuration Register (CCR). Three of the bits in the 
register specify the bus control mode and ready con
trol mode. One bit also governs the level of ROM 

protection. The CCR bit map is shown in Figure 4, 
and the functions associated with each bit are de
scribed later. 

CHIP CONFIGURATION REGISTER 
L,-!,1"Y-rL-r.a.,-&,1"Y 

RESERVED (Set to I for 
compatibility with future 
parts) 

SET TO 0 

SET TO 1 

ADDRESS VAliD STROBE SELECT 

(ALE/ ADV) 

(IRCO) } INTERNAL READY 

'-----(IRC1) CONTROL MODE 

SET TO O} PROGRAM LOCK 
L------(LOC1) MODE 

270532-3 

Figure 4. Chip Configuration Register 
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The CCR is loaded on reset with the Chip Configura
tion Byte,located at address 2018H. The CCR regis
ter is a non-memory mapped location that can only 
be written to during the reset sequence; once it is 
loaded it cannot be changed until the next reset oc
curs. 

In order to work properly with an 8-bit only system, it 
is necessary to hold the upper address byte on the 
address bus throughout the CCB read cycle since an 
address latch may not be present. 

If the EA pin is set to a logical 0, the access to 
2018H comes from external memory. If EA is a logi
cal 1, the access comes from internal ROM. 

BUS CONTROL 

The 8098 can be made to provide two types of bus 
control signals. ALE has a dual function designed to 
reduce external hardware. Bit 3 of the CCR specifies 
the function performed by these control lines., 

Standard Bus Control 

If CCR bit 3 is a 1, then the standard 8098 control 
signal ALE is provided (Figure 5). ALE will rise as the 
address starts to come- out, and will fall to provide 
the signal to externally latch the address. 

ALE .-n ___ --rL 
ADO -7 ---fDDR Lowl DATA OUT I---
AS -15 ---1 ... __ A_DD_R_ES_S_H_IG_H __ ... 1---

270532-4 

Figure 5. Standard Bus Control 

Address Valid Strobe Mode 

If CCR bit 3 is a 0, then an Address Valid Strobe is 
provided in the place of ALE (Figure 6). When the 

Address Valid Mode is selected, ADV will go low af
ter an external address is set up. It will stay low until 
the end of the bus cycle, where it will go inactive 
high. This can be used to provide a chip select for 
external memory. 

ADO -7 ---IADDR Lowl DATA OUT I---
AS -15 ---I ADDRESS OUT HIGH 

270532-5 

Figure 6. Address Valid Strobe Mode 

READY CONTROL 

To simplify ready control, four modes of internal 
ready control logic have been provided. The modes 
are chosen by properly configuring bits 4 and 5 of 
the CCA. 

The internal ready control logic can be used to limit 
the number of wait .states that slow devices can in
sert into the bus cycle. When the READY pin is 
pulled low, wait states will be inserted into the bus 
cycle until the READY pin goes high, or the number 
of wait states equals the number'. specified by CCR 
bits 4 and 5, whichever comes first. Table 1 shows 
the number of wait states that can be selected. In
ternal ready control can be disabled by loading 11 
il)to bits 4 and 5 of the CCA. 

IRC1 

o 
o 
1 

Table 1. Internal Aeady Control 

IRCO Description 

o Limit to 1 Wait State 
1 Limit to 2 Wait States 
o Limit to 3 Wait States 

Disable Internal Ready Control 

17-46 



intJ 8098/8398 

This feature provides for simple ready control. For 
example, every slow memory chip select line could 
be ORed together and be connected to the READY 
pin with CCR bits 4 and 5 programmed to give the 
proper number of wait states to the slow devices. 

ROM LOCK 

Program memory lock is available on the 8398 part. 
CCR bit 7 (LOC1) selects whether internal program 
memory can be read by a program executing from 
external memory. The modes are shown in Table 2. 
Internal ROM addresses 2020H through 3FFFH are 
protected from reads as set by the CCR when LOC1 
is cleared to O. 

Table 2. Program Lock Modes 

LOC1 Protection 

0 Read Protected 
1 No Protection 

Only code executing from internal memory can read 
protected internal memory. As a result of 8098 pre
fetching of instructions, however, accesses to pro
tected memory are not allowed for instructions locat
ed above 3FFAH. Note that the interrupt vectors and 
the CCR are not protected. 

To provide ROM lock while allowing verification and 
testing, the 8398 requires security key verification 
before programming or test modes are allowed to 
read protected memory. 

High Speed 1/0 Unit (HSIO) 

The HSIO unit consists of the High Speed Input Unit 
(HSI), the High Speed Output Unit (HSO), one coun
ter and one timer. "High Speed" denotes that the 
units can perform functions related to the timers 
without CPU intervention. The HSI records times 
when events occur and the HSO triggers events at 
pre-programmed times. 

All actions within the HSIO unit are synchronized to 
the timers. The two 16-bit timer/counter registers in 
the HSIO unit are cleared on chip reset and can be 
programmed to generate an interrupt on overflow. 
The Timer 1 register is automatically incremented 
every 8 state times (every 2.0 /Jos, with a 12 MHz 
clock). The Timer 2 register counts transitions on the 
HSI.1 pin. It is incremented on both positive and 
negative edges of the input line. In addition to being 
cleared by reset, Timer 2 can also be cleared in soft
ware or by signals from input pin HSI.O. Neither of 
these timers is required for either the Watchdog Tim
er or the serial port. 

The High Speed Input (HSI) unit can detect tran
sitions on any of its 4 input lines. When one occurs it 
records the time (from Timer 1) and which input lines 
made the transition. This information is recorded 
with 2 /JoS (12 MHz system) resolution and stored in 
an 8-level FIFO. The unit can be programmed to 
look for four types of events, as shown in Figure 7. It 
can activate the HSI Data Available interrupt either 
when the Holding Register is loaded or the 6th FIFO 
entry has been made. Each input line can be individ
ually enabled or disabled to the HSI unit by software. 

The High Speed Output (HSO) unit is shown in Fig
ure 8. It can be programmed to set or clear any of its 
6 output lines, reset Timer 2, trigger an AID conver
sion, or set one of 4 Software Timer flags at a pro
grammed time. An interrupt can be enabled for any 
of these events. Either Timer 1 or Timer 2 can be 
referenced for the programmed time value and up to 
8 commands for preset actions can be stored in the 
CAM (Content Addressable Memory) file at anyone 
time. As each action is carried out at its preset time 
that command is removed from the CAM making 
space for another command. HSOA and HSO.5 are 
shared with the HSI unit as HSI.2 and HSI.3, and can 
be individually enabled or disabled as outputs. 

Standard 1/0 Ports 

There are 2 8-bit and 2 4-bit I/O ports on the 8098 in 
addition to the High Speed I/O lines. 

Port 0 is an input-only port which shares its pins with 
the analog inputs to the AID converter. The port can 
be read digitally and/or, by writing to the A/D Com
mand Register, one of the lines can be selected as 
the input to the AID converter. 

Port 2 is a multi-functional port. The 4 pins are 
shared with other functions in the 8098, as shown in 
Table 3. 

Table 3. Port 2 Pin Functions 

Port Function Alternate Function 

P2.0 Output TXD (Serial Port Transmit) 
P2.1 Input RXD (Serial Port Receive) 
P2.2 Input EXTINT (External Interrupt) 
P2.5 Output PWM (Pulse Width Modulation) 

Ports 3 and 4 are bi-directional I/O ports with open 
drain outputs. These pins are also used as the multi
plexed address/data bus when accessing external 
memory, in which case they have strong internal 
pullups. The internal pullups are only used during 
external memory read or write cycles when the pins 
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HSI Trigger Options 

~ HI TO LO 

~ LO TO Ht 

~IORL~ 

EVERY EIGHTH POSITIVE 
TRANSmoN 

270532-6 

8098/8398 

FIFO 
INTERRUPT 

'" CONTROL LOGIC 

4 

Figure 7. High Speed Input Unit 

High Speed Output Controls 
6 Pins 
4 Software Timers 
2 Interrupts 
Initiate AID Conversion 
Reset Timer 2 

T2CLK 

T2RST 

PORT PINS 

Figure 8. High Speed Output Unit 
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are outputting address or data bits. At any other 
time, the internal pullups are disabled. When used 
as a system bus, Ports 3 and 4 are a multiplexed 16-
bit address/ 8-bit data bus. 

Serial Port 

The serial port is compatible with the MCS-51 family, 
(8051, 8031 etc.), serial port. It is full duplex, and 
double-buffered on receive. There are 3 asynchro
nous modes and 1 synchronous mode of operation 
for the serial port. The asynchronous modes allow 
for 8 or 9 bits of data with even parity optionally 
inserted for one of the data bits. Selective interrupts 
based on the 9th data bit are available to support 
interprocessor communication. 

Baud rates in all modes are determined by an inde
pendent 16-bit on-chip baud rate generator. The 
XTAL 1 pin is used as the input to the baud rate gen
erator. The maximum baud rate in the asynchronous 
mode is 187.5 KBaud. The maximum baud rate in 
the synchronous mode is 1.5 MBaud. 

Pulse Width Modulator (PWM) 

The PWM output shares a pin with port bit P2.5. 
When the PWM output is selected, this pin outputs a 
pulse train having a fixed period of 256 state times, 
and a programmable width of 0 to 255 state times. 
The width is programmed by loading the desired 
value, in state times, to the PWM Control Register. 

AID Converter with Sample and Hold 

The analog-to-digital converter is a 10-bit, succes
sive approximation converter with internal sample 
and hold. It has a fixed conversion time of 88 state 
times which includes the 4 state acquisition time of 
the internal Sample/Hold. With a 12 MHz clock, the 
conversion takes 22 I-1s, including the 1 I-1s sample 
for the Sample and Hold. The Sample acquisition 
begins 4 state times after the conversion is trig
gered. A 2 pF capacitance is charged from the input 
signal during acquisition. 

The analog input must be in the range of 0 to VREF 
(nominally, VREF = 5V). This input can be selected 
from 4 analog input lines, which connect to the same 
pins as Port O. A conversion can be initiated either 
by setting a control bit in the AID Command register, 
or by programming the HSO unit to trigger the con
version at some specified time. 

Interrupts 

The 8098 has 20 interrupt sources which vector 
through 8 interrupt vectors. A 0-to-1 transition from 
any of the sources sets a corresponding bit in the 
Interrupt Pending register. The content of the Inter
rupt Mask register determines if a pending interrupt 
will be serviced or not. If it is to be serviced, the CPU 
pushes the current Program Counter onto the stack 
and reloads it with the vector corresponding to the 
desired interrupt. The interrupt vectors are located in 
addresses 2000H through 2011 H, as shown in Fig
ure 9. 

Vector Location 
Vector (High (Low Priority 

Byte) Byte) 

Software 2011H 2010H Not Applicable 
Extint 200FH 200EH 7 (Highest) 
Serial Port 200DH 200CH 6 
Software 200BH 200AH 5 

Timers 
HSI,O 2009H 2008H 4 
High Speed 2007H 2006H 3 

Outputs 
HSI Data 2005H 2004H 2 

Available 
AID Conversion 2003H 2002H 1 

Complete 
Timer Overflow 2001H 2000H o (Lowest) 

Figure 9_ Interrupt Vectors 
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At the end of the interrupt routine the RET instruc
tion pops the program counter from the stack and 
execution continues where it left off. It is not neces
sary to store and replace registers during interrupt 
routines as each routine can be set up to use a dif
ferent section of the Register File. This feature of 
the architecture provides for very fast context 
switching. While the 8098 has a single priority level 
in the sense that any interrupt may itself be interrupt
ed, a priority structure exists for resolving simulta
neously pending interrupts, as indicated in Figure 9 . 

. Since the interrupt pending and interrl,Jpt mask regis
ters can be manipulated in software, it is possible to 
dynamically alter the interrupt priorities to suit the 
users software. 

Watchdog Timer 

The Watchdog Timer is a 16-bit counter which, once 
started, is incremented every state time. If not 
cleared before it overflows, the RESET pin will be 
pulled down for two state times, causing the system 
to be reinitialized. In a 12 MHz system, the Watch
dog Timer overflows after 16 ms. 

This feature is provided as a means of graceful re
covery from a software upset. The counter must be 
cleared by the software before it overflows, or else 
the system assumes an upset has occurred and acti
vates RESET. Once the Watchdog Timer is started it 
cannot be turned off by software. The flip-flop which 
enables the Watchdog Timer has been designed to 
maintain its state through Vee glitches to as low as 
OV or as high as 7V for 1 JLs to 1 ms. 

To start the Watchdog Timer, or to clear it, one 
writes 1 EH followed by OE1 H to the WDT address 
(OOOAH). The Watchdog cannot be stopped once it 
is started unless the system is reset. 

PACKAGING 

The 8098 is available in a 48-pin package with and 
without on-chip ROM. The MCS-96 numbering sys-

tem for the 8X98 parts is shown in Figure 10. Figure 
11 shows the pinout for the 48-pin package. The 48-
pin version is offered in a Dual-In-Line package. 

WithA/D 

ROMless I 48 Pin P8098 - Plastic DIP 

ROM I 48 Pin P8398 - Plastic DIP 

Figure 10. The MCS®-96 Family Nomenclature 

RXD/P2.1 RESET 

TXD/P2.0 EXTINT /P2.2 

HSIO vpD 
HSll VREF 

HSI2/HS04 ANGND 

HSI3/HS05 ACH4/PO.4 

HSOO ACH5/PO.5 

HSOl ACH7/PO.7 

HS02 ACH6/PO.6 

HS03 EA 

vss vee 
vpp vss 

PWMjP2.5 XTALl 

WR XTAL2 

N.C. ALE/ADV 

READY RD 

A15/P4.7 ADO/P3.0 

A14/P4.6 AD1/P3.1 

A13/P4.5 AD2/P3.2 

A12/P4.4 AD3/P3.3 

All/P4.3 AD4/P3.4 

Al0/P4.2 AD5/P3.5 

A9/P4.1 AD6/P3.6 

A8/P4.0 AD7/P3.7 

270532-9 

Figure 11. 48·Pin Package 
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PIN DESCRIPTIONS 
Symbol Name and Function 

Vee Main supply voltage (SV). 

Vss Digital circuit ground (OV). There are two Vss pins, both of which must be connected. 

VPD RAM standby supply voltage (SV). This voltage must be present during normal operation. 
In a Power Down condition (Le. Vee drops to zero), if RESET is activated before Vee drops 
below spec and VPD continues to be held within spec., the top 16 bytes in the Register File 
will retain their contents. RESET must be held low during the Power Down and should not 
be brought high until Vee is within spec and the oscillator has stabilized. 

VREF Reference voltage for the A/D converter (SV). VREF is also the supply voltage to the 
analog portion of the AID converter and the logic used to read Port O. Must be connected 
for AID and Port 0 to function. 

ANGND Reference ground for the A/D converter. Must be held at nominally the same potential as 
Vss· 

Vpp Programming voltage for the future EPROM parts. 

XTAL1 Input of the oscillator inverter and of the internal clock generator. 

XTAL2 Output of the oscillator inverter. 

RESET Reset input to the chip. Input low for at least 2 state times to reset the chip. The 
subsequent low-to-high transition re-synchronizes GLKOUT and commences a 10-state-
time sequence in which the PSW is cleared, a byte read from 2018H loads GGR, and a 
jump to location 2080H is executed. Input high for normal operation. RESET has an 
internal pull up. 

NMI A positive transition causes a vector to external memory location OOOOH. External memory 
from OOH through OFFH is reserved for Intel development systems. 

EA Input for memory select (External Access). EA equal to a TTL-high causes memory 
accesses to locations 2000H through 3FFFH to be directed to on-chip ROM. EA equal to a 
TTL-low causes accesses to these locations to be directed to off-chip memory. EA has an 
internal pull down, so it goes to 0 unless driven otherwise. EA is latched at reset. 

ALE/ADV Address Latch Enable or Address Valid output, as selected by GGR. Both pin options 
provide a latch to demultiplex the address from the address/data bus. When the pin is 
ADV, it goes inactive high at the end of the bus cycle. ADV can be used as a chip select for 
external memory. ALE/ ADV is activated only during external memory accesses. 

RD Read signal output to external memory. RD is activated only during external memory 
reads. 

WR Write output to external memory. WR is activated only during external memory writes. 

READY Ready input to lengthen external memory cycles, for interfacing to slow or dynamic 
memory, or for bus sharing. The bus cycle can be lengthened by up to 1 /Ls. When the 
external memory is not being used, READY has no effect. Internal control of the number of 
wait states inserted into a bus cycle held not ready is available through configuration of 
GGA. READY has a weak internal pullup, so it goes to 1 unless externally pulled low. 

HSI Inputs to High Speed Input Unit. Four HSI pins are available: HSI.O, HSI.1, HSI.2, and 
HSI.3. Two of them (HSI.2 and HSI.3) are shared with the HSO Unit. 

HSO Outputs from High Speed Output Unit. Six HSO pins are available: HSO.O, HSO.1 , HSO.2, 
HSO.3, HSO.4, and HSO.S. Two of them (HSO.4 and HSO.S) are shared with the HSI Unit. 

Port 0 4-bit high impedance input-only port. These pins can be used as digital inputs and/or as 
analog inputs to the on-chip A/D converter. 

Port 2 4-bit multi-functional port. Its pins are shared with other functions in the 8098. 

Ports 3 and 4 8-bit bi-directionall/O ports with open drain outputs. These pins are shared with the 
multiplexed address/data bus which has strong internal pull ups. 
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INSTRUCTION SET 

The 8098 instruction set makes use of six address
ing modes as described below: 

DIRECT-The operand is specified by an 8-bit ad
dress field in the instruction. The operand must be in 
the Register File or SFR space (locations OOOOH 
through OOFFH). 

IMMEDIATE-The operand itself fcillows the op
code in the instruction stream as immediate data. 
The immediate data can be either 8-bits or 16-bits as 
required by the opcode. 

INDIRECT-An 8-bit address field in the instruction 
. gives the word address of a word register in the 
Register File which contains the 16-bit address of 
the operand. The operand can be anywhere in mem
ory. 

INDIRECT WITH AUTO·INCREMENT~ame as 
Indirect, except that, after the operand is referenced, 
the word register that contains the operand's ad
dress is incremented by 1 if the operand is a byte, or 
by 2 if the operand is a word. 

INDEXED (LONG AND SHORT)-The instruction 
contains an 8-bit address field and either an 8-bit or 
a 16-bit displacement field. The 8-bit address field 
gives the word address of a word register in the 
Register File which contains a 16-bit base address. 
The 8- or 16-bit displacement field contains a signed 
displacement that will be added to the base address 
to produce the address of the operand. The operand 
can be anywhere in memory. 

The 8098 contains a zero register at word address 
OOOOH (and which contains OOOOH). This register is 
available for performing comparisons and for use as 
a base register in indexed addressing. This effective
ly provides direct addressing to all 64K of memory. 

In the 8098 the Stack Pointer is at word address 
0018H in the Register File. If the 8-bit address field 
contains 18H, the Stack Pointer becomes the base 
register. This allows direct accessing of variables in 
the stack. 

The following tables list the MCS-96 instructions,. 
their opcodes, and execution times. 

A Word on Instruction Execution Times 

Some performance degradation is to be expected 
when using the 8098 with external program memory. 
The reason for this is that the bus controller has a 
difficult time keeping the instruction prefetch queue 
full when the CPU is executing short instructions. 
The CPU then has to wait while the bus controller 
fetches the next instruction and its operands. The 
percentage that this degradation affects a particular 
string of code is dependent on the instructions used 
and in the sequencing of those instructions. Typical
ly, add 20% to the state times calculated from the 
following tables for a given sequence of code that 
uses long state time instructions, and add 40% for a 
given sequence that uses short state time instruc
tions. 
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Instruction Summary 

Mnemonic Oper- Operation (Note 1) Flags Notes ands Z N C V VT ST 

AOO/AOOB 2 0- O+A v v v v t -
AOO/AOOB 3 0- B+A v v v v t -
AOOC/AOOCB 2 O-O+A+C J. v v v t -
SUB/SUBB 2 0- O-A v v v v t -
SUB/SUBB 3 0- B-A v v v v t -
SUBC/SUBCB 2 0- 0-A+C-1 ,t, v v v t -
CMP/CMPB 2 O-A v v v v t -
MULIMULU 2 0,0+ 2 - O' A - - - - - ? 2 

MULIMULU 3 0,0+ 2 - B * A - - - - - ? 2 

MULB/MULUB 2 0,0+ 1 - 0* A - - - - - ? 3 

MULB/MULUB 3 0,0 + 1 - B * A - - - - - ? 3 

OIVU 2 o - (0,0 + 2)/A, 0 + 2 - remainder - - - v t - 2 

OIVUB 2 o - (0,0+ 1)/A, 0 + 1 - remainder - - - v t - 3 

DlV 2 o - (0, 0 + 2)/ A, 0 + 2 - remainder - - - ? t -
OIVB 2 o - (0,0+ 1)/A, 0 + 1 -- remainder - - - ? t -
ANO/ANOB 2 0- OandA v v 0 0 - -
ANO/ANOB 3 0- BandA v v 0 0 - -
OR/ORB 2 0- DorA v v 0 0 - -
XOR/XORB 2 o - 0 (excl. or) A v v 0 0 - -
LO/LOB 2 O-A - - - - - -
ST/STB 2 A-O - - - - - -
LOBSE 2 0-A;0+1 - SIGN(A) - - - - - - 3,4 

LOBZE 2 0-A;0.+1-0 - - - - - - 3,4 

PUSH 1 SP - SP - 2; (SP) - A - - - - - -
POP 1 A _ (SP); SP - SP + 2 - - - - - -
PUSHF 0 SP of- SP - 2; (SP) __ PSW; 0 0 0 0 0 0 

PSW - OOOOH 1-0 

POPF 0 PSW - (SP); SP - SP + 2; I-v v v v v v v 
SJMP 1 PC - PC + 11-bit offset - - - - - - 5 

LJMP 1 PC - PC + 16-bit offset - - - - - - 5 
BR (indirect] 1 PC - (A) - - - - - -
SCALL 1 SP - SP - 2; (SP) - PC; - - - - - - 5 

PC - PC + 11-bit offset 

LCALL 1 SP - SP - 2; (SP) - PC; - - - - - - 5 
PC - PC + 16-bit offset 

RET 0 PC - (SP); SP - SP + 2 - - - - - -
J (conditional) 1 PC - PC + S-bit offset (if taken) - - - - - - 5 

JC 1 Jump ifC = 1 - - - - - - 5 

JNC 1 Jump ifC = 0 - - - - - - 5 

JE 1 Jump if Z = 1 - - - - - - 5 

NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands 0, B, and A 
must conform to the alignment rules for the required operand type. 0 and B are locations in the Register File; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; D is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 
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Instruction Summary (Continued) 

Mnemonic Oper- Operation (Note 1) Flags Notes ands Z N C V VT ST 
JNE 1 JumpifZ = 0 - - - - - - 5 

JGE 1 Jump if N = 0 - - - - - - 5 

JLT 1 Jump if N = 1 - - - - - - 5 

JGT 1 Jump if N = 0 and Z = 0 - - - - - - 5 
JLE 1 Jump if N = 1 or Z = 1 - - - - - - 5 
JH 1 JumpifC = 1 andZ = 0 - - - - - - 5 

JNH 1 Jump if C = 0 or Z = 1 - - - - - - 5 

JV 1 Jump if V = 1 - - - - - - 5 

JNV 1 Jump if V = 0 - - - - - - 5 

JVT 1 Jump if VT = 1; Clear VT - - - - 0 - 5 
JNVT 1 Jump if VT = 0; Clear VT - - - - 0 - 5 
JST 1 JumpifST = 1 - - - - - - 5 

JNST 1 JumpifST = 0 - - - - - - 5 

JBS 3 Jump if Specified Bit = 1 - - - - - - 5,6 

JBC 3 Jump if Specified Bit = 0 - - - - - - 5,6 
DJNZ 1 D +- D-.1;ifD¥-Othen 

PC +- PC + 8-bit offset - - - - - - 5 
DEC/DECB 1 D+-D-1 ", ", ", ", i -
NEG/NEGB 1 D+-O-D ", ", "'. ", i -
INC/INCB 1 D+-D+1 ", ", ", ", i -
EXT 1 D +- D; D + 2 +- Sign (D) ", ", 0 0 - - 2 

EXTB 1 D +- D; D + 1 +- Sign(D) ", ", 0 0 - - 3 

NOT/NOTS 1 D +- Logical Not (D) ", ", 0 0 - -
CLR/CLRB 1 D+-O 1 0 0 0 - -
SHL/SHLB/SHLL 2 C +- msb-----Isb +- 0 ", ? ", ", i - 7 

SHRISHRB/SHRL 2 0-+ msb-----Isb -+ C ", ? ", 0 - ", 7 

SHRAISHRAB/SHRAL 2 msb -+ msb-----Isb -+ C ", ", ", 0 - ", 7 

SETC 0 C+-1 - - 1 - - -
CLRC 0 C+-O - - 0 - - -
CLRVT 0 VT +- 0 - - - - 0 -
RST 0 PC +- 2080H 0 0 0 0 0 0 8 

DI 0 Disable All Interrupts (I +- 0) - - - - - -
EI 0 Enable All Interrupts (I +- 1 ) - - - - - -
NOP 0 PC+-PC+1 - - - - - -
SKIP 0 PC-PC+2 - - - - - -
NORML 2 Left shift till msb = 1; D - shift count ", ? 0 - - - 7 

TRAP 0 SP - SP - 2; (SP) - PC 
PC - (2010H) - - - - - - 9 

NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands D, B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file, 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 
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Opcode and State Time Listing 

DIRECT IMMEDIATE INDIRECT" INDEXED" 

(J (/) NORMAL AUTO-INC. SHORT LONG 
Z Q 

Z III III III e e III e e 0 CC Q (/) III(/) C (/) III(/) C (/) III(/) (/) III(/) C (/) III(/) (/) III(/) :::E a: 0 III 1-111 0 III !;till 0 III 1-111 III 1-111 0 III !;till III !;till III III (J t: ~;! 
(J I- (J I- CC:::E I- CC:::E (J l- I-Z 0.. 0.. 0.. >- I-;! 0.. >- 1-- >- tii= 

0.. >- I-;! >- I-;! 
:::E 0 0 ID (/)1- 0 ID (/)1- 0 ID (/)1- ID 0 ID (/)1- ID (/)1-

ARITHMETIC INSTRUCTIONS 

ADD 2 64 3 4 65 4 5 66 3 6/12 3 7/13 67 4 6/12 5 7/13 
ADD 3 44 4 5 45 5 6 46 4 7/13 4 8/14 47 5 7/13 6 8/14 
ADDB 2 74 3 4 75 3 4 76 3 6/11 3 7/12 77 4 6/11 5 7/12 
AD DB 3 54 4 5 55 4 5 56 4 7/12 4 8/13 57 5 7/12 6 8/13 
AD DC 2 A4 3 4 A5 4 5 A6 3 6/12 3 7/13 A7 4 6/12 5 7/13 
ADDCB 2 B4 3 4 B5 3 4 B6 3 6/11 3 7/12 B7 4 6/11 5 7/12 
SUB 2 68 3 4 69 4 5 6A 3 6/12 3 7/13 6B 4 6/12 5 7/13 
SUB 3 48 4 5 49 5 6 4A 4 7/13 4 8/14 4B 5 7/13 6 8/14 
SUBB 2 78 3 4 79 3 4 7A 3 6/11 3 7/12 7B 4 6/11 5 7/12 
SUBB 3 58 4 5 59 4 5 5A 4 7/12 4 8/13 5B 5 7/12 6 8/13 
SUBC 2 A8 3 4 A9 4 5 AA 3 6/12 3 7/13 AB 4 6/12 5 7/13 
SUBCB 2 B8 3 4 B9 3 4 BA 3 6/11 3 7/12 BB 4 6/11 5 7/12 
CMP 2 88 3 4 89 4 5 8A 3 6/12 3 7/13 8B 4 6/12 5 7/13 
CMPB 2 98 3 4 99 3 4 9A 3 6/11 3 7/12 9B 4 6/11 5 7/12 

MULU 2 6C 3 25 6D 4 26 6E 3 27/33 3 28/34 6F 4 27/33 5 28/34 
MULU 3 4C 4 26 4D 5 27 4E 4 28/34 4 29/35 4F 5 28/34 6 29/35 
MULUB 2 7C 3 17 7D 3 17 7E 3 19/24 3 20/25 7F 4 19/24 5 20/25 
MULUB 3 5C 4 18 5D 4 18 5E 4 20/25 4 21/26 5F 5 20/25 6 21/26 
MUL 2 ® 4 29 ® 5 30 ® 4 31/37 4 32/38 ® 5 31/37 6 32/38 
MUL 3 ® 5 30 ® 6 31 ® 5 32/38 5 33/39 ® 6 32/38 7 33/39 
MULB 2 ® 4 21 ® 4 21 ® 4 23/28 4 24/29 ® 5 23/28 6 24/29 
MULB 3 ® 5 22 ® 5 22 ® 5 24/29 5 25/30 ® 6 24/29 7 25/30 
DIVU 2 8C 3 25 8D 4 26 8E 3 28/33 3 29/34 8F 4 28/33 5 29/34 
DIVUB 2 9C 3 17 9D 3 17 9E 3 20/24 3 21/25 9F 4 20/24 5 21/25 
DIV 2 ® 4 29 ® 5 30 ® 4 32/37 4 33/38 ® 5 32/37 6 33/38· 
DIVB 2 ® 4 21 ® 4 21 ® 4 24/28 4 25/29 ® 5 24/28 6 25/29 

NOTES: 
'Long indexed and Indirect + instructions have identical opcodes with Short indexed and Indirect modes, respectively. The 
second byte of instructions using any Indirect or indexed addressing mode specifies the exact mode used. If the second 
byte is even, use Indirect or Short indexed. If it is odd, use Indirect + or Long indexed. In all cases the second byte of the 
instruction always specifies an even (word) location for the address referenced. 
<D Number of state times shown for internal/external operands. 
® The opcodes for signed multiply and divide are the opcodes for the unsigned functions with an "FE" appended as a 
prefix. 
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Opcode and State Time Listing (Continued) 

DIRECT IMMEDIATE INDIRECT' INDEXED" 

0 (I) NORMAL AUTO-INC. SHORT LONG 
Z 0 z UI UI UI e e UI e e 0 < 0 (I) UI(I) 0 (I) UI(I) 0 (I) UI(I) (I) UI(I) 0 (I) UI(I) (I) UI(I) :E a: 0 UI I-UI 0 UI !;(UI 

0 UI !;(UI UI I-UI 0 UI !;(UI UI I- UI. UI UI 0 I- ~!1 0 I- 0 I- ~ ~!1 0 l- I- <:E z 0.. 0.. > 0.. > .... !1 0.. > 1-!1 0.. > 1-!1 > 1--:E 0 0 ID (1)1- 0 ID (1)1- 0 ID (1)1- ID (1)1- 0 ID (1)1- ID (1)1-

LOGICAL INSTRUCTIONS 
AND 2 60 3 4 61 4 5 62 3 6/12 3 7/13 63 4 6/12 5 7/13 
AND 3 40 4 5 41 5 6 42 4 7/13 4 8/14 43 5 7/13 6 8/14 
AN DB 2 70 3 4 71 3 4 72 3 6/11 3 7/12 73 4 6/11 5 7/12 
ANDB 3 50 4 5 51 4 5 52 4 7/12 4 8/13 53 5 7/12 6 8/13 
OR 2 80 3 4 81 4 5 82 3 6/12 3 7/13 83 4 6/12 5 7/13 
ORB 2 90 3 4 91 3 4 92 3 6/11 3 7/12 93 4 6/11 5 7/12 
XOR 2 84 3 4 85 4 5 86 3 6/12 3 7/13 87 4 6/12 5 7/13 
XORB 2 94 3 4 95 3 4 96 3 6/11 3 7/12 97 4 6/11 5 7/12 

DATA TRANSFER INSTRUCTIONS 
LD 2 AO 3 4 A1 4 5 A2 3 6/12 3 7/13 A3 4 6/12 5 7/13 
LDB 2 BO 3 4 B1 3 4 B2 3 6/11 3 7/12 B3 4 6/11 5 7/12 
ST 2 CO 3 4 - - - C2 3 7/13 3 8/14 C3 4 7113 5 8/14 
STB 2 C4 3 4 - - - C6 3 7/11 3 8/12 C7 4 7/11 5 8/12 
LDBSE 2 BC 3 4 BD 3 4 BE 3 6/12 3 7/13 BF 4 6/12 5 7/13 
LDBZE 2 AC 3 4 AD 3 4 AE 3 6/12 3 7/13 AF 4 6/12 5 7/13 

STACK OPERATIONS (internal stack) 
PUSH 1 C8 2 8 C9 3 8 CA 2 11/16 2 12/17 CB 3 11/16 4 12/17 
POP 1 CC 2 12 - - - CE 2 14/20 2 14/20 CF 3 14/20 4 14/20 
PUSHF 0 F2 1 8 - - - - - - - - - - - - -
POPF 0 F3 1 9 - - - - - - - - - - - - -

STACK OPERATIONS (external stack) 
PUSH 1 C8 2 14 C9 3 14 CA 2 17/22 2 18/23 CB 3 17/22 4 18/23 
POP 1 CC 2 15 - - - CE 2 17/23 2 17/23 CF 3 17/23 4 17/23 
PUSHF 0 F2 1 14 - - - - - - - - - - - - -
POPF 0 F3 1 14 - - - - - - - - - - - - -

JUMP AND CALLS 
MNEMONIC OPCODE BYTES STATES MNEMONIC OPCODE BYTES STATES 

LJMP E7 3 4 LCALL EF 3 13/18® 
SJMP 20-27® 2 8 SCALL 28-2F® 2 13/18® 
BR[ 1 E3 2 8 RET FO 1 12/18® 

TRAP@ F7 1 21/26 

NOTES: 
'Long indexed and Indirect + instructions have identical opcodes with Short indexed and Indirect modes, respectively. The 
second byte of instructions using any Indirect or indexed addressing mode specifies the exact mode used. If the second 
byte is even, use Indirect or Short indexed. If it is odd, use Indirect + or Long indexed. In all cases the second byte of the 
instruction always specifies an even (word) location for the address referenced. 
<D Number of state times shown for internal! external operands. 
® The assembler does not accept this mnemonic. 
@) The least significant 3 bits of the opcode are concatenated with the following 8 bits to form an 11·bit, 2's complement, 
offset for the relative call or jump. 
® State times for stack located internal/external. 
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CONDITIONAL JUMPS 

All conditional jumps are 2 byte instructions. They require 8 state times if the jump is taken, 4 if it is not. 

MNEMONIC OPCODE MNEMONIC OPCODE MNEMONIC OPCODE MNEMONIC OPCODE 

JC DB JE OF JGE 06 JGT 02 

JNC 03 JNE 07 JLT DE JLE OA 

JH 09 JV DO JVT DC JST 08 

JNH 01 JNV 05 JNVT 04 JNST DO 

JUMP ON BIT CLEAR OR BIT SET 

These instructions are 3-byte instructions. They require 9 state times if the jump is taken, 5 if it is not. 

BIT NUMBER 

MNEMONIC 0 1 2 3 4 5 6 7 

JBC 30 31 32 33 34 35 36 37 

JBS 38 39 3A 3B 3C 3D 3E 3F 

LOOP CONTROL 

MNEMONIC OPCODE BYTES STATE TIMES 

OJNZ EO 3 5/9 STATE TIME (NOT TAKEN/TAKEN) 

SINGLE REGISTER INSTRUCTIONS 

MNEMONIC OPCODE BYTES STATES MNEMONIC OPCODE BYTES STATES 

DEC 05 2 4 EXT 06 2 4 

OECB 15 2 4 EXTB 16 2 4 

NEG 03 2 4 NOT 02 2 4 

NEGB 13 2 4 NOTB 12 2 4 

INC 07 2 4 CLR 01 2 4 

INCB 17 2 4 CLRB 11 2 4 

SHIFT INSTRUCTIONS 

INSTR WORD· I NSTR BYTE INSTR DBLWD 
STATE TIMES MNEMONIC OP B MNEMONIC OP B MNEMONIC OP B 

SHL 09 3 SHLB 19 3 SHLL 00 3 7 + 1 PER SHIFT(7) 

SHR 08 3 SHRB 18 3 SHRL OC 3 7 + 1 PER SHIFT(7) 

SHRA OA 3 SHRAB 1A 3 SHRAL OE 3 7 + 1 PER SHIFT(7) 

SPECIAL CONTROL INSTRUCTIONS 

MNEMONIC OPCODE BYTES STATES MNEMONIC OPCODE BYTES STATES 

SErc F9 1 4 01 FA t 4 

CLRC F8 1 4 EI FB 1 4 

CLRVT FC 1 4 NOP FO 1 4 

RST(6) FF 1 166 SKIP 00 2 4 
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NORMALIZE 

MNEMONIC STATE TIMES 

NORML 11 + 1 PER SHIFT 

NOTES: 
6. This instruction takes 2 states to pull RESET low, then holds it low for 2 states to initiate a reset. The reset takes 12 
states, at which time the program restarts at location 2080H. If a capacitor is tied to RESET, the pin may take longer to go 
low and may never reach the VOL specification. 
7. Execution will take at least 8 states, even for 0 shift. 

AID Result LO (02H) 

~ J. A/D CHANNEL NUMBER 

~ STATUS: 
3 r- 0 = A/D CURRENTLY IDLE . r:;- r- x 1 = CONVERSION IN PROCESS 

~7S r-} , :/0 RESULT: 
LEAST SIGNIFICANT 2 BITS 

..... 
270532-10 

HSI_Mode (03H) 

'------HSI.2 MODE 

'---------HSI.3 MODE 

WHERE EACH 2 - BIT MODE CONTROL FIELD 
DEFINES ONE OF 4 POSSIBLE MODES: 

00 8 POSITIVE TRANSITIONS 
01 EACH POSITIVE TRANSITION 
10 EACH NEGATIVE TRANSITION 
11 EVERY TRANSITION 

(POSITIVE AND NEGATIVE) 

HSO Command (06H) 
CHANNEL: 

o-s HSO.O - HSO.S 

7 HSO.2 AND HSO.3 
8-B SOFTWARE TIMERS 

2 E RESET TIMER2 

270532-11 

BIT: 0 ] 6 HSO.O AND HSO.l 

F START A/D CONVERSION 

4 INTERRUPT / NO INTERRUPT 

S SET /CLEAR 

TIMER 2/TIMER 1 

7 x 
270532-12 

17-58 

HSI_Status (06H) 

~6 5 4 3 2. 1 0 HSI.O STATUS 

HSI.1 STATUS 

HSI.2 STATUS 

HSr.3 STATUS 

WHERE FOR EACH 2 - BIT STATUS FIELD THE LOWER 
BIT INDICATES WHETHER OR NOT AN EVENT HAS 
OCCURRED ON THIS PIN AND THE UPPER BIT INDICATES 
THE CURRENT STATUS OF' THE PIN. 

270532-13 

AID Command (02H) 

1 ANALOG INPUT CHANNELS IS TO BE 
CONVERTED TO DIGITAL FORM. mJ . CHANNEL # SELECTS WHICH OF THE 8 

~ ,GO lNDICATES WHEN THE CONVERSION IS TO 
BE INI1IA1£0(GO = 1 MEANS START NOW, 
GO = 0 MEANS THE CONVERSION IS TO BE 
INITIATED BY THE HSO UNIT AT A SPECIrIED TI~E). 

SPCON/SPSTAT (11H) 

-;} BIT! • BITO SPECIrY THE MODE 
DO=MODE 0 10=MOO£ 2 

: ...!.. 01 =MODE 1 11 =MOOE 3 

I 2 r-- PEN ENABLE THE PARITY FUNCTION 
T 

270532-14 

E 3 I- REN ENABLES THE RECEIVE FUNCTION 

4 I-TB8 

R Sf-TI 

! 61-RI 

o 7f-RB8 -
RPE 

PROGRAMS THE 9TH DATA BIT 

IS THE TRANSMIT INTERRUPT FLAG 

IS THE RECEIVE INTERRUPT FLAG 

IS THE 9TH DATA RECEIVED 
(IF NOT PARITY) 
IS THE PARITY ERROR INDICATOR 
(IF PARITY ACTIVE) 

270532-15 

Baud Rate Calculations 
Using XTAL 1: 

M d O· Baud = XTAL 1 frequency. B =P 0 
o e . Rate 4.(B + 1} , 

Othe . Baud = XTAL 1 frequency 
ro. Rale 64' (B + 1) 

Note that B cannot equal 0, except when using XTAL 1 In other than 

ModeO. 
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Chip Configuration 

1""'I"""T""T'"-r-r-r"""O'CHIP CONFIGURATION REGISTER 
L.r-L,~T'-T"""T"Y 

RESERVED (Set to 1 for 
compatibility with future 
ports) 

SET TO 0 

SET TO 1 

ADDRESS VALID STROBE SELECT 
(ALE/ ADV) 

(IRCO) }'NTERNAL READY CONTROL 

'------(IRC1) ~ODE 

SET TO 0 } 
'-------(LOC1) PROGRAM LOCK MODE 

lOCO (15H) 

HSI.O INPUT ENABLE / DISABLE 

TIMER 2 RESET EACH WRITE 

HSI.l INPUT ENABLE/DISABLE 

270532-16 

TIMER 2 EXTERNAL RESET ENABLE / DISABLE 

4 HSI.2 INPUT ENABLE / DISABLE 

SET TO 1 

HSI.3 INPUT ENABLE / DISABLE 

SET TO 1 

lOCO (15H) 

270532-17 

k
~""----T2 RESET 

• _. 10CO.O· _. IOCO.3 

HSI.O :J'..o ----- HSI 

... IOCO.2 

ro'ao-------HSI 

HSI.l ............ --------- TIMER2 
CLOCK 

,,·IOCO.4 

HSI.2 --o'a....------- HSI 

,,·IOCO.S 

HSI.3 --o'a....------- HSI 

1050 (15H) 

HSO.O CURRENT STATE 

HSO.l CURRENT STATE 

HSO.2 CURRENT STATE 

HSO.3 CURRENT STATE 

HSO.4 CURRENT STATE 

HSO.5 CURRENT STATE 

270532-18 

CAM Q!l HOLDING REGISTER IS FULL 

HSO HOLDING REGISTER IS FULL 270532-19 

17-59 

IOC1 (16H) 

SELECT PWM / SELECT P2.S 

EXTERNAL INTERRUPT ACH7/ EXTINT 

TIMER 1 OVERFLOW INTERRUPT ENABLE / DISABLE 

TIMER 2 OVERFLOW INTERRUPT ENABLE / DISABLE 

HSO.4 OUTPUT ENABLE / DISABLE 

SELECT TXD / SELECT P2.0 

HSO.S OUTPUT ENABLE / DISABLE 

HSI INTERRUPT 
FIFO FULL / ~HO"'L""D"'IN""G ""R;O'EG"'IS"'TE"'R .... L-O"'AD"'E"'D 

Vector Location 

270532-20 

Vector {High (Low Priority 

Byte) Byte) 

Software 2011H 2010H 
Extint 200FH 200EH 
Serial Port 200DH 200CH 
Software 200BH 200AH 

Timers 
HSI.O 2009H 2008H 
High Speed 2007H 2006H 

Outputs 
HSI Data 2005H 2004H 

Available 
AID Conversion 2003H 2002H 

Complete 
Timer Overflow 2001H 2000H 

4 

IOS1 (16H) 

SOFTWARE TIMER 0 EXPIRED 

SOFTWARE TIMER 1 EXPIRED 

SOFTWARE TIMER 2 EXPIRED 

SOFTWARE TIMER 3 EXPIRED 

TIMER 2 HAS OVERFLOW 

TIMER I HAS OVERFLOW 

HSI FIFO IS FULL 

Not Applicable 
7 (Highest) 

6 
5 

4 
3 

2 

1 

o (Lowest) 

HSI HOLDING REGISTER DATA AVAILABLE 

270532-21 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS'" 

Ambient Temperature Under Bias .... O·C to + 70·C 

Storage Temperature .......... - 40·C to + 150·C 

Voltage from EA or Vpp 
to Vss or ANGND ............ -0.3Vto + 13.0V 

Voltage from Any Other Pin to 
Vss or ANGND .............. -0.3V to + 7.0V· 

Average Output Current from Any Pin ....... 10 mA 

Power Dissipation .......................... 1.5W 
"This includes Vpp on ROM and epu only devices. 

OPERATING CONDITIONS 
Symbol Parameter 

• Notice: Stresses above those listed under ':04bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at· these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

NOTICE: Specifications contained within the 
fol/owing tables are subject to change. 

Min Max Units 

TA Ambient Temperature Under Bias 0 +70 C 

Vee Digital Supply Voltage 4.50 5.50 V 

VREF Analog Supply Voltage 4.50 5.50 V 

fose Oscillator Frequency 6.0 12 MHz 

Vpo Power-Down Supply Voltage 4.50 5.50 V 

NOTE: 
ANGNO and Vss should be nominally at the same potential. 

D.C. CHARACTERISTICS 
(Test Conditions: Vee, VREF, VPO, Vpp, VEA = 5.0V ± 0.5V; Fose = 6.0 MHz; T A = O·C to 70·C; Vss, 
ANGND = OV) 

Symbol Parameter Min Max Units Test Conditions 

lee Vee Supply Current (O·C ::;: T A ::;: 70·C) 240 mA All Outputs 

lec1 Vee Supply Current (T A = 70·C) 185 mA Disconnected. 

Ipo Vpo Supply Current 1 mA Normal operation 
and Power-Down. 

IREF VREF Supply Current 8 mA 

VIL Input Low Voltage (Except RESET) -0.3 +0.8 V 

VIL1 Input Low Voltage, RESET -0.3 +0.7 V 

VIH Input High Voltage 2.0 Vee +0.5 V 
(Except RESET, NMI, XTAL1) 

VIH1 Input High Voltage, RESET Rising 2.4 Vee +0.5 V 

VIH2 Input High Voltage, RESET Falling Hysteresis 2.1 Vee +0.5 V 

VIH3 Input High Voltage, NMI, XTAL1 2.2 Vee +0.5 V 

III Input Leakage Current to each pin of HSI, P3, ±10 /LA Yin = OtoVec 
P4, and to P2.1. 

ILl1 D.C. Input Leakage Current to each pin of PO +3 /LA Yin = otovee 

IIH Input High Current to EA 100 /LA VIH = 2.4V 

17-60 



inter 8098/8398 

D.C. CHARACTERISTICS 
(Test Conditions: Vcc, VREF, VpD, Vpp, VEA = 5.0V ±0.5V; Fosc = 6.0 MHz; TA = O°C to 70°C; VSS, 
ANGND = OV) (Continued) 

Symbol Parameter Min Max Units Test Conditions 

IILl Input Low Current to RESET -0.25 -2 mA VIL = 0.45V 

IIL2 Input Low Current P2.2 -50 }LA VIL = 0.45V 

VOL Output Low Voltage on P3, P4 when 0.45 V IOL = 0.8 mA 
used as ports (Note 1) 

VOL1 Output Low Voltage on P3, P4 when 0.75 V IOL = 2.0 mA 
used as ports (Notes 1, 2, 3) 

VOL2 Output Low Voltage on Standard Output 0.45 V IOL = 2.0 mA 
pins, RESET and Bus/Control Pins (Notes 1, 2, 3) 

VOHl Output High Voltage on Standard Output 2.4 V IOH = - 200 }LA 
pins and Bus/Control pins (Note 1) 

IOH3 Output High Current on RESET -50 }LA VOH = 2.4V 

Cs Pin Capacitance (Any Pin to VSS) 10 pF fTEST = 1.0 MHz 

NOTES: 
1. Standard Output Pins include TXD, RXD (Mode 0 only), PWM, and HSO pins. Bus/Control pins include ALE, RD. WR, 

ADO-AD7, and AS-A15. 
2. Maximum current per pin must be externally limited to the following values if VOL is held above 0.45V. 

IOL on Ports 3 and 4 when used as ports: 4.0 mA 
IOL on standard output pins and RESET: S.O mA 
IOL on Bus/Control pins: 2.0 mA 

3.During normal (non-transient) operation the following limits apply: 
Total IOL on P2.0, RESET and all HSO pins must not exceed 15 mA. 
Total IOL on Port 3 must not exceed 10 mA. 
Total IOL on P2.5 and Port 4 must not exceed 20 mA. 

4. IOL on HSO.O, HSO.4, HSO.5, @ 0.5V = 1.6 mA. 

A.C. CHARACTERISTICS vcc, VpD = 4.5V to 5.5V; T A = O°C to 70°C; fosc = 6.0 MHz to 10.0 MHz 
Test Conditions: Load Capacitance on Output Pins = 80 pF 

Oscillator Frequency = 10 MHz 

TIMING REQUIREMENTS (Other system components must meet these specs.) 

Symbol Parameter Min Max Units 

TLLYV End of ALE/ ADV to READY Valid 2Tosc - 70 ns 

TLLYH End of ALE/ ADV to READY High 2Tosc + 40 4Tosc - 80 ns 

TYLYH Non-Ready Time 1000 ns 

TAVDV(l) Address Valid to Input Data Valid 5Tosc - 120 ns 

TRLDV RD Active to Input Data Valid 3Tosc - 100 ns 

TRHDX Data Hold after RD Inactive 0 ns 

TRHDZ RD Inactive to Input Data Float 0 Tosc - 25 ns 

NOTE: 
1. The term "Address Valid" applies to AO-A 15. 
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A.C. CHARACTERISTICS vee. VPD ~ 4.5V to 5.5V; T A = O°C to 70°C; fose = 6.0 MHz to 12.0 MHz 
(Continued) 
Test Conditions: Load Capacitance on Output Pins = 80 pF 

Oscillator Frequency = 10 MHz 

TIMING RESPONSES (MCS·96 parts meet these specs) 

Symbol Parameter 

FXTAL Oscillator Frequency 

Tose Oscillator Period 

TLHLL ALE/ ADV High Time 

TAVLL(4) Address Setup to End of ALE/ ADV 

TRLAZ(5) RD or WR Low to Address Float 

TLLRL End of ALE/ ADV to RD Active 

TLLAX(5) Address Hold after End of ALE/ ADV 

TWLWH WR Pulse Width 

TOVWH Output Data Valid to End of WR 

TWHOX Output Data Hold after WR 

TWHLH End of WR to ALE/ ADV High 

TRLRH RD Pulse Width 

TRHLH End of RD to ALE/ ADV High 

TRHBX RD High to A8-A 15 Inactive 

TWHBX WR High to A8-A15 Inactive 

TLLWL ALE/ ADV Low to WR Low 

TOVWL Output Data Valid to WR Low 

NOTES: 

Min 

6.0 

83 

Tosc - 30 

Tosc - 50 

Typ. = 0 

Tosc - 40 

Tosc - 40 

2Tosc - 35 

3Tosc - 60 

Tosc - 50 

Tosc - 75 

3Tosc - 30 

Tosc - 45 

Tosc - 25 

Tosc - 25 

2Tosc - 30 

Tosc - 30 

2. If more than one wait state is desired. add 3Tosc for each additional wait state. 
3. Max spec applies only to ALE. Min spec applies to both ALE and ADV. 
4. The term "Address Valid" applies to ADO-AD? A8-A15. 
5. The term" Address" in this definition applies to ADO-AD? 
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Max Units 

12.0 MHz 

166 ns 

Tosc + 35(3) ns 

ns 

10 ns 

ns 

ns 

2Tosc + 40 ns 

ns 

ns 

ns 

ns 

ns 

Tosc + 30 ns 

Tosc + 100 ns 

2Tosc + 55 ns 

ns 
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WAVEFORM DIAGRAM 

CLKOUT 

READY 

ALE/ ADV 

ADO-7 

ADO-7 

A8-15 

NOTE: 
1. When AOV selected. 

!-tosc-l 

(1) 
I • ______ ..."...._ .... -tLLYH ,. ___ ---. 

----I ~~I •• ___ tRLRH __ --<.~l-'t.:..:.;RH.:.::L'-'<;J- - - :' .. -. 

ADDR OUT 

tWHLH 

f-tAVLL I+- tWHQX 
----~r-AMD~D;R~;n~,----DA-T-A-O-U-T---~~-------. 

~---------~~~mHBX-· 
tWH8X ----I I--

{~ _______ V_A_L_ID ______ -.J)(::::::: 

A.C. CHARACTERISTICS-SERIAL PORT-SHIFT REGISTER MODE 

SERIAL PORT TIMING-SHIFT REGISTER MODE 

270532-22 

Test Conditions: TA = O°C to + 70°C; Vee = 5V ±10%; VSS = OV; Load Capacitance = 80 pF 

Symbol Parameter Min Max Units 

TXLXL Serial Port Clock Period 8Tose ns 

TXLXH Serial Port Clock Falling Edge to Rising Edge 4Tose - 50 4Tose + 50 ns 

TQVXH Output Data Setup to Clock Rising Edge 3Tose ns 

TXHQX Output Data Hold After Clock Rising Edge 2Tose - 50 ns 

TXHQV Next Output Data Valid After Clock Rising Edge 2Tose +50 ns 

TOVXH Input Data Setup to Clock Rising Edge 2Tose + 200 ns 

TXHOX Input Data Hold After Clock Rising Edge 0 ns 

TXHQZ Last Clock Rising to Output Float 5Tose ns 
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WAVEFORM-SERIAL PORT-SHIFT REGISTER MODE 

SERIAL PORT WAVEFORM-SHIFT REGISTER MODE 

RXD--~,~~r-~~~·r-~·~~'r--"~~~--~'r-~r--"~~~--~,~~r-~~~.r

(IN)_...I'~...I'_.J 

EXTERNAL CLOCK DRIVE 
Symbol Parameter 

1/ToLOL Oscillator Frequency 

TOHOX High Time 

TOLOX Low Time 

TOLOH Rise Time 

TOHOL Fall Time 

EXTERNAL CLOCK DRIVE WAVEFORMS 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

2.4=>( >C 2.0> <. 2.0 
. TEST POINTS : 

.0.8 O.B. 
0.45 . 

270532-25 
A.C. Testing inputs are drive'; at2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Logic "1" and O.BV for a Logic "0". 

270532-23 

Min Max Units 

6 12 MHz 

25 ns 

25 ns 

15 ns 

15 ns 

270532-24 

FLOAT WAVEFORM 

17-64 

VLOAD+O•15V --------.,. 
VLOAD ___ TIMING REFERENCE< 

--- POINTS 
VLOAO-0.15 V VOL +0.15 V 

270532-26 
For Timing Purposes a Port Pin is no Longer Floating when a 100 
mV change from Load Voltage Occurs, and Begins to Float when 
a 100 mV change from the Loaded VOHIVOL Level occurs lOLl 
IOH ~ ± 15 inA. 
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AID CONVERTER SPECIFICATIONS 

AID Converter operation is verified only on the 
8097BH, 8397BH. 8095BH, 8395BH, 8797BH, 
8795BH, 8098, 8398. 

The absolute conversion accuracy is dependent on 
the accuracy of VREF. The specifications given be
low assume adherence to the Operating Conditions 
section of these data sheets. Testing is done at 
VREF = 5.120V. 

Parameter Typlcal*(1) 

Resolution 

Absolute Error 

Full Scale Error -0.5 ±0.5 

Zero Offset Error ±0.5 

Non-Linearity 

Differential Non-Linearity 

Channel-to-Channel Matching 

Repeatability ±0.25 

Temperature Coefficients: 
Offset 0.009 
Full Scale 0.009 
Differential Non-Linearity 0.009 

Off Isolation 

Feedthrough -60 

Vcc Power Supply Rejection -60 

Input Resistance 

D.C. Input Leakage 

Sample Delay 

OPERATING CONDITIONS 

Vcc, VPD, VREF ..................... 4.5Vto 5.5V 

Vss, ANGND .............................. O.OV 

TA ................................. O°C to 70°C 

Fosc ....................... 6.0 MHz to 12.0 MHz 

Test Conditions: 
VREF ................................. 5.120V 

Minimum Maximum Units" Notes 

1024 1024 Levels 
10 10 Bits 

0 ±4 LSBs 

LSBs 

LSBs 

0 ±4 LSBs 

0 +2 LSBs 

0 ±1 LSBs 

LSBs 1 

LSBI"C 1 
LSBI"C 1 
LSB/oC 1 

-60 dB 1,2,4 

dB 1,2 

dB 1,2 

1K 5K n 1 

0 3.0 /LA 

3Tosc - 50 3Tosc + 50 ns 1,3 

Sample Time 12TosC - 50 12ToSC + 50 ns 1 

Sampling Capacitor 2 pF 

NOTES: 
• These values are expected for most parts at 25°C . 
•• An "LSBn , as used here, is defined in the glossary which follows and has a value of approximately 5 mV. 
1. These values are not tested in production and are based on theoretical estimates and laboratory tests. 
2. DC to 100 KHz. 
3. For starting the AID with an HSO Command. 
4. Multiplexer Break-Belore-Make Guaranteed. 
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AID GLOSSARY OF TERMS 

ABSOLUTE ERROR-The maximum difference be
tween corresponding actual and ideal code tran
sitions. Absolute Error accounts for all deviations of 
an actual converter from an ideal converter. 

ACTUAL CHARACTERISTIC-The characteristic 
of an actual converter. The characteristic of a given 
converter may vary over temperature, supply volt
age, and frequency conditions. An actual character
istic rarely has ideal first and last transition locations 
or ideal code widths. It may even vary over multiple 
conversions under the same conditions. 

BREAK-BEFORE-MAKE-The property of a multi
plexer which guarantees that a previously selected 
channel will be deselected before a new channel is 
selected. (e.g. the converter will not short inputs to
gether.) 

CHANNEL-TO-CHANNEL MATCHING-The differ
ence between corresponding code transitions of ac
tual characteristics taken from different channels un
der the same temperature, vciltage and frequency 
conditions. 

CHARACTERISTIC':"'-A graph of input voltage ver
sus the resultant output code for an AID converter. 
It describes the transfer function of the AID convert
er. 

CODE-The digital value output by the converter. 

CODE CENTER-The voltage corresponding to the 
midpoint between two adjaCent code transitions. 

CODE TRANSITION-The point at which the con
verter changes from an output code of Q, to a code 
of Q + 1. The input voltage corresponding to a code 
transition is defined to be that voltage which is 
equally likely to produce either of two adjacent 
codes. 

CODE WIDTH-The voltage corresponding to the 
difference between two adjacent code transitions. 

CROSSTALK-See "Off-Isolation". 

D.C. INPUT LEAKAGE-Leakage current to ground 
from an analog input pin. 

DIFFERENTIAL NON-LiNEARITY-The difference 
between the ideal and actual code widths of the ter
minal based characteristic. 

FEEDTHROUGH-Attenuation of a voltage applied 
on the selected channel of the AID Converter after 
the sample window closes. 

FULL SCALE ERROR-The difference between the 
expected and actual input voltage corresponding to 
the full scale code transition. 

IDEAL CHARACTERISTIC-A characteristic with 
its first code transition at VIN = 0.5 LSB, its last 
code transition at VIN = (VREF - 1.5 LSB) and all 
code widths equal to one LSB. 

INPUT RESISTANCE-The effective series resist
ance from the analog input pin to the sample capaci
tor. 

LSB-Least Significant Bit: The voltage corre
sponding to the full scale voltage divided by 2n, 
where n is the number of bits of resolution of the 
converter. For a 10-bit converter with a reference 
voltage of 5.12V, one LSB is 5.0 mY. Note that this 
is different than digital LSBs, since an uncertainty of 
two LSB, when referring to an AID converter, equals 
10 mY. (This has been confused with an uncertainty 
of two digital bits, which would mean four counts, or 
20 mV.) 

MONOTONIC-The property of successive approxi
mation converters which guarantees that increasing 
input voltages produce adjacent codes of increasing 
value, and that decreasing input voltages produce 
adjacent codes of decreasing value. 

NO MISSED CODES-For each and every output 
code, there exists a unique input voltage range 
which produces that code only. 

NON-LINEARITY-The maximum deviation of code 
transitions of the terminal-based characteristic from 
the corresponding code transitions of the ideal char
acteristic. 

OFF-I SOLATION-Attenuation of a voltage applied 
on a deselected channel of the AID converter. (Also 
referred to as Crosstalk.) 

REPEATABILITY-The difference between corre
sponding code transitions from different actual char
acteristics taken from the same converter on the 
same channel at the same temperature, voltage and 
frequency conditions. 

RESOLUTION-The number of input voltage levels 
that the converter can unambiguously distinguish 
between. Also defines the number of useful bits of 
information which the converter can return. 
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SAMPLE DELAY-The delay from receIVIng the 
start conversion signal to when the sample window 
opens. 

SAMPLE DELAY UNCERTAINTY-The variation in 
the sample delay. 

SAMPLE TIME-The time that the sample window 
is open. 

SAMPLE TIME UNCERTAINTY-The variation in 
the sample time. 

SAMPLE WINDOW-Begins when the sample ca
, pacitor is attached to a selected channel and ends 
when the sample capacitor is disconnected from the 
selected channel. 

SUCCESSIVE APPROXIMATION-An AID conver
sion method which uses a binary search to arrive at 
the best digital representation of an analog input. 

TEMPERATURE COEFFICIENTS-Change in the 
stated variable per degree centigrade temperature 
change. Temperature coefficients are added to the 
typical values of a specification to see the effect of 
temperature drift. 

TERMINAL BASED CHARACTERISTIC-An actual 
characteristic which has been rotated and translated 
to remove zero offset and full scale error. 

Vee REJECTION-Attenuation of noise on the Vee 
line to the AID converter. 

ZERO OFFSET-The difference between the ex
pected and actual input voltage corresponding to 
the first code transition. 
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THE RUPITM-44 FAMILY: 

MICROCONTROLLER WITH ON-CHIP 
COMMUNICATION CONTROLLER 

INTRODUCTION 

The RUPI-44 family is designed for applications re
quiring local intelligence at remote nodes, and commu
nication capability among these distributed nodes. The 
RUPI-44 integrates onto a single chip Intel's highest 
performance microcontroller, the 805 I-core, with an 
intelligent and high performance Serial communication 
controller, called the Serial Interface Unit, or SIU. See 
Figure 1. This dual controller architecture allows com
plex control and high speed data communication func
tions to be realized cost effectively. 

The RUPI-44 family consists of three pin compatible 
parts: 

• 8344-8051 Microcontroller with SIU 

• 8044-An 8344 with 4K bytes of on-chip ROM pro
gram memory 

• 8744-An 8344 with 4K bytes of on-chip EPROM 
program memory 

1.0 ARCHITECTURE OVERVIEW 

The 8044's dual controller architecture enables the 
RUPI to perform complex control tasks and high speed 
communication in a distributed network environment. 

The 8044 microcontroller is the 8051-core, and main
tains complete software compatibility with it. The mi
crocontroller contains a powerful CPU with on-chip 
peripherals, making it capable of serving sophisticated 

real-time control applications such as instrumentation, 
industrial control, and intelligent computer peripherals. 
The microcontroller features on-chip peripherals such 
as two 16-bit timer/counters and 5 source interrupt ca
pability with programmable priority levels. The micro
controller's high performance CPU executes most in
structions in I microsecond, and can perform an 8 X 8 
mUltiply in 4 microseconds. The CPU features a Boole
an processor that can perform operations on 256 direct
ly addressable bits. 192 bytes of on-chip data RAM can 
be extended to 64K bytes externally. 4K bytes of on
chip program ROM can be extended to 64K bytes ex
ternally. The CPU and SIU run concurrently. See Fig
ure 2. 

The SIU is designed to perform serial communications 
with little or no CPU involvement. The SIU supports 
data rates up to 2.4 Mbps, externally clocked, and 
375 Kbps self clocked (Le., the data clock is recovered 
by an on-chip digital phase locked loop). SIU hardware 
supports the HDLC/SDLC protocol: zero bit inser
tion/deletion, address recognition, cyclic redundancy 
check, and frame number sequence check are automati
cally performed. 

The SIU's Auto mode greatly reduces communication 
software overhead. The AUTO mode supports the 
SDLC Normal Response Mode, by performing second
ary station responses in hardware without any CPU 
involvement. The Auto mode's interrupt control and 
frame sequence numbering capability eliminates soft
ware overhead normally required in conventional sys
tems. By using the Auto mode, the CPU is free to con
centrate on real time control of the application. 

r--------------------, -=-', ~ H '= H ~I ",,--+1--·· CO:~~:-;ION 
~--------------------~ 

296163-1 

Figure 1. RUPITM·44 Dual Controller Architecture 
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2.0 THE HOLC/SOLC PROTOCOLS 

2.1 HOLC/SOLC Advantages over 
Async 

The High Level Oata Link Control, HOLC, is a stan
dard communication link control established by the In
ternational Standards Organization (ISO). SOLC is a 
subset of HOLC. 

HOLC and SOLC are both well recognized standard 
serial protocols. The Synchronous Oata Link Control, 
SOLC, is an IBM standard communication protocol. 
IBM originally developed SOLC to provide efficient, 
reliable and simple communication between terminals 
and computers. 

The major advantages of SOLC/HOLC over Asyn
chronous communications protocol (Async): 

• SIMPLE: Oata Transparency 

l L PRIMARY 

J 

• EFFICIENT: Well Oefined Message-Level Opera
tion 

• RELIABLE: Frame Check Sequence and Frame 
Numbering 

The SOLC reduces system complexity. HOLC/SOLC 
are "data transparent" protocols. Oata transparency 
means that an arbitrary data stream can be sent with
out concern that some of the data could be mistaken for 
a protocol controller. Oata transparency relieves the 
communication controller having to detect special 
characters. 

SOLC/HOLC provides more data throughout than 
Async. SOLC/HOLC runs at Message-level Operation 
which transmits multiple bytes within the frame, 
whereas Async is based on character-level operation. 
Async transmits or receives a character at a time. Since 
Async requires start and stop bits in every transmis
sion, there is a considerable waste of overhead com
pared to SOLC/HOLC. 

8044 CONTROLLED 
SECONDARY 

296163-3 

a) Point to Point, Half Duplex 

l PRIMARY L 
J 1 1 t 

8044 CONTROLLED' 8044 CONTROLLED 8044 CONTROLLED 
SECONDARY SECONDARY SECONDARY 

296163-4 

b) Multipoint, Half Duplex 

~ PRIMARY ~ 
8044 CONTROLLED 8044 CONTROLLED 
SECONDARY SECONDARY 

t 1 
8044 CONTROLLED r-- 8044 CONTROLLED 
SECONDARY SECONDARY 

296163-5 

c) SDLC Loop Configuration 

Figure 3. RUPITM-44 Supported Network Configurations 
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Due to SDLC/HDLC's well delineated field (see Fig
ure 4) the CPU does not have to interpret character by 
character'to determine control field and information 
field. In the case of Async, CPU must look at each 
character to interpret what it means. The practical ad
vantage ofsuch feature is straight forward use ofDMA 
for information transfer. 

In addition, SDLC/HDLC further improves Data 
throughput using implied Acknowledgement of trans
ferred information. A station using SDLC/HDLC may 
acknowledge previously received information while 
transmitting different information in the same frame. 
In addition, up to 7 messages may be outstanding be
fore an acknowledgement is required. 

The HDLC/SDLC protocol can be used to reiilize reli
able data links. Reliable.Data transmission is ensured at 
the bit level by sending a frame check sequence, cyclic 
redudancy checking, within the frame. Reliable frame 
transmission is ensured by sending a framenumb~r 
identification with each frame. This means that a re
ceiver can sequentially count received frames and at 
any time infer what the number of the next frame to be 
received should be. More important,. it provides a 
means for the receiver to identify to the sender sOine 
particular frame that it wishes to have resent because of 
errors. 

2.2 HOLC/SOLC Networks 

In both the HDLC and SDLC line protocols a (Master) 
primary station controls the overall network (data link) 
and issues commands to the secondary (Slave) stations. 
The latter complies with instructions and responds by 
sending appropriate responses. Whenever a transmit
ting station must end transmission prematurely, it 
sends an abort character. Upon detecting an abort char
acter, a receiving station ignores the transmission block 
called a frame. 

RUPI-44 supported HDLC/SDLC network configura
tions are point to point (haIf duplex) multipoint (half 
duplex), and loop. In the loop configuration the sta
tions themselves act as repeaters, so that long links can 
be easily realized, see Figure 3. 

2.3 Frames 

An HDLC/SDLC frame consists of five basic fields: 
Flag, Address, Control, Data and Error Detection. A 
frame is bounded by flags-opening and closing flags. 
An address field is 8 bits wide in SDLC, extendable to 2 
or more bytes in HDLC. The control field is also 8 bits 
wide, extendable to two bytes in HDLC. The SDLC 
data field or information field may be any number of 
bytes. The HDLC data field mayor may not be on an 8 
bit boundary. A powerful error detection code called 
Frame Check Sequence' contains the calculated CRC 
(Cycle Redundancy Code) for all the bits between the 
flags. See Figure 4. 

In HDLC and SDLC are three types of frames; an In
formation Frame is used to transfer data, a Supervisory 
Frame is used for control purposes, and a Nonse
quenced Frame is used for initialization and control of 
the secondary stations. 

For a more detailed discussion of higher level protocol 
functions interested readers may refer to the references 
listed in Section 2.6. 

2.4 Zero Bit Insertion 

In data communications, it is desirable to transmit data 
which can be of arbitrary content. Arbitrary data trans
mission requires that the data field cannot contain 
characters which are defined to assist the transmission 
protocol (like opening flag in HDLC/SDLC communi
cations). This property is referred to as "data transpar
ency". In HDLC/SDLC, this code transparency is 
made possible by Zero Bit Insertion (ZBI). 

The flag has a unique bit pattern: 01111110 (7E HEX). 
To eliminate the possibility of the data field containing 
a 7E HEX pattern, a bit stuffmg technique called Zero 
Bit Insertion is used. This technique specifies that dur
ing transmission, a binary 0 be inserted by the transmit
ter after any succession of five contiguous binary 1 'So 
This will ensure that no pattern of 0 1 1 1 1 1 lOis ever 
transmitted between flags. On the receiving side, after 
receiving the flag, the receiver hardware automatically 
deletes any 0 following five consecutive 1 'so The 8044 
performs zero bit insertion and deletion automatically. 

OPENING 
FLAG 

ADDRESS CONTROL 
FIELD FIELD 

INFORMATION 
FIELD 

FRAME CHECK 
SEQUENCE (FCS)' 

CLOSING 
FLAG 

IBITS IBITS 01111110 01111110 . ~ VARIAIILE LENGTH 
(ONLY IN; FRAMES) I ,,~ 

296163-6 

Figure 4. Frame Format 
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2.5 Non-return to Zero Inverted (NR21) 

NRZI is a method of clock and data encoding tliat is 
well suited to the HDLC/SDLC protocol. It allows 
HDLC/SDLC protocols to be used with low cost asyn· 
chronous modems. NRZI coding is done at the trans· 
mitter to enable clock recovery from the data at the 
receiver terminal by using standard digital phase locked 
loop (DPLL) techniques. NRZI coding specifies that 
the signal condition does not change for transmitting a 
1, while a 0 causes a change of state. NRZI coding 
ensures that an active data line will have a transition at 
least every 5·bit times (recall Zero Bit Insertion), while 
contiguous O's will cause a change of state. Thus, ZBI 
and NRZI encoding makes it possible for the 8044's on· 
chip DPLL to recover a receive clock (from received 
data) synchronized to the received data and at the same 
time ensure data transparency. 

2.6 References 

1. IBM Synchronous Data Link Control General Infor· 
mation GA27·3093·2 File No. GENL·09. 

2. Standard Network Access Protocol Specification, DA· 
TAPAC Trans·Canada Telephone System CCG111. 

3. IBM 3650 Retail Store System Loop Interface OEM 
Information, IBM, GA27·3098·0. 

4. Guidebook to Data Communications, Training Man· 
ual, Hewlett·Packard 5955·1715. 

5. "Serial Backplane Suits Multiprocessor Architec· 
tures': Mike Webb, Computer Design, July 1984, pp. 
85-96. 

6. "Serial Bus Simplifies Distributed Control", .P.D. 
MacWilliams, Control Engineering, June 1984, pp. 
101-104. 

7. "Chips Support Two Local Area Networks", Bob 
Dahlberg, Computer Design, May 1984, pp. 107-114. 

8. ''Build a VLSI·based Workstation for the Ethernet 
Environment", Mike Webb, EDN, 23 February 1984, 
pp. 297-307. 

9. "Networking With the 8044': Young Sohn & Charles 
Gopen, Digital Design, May 1984, pp. 136-137. 

3.0 RUPITM-44 DESIGN SUPPORT 

3.1 Design Tool Support 

A critical design consideration is time to market. Intel 
provides a sophisticated set of design tools to speed 
hardware and software development time of 8044 based 
products. These include ICE·44, ASM·51, PL/M·51, 
and EMV·44. 

18·5 
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Figure 5. RUPITM-44 Development Support 
Configuration Intellec® System, ICETM-44 Buffer 

Box, and ICE-44 Module Plugged 
into a User Prototype Board 

A primary tool is the 8044 In Circuit Emulator, called 
ICE·44. See Figure 5. In conjunction with Intel's Intel· 
lec® Microprocessor Development System, the ICE·44 
emulator allows hardware and software development to 
proceed interactively. This approach is more effective 
than the traditional method of independent hardware 
and software development followed by system integra· 
tion. With the ICE·44 module, prototype hardware can 
be added to the system as it' is designed. Software and 
hardware integration occurs while the product is being 
developed. 

The ICE·44 emulator assists four stages of develop· 
ment: 

1) Software Debugging 

It can be operated without being connected to the 
user's system before any of the user's hardware is 
available. In this stage ICE·44 debugging capabilities 
can be used in conjunction with the Intellec text edi· 
tor and 8044 macroassembler to facilitate program 
development. 

2) Hardware Development 

The ICE·44 module's precise emulation characteris· 
. tics and full·speed program RAM make it a valuable 
tool for debugging hardware, including the time·crit· 
ical SDLC serial port, parallel port, and timer inter· 
faces. 
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3) System Integration 

Integration of software and hardware can begin 
when any functional element of the user system 
hardware is connected to the 8044 socket. As each 
section of the user's hardware is completed, it is add
ed to the prototype. Thus, each section of the hard
ware and software is system tested in real-time oper
ation as it becomes available. 

4) System Test 

When the user's prototype is complete, it is tested 
with the final version of the user system software. 
The ICE-44 module is then used for real-time emula
tion of the 8044 to debug the system as a completed 
unit. 

The final product verification test may be performed 
using the 8744 EPROM version of the 8044 micro
computer. Thus, the ICE-44 module provides the 
user with the ability to debug a prototype or produc
tion system at any stage in its development. 

A conversion kit, ICE-44 CON, is available to upgrade 
an ICE-51 module to ICE-44. 

Intel's ASM-51 Assembler supports the 8044 special 
function registers and assembly program development. 
PL/M-51 provides designers with a high level language 
for the 8044. Programming in PL/M can greatly re
duce development time, and ensure quick time to mar
ket. 

These tools have recently been expanded with the addi
tion of the EMV-44CON. This conversion kit allows 
you to convert an EMV-51 into an EMV-44 emulation 
vehicle. The resultant low cost emulator is designed for 
use with an iPDS Personal Development System, which 
also supports the ASM-51 assembler and PL/M-51. See 
Figure 6. 

Emulation support is similar to the ICE-44 with sup
port for Software and Hardware Development, System 

296163-8 

Figure 6. RUPI-44 IPDS Personal Development 
System, EMV-44 Buffer Box, and EMV-44 Module 

Plugged into a User Prototype Board 

Integration, and System Test. The iPDS's rugged porta
bility and ease of use also make it an ideal system for 
production tests and field service of your finished de-

, sign. In addition, the iPDS offers EPROM program
ming module for the 8744, and direct communications 
with the 8044-based BITBUS via an optional iSBX-344 
distributed control module. 

18-6 

3.2 8051 Workshop 

Intel provides 8051 training to its customers through 
the 5-day 8051 workshop. Familiarity with the 8051 
and 8044 is a"hieved through a combination of lecture 
and laboratory exercises. 

For designers not familiar with the 8051, the workshop 
is an effective way to become proficient with the 8051 
architecture and capabilities. 
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8044 ARCHITECTURE 

GENERAL 

The 8044 is based on the 8051 core. The 8044 replaces 
the 8051's serial port with an intelligent HDLC/SDLC 
controller called the Serial Interface or SIU. Thus the 
differences between the two result from the 8044's in
creased on-chip RAM (192 bytes) and additional spe
cial function registers necessary to control the SIU. 
Aside from the increased memory, the SIU itself, and 
differences in 5 pins (for the serial port), the 8044 and 
8051 are compatible. 

This chapter describes the differences between the 8044 
and 8051. Information pertaining to the 8051 core, ego 
instruction set, port operation, EPROM programming, 
etc. is located in the 8051 sections of this manual. 

A block diagram of the 8044 is shown in Figure 1. The 
pinpoint is shown on the inside front cover. 

1.0 MEMORY ORGANIZATION 
OVERVIEW 

The 8044 maintains separate address spaces for Pro
gram Memory and Data Memory. The Program Mem
ory can be up to 64K bytes long, of which the lowest 
4K bytes are in the on-chip ROM. 

If the EA pin is held high, the 8044 executes out of 
internal ROM unlwess the Program Counter exceeds 
OFFFH. Fetches from locations l000H through 
FFFFH are directed to external Program Memory. 

If the EA pin is held low, the 8044 fetches all instruc
tions from external Program Memory. 

The Data Memory consists of 192 bytes of on-chip 
RAM, plus 35 Special Function Registers, in addition 
to which the device is capable of accessing up to 64K 
bytes of external data memory. 

The Program Memory uses 16-bit addresses. The exter
nal Data Memory can use erither 8-bit or 16-bit ad
dresses. The internal Data Memory uses 8-bit address
es, which provide a 256-location address space. The 
lower 192 addresses access the on-chip RAM. The Spe
cial Function Registers occupy various locations in the 
upper 128 bytes of the same address space. 

The lowest 32 bytes in the internal RAM (locations 00 
through IFH) are divided into 4 banks of registers, 
each bank consisting of 8 bytes. Anyone of these banks 
can be selected to be the "working registers" of the 
CPU, and can be accessed by a 3-bit address in the 
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same byte as the opcode of an instruction. Thus, a large 
number of instructions are one-byte instructions. 

The next higher 16 bytes of the internal RAM (loca
tions 20H through 2FH) have individually addressable 
bits. These are provided for use as software flags or for 
one-bit (Boolean) processing. This bit-addressing capa
bility is an important feature of the 8044. In addition to 
the 128 individually addressable bits in RAM, twelve of 
the Special Function Registers also have individually 
addressable bits. 

A memory map is shown in Figure 2. 

1.1 Special Function Registers 

The Special Function Registers are as follows: 
• ACC Accumulator (A Register) 
• B B Register 
• PSW Program Status Word 

SP Stack Pointer 
DPTR Data Pointer (consisting of DPH 

• PO 
• PI 
• P2 
• P3 
• IP 
• IE 

TMOD 
• TCON 

THO 
TLO 
THI 
TLI 
SMD 

• STS 
• NSNR 

STAD 
TBS 
TBL 
TCB 
RBS 
RBL 
RFL 
RCB 
DMACNT 
FIFO 
SIUST 
PCON 

AND DPL) 
Port 0 
Port 1 
Port 2 
Port 3 
Interrupt Priority 
Interrupt Enable 
Timer/Counter Mode 
Timer/Counter Control 
Timer/Counter 0 (high byte) 
Timer/Counter 0 (low byte) 
Timer/Counter 1 (high byte) 
Timer/Counter 1 (low byte) 
Serial Mode 
Status/Command 
SendlReceive Count 
Station Address 
Transmit Buffer Start Address 
Transmit Buffer Length 
Transmit Control Byte 
Receive Buffer Start Address 
Receive Buffer Length 
Received Field Length 
Received Control Byte 
DMA Count 
FIFO (three bytes) 
SIU State Counter 
Power Control 

The registers marked with • are both byte- and bit-ad
dressable. 

Order Number: 296164-001 
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Figure 2. RUPITM-44 Memory Map 

Stack Pointer 

The Stack Pointer is S bits wide. The stack can reside 
anywhere in the 192 bytes of on-chip RAM. When the 
S044 is reset, the stack pointer is initialized to 07H. 
When executing a PUSH or a CALL, the stack pointer 
is incremented before data is stored, so the stack would 
begin at location OSH. 

1_2 Interrupt Control Registers 

The Interrupt Request Flags are as listed below: 

Source Request Flag 

External Interrupt ° INTO, if ITO = ° 
lEO, if ITO = 1 

Timer ° Overflow TFO 

External Interrupt 1 INTl, if ITl = ° 
lEI, if ITl = 1 

Timer 1 Overflow TFI 

Serial Interface Unit SI 

Location 

P3.2 
TCON.I 

TCON.5 

P3.3 
TCON.3 

TCON.7 

STS.4 
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External Interrupt control bits ITO and ITI are in 
TCON.O and TCON.2, respectively. Reset leaves all 
flags inactive, with ITO and IT 1 cleared. 

All the interrupt flags can be set or cleared by software, 
with the same effect as by hardware. 

The Enable and Priority Control Registers are shown 
below. All of these control bits are set or cleared by 
software. All are cleared by reset. 

IE: Interrupt Enable Register (bit-addressable) 

Bit: 7 6 5 4 3 2 0 

where: 

-EA 

EA X X ES ET1 EX1 ETO EXO 

disables all interrupts. If EA = 0, no interrupt 
will be acknowledged. If EA = 1, each inter
rupt source is individually enabled or disabled 
by setting or clearing its enable bit. 

enables or disables the Serial Interface Unit in
terrupt. If ES = 0, the Serial Interface Unit 
interrupt is disabled. 

enables or disables the Timer 1 Overflow inter
rupt. If ETl = 0, the Timer 1 interrupt is 
disabled. 
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• EX I enables or disables External Interrupt 1. If 
EX I = 0, External Interrupt I is disabled. 

• ETO enables or disables the Timer 0 Overflow inter
rupt. If ETO = 0, the Timer 0 interrupt is 
disabled. 

IP: Interrupt Priority Register (bit-addressable) 
Bit: 

where: 

• PS 

7 6 54 3 2 o 
x x x PS PT1 PX1 PTO PXO 

defines the Serial Interface Unit interrupt pri
ority level. PS = I programs it to the higher 
priority level. 

defines the Timer I interrupt priority level. 
PTl = I programs it to the higher priority 
level. 

• PXl defines the External Interrupt priority level. 
PX I = I programs it to the higher priority 
level. 

• PTO defines the Timer 0 interrupt priority level. 
PTO = I programs it to the higher priority 
level. 

• PXO defines the External Interrupt 0 priority level. 
PXO = I programs it to the higher priority 
level. 

2.0 MEMORY ORGANIZATION 
DETAILS 

In the 8044 family the memory is organized over three 
address spaces and the program counter. The memory 
spaces shown in Figure 2 are the: 

• 64K-byte Program Memory address space 

• 64K-byte External Data Memory address space 

• 320-byte Internal Data Memory address space 

The 16-bit Program Counter register provides the 8044 
with its 64K addressing capabilities. The Program 
Cciunter allows the user to execute calls and branches 
to any location within the Program Memory space. 
There are no instructions that permit program execu
tion to move from the Program Memory space to any 
of the data memory spaces. 

In the 8044 and 8744 the lower 4K of the 64K Program 
Memory address space is filled by internal ROM and 
EPROM, respectively. By tying the EA pin high, the 
processor can be forced to fetch from the internal 
ROM/EPROM for Program Memory addresses 0 
through 4K. Bus expansion for accessing Program 
Memory beyond 4K is automatic since external instruc
tion fetches occur automatically when the Program 
Counter increases above 4095. If the EA pin is tied low 
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all Program Memory fetches are from external memo
ry. The execution speed of the 8044 is the same regard
less of whether fetches are from internal or external 
Program Memory. If all program storage is on-chip, 
byte location 4095 should be left vacant to prevent an 
undesired prefetch from external Program Memory ad
dress 4096. 

Certain locations in Program Memory are reserved for 
specific programs. Locations 0000 through 0002 are re
served for the initialization program. Following reset, 
the CPU always begins execution at location 0000. Lo
cations 0003 through 0042 are reserved for the five in
terrupt-request service programs. Each resource that 
can request an interrupt requires that its service pro
gram be stored at its reserved location. 

The 64K-byte External Data Memory address space is 
automatically accessed when the MOVX instruction is 
executed. 

Functionally the Internal Data Memory is the most 
flexible of the address spaces. The Internal Data Mem
ory space is subdivided into a 256-byte Internal Data 
RAM address space and a 128-byte Special Function 
Register address space as shown in Figure 3. 

SPECIAL 
FUNCTION 
REGISTER!S 
r-"---o. 

ill 255 248 F8H 
FOH 
E8H 
EOH 
D8H 

RAM DOH 
~ C8H D COH 

ADDRESS-
ABLE 
BITS IN 
SFRI 
(128BITSI 

REGISTERS 

127 

!! 

iii B8H 
BOH 
A8H 
AOH 
98H 
90H 
88H 

128 135 128 80H 
;:::=...:~---'= 

127 120 

32 7 0 -
~ 

=~ BANK3 

:!! 
=7 BANK2 

..!. =~ BANK 1 

..it 
R~ BANKO 

INTERNAL SPECIAL FUNCnON 
DATA RAM REGISTERS 

ADDRESS
ABLE 
BITS IN 
SFRI 
(128 BITSI 

296164-3 

Figure 3. Internal Data Memory Address Space 
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The Internal Data RAM address space is 0 to 255. 
Four 8-Register Banks occupy locations 0 through 31. 
The stack can be located anywhere in the Internal Data 
RAM address space. In addition, 128 bit locations of 
the on-chip RAM are accessible through Direct Ad
dressing. These bits reside in Internal Data RAM at 
byte locations 32 through 47. Currently locations 0 
through 191 of the Internal Data RAM address space 
are filled with on-chip RAM. 

The stack depth is limited only by the available Internal 
Data RAM, thanks to an 8-bit reloadable Stack Point
er. The stack is used for storing the Program Counter 
during subroutine calls and may be used for passing 
parameters. Any byte of Internal Data RAM or Special 
Function Register accessible though Direct Addressing 
can be pushed/popped. 

The Special Function Register address space is 128 to 
255. All registers except the Program Counter and the 
four 8-Register Banks reside here. Memory mapping 
the Special Function Registers allows them to be ac
cessed as easily as internal RAM. As such, they can be 
operated on by most instructions. In the overlapping 
memory space (address 128-191), indirect addressing is 
used to access RAM, and direct addressing is used to 

ARITHMETIC REGISTERS: 
Accumulator", B register", 
Program Status Word" 

POINTERS: 
Stack Pointer, Data Pointer (high & low) 

PARALLEL I/O PORTS: 
Port 3", Port 2*, Port 1", Port 9" 

INTERRUPT SYSTEM: 
Interrupt Priority Control", 
Interrupt Enable Control" 

TIMERS: 
Timer Mode, Timer Control", Timer 1 
(high & low), Timer 0 (high & low) 

SERIAL INTERFACE UNIT: 
Transmit Buffer Start, 
Transmit Buffer Length, 
Transmit Control Byte, 
Send Count Receive Count", 
DMA Count, 
Station Address 
Receive Field Length 
Receive Buffer Start 
Receive Buffer Length 
Receive Control Byte, 
Serial Mode, 
Status Register." 

OBits in these registers are bit addressable. 

Figure 4. Special Function Registers 
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access the SFR's. The SFR's at addresses 192-255 are 
also accessed using direct addressing. The Special 
Function Registers are listed in Figure 4. Their map
ping in the Special Function Register address space is 
shown in Figures 5 and 6. 

Performing a read from a location of the Internal Data 
memory where neither a byte of Internal Data RAM 
(i.e., RAM addresses 192-255) nor a Special Function 
Register exists will access data of indeterminable value. 

Architecturally, each memory space is a linear se
quence of 8-bit wide bytes. By Intel convention the 
storage of multi-byte address and data operands in pro
gram and data memories is the least significant byte at 
the low-order address and the most significant byte at 
the high-order address. Within byte X, the most signifi
cant bit is represented by X.7 while the least significant 
bit is X.O. Any deviation from these conventions will be 
explicitly stated in the text. 

2.1 Operand Addressing 

There are five methods of addressing source operands. 
They are Register Addressing, Direct Addressing, 
Register-Indirect Addressing, Immediate Addressing 

ARITHMETIC REGISTERS: 
Accumulator", B register", 
Program Status Word" 

POINTERS: 
Stack Pointer, Data Pointer (high & low) 

PARALLEL I/O PORTS: 
Port 3", Port 2", Port 1", Port O' 

INTERRUPT SYSTEM: 
Interrupt Priority Control·, 
Interrupt Enable Control" 

TIMERS: 
Timer Mode, Timer Control", Timer 1 
(high & low), Timer 0 (high & low) 

SERIAL INTERFACE UNIT: 
Serial Mode, Status/Command", 
SendlReceive Count", Station Address, 
Transmit Buffer Start Address, 
Transmit Buffer Length, 
Transmit Control Byte, 
Receive Buffer Start Address, 
Receive Buffer Length, 
Receive Field Length, 
Receive Control Byte, 
DMA Count, 
FIFO (three bytes), 
SIU Controller State Counter 

OBits in these registers are bit-addressable. 

Figure 5.,Mapping of Special Function Registers 
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and Base-Register-plus Index-Register-Indirect Ad
dressing. The first three of these methods can also be 
used to address a destination operand. Since operations 
in the 8044 require 0 (NOP only), I, 2, 3 or 4 operands, 
these five addressing methods are used in combinations 
to provide the 8044 with its 21 addressing modes. 

Most instructions have a "destination, source" field 
that specifies the data type, addressing methods and 
operands involved. For operations other than moves, 
the destination operand is also a source operand. For 
example, in "subtract-with-borrow A, # 5" the A regis
ter receives the result of the value in register A minus 5, 
minus C. 

Most operations involve operands that are located in 
Internal Data Memory. The selection of the Program 
Memory space or External Data Memory space for a 
second operand is determined by the operation mne
monic unless it is an immediate operand. The subset of 
the Internal Data Memory being addressed is deter
mined by the addressing method and address value. For 
example, the Special Function Registers can be ac
cessed only through Direct Addressing with an address 
of 128-255. A summary of the operand addressing 
methods is shown in Figure 6. The following para
graphs describe the five addressing methods. 

2.2 Register Addressing 

Register Addressing permits access to the eight regis
ters (R 7-RO) of the selected Register Bank (RB). One of 
the four 8-Register Banks is selected by a two-bit field 
in the PSW. The registers may also be accessed through 
Direct Addressing and Register-Indirect Addressing, 
since the four Register Banks are mapped into the low
est 32 bytes of internal Data RAM as shown in Figures 
9 and 10. Other Internal Data Memory locations that 
are addressed as registers are A, B, C, AB and DPTR. 

2.3 Direct Addressing 

Direct Addressing provides the only means of accessing 
the memory-mapped byte-wide Special Function Regis
ters and memory mapped bits within the Special Func
tion Registers and Internal Data RAM. Direct Ad
dressing of bytes may also be used to access the lower 
128 bytes of Internal Data RAM. Direct Addressing of 
bits gains access to a 128 bit subset of the Special Func
tion Registers as shown in Figures 5, 6, 9, and 10. 

REGISTER NAMES 
SYMBOLIC 
ADDRESS BIT ADDRESS 

BYTE 
ADDRESS 

B REGISTER 
ACCUMULATOR 
'THREE BYTE FIFO 

TRANSMIT BUFFER START 
TRANSMIT BUFFER LENGTH 
TRANSMIT CONTROL BYTE 
'SIU STATE COUNTER 
SEND COUNT RECEIVE COUNT 
PROGRAM STATUS WORD 
'DMA COUNT 
STATION ADDRESS 
RECEIVE FIELD LENGTH 
RECEIVE BUFFER START 
RECEIVE BUFFER LENGTH 
RECEIVE CONTROL BYTE 
SERIAL MODE 
STATUS REGISTER 
INTERRUPT PRIORITY CONTROL 
PORT 3 
INTERRUPT ENABLE CONTROL 
PORT 2 
PORT 1 
TIMER HIGH 1 
TIMER HIGH 0 
TIMER LOW 1 
TIMER LOW 0 
TIMER MODE 
TIMER CONTROL 
DATA POINTER HIGH 
DATA POINTER LOW 
STACK POINTER 
PORTO 

~ 

B 
ACC 
FIFO 
FIFO 
FIFO 
TBS 
TBL 
TCB 
SIUST 
NSNR 
PSW 
DMACNT 
STAD 
RFL 
RBS 
RBL 
RCB 
SMD 
STS 
IP 
P3 
IE 
P2 
PI 
THI 
THO 
TLI 
TLO 
TMOD 
TCON 
DPH 
DPL 
SP 
PO 

, . 
247 through 240 
231 .nrougn 224 

115 .nrougn 208 

• -, .... -
.nrougn 

143 ,"rougn~ '311 

135 .nrougn 128 

240 (FOH) 
224 (EOH) 
223 (DFH) 
222 (DEH) 
221 (DDH) 
220 (DCH) 
219 (DBH) 
218 (DAH) 
217 (D9H) 
216 (D6H) 
206 (DOH) 
207 (CFH) 
206 (CEH) 
205 (CDH) 
204 (CCH) 
203 (CBH) 
202 (CAH) 
201 (C9H) 
200 (eaH) 
164 (B6H) 
176 (BOH) 
166 (ASH) 
160 (AOH) 
144 (90H) 
141 (8DH) 
140 (8CH) 
139 (8BH) 
138 (BAH) 
137 (89H) 
138 (66H) 
131 (e3H) 
130 (82H) 
129 (81 H) 
128 (60H) 

Figure 6. Mapping of Special Function Registers 
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SFR'. CONTAINING 
DIRECT ADDRESSABLE BITS 

296164-4 
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Direct 
Byle 
Address (MSB) 

BilAddress Hardware 
Register 

(LSB) Symbol 

240 F7 1 F6 1 F5 1 F4 1 F3 1 F2 1 Fl 1 FO 

224 E7 J E6 J E5 J E4 J E3 L E2 _I El J EO ACC 

NS2 NSI NSO SES NR2 NRI NRO SER 

216 OF 1 DE 1 DO 1 DC 1 DB 1 OA 1 09 1 08 NSNR 

CY AC FO RSI RSO OV P 

204 07 1 06 1 05 1 04 1 03 1 021 01 1 DO PSW 

T8F RE RTS SI BV CP8 AM R8P 

200 CF 1 CE 1 CD 1 CC 1 CB 1 CA 1 C9 1 C8 STS 

PS PT1 PXl PTO PXO 

184 - 1 - 1 - 1 8C 1 8B 1 BA 1 B9 1 88 lP 

176 87 1 B6 1 85 1 84 1 B3 1 82 1 81 1 BO P3 

EA E5 ETI EXI ETO EXO 

168 AF 1 - 1 - 1 AC 1 AB 1 AA 1 A9 1 A8 IE 

160 A7 1 A6 1 A5 1 A4 1 A3 1 A2 1 AI 1 AO P2 

144 97 1 96 1 95 1 94 1 93 1 92 1 91 1 90 PI 

TFI TRI TFO TRO lEI ITI lEO ITO 

136 8F 1 8E 1 80 1 8C 1 88 1 8A 1 89 1 88 TCON 

128 87 1 86 1 85 1 84 1 83 1 82 1 81 1 80 PO 

Figure 7. Special Function Register Bit Address 

.AM 
BYTE (MSB) (LSB) 

OF" f 1191 

7C " 47 

75 7l 7D " 
'0" .. 'c ,. 'A .. .. 
'C" " 6S " 60 .. 
,." SE 50 5C 5. " " 43 

5J " 50 ., 
29" .. 41 

" " 3D 3C 3. " " 
26" 37 35 30 " 
25" " 'C 29 " 37 

" 21 " " 
23" >0 35 

22" " 10 34 

21" " 00 OC O. OA " 33 

07 00 " " If" 
Bank J 

>0" J< 

U" " 8.nk 2 

10" 

Of" " Biln'" 1 

"" 07" 

Blnk 0 
OOH 
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Figure 9. RAM Bit Address 
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• Register Addressing 

R7-RO 

A, B, C (bit), AB (two bytes), DPTR (double 
byte) 

• Direct Addressing 
Lower 128 bytes of Internal Data RAM 

Special Function Registers 

128 bits in subset of Special Function Register 
address space 

• Register-Indirect Addressing 
Internal Data RAM [@Rl, @RO, @SP (PUSH 
and POP only)] 

Least Significant Nibbles in Internal Data 
RAM (@Rl, @RO) 

External Data Memory (@Rl, @RO, @DPTR) 

• Immediate Addressing 
- Program Memory (in-code constant) 

• Base-Register-plus Index-Register-Indirect Ad
dressing 

Program Memory (@ DPTR + A, @ PC + A) 

Figure 8. Operand Addressing Methods 

255 
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232 
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R7 BANK 0 

~ RO 
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DIRECT 
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Figure 10. Addressing Operands 
In Internal Data Memory 
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, Register-Indirect Addressing using the content of RI 
or RO in the selected Register Bank, or using the con
tent of the Stack Pointer (PUSH and POP only), ad
dresses the Internal Data RAM. Register-Indirect Ad
dressing is also used for accessing the External Data 
Memory. In this case, either RI or RO in the selected 
Register Bank may be used for accessing locations 
within a 256-byte block. The block number can be pre
selected by the contents of a port. The 16-bit Data 
Pointer may be used for accessing any location within 
the full 64K external address space. 

3.0 RESET 

Reset is accomplished by holding the RST pin high for 
at least two machine cycles (24 oscillator periods) while 
the oscillator is running. The CPU responds by execut
ing an internal reset. It also configures the ALE and 
PSEN pins as inputs. (They are quasi-bidirectional.) 
The internal reset is executed during the second cycle in 
which RST is high and is repeated every cycle until 
RST goes low. It leaves the internal registers as follows: 
Register Content 
PC OOOOH 
A OOH· 
B OOH 
PSW OOH 
SP 07H 
DPTR OOOOH 
PO-P3 OFFH 
IP (XXXOOOOO) 
IE (OXXOOOOO) 
TMOD OOH 
TCON OOH 
THO OOH 
TlO OOH 
TH1 OOH 
Tl1 OOH 
SMD OOH 
STS OOH 
NSNR OOH 
STAD OOH 

TBS 
TBl 
TCB 
RBS 
RBl 
RFl 
RCB 
DMACNT 
FIF01 
FIF02 
FIF03 
SIUST 
PCON 

OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
01H 

(OXXXXXXX) 

The internal RAM is not affected by reset. When VCC 
is turned on, the RAM content is indeterminate unless 
VPD was applied prior to VCC being turned off (see 

. Power Down Operation.) 
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4.0 RUPITM-44 FAMILY PIN 
DESCRIPTION 

VSS: Circuit ground potential. 

VCC: Supply voltage during programming (of the 
8744), verification (of the 8044 or 8744), and normal 
operation. 

Port 0: Port 0 is an 8-bit open drain bidirectional I/O 
port. It is also the multiplexed low-order address and 
data bus during accessses to external memory (during 
which accesses it activates internal pullups). It also out
puts instruction bytes during program verification. (Ex
ternal pullups are required during program verifi
cation.) Port 0 can sink eight LS TTL inputs. 

Port 1: Port I is an 8-bit bidirectional I/O port with 
internal pullups. It receives the low-order address byte 
during program verification in the 8044 or 8744. Port I 
can sink/source four LS TTL inputs, It can drive MOS 
inputs without external pullups. . 

Two of the Port pins serve alternate functions, as 
listed below: 

Port Pin Alternate Function 

P1.6 RTS (R~st to Send). In a non-loop configu
ration, RTS signals that the 8044 is ready to 
transmit data. 
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THE RUPITM_44 SERIAL INTERFACE UNIT 

SERIAL INTERFACE 

The serial interface provides a high-performance com
munication link. The protocol used for this communi
cation is based on the IBM Synchronous Data Link 
Control (SDLC). The serial interface also supports a 
subset of the ISO HDLC (International Standards Or
ganization High-Level Data Link Control) protocol. 

The SDLC/HDLC protocols have been accepted as 
standard protocols for many high-level teleprocessing 
systems. The serial interface performs many of the 
functions required to service the data link without in
tervention from the 8044's own CPU. The programmer 
is free to concentrate on the 8044's function as a periph
eral controller, rather than having to deal with the de
tails of the communication process. 

Five pins on the 8044 are involved with the serial inter
face: 

Pin 7 RTS/PI6 

Pin 8 CTS/PI7 

Pin 10 I/O/RXD/P30 

Pin 11 DATAITXD/P31 

Pin 15 SCLK/Tl/ !P35 

Figure I is a functional block diagram of the serial in
terface unit (SIU). More details on the SIU hardware 
are given later in this chapter. 

1.0 DATA LINK CONFIGURATIONS 

The serial interface is capable of operating in three seri
al data link configurations: 

1) Half-Duplex, point-to-point 

2) Half-Duplex, multipoint (with a half-duplex or full
duplex primary) 

3) Loop 

Figure 2 shows these three configurations. The RTS 
(Request to Send) and CTS (Clear to Send) hand-shak
ing signals are available in the point-to-point and multi
point configurations. 

2.0 DATA CLOCKING OPTIONS 

The serial interface can operate in an externally clocked 
mode or in a self clocked mode. 
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Externally Clocked Mode 

In the externally clocked mode, a common Serial Data 
Clock (SCLK on pin 15) synchronizes the serial bit 
stream. This clock signal may come from the master 
CPU or primary station, or from an external phase
locked loop local to the 8044. Figure 3 illustrates the 
timing relationships for the serial interface signals when 
the externally clocked mode is used in point-to-point 
and mUltipoint data link configurations. 

Incoming data is sampled ,at the rising edge of SCLK, 
and outgoing data is shifted out at the falling edge of 
SCLK. More detailed timing information is given in the 
8044 data sheet. 

Self Clocked (Asynchronous) Mode 

The self clocked mode allows data transfer without a 
common system data clock. Using an on-chip DPLL 
(digital phase locked loop) the serial interface recovers 
the data clock from the data stream itself. The DPLL 
requires a reference clock equal to either 16 times or 32 
times the data rate. This reference clock may be exter
nally supplied or internally generated. When the serial 
interface generates this clock internally, it uses either 
the 8044's internal logic clock (half the crystal frequen
cy's PH2) or the "timer 1" overflow. Figure 4 shows 
the serial interface signal timing relationships for the 
loop configuration, when the unclocked mode is used. 

The DPLL monitors the received data in order to de
rive a data clock that is centered on the received bits. 
Centering is achieved by detecting all transitions of the 
received data, and then adjusting the clock transition 
(in increments of '1'6 bit period) toward the center of 
the received bit. The DPLL converges to the nominal 
bit center within eight bit transitions, worst case. 

To aid in the phase locked loop capture process, the 
8044 has a NRZI (non-return-to-zero inverted) data en
coding and decoding option. NRZI coding specifies 
that a signal does not change state for a transmitted 
binary 1, but does change state for a binary O. Using the 
NRZI coding with zero-bit insertion, it can be guaran
teed that an active signal line undergoes a transition at 
least every six bit times. 

3.0 DATA RATES 

The maximum data rate in the externally clocked mode 
is 2.4M bits per secdnd (bps) a half-duplex configura
tion, and l.OM in a loop configuration. 

Order Number: 296165-001 
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In the self clocked mode with an external reference 
clock, the maximum data rate is 375K bps. 

In the self clocked mode with an internally generated 
reference clock, and the 8044 operating with a 12 MHz 
crystal, the available data rates are 244 bps to 62.5K 
bps, 187.5K bps and 375K bps. 

For more details see the table in the SMO register de
scription, below. 

4.0 OPERATIONAL MODES 

The Serial Interface Unit (SIU) can operate in either of 
two response modes: 

1) AUTO mode 

2) FLEXIBLE (NON-AUTO) mode 

In the AUTO mode, the SIU performs in hardware a 
subset of the SOLC protocol called the normal re
sponse mode. The AUTO mode enables the SIU to rec
ognize and respond to certain kinds of SOLC frames 
without intervention from the 8044's CPU. AUTO 
mode provides a faster turnaround time and a simpli
fied software interface, whereas NON-AUTO mode 
provides a greater flexibility with regard to the kinds of 
operation permitted. 

In AUTO mode, the 8044 can act only as a normal 
response mode secondary station-that is, it can trans
mit only when instructed to do so by the primary sta
tion. All such AUTO mode responses adhere strictly to 
IBM's SOLC definitions. 

In the FLEXIBLE mode, reception or transmission of 
each frame by the SIU is performed under the control 
of the CPU. In this mode the 8044 can be either a 
primary station or a secondary station. 

In both AUTO and FLEXIBLE modes, short frames, 
aborted frames, or frames which have had CRC's are 
ignored by the sm. 

The basic format of an SOLC frame is as follows: 

, Flag' Address' Control 'Information' FCS , Flag I 
Format variations consist of omitting one or more of 
the fields in the SOLC frame. For example, a superviso
ry frame is formed by omitting the information field. 
Supervisory frames are used to confirm received 
frames, indicate ready or busy conditions, and to report 
errors. More details on frame formats are given in the 
SOLC Frame Format Options section, below. 

4.1 AUTO Mode 

To enable the SIU to receive a frame in AUTO mode, 
the 8044 CPU sets up a receive buffer. This is done by 
writing two registers-Receive Buffer Start (RBS) Ad
dress and Receive Buffer Length (RBL). 

The SIU receives the frame, examines the control byte, 
and takes the appropriate action. If the frame is an 
information frame, the SIU will load the receive buffer, 
interrupt the CPU (to have the receive buffer read), and 
make the required acknowledgement to the primary 
station. Oetails on these processes are given in the Op
eration section, below. 

In addition to receiving the information frames, the 
SIU in AUTO mode is capable of responding to the 
following commands (found in the control field of su
pervisory frames) from the primary station: 

RR (Receive Ready): Acknowledges that the Primary 
station has correctly received numbered frames up 
through NR - 1, and that it is ready to receive frame 
NR· 

RNR (Receive Not Ready): Indicates a temporary busy 
condition (at the primary station) due to buffering or 
other internal constraints. The quantity NR in the con
trol field indicates the number of the frame expected 
after the busy condition ends, and may be used to ac
knowledge the correct reception of the frames up 
through NR - 1. 
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REJ (Reject): Acknowledges the correct reception of 
frames up through NR - 1, and requests transmission 
or retransmission starting at frame NR. The 8044 is 
capable of retransmitting at most the previous frame, 
and then only if it is still available in the transmit buff
er. 

UP (Unnumbered Poll): Also called NSP (Non-Se
quenced Poll) or ORP (Optional Response Poll). This 
command is used in the loop configuration. 

To enable the SIU to transmit an information frame in 
AUTO mode, the CPU sets up a transmit buffer. This 
is done by writing two registers-Transmit Buffer Start 
(TBS) Address and Transmit Buffer Length (TBL), and 
filling the transmit buffer with the information to be 
transmitted. 

When the transmit buffer is full, the SIU can automati
cally (without CPU intervention) send an information 
frame (I-frame) with the appropriate sequence num
bers, when the data link becomes available (when the 
8044 is polled for information). After the sm has 
transmitted the I-frame, it waits for acknowledgement 
from the receiving station. If the acknowledgement is 
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negative, the SIU retransmits the frame. If the ac
knowledgement is positive, the SIU interrupts the 
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In addition to transmitting the information frames, the 
SIU in AUTO mode is capable of sending the following 
responses to the primary station: 

RR (Receive Ready): Acknowledges that the 8044 has 
correctly received numbered frames up through 
NR - I, and that it is ready to receive frame NR. 

RNR (Receive Not Ready): Indicates a temporary busy 
condition (at the 8044) due to buffering or other inter
nal constraints. The quantity NR in the control field 
indicates the number of the frame expected after the 
busy condition ends, and acknowledges the correct re
ception of the frames up through NR - 1. 

4.2 FLEXIBLE Mode 

In the FLEXIBLE (or non-auto) mode, all reception 
and transmission is under the control of the CPU. The 
full SOLC and HOLC protocols can be implemented, 
as well as any bit-synchronous variants of these proto
cols. 

FLEXIBLE mode provides more flexibility than 
AUTO mode, but it requires more CPU overhead, and 
much longer recognition and response times. This is 
especially true when the CPU is servicing an interrupt 
that has higher priority than the interrupts from the 
~U . 

In FLEXIBLE mode, when the SIU receives a frame, it 
interrupts the CPU The CPU then reads the control 
byte from the Receive Control Byte (RCB) register. If 
the received frame is an information frame, the CPU 
also reads the information from the receive buffer, ac
cording to the values in the Receive Buffer Start (RBS) 
address register and the Received Field Length (RFL) 
register. 

In FLEXIBLE mode, the 8044 can initiate transmis
sions without being polled, and thus it can act as the 
primary station. To initiate transmission or to generate 
a response, the CPU sets up and enables the SIU. The 
SIU then formats and transmits the desired frame. 
Upon completion of the transmission, without waiting' 
for a positive acknowledgement from the receiving sta
tion, the SIU interrupts the CPU. 

5.0 8044 FRAME FORMAT OPTIONS 

As mentioned above, variations on the basic SDLC 
frame consist of omitting one or more of the fields. The 
choice of which fields to omit, as well as the selection of 
AUTO mode versus FLEXIBLE mode, is specified by 
the settings of the following three bits in the Serial 
Mode Register (SMO) and the Status/Control Register 
(STS): 

SMO Bit 0: NFCS (No Frame Check Sequence) 
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SMD Bit I: NB (Non-Buffered Mode-No Control 
Field) 

STS Bit I: AM (AUTO Mode or Addressed Mode) 

Figure 5 shows how these three bits control the frame 
format. 

The following paragraphs discuss some properties of 
the standard SOLC format, and the significance of 
omitting some of the fields. 

5.1 Standard SOLC Format 

The standard SOLC format consists of an opening flag, 
an 8-bit address field, an 8-bit control field, an n-byte 
information field, a 16-bit Frame Check Sequence 
(FCS), and a closing flag. The FCS is based on the 
CCITT-CRC polynominal (X16 + X12 + X5 + 1). 
The address and control fields may not be extended. 
Within the 8044, the address field is held in the Station 
Address (STAO) register, and the control field is held 
in the Receive Control Byte (RCB) or Transmit Con
trol Byte (TCB) register. The standard SDLC format 
may be used in either AUTO mode or FLEXIBLE 
mode. 

5.2 No Control Field (Non·Buffered 
Mode) 

When the control field is not present, the RCB and 
TCB registers are not used. The information field be
gins immediately after the address field, or, if the ad
dress field is also absent, immediately after the opening 
flag. The entire information field is stored in the 8044's 
on-chip RAM. If there is no control field, FLEXIBLE 
mode must be used. Control information may, of 
course, be present in the information field, and in this 
manner the No Control Field option may be used for 
implementing extended control fields. 

5.3 No Control Field and No Address 
Field 

The No Address Field option is available only in con
juction with the No Control Field option. The STAD, 
RCB, and TCB registers are not used. When both these 
fields are absent, the information field begins immedi
ately after the opening flag. The entire information field 
is stored in on-chip RAM. FLEXIBLE mode must be 
used. Formats without an address field have the follow
ing applications: 

Point-to-point data links (where no addressing is neces
sary) 

Monitoring line activity (receiving all messages regard
less of the address field) 

Extended addressing 
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FRAME OPTION 

Standard SOLC 
FLEXIBLE Mode 

Standard SOLC 
AUTO Mode 

No Control Field 
FLEXIBLE Mode 

No Control Field 
No Address Field 
FLEXIBLE Mode 

No FCS Field 
FLEXIBLE Mode 

No FCS Field 
AUTO Mode 

No FCS Field 
No Control Field 
FLEXIBLE Mode 

NoFCS Field 
No Control Field 
No Address Field 
FLEXIBLE Mode 

Key to Abbreviations: 

F = Flag (01111110) 
A = Address Field 
C = Control Field 
I = Information Field 

NFCS 

o 

o 

o 

o 

FCS = Frame Check Sequence 

NOTE: 

NB 

o 

o 

o 

o 

AM FRAME FORMAT 

o F A C FCS F 

F A C FCS F 

F A FCS F 

o F FCS F 

o F A C F 

F A C F 

F A F 

o F F 

The AM bit is AUTO mode control bit when NB = 0, and Address Mode control bit when NB = 1. 

Figure 5. Frame Format Options 

5.4 No FCS Field 

In the normal case (NFCS = 0), the last 16 bits before 
the closing flag are the Frame Check Sequence (FCS) 
field. These bits are not stored in the 8044's RAM. 
Rather, they are used to compute a cyclic redundancy 
check (CRe) on the data in the rest of the frame. A 
received frame with· a CRC error (incorrect FCS) is 
ignored. In transmission, the FCS field is automatically 
computed by the SIU, and placed in the transmitted 
frame just prior to the closing flag. 

The NFCS bit (SMD Bit 0) gives the user the capability 
of overriding this automatic feature. When this bit is set 
(NFCS = 1), all bits from the beginning of the infor
mation field to the beginning of the closing flag are 
treated as part of the information field, and are stored 
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in the on-chip RAM. No FCS checking is done on the 
received frames, and no FCS is generated for the trans
mitted frames. The No FCS Field option may be used 
in conjunction with any of the other options. It is typi
cally used in FLEXIBLE mode, although it does not 
strictly include AUTO mode. Use of the No FCS Field 
option AUTO Mode may, however, result in SDLC 
protocol violations, since the data integrity is not 
checked by the SIU. 

Formats without an FCS field have the following appli
cations: 

Receiving and transmitting frames without verifying 
data integrity. 

Using an alternate data verification algorithm. 
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Using an alternate CRC-16 polynomial (such as Xl6 + 
XIS + X2 + I), or a 32-bit CRC 

Performing data link diagnosis by forcing false CRCs 
to test error detection mechanisms 

In addition to the applications mentioned above, all of 
the format variations are useful in the support of non
standard bit-synchronous protocols. 

6.0 HOLC 

In addition to its support of SDLC communications, 
the 8044 also supports some of the capabilities of 
HDLC. The following remarks indicate the principal 
differences between SDLC and HDLC. 

HDLC permits any number of bits in the information 
field, whereas SDLC requires a byte structure (multiple 
of 8 bits). The 8044 itself operates on byte boundaries, 
and thus it restricts fields to multiples of 8 bits. 

HDLC provides functional extensions to SDLC: an un
limited address field is allowed, and extended frame 
number sequencing. 

HDLC does not support operation in loop configura
tions. 

7.0 SIU SPECIAL FUNCTION 
REGISTERS 

The 8044 CPU communicates with and controls the 
SIU through hardware registers. These registers are ac
cessed using direct addressing. The SIU special func
tion registers (SIU SFRs) are of three types: 

Control and Status Registers 

Parameter Registers 

ICE Support Registers 

7.1 Control and Status Registers 

There are three SIU Control and Status Registers: 

Serial Mode Register (SMD) 

Status/Command Register (STS) 

Send/Receive Count Register (NSNR) 

The SMD, STS, and NSNR registers are all cleared by 
system reset. This assures that the SIU will power up in 
an idle state (neither receiving nor transmitting). 

These registers and their bit assignments are described 
below (see also the More Details on Registers section). 
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SMD: SERIAL MODE REGISTER 
(BYTE-ADDRESSABLE) 
Bit: 7 6 5 4 3 2 1 0 

I SCM21 SCM1 I SCMO I NRZII LOOP I PFS I NB I NFCS I 

The Serial Mode Register (Address C9H) selects the 
operational modes of the SIU. The 8044 CPU can both 
read and write SMD. The SIU can read SMD but can
not write to it. To prevent conflict between CPU and 
SIU access to SMD, the CPU should write SMD only 
when the Request To Send (RTS) and Receive Buffer 
Empty (RBE) bits (in the STS register) are both false 
(0). Normally, SMD is accessed only during initializa
tion. 

The individual bits of the Serial Mode Register are as 
follows: 

Blt# 

SMO.O 

SMO.1 

SMO.2 

SMO.3 
SMO.4 
SMO.5 
SMO.6 
SMO.7 

Name 

NFCS 

NB 

PFS 

LOOP 
NRZI 
SCMO 
SCM1 
SCM2 

Description 

No FCS field in the SOLC 
frame. 
Noon-Buffered mode. No 
control field in the SOLC 
frame. 
Pre-Frame Sync mode. In 
this mode, the 8044 
transmits two bytes before 
the first flag of a frame, for 
OPLL synchronization. If 
NRZI is enabled, OOH is 
sent; otherwise, 55H is sent. 
In either case, 16 pre-frame 
transitions are guaranteed. 
Loop configuration. 
NRZI coding option. 
Select Clock Mode-Bit 0 
Select Clock Mode-Bit 1 
Select Clock Mode-Bit 2 

The SCM bits decode as follows: 

SCM 
Clock Mode 

210 

000 Externally clocked 
001 Undefined 
010 Self clocked, timer overflow 
011 Undefined 
1 0 0 Self clocked, external16x 
101 Self clocked, external 32x 
110 Self clocked, internal fixed 
1 1 1 Self clocked, internal fixed 

'Based on a 12 MHz crystal frequency 
"0-1 M bps in loop configuration 

Data Rate 
(Bits/sec)' 

0-2.4M--

244-62.5K 

0-375K 
0-187.5K 
375K 
187.5K 
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STS: STATUS/COMMAND REGISTER 
(BIT-ADDRESSABLE) 
Bit:? 6543210 

I rBF I RBE I Rr5 I 51 I BOV I OPB I AM I RBP I 
The Status/Command Register (Address C8H) pro
vides operational corltrol of the SIU by the 8044 CPU, 
and enables the SIU to post status information for the 
CPU's access. The SIU can read STS, and can alter 
certain bits, as indicated below. The CPU can both read 
and write STS asynchronously. However, 2-cycle in
structions that access STS during both cycles ('JBC/B, 
REL' and 'MOV /B,C.') should not be used, since the 
SIU may write to STS between the two CPU accesses. 

The individual bits of the Status/Command Register 
are as follows: 

Blt# Name 

STS.O RBP 

STS.1 AM 

STS.2 OPB 

STS.3 BOV 

STS.4 SI 

STS.5 RTS 

STS.6 RBE 

Description 

Receive Buffer Protect. Inhibits 
writing of data into the receive 
buffer. In AUTO mode, RBP 
forces an RNR response 
instead of an RR. 
AUTO Model Addressed Mode. 
Selects AUTO mode where 
AUTO mode is allowed. If NB is 
true, (= 1), the AM bit selects 
the addressed mode. AM may 
be cleared by the SIU. 
Optional Poll Bit. Determines 
whether the SIU will generate 
an AUTO response to an 
optional poll (UP with P = 0). 
OPB may be set or cleared by 
the SIU. 
Receive Buffer Overrun. BOV 
may be set or cleared by the 
SIU. 
SIU Interrupt. This is one of the 
five interrupt sources to the 
CPU. The vector location = 
23H. SI may be set by the SIU. 
It should be cleared by the CPU 
before returning from an 
interrupt routine. 
Request To Send. Indicates 
that the 8044 is ready to 
transmit or is transmitting. RTS 
may be read or written by the 
CPU. RTS may be read by the 
SIU, and in AUTO mode may 
be written by the SIU. 
Receive Buffer Empty. RBE 
can be thought of as Receive 
Enable. RBE is set to one by 
the CPU when it is ready to 
receive a frame, or has just 
read the buffer, and to zero by 
the SIU when a frame has been 
received. 

Blt# 

STS.7 

Name 

TBF 

Description 

Transmit Buffer Full. Written by 
the CPU to indicate that it has 
filled the transmit buffer. TBF 
may be cleared by the SIU. 

NSNR: SEND/RECEIVE COUNT REGISTER 
(BIT-ADDRESSABLE) 
Bit:? 6 5 43210 

I N521 N51 I N50 I SES I NR21 NR1 I NRO I 5ER I 
The SendlReceive Count Register (Address D8H) con
tains the transmit and receive sequence numbers, plus 
tally error indications. The SIU can both read and 
write NSNR. The 8044 CPU can both read and write 
NSNR asynchronously. However, 2-cycle instructions 
that access NSNR during both cycles ('JBC /B, REL', 
and 'MOV /B,C') should not be used, since the SIU 
may write to NSNR between the two 8044 CPU access
es. 

The individual bits of the SendlReceive Count Register 
are as follows: 

Blt# Name Description 

NSNR.O SER Receive Sequence Error: 
NS (P) "* NR (S) 

NSNR.1 NRO Receive Sequence Counter-Bit 0 

NSNR.2 NR1 Receive Sequence Counter-Bit 1 

NSNR.3 NR2 Receive Sequence Counter-Bit 2 

NSNR.4 SES Send Sequence Error: 
NR (P) "* NS (S) and 
NR (P)"* NS (S) + 1 

NSNR.5 NSO Send Sequence Counter-Bit 0 

NSNR.6 NS1 Send Sequence Counter-Bit 1 

NSNR.7 NS2 Send Sequence Counter-Bit 2 

7.2 Parameter Registers 

There are eight parameter registers that are used in 
connection with SIU operation. All eight registers may 
be read or written by the 8044 CPU. RFL and RCB are 
normally loaded by the SIU. 

The eight parameter registers are as follows: 

STAD: STATION ADDRESS REGISTER 
(BYTE-ADDRESSABLE) 

The Station Address register (Address CEH) contains 
the station address. To prevent access conflict, the CPU 
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should access STAD only when the sm is idle (RTS = 
o and RBE = 0). Normally, STAD is accessed only 
during initialization. 

TBS: TRANSMIT BUFFER START ADDRESS 
REGISTER (BYTE-ADDRESSABLE) 

The Transmit Buffer Start address register (Address 
DCH) points to the location in on-chip RAM for the 
beginning of the I-field of the frame to be transmitted. 
The CPU should access TBS only when the SIU is not 
transmitting a frame (when TBF = 0). 

TBL: TRANSMIT BUFFER LENGTH REGISTER 
(BYTE-ADDRESSABLE) 

The Transmit Buffer Length register (Address DBH) 
contains the length (in bytes) of the I-field to be trans
mitted. A blank I-field (TBL = 0) is valid. The CPU 
should access TBL only when the SIU is not transmit
ting a frame (when TBF = 0). 

NOTE: 
The transmit and receive buffers are not allowed to 
"wrap around" in the on-chip RAM. A "buffer end" 
is automatically generated if address 191 (BFH) is 
reached. 

TCB: TRANSMIT CONTROL BYTE REGISTER 
(BYTE-ADDRESSABLE) 

The Transmit Control Byte register (Address DAH) 
contains the byte which is to be placed in the control 
field of the transmitted frame, during NON-AUTO 
mode transmission. The CPU should access TCB only 
when the SIU is not transmitting a frame (when TBF 
= 0). The Ns and NR counters are not used in the 
NON-AUTO mode. 

RBS: RECEIVE BUFFER START ADDRESS 
REGISTER (BYTE-ADDRESSABLE) 

The Receive Buffer Start address register (Address 
CCH) points to the location in on-chip RAM where the 
beginning of the I-field of the frame being received is to 
be stored. The CPU should write RBS only when the 
SIU is not receiving a frame (when RBE = 0). 

RBL: RECEIVE BUFFER LENGTH REGISTER 
(BYTE-ADDRESSABLE) 

The Receive Buffer Length register (Address CBH) 
contains the length (in bytes) of the area in on-chip 
RAM allocated for the received I-field. RBL = 0 is 
valid. The CPU should write RBL only when RBE = 
O. 

RFL: RECEIVE FIELD LENGTH REGISTER 
(BYTE-ADDRESSABLE) 

The Received Field Length register (Address CDH) 
contains the length (in bytes) of the received I-field that 
has just been loaded into on-chip RAM. RFL is loaded 
by the sm. RFL = 0 is valid. RFL should be accessed 
by the CPU only when RBE = O. 

RCB: RECEIVE CONTROL BYTE REGISTER 
(BYTE-ADDRESSABLE) 

The Received Control Byte register (Address CAH) . 
contains the control field of the frame that has just been 
received. RCB is loaded by the sm. The CPU can only 
read RCB, and should only access RCB when RBE = 
O. 

7.3 ICE Support Registers 

The 8044 In-Circuit Emulator (ICE-44) allows the user 
to exercise the 8044 application system and monitor the 
execution of instructions in real time. 

The emulator operates with Intel's Intellec@ develop
ment system. The development system interfaces with 
the user's 8044 system through an in-cable buffer box. 
The cable terminates in a 8044 pin-compatible plug, 
which fits into the 8044 socket in the user's system. 
With the emulator plug in place, the user can exercise 
his system in real time while collecting up to 255 in
struction cycles of real-time data. In addition, he can 
single-step the program. 

Static RAM is available (in the in-cable buffer box) to 
emulate the 8044 internal and external program memo
ry and external data memory. The designer can display 
and alter the contents of the replacement memory in 
the buffer Lox, the internal data memory, and the inter
nal 8044 registers, including the SFRs. 

Among the SIU SFRs are the following registers that 
support the operation of the ICE: 

DMA CNT: DMA COUNT REGISTER 
(BYTE-ADDRESSABLE) 

The DMA Count register (Address CFH) indicates the 
number of bytes remaining in the information block 
that is currently being used. . 

FIFO: THREE-BYTE (BYTE-ADDRESSABLE) 

The Three-Byte FIFO (Address DDH, DEH, and 
DFH) is used between the eight-bit shift register and 
the information buffer when an information block is 
received. 
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SIUST: SIU STATE COUNTER (BYTE
ADDRESSABLE) 

The SIU State Counter (Address. D9H) reflects the 
state of the internal logic which is under SIU control. 
Therefore, care must be taken not to write into this 
register. 

The SIUST register can serve as a helpful aid to deter
mine which field of a receive frame that the SIU ex
pects next. The table below will help in debugging 8044 
reception problems. 

SIUST Function Value 

01H Waiting for opening flag. 

OSH Waiting for address field. 

10H Waiting for control field. 

1SH Waiting for first byte of I field. This state 
is only entered if a FCS is expected. It 
pushes the received byte onto the top of 
the FIFO. 

20H Waiting for second byte of I field. This 
state always follows state 1SH. 

SIUST Function Value 

2SH Waiting for I field byte. This state can be 
entered from state 20H or from states 
01 H, OSH, or 10H depending upon the 
SIU's mode configuration. (Each time a 
byte is received, it is pushed onto the top 
of the FIFO and the byte at the bottom is 
put into memory. For no FCS formatted 
frames, the FIFO is collapsed into a 
single register). 

30H Waiting for the closing flag after having 
overflowed the receive buffer. Note that 
even if the receive frame overflows the 
assigned receive buffer length, the FCS 
is still checked. 

Examples of SIUST status sequences for different frame 
formats are shown below. Note that status changes af
ter acceptance of the received field byte. 

Table 1 SIUST Status Sequences 

Example 1: 

Frame Format \ (Idle) I F \ A \ C \11S I 20 I 28 I F2CSS I OF1 I 
SIUST Value 01 01 OS 10 . . . . . 

Example 2: 

~~~~; ~~~:at 1 (I~~e) 1 ~ l:a 111S1 20 1 2S 1 F~S 1 ~ I 
Example 3: 

~~~~; ~~~:at I (I~~e) 1 ~ 11S 1 2
1
0 1 2s1 F~S 1 ~ I 

Example 4: 

Frame Format I (Idle) I . F I A I I I F I 
SIUSTValue I 01 I 01 I OS I 28 I 01 I 
Example 5: 

Frame Format I (Idle) I F I ! I F I 
SIUST Value ~. ~~01=~~. ~0=1 ~.==~2~S==~~0~1~ 
Example 6: 

Frame Format I (Idle) I F I I I 
SIUSTValue I 01 ·101 I 18 I 20 I 28 I 

I OVERFLOW I FCS I F I 
30 I 30 I 01 I 
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8.0 OPERATION 

The sm is initialized by a reset signal (on pin 9), fol
lowed by write operations to the SIU SFRs. Once ini
tialized, the sm can function in AUTO mode or NON
AUTO mode. Details are given below. 

8.1 Initialization 

Figure 6 is the SIU. Registers SMD, STS, and NSNR 
are cleared by reset. This puts the 8044 into an idle 
state-neither receiving nor transmitting. The follow
ing registers must be initialized before the 8044 leaves 
the idle state: 

STAD - to establish the 8044's SDLC station ad-
dress. 

SMD - To configure the 8044 for the proper op-
erating mode. 

RBS, RBL - to define the area in RAM allocated for 
the Receive Buffer. . 

END·OF· 
FRAME 

FLEXIBLE 
MODE 

END-Of-FRAME 
AUTO MODE 

STRTREC 

TBS, TBL - to define the area in RAM allocated for 
the Transmit Buffer. 

Once these registers have been initialized, the user may 
write to the STS register to enable the SIU to leave the 
idle state, and to begin transmits and/or receives. 

Setting RBE to 1 enables the SIU for receive. When 
RBE = 1, the SIU monitors the received data stream 
for a flag pattern. When a flag pattern is found, the sm 
enters Receive mode and receives the frame. 

Setting RTS to 1 enables the SIU for transmit. When 
RTS = 1, the SIU monitors the received data stream 
for a GA pattern (loop configuration) or waits for a 
CTS (non-loop configuration). When the GA or CTS 
arrives, the SIU enters Transmit mode and transmits a 
frame. 

In AUTO mode, the SIU sets RTS to enable automatic 
transmissions of appropriate responses. 

STRT REC = RBE. FLAG 
STRT XMIT = RTS. (CTS. LOOP + GA. LOOP) 
WAIT = NOT (STRT REC + STRT XMID 

Figure 6. SIU State Diagram 
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8.2 AUTO Mode 

Figure 7 illustrates the receive operations in AUTO 
mode. The overall operation is shown in Figure 7a. Par
ticular cases are illustrated in Figures 7b through 7j. If 
any Unnumbered Command other than UP is received, 
the AM bit is cleared and the SIU responds as if in the 
FLEXIBLE mode, by interrupting the CPU for super
vision. This will also happen if a BOY or SES condition 
occurs. If the received frame contains a poll, the SIU 
sets the RTS bit to generate a response. 

Figure 8 illustrates the transmit operations in AUTO 
mode. When the SIU gets the opportunity to transmit, 
and if the transmit buffer is full, it sends an I-frame. 
Otherwise, it sends an RR if the buffer is free, or an 
RNR if the buffer is protected. The sequence counters 
NS and NR are used to construct the appropriate con
trol fields. 

Figure 9 shows how the CPU responds to.an SI (serial 
interrupt) in AUTO mode. The CPU tests the AM bit 
(in the STS register). If AM = 1, it indicates that the 
SIU has received either an I-frame, or a positive re
sponse to a previously transmitted I-frame. 

8.3 FLEXIBLE Mode 

Figure 10 illustrates the receive operations in NON
AUTO mode. When the SIU successfully completes a 
task, it clears RBF and interrupts the CPU by setting 
SI to 1. The exact CPU response to SI is determined by 
software. A typical response is shown in Figure 11. 

Figure 12 illustrates the transmit operations in FLEX
IBLE mode. The SIU does not wait for a positive ac
knowledge response to the transmitted frame. Rather, it 
interrupts the CPU (by setting SI to 1) as soon as it 
finishes transmitting the frame. The exact CPU re
sponse to SI is determined by software. A typical re
sponse is shown in Figure 13. This response results in 
another transmit frame being set up. The sequence of 
operations shown in Figure 13 can also be initiated by 
the CPU, without an SI. Thus the CPU can initiate a 
transmission in FLEXIBLE mode without a poll, sim
ply by setting the RTS bit in the STS register. The RTS 
bit is always used to initiate a transmission, but it is 
applied to the RTS pin only when a non-loop configu
ration is used. 

8.4 8044 Data Link Particulars 

The following facts should be noted: 

I) In a non-loop configuration, one or two bits are 
transmitted before the opening flag. This is neces
sary for NRZI synchronization. 

2) In a non-loop configuration, one to eight extra drib
ble bits are transmitted after the closing flag. These 
bits are a zero followed by ones. 

3) In a loop configuration, when a GA is received and 
the 8044 begins transmitting, the sequence is 
01111110101111110 ... (FLAG, 1, FLAG, AD
DRESS, etc.). The first flag is created from the GA. 
The second flag begins the message. 

4) CTS is sampled after the rising edge of the serial 
data, at about the center of the bit cell, except dur
ing a non-loop, externally clocked mode transmit, in 
which case it is sampled just after the falling edge. 

5) The SIU does not check for illegal I-fields. In partic
ular, if a supervisory command is received in AUTO 
mode, and if there is also an I -field, it will be loaded 
into the receive buffer (if RBP = 0), but it cannot 
cause a BOY. 

6) In relation to the Receive Buffer Protect facility, the 
user should set RFL to 0 when clearing RBP, such 
that, if the SIU is in the process of receiving a 
frame, RFL will indicate the proper value when re
ception of the frame has been completed. 

8.5 Turn Around Timing 

In AUTO mode, the SIU generates an RTS immediate
ly upon being polled. Assuming that the 8044 sends an 
information frame in response to the poll, the primary 
station sends back an acknowledgement. If, in this ac
knowledgement, the 8044 is polled again, a response 
may be generated even before the CPU gets around to 
processing the interrupt caused by the acknowledge. In 
such a case, the response would be an RR (or RNR), 
since TBF would have been set to 0 by the SIU, due to 
the acknowledge. 

If the system designer does not wish to take up channel 
time with RR responses, but prefers to generate a new 
I-frame as a response, there are several ways to accom
plish this: 

1) Operate the 8044 in FLEXIBLE mode. 

2) Specify that the master should .never acknowledge 
and poll in one message. This is typically how a loop 
system operates, with the poll operation confined to 
the UP command. This leaves plenty of time for the 
8044 to get its transmit buffer loaded with new in
formation after an acknowledge. 

3) The 8044 CPU can clear RTS. This will prevent a 
response from being sent, or abort it if it is already 
in progress. A system using external RTS/CTS 
handshaking could use a one-shot delay. RTS or 
CTS, thereby giving the CPU more time to disable 
the response. 
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ABOAT. SHORT FRAME, 
OAINVALID 
I FRAME 

RUPITM·44 SIU 

NO 

NO 

YES 

BAD 

RECEIVE 
NEXT BYTE 

CTRl FIELD .. RCB 

I FlELO .. RFC BUF 

8M Flgur.. 7c Ihru 71 

Figure 7a. SIU AUTO Mode Receive Flowchart-General 
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.. AM ...... . 
uS11t ..... 1 
.. RBE ...... . 
.. SES ...... . 
.. SER ...... . 
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Figure 7b. SIU AUTO Mode Receive Flowchart-Unknown Command 
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'IAM" .-0 
"RBE"4-0 
"SI" __ 1 

YES 

Figure 7c. SIU AUTO Mode Receive Flowchart-Unnumbered Poll 
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"RBE"_O 
"SER"_O 
"SES"_1 

NO 

RUPITM·44 SIU 

Figure 7d. SIU AUTO Mode Receive Flowchart-Supervisory Command 
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BAD 

I COMMAND 
N.(P) ~ NS(S) + 1 

~l~l :. ~~(S) "NB" _ • 

"RBE"_ • 
"TBF"_' 
NS=NS+l 
"SES"" • 
"SER"_' 
"SI" .... , 

Figure 7e. SIU AUTO Mode Receive Flowchart-I Command: Prior 
Transmitted I-Field Confirmed, Current Received I-Field In Sequence 
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BAD 

I COMMAND 

NA(P) - NS(SI 
NS(P) - NA(S 

uAM" == 1, uNS" -= • 

.. RBE" ... . 
"SES" ... . "SER" __ 

"SI" _1 

Figure 7f. SIU AUTO Mode Receive Flowchart-I Command: Prior 
Transmitted I·Field Not Confirmed, Current Received I· Field in Sequence 
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BAD 

I COMMAND 
NRIP) '" NsIS) + , 

HR(P) '" NIISI 
NS(P) - NR 5 

"AM" - " "NB" - 0 

"AM" ... . 
.. SES ..... ' 
"SER"_O 
.. RBE ..... O 
"51" _, 

Figure 7g. SIU AUTO Mode Receive Flowchart-I Command: 
Sequence Error Send, Current Received I-Field in Sequence 
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BAD 

I COMMAND 
NRIP) ~ NsIS) + , 
NsIP) .. NRIS) 

"AM" - " "NB" - 0 

.. TBF ...... 
NS~NS+' 
.. SES ..... . 
"SER" ... , 
"SI" ~1 

Figure 7h. SIU AUTO Mode Receive Flowchart-I Command: 
Prior Transmitted I-Field Confirmed Sequence Error Receive 
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"AM" ... . 
.. RBE ..... . 
"51" "'1 

RUPITM-44 SIU 

BAD 

I COMMAND 
NR(P) - IIs(S) 

~1~J. : ~~(S) "NB" _ 0 

Figure 7i. SIU AUTO Mode Receive Flowchart-I Command: 
Prior Transmitted I-Field Not Confirmed, Sequence Error Receive 
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BAD 

I COMMAND 
NAIPI ,.. NalSI + 1 
NAP "NaS 
Na(P) .. NR(P) 
"AM" "'" 1, "NB" = 0 

"AM" ..-1 
"RBE""-I 
"SES""-1 
"SER"..-1 
"SI" ..... 1 

Figure 7J. SIU AUTO Mode Receive Flowchart-I Command: 
Sequence Error Send and Sequence Error Receive 
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Figure 8. SIU AUTO Mode Transmit Flowchart 
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OR 
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LOAD I·FIELD ' 
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XMITBUFFER 

Figure 9. AUTO Mode Response to "51" 
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Figure 10. SIU FLEXIBLE Mode Receive Flowchart 
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PROCESS MESSAGE. 
SET UP RESPONSE 
IF NECESSARY 

296165-23 

FIgure 11. FLEXIBLE Mode Response to ReceIve "SI" 
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r--------
TBF -. 

TRANSMIT MESSAGE 
USING TCB FOR 
CONTRO~ FIELD 

I (ABORT FROM CPU) 

I 
~ 

~UT·OFF· ~OOP) + 
CTS·~OOP 
[ABORT FROM PRIMARY] ----, 

I 
I 
I 
I 
I 

C~EAR"TBF" 

)..:..=!..1 -...-------===~r;:_:=-=::: ______ J 

TRANSMIT 
ABORT 

SEQUENCE 

CLEAR "RTS" 
SET "SI" 

Figure 12. SIU FLEXIBLE Mode Transmit Flowchart 
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9.0 MORE DETAILS ON SIU 
HARDWARE 

The SIU divides functionally into two sections-a bit 
processor (BIP) and a byte processor (BYP)-sharing 
some common timing and control logic. As shown in 
Figure 14, the BIP operates between the serial port pins 
and the SIU bus, and performs all functions necessary 
to transmit/receive a byte of data to/from the serial 
data stream. These operations include shifting, NRZI 
encoding/decoding, zero insertion/deletion, and FCS 
generation/checking. The BYP manipulates bytes of 
data to perform message formatting, and other trans
mitting and receiving functions. It operates between the 
SIU bus (SIB) and the 8044's internal bus (IB). The 
interface between the SIU and the CPU involves an 
interrupt and some locations in on-chip RAM space 
which are managed by the BYP. 

The maximum possible data rate for the serial port is 
limited to '/2 the internal clock rate. This limit is im
posed by both the maximum rate of DMA to the on
chip RAM, and by the requirements of synchronizing 
to an external clock. The internal clock rate for an 8044 
running on a 12 MHz crystal is 6 MHz. Thus the maxi
mum 8044 serial data rate is 3 MHz. This data rate 
drops down to 2.4 MHz when time is allowed for exter
nal clock synchronization. 

9.1 The Bit Processor 

In the asynchronous (self clocked) modes the clock is 
extracted from the data stream using the on-chip digital 
phase-locked-loop (DPLL). The DPLL requires a clock 
input at 16 times the data rate. This 16 X clock may 
originate from SCLK, Timer 1 Overflow, or PH2 (one 
half the oscillator frequency). The extra divide by-two 
described above allows these sources to be treated alter
natively as 32 X clocks. 

The DPLL is a free-running four-bit counter running 
off the 16 X clock. When a transition is detected in the 
receive data stream, a count is dropped (by suppressing 
the carry-in) if the current count value is greater than 8. 
A count is added (by injecting a carry into the second 
stage rather than the first) if the count is less than 8. No 
adjustment is made if the transition occurs at the count 
of 8. In this manner the counter locks in on the point at 
which transitions in the data stream occur at the count 
of 8, and it clock pulse is generated when the count 
overflows to O. 

In order to perform NRZI decoding, the NRZI decod
er compares each bit of input data to the previous bit. 
There are no clock delays in going through the NRZI 
decoder. 

20-31 

The zero insert/delete circuitry (ZID) performs zero 
insertion/deletion, and also detects flags, GA's (Go
Ahead's), and aborts (same as GA's) in the data 
stream. The pattern 1111110 is detected as an early 
GA, so that the GA may be turned into a flag for loop 
mode transmission. 

The shut-off detector monitors the receive data stream 
for a sequence of eight zeros, which is a shut-off com
mand for loop mode transmissions. The shut-off detec
tor is a three-bit counter which is cleared whenever a 
one is found in the receive data stream. Note that the 
ZID logic could not be used for this purpose, because 
the receive data must be monitored even when the ZID 
is being used for transmission. 

As an example of the operation of the bit processor, the 
following sequence occurs in relation to the receive 
data: 

1) RXD is sampled by SCLK, and then synchronized 
to the internal processor clock (IPC). 

2) If the NRZI mode is selected, the incoming data is 
NRZI decoded. 

3) When receiving other than the flag pattern, the ZID 
deletes the '0' after 5 consecutive 'l's (during trans
mission this zero is inserted). The ZID locates the 
byte boundary for the rest of the circuitry. The ZID 
deletes the 'O's by preventing the SR (shift register) 
from receiving a clocking pulse. 

4) The FCS (which is a function of the data between 
the flags-not including the flags) is initialized and 
started at the detection of the byte boundary at the 
end of the opening flag. The FCS is computed each 
bit boundary until the closing flag is detected. Note 
that the received FCS has gone through the ZID 
during transmission. 

9.2 The Byte Processor 

Figure 15 is a block diagram of the byte processor 
(BYP). The BYP contains the registers and controllers 
necessary to perform the data manipulations associated 
with SDLC communications. The BYP registers may 
be read or written by the CPU over the 8044's internal 
bus (IB), using standard 8044 hardware register opera
tions. The 8044 register select PLA controls these oper
ations. Three of the BYP registers connect to the IB 
through the IBS, a sub-bus which also connects to the 
CPU interrupt control registers. 
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Figure 14. The Bit and Byte Processors 

Simultaneous access of a register by both the IB and the 
SIB is prevented by timing. In particular. RAM access 
is restricted to alternate internal processor cycles· for 
the CPU and the SIU, in such a way that collisions do 
not occur. 

As an example of the operation of the byte processor, 
the following sequence occurs in relation to the receive 
data: 

1) Assuming that there is an address field in the frame, 
the BYP takes the station address from the register 
file into temporary storage. After the opening flag, 
the next field (the address field) is compared to the 
station address in the temporary storage. If a match 
occurs, the operation continues. 

2) Assuming that there is a control field in the frame, 
the BYP takes the next byte and loads it into the 
RCB register. The RCB register has the logic to 
update the NSNR register (increment receive count. 
set SES and SER flags, etc.). 

3) Assuming that there is an information field. the next 
byte is dumped into RAM at the RBS location. The 
DMA CNT (RBL at the opening flag) is loaded 
from the DMA CNT register into the RB register 
and decremented. The RFL is then loaded into the 
RB register, incremented, and stored back into the 
register file. 

4) This process continues until the DMA CNT reaches 
zero, or until a closing flag is received. Upon either 
event, the BYP updates the status, and, if the CRC 
is good, the NSNR register. 
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Figure 15. The Byte Processor 

10.0 DIAGNOSTICS 

An SIU test mode has been provided, so that the on
chip CPU can perfonn limited diagnostics on the SIU. 
The test mode utilizes the output latches for P3.0 and 
P3.1 (pins 10 and 11). These port 3 pins are not useful 
as out-put ports, since the pins are taken up by the 
serial port functions. Figure 16 shows the signal routing 
associated with the SIU test mode. 

Writing a 0 to P3.1 enables the serial test mode (P3.1 is 
set to 1 by reset). In test mode the P3.0 bit is mapped 
into the received data stream, and the 'write. port 3' 
control signal is mapped into the SCLK path in place of 
Tl. Thus, in test mode, the CPU can send a serial data 

stream to the SIU by writing to P3.0. The transmit data 
stream can be monitored by reading P3.1. Each succes
sive bit is transmitted from the SIU by writing to any 
bit in Port 3, which generates SCLK. 

In test mode, the P3.0 and P3.1 pins are placed in a 
high voltage, high impedance state. When the CPU 
reads P3.0 imd P3.1 the logic level applied to the pin 
will be returned. In the test mode, when the CPU reads 
3.1, the transmit data value will be returned, not the 
voltage on the pin. The transmit data remains constant 
for a bit time. Writing to P3.0 will result in the signal 
being outputted for a short period of time. However, 
since the signal is not latched, P3.0 will quickly return 
to a high voltage, high impedance state. . 
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The serial test mode is disabled by writing a I to P3.I. 
Care must be taken that a 0 is never written to P3.1 in 
the course of normal operation, since this causes the 
test mode to be entered. 

Figure 17 is an example of a simple program segment 
that can be imbedded into the user's diagnostic pro
gram. That example shows how to put the S044 into 
"Loop-back mode" to test the basic transmitting and 

. receiving functions of the SIU. 

Loop-back mode is functionally equivalent to a hard
wire connection between pins 10 and 11 on the S044. 

In this example, the S044 CPU plays the role of the 
primary station. The SIU is in the AUTO mode. The 
CPU sends the SIU a supervisory frame with the poll 
bit set and an RNR command. The SIU responds with 
a supervisory frame with the poll bit set and an RR 
command. 

The operation proceeds as follows: 

Interrupts are disabled, and the self test mode is en
abled by writing a zero to P3.I. This establishes P3.0 as 
the data path from the CPU to the SIU. CTS (clear-to
send) is enabled by writing a zero to PI.7. The station 
address is initialized by writing OSAH into the ST AD 
(station address register). 

The SIU is configured for receive operation in the 
clocked mode and in AUTO mode. The CPU then 

transmits a supervisory frame. This frame consists of an 
opening flag, followed by the station address, a control 
field indicating that this is a supervisory frame with an 
RNR command, and then a closing flag. 

Each byte of the frame is transmitted by writing that 
byte into the A register and then calling the subroutine 
XMITS. Two additional SCLKs are generated to guar
antee that the last bits in the frame have been clocked 
into the SIU. Finally the CPU reads the status register 
(STS). If the operation has proceeded correctly, the 
status will be 072H. If it is not, the program jumps to 
the ERROR loop and terminates. 

The SIU generates an SI (SIU interrupt) to indicate 
that it has received a frame. The CPU clears this inter
rupt, and then begins to monitor the data stream that is 
being generated by the SIU in response to what it has 
received. As each bit arrives (via P3.1), it is moved into 
the accumulator, and the CPU compares the byte in the 
accumulator with 07EH, which is the opening flag. 
When a match occurs, the CPU identifies this as byte 
boundary, and thereafter processes the information 
byte-to-byte. 

The CPU calls the RCVS subroutine to get each byte 
into the accumulator. The CPU performs compare op
erations on (successively) the station address, the con
trol field (which contains the RR response), and the 
closing flag. If any of these do not compare, the pro
gram jumps to the ERROR loop. If no error is found, 
the program jumps to the DONE loop. 
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ISIS-II ~CS-'I ""'CRO A9SE~BLER. V2. 0 
08JECT I'IOD\A.E PLACED IN : FI: DATA. D8~ . 

RUPITM·44 SIU 

.... SSEMBLER INVOKED IV; ••• '1: fll: d.t •. INn devie.(44) 

LOC OB~ LINE 

I 
2 

ooooncaoo 3 
0003 C2BI 4 
000' C297 5 
0007 ?SeES'" 6 

1 
8 
9 

OOOA 7'DI6A 10 
0000 7'CIIJOI II 
0010 7'CBC2 12 

13 

SOURCE 

INIT: MOV 
CLR 
CLR 
I'IOv 

STS •• OOH 
P3. I 
PI.7 
9TAD. *BAH 

CONFIQURE RECEIVE OPERATION 

I'IOV 
I'IOV 
I'IOV 

NBHR •• 6AH 
MD. tK)lH 
8TS •• OC2H 

I Enebh •• 11 t •• t .ade 
i • En.b .. eTS 
I !niU.UI. add.,. ••• 

J NSCS)-3# SE5-0, NRCSJ-'. SER-O 
i NFCS-l 
J TIF-•• RIE-l, ,.,... 

I. 
15 

TR_~IT ... SUPERVISORY FR ... M FRD~ THE PRI~MY' STATION WITH THE POLL 
81T SET ",ND ... RNR CDIWO"ND 

16 
0013 747E 17 
001' 120066 18 
00187_ 19 
001'" 120066 20 
0010 749' 21 
OOIF 120066 22 
0022 747E 23 
0024 120066 24 
0027 D210 2' 
0029 D2BO 26 

27 
0028 nCB 28 
002D 84722'" 29 

30 
31 
32 
33 
34 

0030 cacc 3' 
0032 7400 36 
0034 710C 37 

38 
39 
40 

0036 0280 41 
0038 .. 211 42 
oo3A 13 43 
0038 847E03 44 
oo3E 020046 45 
0041 D8F3 46 
00430200'" 47 

48 
49 

0046 1200SC '0 
0049 148AOE 51 
oo4C 1200'C 52 
004F 84B108 53 
0052 12005C '4 
00" 847E02 55 

56 
005B 80FE 57 

58 
00''''' SOFE 59 

60 
61 

OO'C 7808 62 
005E 0280 63 
0060 ... 281 64 
0062 13 6' 
0063 D8F9 66 
006' 22 67 

6B 
69 
70 

0066 7809 71 
0068 13 72 

73 
0069 0801 74 
0068 22 75 

76 
006C 400_ 77 

7B 
006E C2BO 79 
0070 BOF6 80 

81 
0072 1)280 82 
0074 eOF2 83 

84 

SEND: I'IOV 
CALL 
I'IOV 
CALL 
I'IOV 
CALL 
Itov 
CALL 
SETa 
SETa 

~OV 

C~NE 

RECV: CLR 
I'IOV 
IlO\l 

A. .7EH 
.. "ITS .... • 8AH 
"PIIITS .... eO."H 
X~ITB .... • 7EM 
X~1T8 
P3.0 
P3.0 

A. BTB .... • 72M. ERROR 

L~ FOR THE OPENING FLAO 

WFLAQ1: SETB P3.0 
I'IOV C. P3.1 
RRC " C~ A. e07EH. WFLOl 
.mp CNTlNU 

WFLDI: D~Z R3. WFLAOl 
.JI1P ERROR 

CNTlNU: CALL RCVS 
C~NE .... e08AH. ERROR 
CALL RCV8 
C~ .... eOllH, ERROR 
C ... LL RCVB 
C~ A. e07EH. ERRDR 

DONE: .JI1P DONE 

ERROR: .JI1P ERROR 

RCVS: !lOY RD. .08 
DETBIT: SETa P3.0 

I10V C. P3. I 
RRC A 
D~NZ RO. DETalT 
RET 

XI'1JTB: I10V RO • •• L3: RRC ... 
D~NZ RO. LI 
RET 

LI: ~C L2 

CLR P3.0 ...... L3 

L2: SETa '3.0 
~P L3 .n. 

Th. StU "'.,elv ••• fla. U".t 

The add" ••• ia n •• t 

I RNA SUP FRN£ .Utl P/F-l, NRCP)-4 

I R.edy. clasing " •• 

O.ne".t ••• t". BeLK'. to 
Initio.'. ".,elv. acUon 

I Check 'a'" .pp,"op"iat. status 

I Ch." 91 
I CI.a" ACC 
J T,., UZ t1 •• s 

I SCLK 
I T"an •• itt ... det. 

I O.t SIU's T,.ans.Itte" .dd,. ••• fhld 

I P"I •• "" •• ,.cts to ,..ceive RR f"oM SJU 

I Rec.iv. closing fleg 

I Jnit1eUle the bit count.,. 
SCLK 

I T"_ns,,,Uted d_t_ 

I IniUeliu the bit counte" 
I Put th. bit to b. trans.Ut.d 
I in tbe Ca""\1 
I Wh.n all bit. hay. b •• n •• nt 
I ".turn 

I If the car", bit i • •• t. ... 
I pa"t P3.0 .11. 
I cl •• " part P3.0 
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Figure 17. Loop-Back Mode Software 
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8044 APPLICATION EXAMPLES 

1.0 INTERFACING THE 8044 TO A 
MICROPROCESSOR 

The 8044 is designed to serve as an intelligent control
ler for remote peripherals. However, it can also be used 
as an intelligent HDLC/SDLC front end for a micro
processor, capable of extensively off-loading link con
trol functions for the CPU. In some applications, the 
8044 can even be used for communications preprocess
ing, in addition to data link control. 

This section describes a sample hardware interface for 
attaching the 8044 to an 8088. It is general enough to 
be extended to other microprocessors such as the 8086 
or the 80186. 

OVERVIEW 

A sample interface is shown in Figure 1. Transmission 
occurs when the 8088 loads a 64 byte block of memory 
with some known data. The 8088 then enables the 
8237A to DMA this data to the 8044. When the 8044 
has received all of the data from the 8237 A, it sends the 
data in a SDLC frame. The frame is captured by the 
Spectron Datascope™* which displays it on a CRT in 
hex format. 

In reception, the Datascope sends a SDLC information 
frame to the 8044. The 8044 receives the SDLC frame, 
buffers it, and sends it to the 8088's memory. In this 
example the 8044 is being operated in the NON-AUTO 
mode; therefore, it does not need to be polled by a pri
mary station in order to transmit. 

THE INTERFACE 

The 8044 does not have a parallel slave port. The 
8044's 32 1/0 lines can be configured as a local micro
processor bus master. In this configuration, the 8044 
can expand the ROM and RAM memory, control pe
ripherals, and communicate with a microprocessor. 

The 8044, like the 8051, does not have a Ready line, so 
there is no way to put the 8044 in wait state. The clock 
on the 8044 cannot be stopped. Dual port RAM could 
still be used, however, software arbitration would be 
the only way to prevent collisions. Another way to in
terface the 8044 with another CPU is to put a FIFO or 
queue between the two processors, and this was the 
method chosen for this design. 

Figure 2 shows the schematic of the 8044/8088 inter
face. It involves two 8-bit tri-state latches, two SR flip
flops, and some logic gates (6 TTL packs). The circuit
ry implements a one byte FIFO. RS422 transceivers are 
used, which can be connected to a multidrop link. Fig-

• Datascope is a trademark of Spectron Inc. 
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ure 3 shows the 8088 and support circuitry; the memo
ry and decoders are not shown. It is a basic 8088 Min 
Mode system with an 8237A DMA controller and an 
8259A interrupt controller. 

DMA Channel One transfers a block of memory to the 
tri-state latch, while Channel Zero transfers a block of 
data from the latch to 8088's memory. The 8044's In
terrupt 0 signal'vectors the CPU into a routine which 
reads from the internal RAM and writes to the latch. 
The 8044's Interrupt 1 signal causes the chip to read 
from the latch and write to its on-chip data RAM. Both 
DMA requests and acknowledges are active low. 

Initially, when the power is applied, a reset pulse com
ing from the 8284A initializes the SR flip-flops. In this 
initialization state, the 8044's transmit interrupt and 
the 8088's transmit DMA request are active; however, 
the software keeps these signals disabled until either of 
the two processors are ready to transmit. The software 
leaves the receive signals enabled, unless the receive 
buffers are full. In this way either the 8088 or the 8044 
are always ready to receive, but they must enable the 
transmit signal when they have prepared a block to 
transmit. After a block has been transmitted or re
ceived, the DMA and interrupt signals return to the 
initial state. 

The receive and transmit buffer sizes for the blocks of 
data sent between the 8044 and the '8088 have a maxi
mum fixed length. In this case the buffer size was 64 
bytes. The buffer size must be less than 192 bytes to 
enable 8044 to buffer the data in its on-chip RAM. This 
design allows blocks of data that are less than 64 bytes, 
and accommodates networks that allow frames of vary
ing size. The first byte transferred between the 8088 
and the 8044 is the byte count to follow; thus the 8044 
knows how many bytes to receive before it transmits 
the SDLC frame. However, when the 8044 sends data 
to the 8088's memory, the 8237A will not know if the 
8044 will send less than the count the 8237A was pro
grammed for. To solve this problem, the 8237A is oper
ated in the single mode. The 8044 uses an· 1/0 bit to 
generate an interrupt request to the 8259A. In the 
8088's interrupt routine, the 8237A's receive DMA 
channel is disabled, thus allowing blocks of data less 
than 64 bytes to be received. 

THE SOFTWARE 

The software for the 8044 and the 8088 is shown in 
Table 1. The 8088 software was written in PL/M86, 
and the 8044 software was written in assembly lan
guage. 

The 8044 software begins by initializing the stack, in
terrupt priorities, and triggering types for the inter
rupts. At this point, the SIU parameter registers are 
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Figure 1. Block Diagram of 8088/8044 Interface Test 

initialized. The receive and transmit buffer starting ad
dresses and lengths are loaded for the on-chip DMA. 
This DMA is for the serial port. The serial station ad
dress and the transmit control bytes are loaded too. 

Once the initialization has taken place, the SIU inter
rupt is enabled, and the external interrupt which re
ceives bytes from the SOSS is enabled. Setting the S044's 
Receive Buffer Empty (RBE) bit enables the receiver. If 
this bit is reset, no serial data can be received. The S044 
then waits in a loop for either RECEIVE DMA inter
rupt or the SERIAL INT interrupt. 

The. RECEIVE DMA interrupt occurs when· the 
S237A is transferring a block of data to the S044. The 
first time this interrupt occurs, the S044 reads the latch 
and loads the count value into the R2 register. On sub
sequent interrupts, the S044 reads the latch, loads the 
data into the transmit buffer, and decrements R2. 
When R2 reaches zero, the interrupt routine sends the 
data in an SDLC frame, and disables the RECEIVE 
DMA interrupt. After the frame has been transmitted, 
a serial interrupt is generated. The SERIAL INT rou
tine detects that a frame has been transmitted and re
enables the RECEIVE DMA interrupt. Thus, while the 
frame is being transmitted through the SIU, the S237A 
is inhibited from sending data to the S044's transmit 
buffer. 

The TRANSMIT DMA routine sends a block of data 
from the S044's receive buffer to the SOSS's memory. 

21-2 

Normally this interrupt remains disabled. However, if a 
serial interrupt occurs, and the SERIAL INT routine 
detects that a frame has been received, it calls the 
SEND subroutine. The SEND subroutine loads the 
number of bytes which were received in the frame into 
the receive buffer. Register Rl .points to the receive 
buffer and R2 is loaded with the count. The TRANS
MIT DMA interrupt is enabled, and immediately upon 
returning from the SERIAL INT routine, the interrupt 
is acknowledged. Each time the TRANSMIT DMA in
terrupt occurs, a byte is read from the receive buffer, 
written to the latch, and R2 is decremented. When R2 
reaches 0, the TRANSMIT DMA interrupt is disabled, 
the SIU receiver is re-enabled, and the S044 interrupts 
the SOSS. 

CONCLUSION 

For the software shown in Table 1, the transfer rate 
from the SOSS's memory to the S044 was measured at 
75K bytes/sec. This transfer rate largely depends upon 
the number of instructions in the S044's interrupt serv
ice routine. Fewer instructions result in a higher trans
fer rate. 

There are many ways of interfacing the S044 locally to 
another microprocessor: FIFO's, dual port RAM with 
software arbitration, and S255's are just a few. Alterna
tive approaches, which may be more optimal for certain 
applications, are certainly possible. 
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Table 1. Transmit and Receive Software for an 8044/8088 System 

LOC OBJ LINE SOURCE 

0000 

0000 
00008024 

0026 

0026 7581AA 
0029 75B800 
002C 75C954 
002F 758844 

0032 758DEC 
0035 758920 

0038 75DC6A 
003B 75DB40 
003E 75CC2A 
0041 75CB40 
0044 75CE55 
0047 75DAII 

004A 901000 
00400200 

004F D2CE 
0051 75A894 

0054 80FE 

0056 80FE 

0058 85CD29 
005B 7929 
0050 AACD 
005F OA 
0060 D2A8 
0062 22 

0063 
0013 
0013 020063 
0063 

I Sdebug title (8044/8088 INTERFACE) 
2 

4 FIRST_BYTE BIT 0 ; FLAG 

6 ORG 0 
SJMP INIT 

8 
9 ORG 26H 

10 
II INIT: MOV SP. #170 ; INITIALIZE STACK 
12 MOV IP. #00 ; ALL INTERRUPTS ARE EQUAL PRIORITY 
13 MOV SMD. #54H ; TIMER I OVERFLOW. NRZI. PRE·FRAME SYNC 
14 MOV TCON. #44H ; EDGE TRIGGERED EXTERNAL INTERRUPT I 
15 ; LEVEL TRIGGERED EXTERNAL INTERRUPT 0 
16 ;TIMER I ON 
17 MOV THI.#OECH ; INITIALIZE TIMER. 3125 BPS 
18 MOV TMOD.#20H ; TIMER I AUTO RELOAD 
19 
20 MOV TBS. #106 ; SET UP SIU PARAMETER REGISTERS 
21 MOV' TBL. #64 
22 MOV RBS. #42 
23 MOV RBL. #64 
24 MOV STAD. #55H 
25 MOV TCB. #00010001 B ; RR. P/F= I 
26 
27 MOV DPTR. #1000H ; DPTR POINTS TO TRI-STATE LATCH 
28 SETB FIRST-BYTE ; FLAG TO INDICATE FIRST BYTE 
29 ; FOR RECEIVE INTERRUPT ROUTINE 
30 SETB RBE ; READY TO RECEIVE 
31 MOV IE.#10010100B ; ENABLE RECEIVE DMA AND SIU INTERRUPT 
32 
33 SJMP S ; WAIT HERE FOR INTERRUPTS 
34 
35 ERROR: SJMP ERRO'R 
36 +1 SEJ 

37 ; •••••••••••••••••••••••••• SUBROUTINES ••••••••••••••••••••••••••••••• 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

SEND: MOV 
MOV 
MOV 
INC 
SETB 
RET 

41. RFL 
R1.#41 
R2. RFL 
R2 
EXO 

; FIRST BYTE IN BLOCK IS COUNT 
; POINTTO BLOCK OF DATA 
; LOAD COUNT 

; ENABLE DMA TRANSMIT INTERRUPT 

48 
49 
50 
51 
52 
53 
54 

; .................. . INTERRUPT SERVICE ROUTINES ••••••••••••••••••••• 

LOLTMPSET S 
ORO 
LJMP 
ORG 

55 RECEIVLDMA: 

0013H 
RECEIVE_DMA 
LOLTMP 

21·5 

; SET UP INTERRUPT TABLE JUMP 
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Table 1. Transmit and Receive Software for an 8044/8088 System (Continued) 
56 

0063 10000E 57 JBC FIRST-BYTE. LI ; THE FIRST BYTE TRANSFERRED IS THE COUNT 
58 

0066 EO 59 MOVX A.@DPTR ; READ THE LATCH 
0067 F6 60 MOV @RO,A ; PUT IT IN TRANSMIT BUFFER 
0068 08 61 INC RO 
0069DAOS 62 . DJNZ R2.L2 ; AFTER READING BYTES. 

63 
006B D2CF 64 SETB TBF ;SEND DATA 
0060 D2CD 65 SETB RTS 
006F 0200 66 SETB FIRSLBYTE 
0071 C2AA 67 CLR EXI 

68 
0073 32 69 L2: RETI 

70 
0074 78M 71 L1: MOV RO, #106 . ; RO IS A POINTER TO THE TRANSMIT 

72 ; BUFFER STARTING ADDRESS 
0076 EO 73 MOVX A.@DPTR ; PUT THE FIRST BYTE INTO 
0077 FA 74 MOV R2.A ; R2 FOR THE COUNT 
0078 32 75 RETI 

76 
0079 77 LOLTMPSET S 

0003 78 ORG oo03H 
0003 020079 79 LJMP TRANSMILDMA 
0079 80 ORG LOLTMP 

81 

82 TRANSMIT_DMA 
83 

0079 E7 84 MOV A.@RI ; READ BYTE OUT OF THE RECEIVE BUFFER 
007A FO . 85 MOVX @DPTR;A ; WRITE IT TO THE LATCH 
007B 09 86 INC RI 
007C DA08 87 DJNZ R2,L3 ; WHEN ALL BYTES HAVE BEEN SENT 

88 
007E C2A8 89 CLR IE. 0 ; DISABLE INTERRUPT 
0080 C294 90 CLR PI. 4 ; CAUSE 8088 INTERRUPT TO TERMINATE DMA 
0082 0294 91 SETB .PI. 4 
0084D2CE 92 SETB RBE ; ENABLE RECEIVER AGAIN 

93 
0086 32 94 L3: RETI 

95 
96 
97 

0087 98 LOC_TMPSET S 
0023 99 ORG oo23H 
0023 020087 100 LJMP SERIALINT 
0087 101 ORG LOLTMP 

102 
103 SERIALINT: 
104 

0087 30CE06 105 JNB RBE.RCV ; WAS A FRAME RECEIVED 
008A 3OCFOB 106 JNB TBF.XMIT ; WAS A FRAME TRANSMITTED 
0080 020056 107 LJMP ERROR ; IF NEITHER ERROR 

108 
0090 20CBC3 109 RCV: JB BOV.ERROR ; IF BUFFER OVERRUN THEN ERROR 
0093 1158 110 CALL SEND ; SEND THE FRAME TO THE .8088 
0095 C2CC 111 CLR SI 
0097 32 1/2 RETI 

1/3 
0098 C2CC 114 XMIT: CLR SI 296166-70 
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Table 1. Transmit and Receive Software for an 8044/8088 System (Continued) 

009A D2AA liS SETB EXI 
009C 32 116 RETI 

117 
118 END 

SYMBOL TABLE LISTING 

NAME TYPE VALUE ATTRIBUTES 

BOV B ADDR OOCSH.3 A 
ERROR C ADDR 0056H A 
EXO B ADDR OOASH.O A 
EXI B ADDR OOASH.2 A 
FIRSLBYTE B ADDR 0020H.0 A 
IE D ADDR 00A8H A 
INIT C ADDR 0026H A 
IP D ADDR 00B8H A 
L1 C ADDR 0074H A 
L2 C ADDR 0073H A 
L3 C ADDR 0086H A 
LOLTMP C ADDR 0087H A 
PI D ADDR 0090H A 
RBE B ADDR 00CSH.6 A 
RBL D ADDR OOCBH A 
RBS D ADDR OOCCH A 
Rev C ADDR 0090H A 
RECEIVILDMA C ADDR 0063H A 
RFL D ADDR OOCDH A 
RTS B ADDR OOCSH.S A 
SEND C AD DR 00S8H A 
SERIAL-INT C ADDR 00S7H A 
SI B ADDR 00C8H.4 A 
SMD D ADDR OOC9H A 
SP D ADDR 0081H A 
STAD o ADDR OOCEH A 
TBF B ADDR 00CSH.7 A 
TBL D ADDR OODBH A 
TBS D ADDR OODCH A 
TCB D ADDR OODAH A 
TCON D ADDR OOSSH A 
THI D ADDR OOSDH A 
TMOD D ADDR 00S9H A 
TRANSMILDMA C ADDR 0079H A 
XMIT C ADDR 009SH A 

REGISTER BANK(S) USED: 0, TARGET MACHINE(S): S044 

ASSEMBLY COMPLETE, NO ERRORS FOUND 
296166-71 
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Table 2. PL/M-86 Complier RUPI/8088 Interface Example 

SERIES-III PL/"-S6 VI.O CO"PILATION OF "ODULE RUPI_8S 
OBJECT "ODULE PLACED IN:FI:R88.0BJ 
CO"PILER INVOKED BY: PL"86.86 :FI:RS8.SRC 

2 

3 

4 2 
5 2 
6 2 

SDEBUQ 
STITLE C'RUPI/8088 INTERFACE EXA"PLE') 

RUPI_88: DO, 

DECLARE 

LIT 
TRUE 
FALSE 

RECV_BUFFER(64) 
X"IT_BUFFERC64I 
I 
WAIT 

LITERALLY 
LIT 
LIT 

BYTE, 
BYTE, 
BYTE, 
BYTE, 

'L I TERALL Y , , 
lOtH', 
'OOH', 

1* 8237 PORTS*I 

"ASTER_CLEAR_37 LIT 'OFFDDH', 
COI1I1AND 37 LIT 'OFFD8H', 
ALL_"ASK_37 LIT 'OFFDFH', 
SINQLE_""SK_37 LIT 'OFFDAH', 
STATUS .37 LIT 'OFFDBH'. 
REQUEST_REQ_37 LIT 'OFFD9H', 
"ODE_REQ_37 LIT 'OFFDBH'. 
CLEAR_BYTE_PTR_37 LIT 'OFFDCH', 

CHO_ADDR LIT 'OFFDOH'. 
CHO_COUNT LIT 'OFFD1H', 
CHI_ADDR LIT 'OFFD2H', 
CHI_COUNT LIT 'OFFD3H', 
CH2_ADDR LIT 'OFFD4H', 
CH2_COUNT LIT 'OFFD5H', 
CH3_ADDR LIT 'OFFD6H'. 
CH3_CDUNT LIT 'OFFD7H', 

1* 8237 BIT ASSIQN"ENTS *1 

CHO_SEL LIT 
CHI_BEL LIT 
CH2_SEL LIT 
CH3_SEL LIT 
WRITE_XFER LIT 
READ_XFER LIT 
DEMND.J1ODE LIT 
SINQLEJ10DE LIT 
BLOCK_~DE LIT 
SET_"ASK LIT 

SEJECT 
1* 8259 PORTS *1 

STATUS POLL_59 
ICW1_59 
OCW1_59 
OCW2_59 
OCW3_59 
ICW2_59 
ICW3_59 
ICW4_59 

LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 
LIT 

'OOH', 
'01H', 
'oaH', 
'03H', 
'04H', 
'OSH', 
'OOH', 
'4OH', 
'BOH', 
'04H', 

'OFFEOH', 
'OFFEOH', 
'OFFE1H', 
'OFFEOH', 
'OFFEOH', 
'DFFE1H'. 
'OFFE1H'. 
'OFFE1H', 

1* INTERRUPT SERVICE ROUTINE *1 

OFF _RECY JIM: PROCEDURE INTERRUPT 32, 

OUTPUTCSINQLE_"ASK_37).4OH, 
WAIT-FALSE, 
END, 

21-8 
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8 
9 

10 
II 
12 
13 
14 
15 
Ib 
17 
18 
19 
20 
21 

23 
24 
25 

27 

28 
29 
30 

31 

32 

33 
34 
35 

3b 
37 

3S 

1 
1 
2 

1 
2 

RUPITM·44 

Table 2. PL/M·86 Compiler RUPI/8088 Interface Example (Continued) 

DISABLE, 

1* INITIALIZE 8237 *1 

OUTPUT (MASTER_CLEAR_37 I 
OUTPUT(COMMAND 371 
OUTPUT (ALL_MASK_37 I 
OVTPUT(MODE_REG_37I 
OUTPUT (MODE_REG_37 I 
OUTPUT (CLEAR_BYTE_PTR_37 I 
OUTPUT(CHO ADDRI 
OUTPUT (CHO-ADDRI 
OUTPUT (CHO:COVNTI 
OUTPUT (CHO_COUNT I 
OUTPUT(CHI ADDRI 
OUTPUT (CH1:ADDRI 
OUTPUT(CHI COUNT I 
OUTPUT(CH1:COUNTl 

-0, 
-04OHi 
-OFH, 
-(SINGLE_MODE OR WRITE_XFER OR CHO_SELl, 
-(SINGLE_MODE OR READ_XFER OR CHI_SELl, 
-0, 
-QOH. 
-40H, 
-64, 
-00, 
-40H, 
-40H, 
-641 
-00, 

/* INITIALIZE B2~9 *' 
OUTPUT ( ICWI_591 

OUTPUT< I CW2_59 I 
OUTPUT ( ICW4 591 
OUTPUT(OCW1:591 

-13H, I*SINGLE MODE, EDGE TRIGgERED 
INPUT, SOSb INTERRUPT TYPE*I 

-20H, I*INTERRUPT TYPE 32*1 
-03H, I*AUTO-EOI*I 
-OFEH, I*ENABLE INTERRUPT LEVEL 0*1 

.E.JECT 

END, 

CALL SET. INTERRUPT (32,OFF_RECV_DMAl' I*LOAD INTERRUPT VECTOR LOCATION*I 

XMIT_BUFFER(01-b4, I*THE FIRST BYTE IN THE BLOCK OF DATA IS THE NUMBER 
OF BYTES TO BE TRANSFER ED, NOT INCLUDING THE FIRST BYTE*I 

DO 1- 1 TO b4' 1* FILL UP THE XMIT_BUFFER WITH DATA *1 
XMIT_BUFFER(Il-I, 
END, 

OUTPUT (ALL_MASK_37 l-OFCH, 

ENABLE, 

I*ENABLE CHANNEL 1 AND 2 *1 

WAIT-TRUE, 
DO WHILE WAIT, 
END, 

DO WHILE 1, 
END, 

1* A BLOCK OF DATA WILL BE TRANSFERRED TO THE RUPI. 
WHEN THE RUPI RECEIVES A BLOCK OF DATA IT WILL 
SEND IT TO THE 8088 MEMORY AND INTERRUPT THE 80S8. 
THE INTERRUPT SERVICE ROUTINE WILL SHUT OFF THE DMA 
CONTROLLER AND SET 'WAIT' FALSE *1 

MODULE INFORMATION: 

CODE AREA SIZE - 00D7H 2150 
CONSTANT AREA SIZE - OOOOH 00 
VARIABLE AREA SIZE - 0082H 1300 
MAXIMUM STACK SIZE - OOIEH 300 
124 LINES READ 
o PROGRAM WARNINGS 
o PROGRAM ERRORB 

END OF PL/M-8b COMPILATION 

296166-5 
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A HIGH PERFORMANCE NETWORK 
USING THE 8044 

2.0 INTRODUCTION 

This section describes the design of an SOLC data link 
using the 8044 (RUPI) to implement a primary station 
and a secondary station. The design was implemented 
and tested. The following discussion assumes that the 
reader understands the 8044 and SOLC. This section is 
divided into two parts. First the data link design exam
ple is discussed. Second the software modules used to 
implement the data link are described. To help the 
reader understand the discussion of the software, flow 
charts and software listings are displayed in Appendix 
A and Appendix B, respectively. 

APPLICATION DESCRIPTION 

This particular data link design example uses a two 
wire half-duplex multidrop topology as shown in Fig
ure 4. In !In SOLe multidrop topology the primary 
station communicates with each secondary station. The 
secondary stations communicate only to the primary, 
Because of this hierarchial architecture, the logical to
pology for an SOLC multidrop is a star as shown in 
Figure 5. Although the physical topology of this data 
link is multidrop, the easiest way to understand the 
information flow is to think of the logical (star) topolo
gy. The term data link in this case refers to the logical 
communication pathways between the primary station 
and the secondary stations. The data links are shown in 
Figure 5 as two way arrows. 

The application example uses dumb async terminals to 
interface to the SOLC network. Each secondary station 
has an async terminal connected to it. The secondary 
stations are in effect protocol converters which allows 
any async terminal to communicate with any other 
async terminal on the network. The secondary stations 
use an 8044 with a UART to convert SOLC to async. 
Figure 6 displays a block diagram of the data link. The 
primary station, controls the data link. In addition to 
data link control the primary provides a higher level 
layer which is a path control function or networking 
layer. The primary serves as a message exchange or 
switch. It receives information from one secondary sta
tion and retransmits it to another secondary station. 
Thus a virtual end to end connection is made between 
any two secondary stations on the network. 

Three separate software modules were written for this 
network. The first module is a Secondary Station Oriv
er (SSO) which provides an SOLC data link interface 
and a user interface. This module is a general purpose 
driver which requires· application software to run it. 

The user interface to the driver provides four functions: 
OPEN, CLOSE, TRANSMIT, and SIU_RECV. Us
ing these four functions properly will allow any applica
tion software to communicate over this SOLC data link 
without knowing the details of SOLC. The secondary 
station driver uses the 8044's AUTO mode. 

The second module is an example of application soft
ware which is linked to the secondary station driver. 
This module drives the 8215A, buffers data, and inter
faces with the secondary station driver's user interface. 

The third module is a primary station, which is a stand
alone program (i.e., it is not linked to any other mod
ule). The primary station uses the 8044's NON-AUTO 
or FLEXIBLE mode. In addition to controlling the 
data link it acts as a message switch. Each time a sec
ondary station transmits a frame, it places the destina
tion address of the frame in the first byte of the infor
mation or I field. When the primary station. receives a 
frame, it removes the first byte in the I field and re
transmits the frame to the secondary station whose ad
dress matches this byte. 

This network provides two complete layers of the OSI 
(Open Systems Interconnection) reference model: the 
physical layer and the data link layer. The physical lay
er implementation uSes the RS-422 electrical interface. 
The mechanical medium consists of ribbon cable and 
connectors. The data link layer is defined by SOLC. 
SOLC's use of acknowledgements and frame number
ing guarantees that messages will be received in the 
same order in which they were sent. It also guarantees 
message integrity over the data link. However this net
work will not guarantee secondary to secondary mes
sage delivery, since there are acknowledgements be
tween secondary stations. 

2.1 Hardware 

The schematic of the hardware is given in Figure 7. The 
8251A is used as an async communications controller, 
in support of the 8044. TxROY and RxROY on the 
8251A are both tied to the two available external inter
rupts of the 8044 since the secondary station driver is 
totally interrupt driven. The 8044 buffers the data and 
some variables in a 2016 (2K x 8 static RAM). The 
8254 programmable interval timer is employed as a 
programmable baud rate generator and system clock 
driver for the 8251A. The third output from the 8254 
'could be used as an external baud rate generator for the 
8044. The 2732A shown in the diagram was not used 
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since the software for both the primary and secondary 
stations used far less than the 4K bytes provided on the 
8744. For the async interface, the standard RS-232 me
chanical and electrical interface was used. For the 
SDLC channel, a standard two wire three state RS-422 
driver is used. A DIP switch 'connected to one of the 
available ports on the 8044 allows the baud rate, parity, 
and stop bits to be changed on the async interface. The 
primary station hardware does not use the USART, 
8254, nor the RS-232 drivers. 

PRIMARY 
STATION 

SECONDARY 
STATION 

2.2 SOLe Basic Repertoire 

The SDLC commands and responses implemented in 
the data link include the SDLC Basic Repertoire as 
defined in the IBM SDLC General Information manu
al. Table 3 shows the commands and responses that the 
primary and the secondary station in this data link de
sign recognize and send. 

SECONDARY SECONDARY 
STATION STATION 

296166-6 

Figure 4. SOLC Multidrop Topology 

SECONDARY SECONDARY 
STATION STATION 

PRIMARY 
STATION 

SECONDARY SECONDARY 
STATION STATION 
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Figure 5. SOLC Logical Topology 
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Figure 6. Block Diagram of the Data Link Application Example 
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Table 3. Data Link Commands and 
Responses Implemented for This Design 

Primary Station 

Responses Commands 
Recognized Sent 

Unnumbered UA SNRM 
DM DISC 

FRMR 
"RD 

Supervisory RR RR 
RNR RNR 

Information I I 

Secondary Station 

Commands Responses 
Recognized Sent 

Unnumbered SNRM UA 
DISC DM 

"TEST FRMR 
"RD 

"TEST 

Supervisory RR RR 
RNR RNR 
REJ 

Information I I 

"not Included in the SDLe BaSIC RepertOire 

The term command specifically means all frames which 
the primary station transmits and the secondary sta
tions receive. Response refers to frames which the sec
ondary stations transmit and the primary station re
ceives. 

NUMBER OF OUTSTANDING FRAMES 

This particular data link design only allows one out
standing frame before it must receive an acknowledge
ment. Immediate acknowledgement allows the second
ary station drivers to use the AUTO mode. In addition, 
one outstanding frame uses less memory for buffering, 
and the software becomes easier to manage. 

2.3 Secondary Station Driver using 
AUTO Mode 

The B044 secondary station driver (SSD) was written as 
a general purpose SDLC driver. It was written to be 
linked to an application module. The application soft
ware implements the actual application in addition to 
interfacing to the SSD. The main application could be, 
a printer or plotter, a medical instrument, or a termi-

nal. The SSD is independent of the main application, it 
just provides the SDLC communications. Existing B051 
applications could add high performance SDLC com
munications capability by linking the SSD to the exist
ing software and providing additional software to be 
able to communicate with the SSD. 

DATA LINK INTERFACE AND USER 
INTERFACE STATES 

The SSD has two software interfaces: a data link inter
face and a user interface as shown in Figure B. The data 
link interface is the part of the software which controls 
the SDLC communications. It handles link access, 
command recognition/response, acknowledgements, 
and error recovery. The user interface provides four 
functions: OPEN, CLOSE, TRANSMIT, and SIU_ 
RECV. These are the only four functions which the 
application software has to interface in order to com
municate using SDLC. These four functions are com
mon to many I/O drivers like floppy and hard disks, 
keyboard/CRT, and async communication drivers. 

The data link and the user interface each have their 
own states. Each interface can only be in one state at 
any time. The SSD uses the states of these two interfac
es to help synchronize the application module to the 
data link. 

There are three states which the secondary station data 
link interface can be in: Logical Disconnect State 
(L_D_S), Frame Reject State (FRM~S), and the 
Information Transfer State (I_T_S). The Logical 
Disconnect State is when a station is physically con
,nected to the channel but either the primary or second
ary have not agreed to enter the Information Transfer 
State., Both the primary and the secondary stations syn
chronize to enter into the Information Transfer State. 
Only when the secondary station is in the I_T_S is it 
able to transfer data or information to the primary. The 
Frame Reject State (FRM~S) indicates that the sec
ondary station has lost software synchronization with 
the primary or encountered some kind of error condi
tion. When the secondary station is in the FRM~S, 
the primary station must reset the secondary to resyn
chronize. 

The user interface has two states, open or closed. In the 
closed state, the user program does not want to com
municate over the network. The communications chan
nel is closed and not available for use. The secondary 
station tells the primary this by responding to all com
mands with DM. The primary continues to poll the 
secondary in case it wants to enter the I_T_S state. 
When the user program begins communication over the 
data link it goes into the open state. It does this by 
calling the OPEN procedure. When the user interface is 
in the open state it may transfer information to the 
primary. 
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SECONDARY STATION 

APPLICATION SECONDARY 
MODULE STATION 

DRIVER 
MODULE 

DATA 
LINK 

INTERFACE 

SSD 
INTERFACE USER DATA LINK 

A " INTERFACE STATES 

1. LOGICAL 
~ 

~ 
V USER STATES DISCONNECT 

STATE 
2. INFORMATION 

SSD 1. OPEN TRANSFER 
INTERFACE 2. CLOSED STATE 
PROCEDURES 3. FRAME 

REJECT 
STATE 

OPEN 
CLOSE 
TRANSMIT 
SIU RECV 
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Figure 8. Secondary Station Software Modules 
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SECONDARY STATION COMMANDS, 
RESPONSES AND STATE TRANSITIONS 

Table 4 shows the commands which the secondary sta
tion recognizes and the responses it generates. The first 
row in Table 4 displays commands the secondary sta
tion recognizes and each column shows the potential 
responses with respect to secondary station. For exam
ple, if the secondary is in the Logical Disconnect State 
it will only respond with DM, unless it receives a 
SNRM command and the user state is open. If this is 
the case, then the response will be UA and the second
ary station will move into the I_T_S. 

Figure 9 shows the state diagram of the secondary 
station. When power is first applied to the secondary 
station, it goes into the Logical Disconnect State. As 
mentioned above, the I_T_S is entered when the sec
ondary station receives a SNRM command and the 
user state is open. The secondary responds with UA to 
let the primary know that it has accepted the SNRM 
and is entering the I_T_S. The I_T_S can go into 
either the L~_S or the FRMR S. The ITS 
goes into the L_D_S if the primary sends the second
ary DISC. The secondary has to respond with UA, and' 
then goes into the L_D_S. If the user interface 
changes from open to close state, then the secondary 
sends RD. This causes the primary to send a DISC. 

The FRMR-S is entered when a secondary station is 
in the I~T_S and either one of the following condi
tions occurs. 

- A command can not be recognized by the second
ary station. 

- There is a buffer overrun. 

- The Nr that was received from the primary station 
is invalid. 

The secondary station cannot leave the FRMR-S until 
it receives a SNRM or a DISC command. 

SOFTWARE DESCRIPTION OF THE SSD 

To aid in following the description of the software, the 
reader may either look at the flow charts which are 
given for each procedure, or read the PL/M-51 listing 
provided in Appendix A. 

A block diagram of the software structure of the SSD is 
given in Figure 10. A complete module is identified by 
the dotted box, and a procedure is identified by the 
solid box. Therefore the SIU_RECV procedure is not 
included in the SSD module, it exists in the application 
software. Two or more procedures connected by a solid 
line means the procedure above calls the procedure be
low. Transmit, Power_oIL-D, Close, and Open are all 
called by the application software. Procedures without 
any solid lines connected above are interrupt proce
dures. The only interrupt procedure in the SSD module 
is the SIU_INT. 

The entire SSD module is interrupt driven. Its design 
allows the application program to handle real time 
events or just dedicate more CPU time to the applica
tion program. The SIU_INT is the only interrupt pro
cedure in the SSD. It is automatically entered when an 
SIU interrupt occurs. This particular interrupt can be 
the lowest priority interrupt in the system. 

Table 4. Secondary Station Responses to Primary Station Commands 

Data Link Primary Station-Commands 
States I RR RNR SNRM DISC TEST 

Information I I I 
Transfer State RR RR RR 

RNR RNR RNR 
RD RD RD RD RD 

FRMR FRMR FRMR 
UA UA 

Test 

Logical 
Disconnect State OM OM OM OM OM OM 

UA 
Frame FRMR FRMR FRMR FRMR 
Reject State UA UA 
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Figure 9. State Diagram of Secondary Station 
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SSD INITIALIZATION 

Upon reset the application software is entered first. The 
application software initializes its own variables then 
calls Power_On_D which is the SSD's initialization 
routine. The SSD's initialization sets up the transmit 
and receive data buffer pointers (TBS and RBS), the 
receive buffer length (RBL), and loads the State vari
ables. The STATION_STATE begins in the L_D_S 
state, and the USE~ST A TE begins in the closed 
state. Finally Power_On_D initializes XMIT_ 
BUFFE~EMPTY which is a bit flag. This flag 
serves as a semaphore between the SSD and the appli
cation software to indicate the status of the on chip 
transmit buffer. The SSD does not set the station ad
dress. It is the application software's responsibility to 
do this. After initialization, the SSD is read to respond 
to all of the primary station commands. Each time a 
frame is received with a matching station address and a 
good CRC, the SIU_INT procedure is entered. 

SIU_INT PROCEDURE 

The first thing the SIU_INT procedure clears is the 
serial interrupt_bit (SI) in the STS register. If the 
SIU_INT procedure returns with this bit set, another 
SI interrupt will occur. 

The SIU_INT procedure is branches three indepen
dent cases. The first case is entered if the STATION_ 
STATE is not in the I_T_S. If this is true, then the 
SIU is not in the AUTO mode, and the CPU will have 
to respond to the primary on its own. (Remember that 
the AUTO mode is entered when the STATION_ 
STATE enters into I_T_S.) If the STATION_ 
STATE is in the I_T_S, then either the SIU has just 
left the AUTO mode, or is still in the AUTO mode. 
This is the second and third case, respectively. 

In the first case, if the STATION_STATE is not in 
the I_T_S, then it must be in either the L_D_S or 
the FRM~S. In either case a separate procedure is 
called based on which state the station is in. The In_ 
Disconnect_State procedure sends to the primary a 
DM response, unless it received a SNRM command 
and the USE~STATE equals open. In that case the 
SIU sends a UA and enters into the I_T_S. The I~ 
FRM~State procedure will send the primary the 
FRMR response unless it received either a DISC or an 
SNRM. If the primary's command was a DISC, then 
the secondary will send a UA and enter into the L_ 
D_S. If the primary's command was a SNRM, then 
the secondary will send a UA, enter into the I_T_S, 
and clear NSNR register. 

For the second case, if the STATION_STATE is in 
the I_T_S but the SIU left the AUTO mode, then the 
CPU must determine why the AUTO mode was exited, 
and generate a response to the primary. There are four 

reasons for the SIU to automatically leave the AUTO 
mode. The following is a list of these reasons, and the 
responses given by the SSD based on each reason. 

1. The SIU has received a command field it does not 
recognize. 

Response: If the CPU recognizes the command, it 
generates the appropriate response. If neither the 
SIU nor the CPU recognize the command, then a 
FRMR response is sent. 

2. The SIU has received a Sequence Error Sent 
(SES= 1 in NSNR register). Nr(P)* Ns(S)+ I, and 
Nr(P)*Ns(S). 

Response: Send FRMR. 

3. A buffer overrun has occurred. BOY = 1 in STS reg
ister. 

Response: Send FRMR. 

4. An I frame with data was received while RPB = 1. 

Response: Go back into AUTO mode and send an 
AUTO mode response 

In addition to the above reasons, there is one condition 
where the CPU forces the SIU out of the AUTO mode. 
This is discussed in the SSD's User Interface Proce
dures section in the CLOSED procedure description 

Finally, case three is when the STATION_STATE is 
in the I_T_S and the AUTO mode. The CPU first 
looks at the TBF bit. If this bit is 0 then the interrupt 
may have been caused by a frame which was transmit
ted and acknowledged. Therefore the XMIT_BUFF
E~EMPTY flag is set again, indicating that the ap
plication software can transmit another frame. 

The other reason this section of code could be entered 
is if a valid I frame was received. When a good I frame 
is received the RBE bit equals O. This means that the 
receiver is disabled. If the primary were to poll the 8044 
while RBE = 0, it would time out since no response 
would be given. Time outs reduce network throughput. 
To improve network performance, the CPU first sets 
RBP, then sets RBE. Now when the primary polls the 
8044 an immediate RNR response is given. At this 
point the SSD calls the application software procedure 
SIU_RECY and passes the length of the data as a 
parameter. The SIU_RECY procedure reads the data 
out of the receive buffer then returns to the SSD mod
ule. Now that the receive information has been trans
ferred, RBP can be cleared. 

COMMAND_DECODE PROCEDURE 

The Command_Decode procedure is called from the 
SIU_INT procedure when the STATION_STATE 
= I_T_S and the SIU left the AUTO mode as a 
result of not being able to recognize the receive control 
byte. Commands which the SIU AUTO mode does not 
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C-FIELD OF THE REJECTED COMMAND, AS RECEIVED 

j 
THIS STATION'S PRESENT Ns 

I THIS STATION'S PRESENT Nr 

t 
r , • , 

___ 0 
o W X Y Z 0 o 0 0 

HIGH-ORDER I I 
RECEIVED DISAGREES WITH TRA NSMITTED Ns 

BUFFER OVERRUN (I-FIELD IS TO o LONG) 

PROHIBITED I-FIELD RECEIVED 

INVALID OR NONIMPLEMENTED COMMAND 

296166-13 

Figure 11_ Information Field of the FRMR Response, as Transmitted 

recognize are handled here. The commands recognized 
in this procedure are: SNRM, DISC, and TEST. Any 
other command received will generate a Frame Reject 
with the nonimplemented command bit set in the third 
data byte of the FRMR frame. Any additional unnum
bered frame commands which the secondary station is 
going to implement, should be implemented in this pro
cedure. 

IF an SNRM is received the command_decode proce
dure calls the SNR~Response procedure. The 
SNR~Response procedure sets the STATION_ 
STATE = I_T_S, clears the NSNR register and re
sponds with a UA frame. If a DISC is received, the 
command_decode procedure sets the STATION_ 
STATE = L_D_S, and responds with a UA frame. 
When a TEST frame is received, and there is no buffer 
overrun, the command_decode procedure responds 
with a TEST frame retransmitting the same data it re
ceived. However if a TEST frame is received and there 
is a buffer overrun, then a TEST frame will be sent 
without any data, instead of a FRMR with the buffer 
overrun bit set. 

FRAME REJECT PROCEDURES 

There are two procedures which handle the FRMR 
state: XMIT_FRMR and IN-YRM~STATE. 
XMIT_FRMR is entered when the secondary station 
first goes into the FRMR state. The frame reject re
sponse frame contains the FRMR response in the com
mand field plus three additional data bytes in the I 

field. Figure 11 displays the format for the three data 
bytes in the I field of a FRMR response. The XMIT_ 
FRMR procedure sets up the Frame Reject response 
frame based on the parameter REASON which is 
passed to it. Each place in the SSD code that calls the 
XMIT _FRMR . procedure, passes the REASON that 
this procedure was called, which in turn is communi
cated to the primary station. The XMIT -YRMR pro
cedure uses three bytes of internal RAM which itini
tializes for the correct response. The TBS and TBL reg
isters are then changed to point to the FRMR buffer so 
that when a response is sent these three bytes will be 
included in the I field. 

The IN-YRM~STATE procedure is called by the 
SIU_INT procedure when the STATION_STATE 
already is in the FRMR state and a response is re
quired. The IN_FRMR_STATE procedure will only 
allow two commands to remove the secondary station 
from the FRMR state: SNRM and DISC. Any other 
command which is received while in the FRMR state 
will result in a FRMR response frame. 

XMIT _UNNUMBERED PROCEDURE 

This is a 'general purpose transmit procedure, used only 
in the FLEXIBLE mode, which sends unnumbered re
sponses to the primary. It accepts the control byte as a 
parameter, and also expects the TBL register to be set 
before the procedure is called. This procedure waits un
til the frame has been transmitted before returning. If 
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this procedure returned before the transmit interrupt 
was generated, the SIU_INT routine would be en
tered. The SIU_INT routine would not be able to dis
tinguish this condition. 

SSD's User Interface Procedures-OPEN, CLOSE, 
TRANSMIT, SIU_RECV-are discussed in the fol
lowing section. 

The OPEN procedure is the simplest of all, it changes 
the USE~STATE to OPEN_S then returns. This 
lets. the SSD know that the user wants to open the 
channel for communications. When the SSD receives a 
SNRM command, it checks the USE~STATE. If the 
USER_STATE is open, then the SSD will respond 
with a UA, and the STATION_STATE enters the 
I_TJ. 

The CLOSE procedure is also simple, it changes the 
USE~STATE to CLOSED_S and sets the AM bit 
to O. Note that when the CPU sets the AM bit to 0 it 
puts the SIU out of the AUTO mode. This event is 
asynchronous to the events on the network. As a result 
an I frame can be lost. This is what can happen. 

1. AM is set to 0 by the CLOSE Procedure. 

2. An I frame is received and an SI interrupt occurs. 

3. The SIU_INT procedure enters case 2 (STA
TION_STATE = I_T_S, and AM = 0). 

4. Case 2 detects that the USE~ST ATE = 
CLOSED_S, sends an RD response and ignores the 
fact that an I frame was received. 

Therefore it is advised to never call the CLOSE proce
dure or take the SIU out of the AUTO mode when it is 
receiving I frames or an I frame will be lost. 

For both the TRANSMIT and SIU_RECV proce
dures, it is the application software's job to put data 
into the transmit buffer, and take data out of the re
ceive buffer. The SSD does not transfer data in or out 
of its transmit or receive buffers because it does not 
know what kind of buffering the application software is 
implementing. What the SSD does do is notify the ap
plication software when the transmit buffer is empty, 
XMIT_BUFFE~EMPTY = 1, and when the re
ceive buffer is full. 

One of the functions that the SSD performs to synchro
nize the application software to the SDLC data link. 
However some of the synchronization must also be 
done by the application software. Remember that the 
SSD does not want to hang up the application software 
waiting for some event to occur on the SDLC data link, 
therefore the SSD always returns to the application 
software as soon as possible. 

For example, when the application software calls the 
OPEN procedure, the SSD returns immediately. The 
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application software thinks that the SD LC channel is 
now open and it can transmit. This is not the case. For 
the channel to be open, the SSD must receive an 
SNRM from the primary and respond with a UA. 
However, the SSD does not want to hang up the appli
cation software waiting for an SNRM from the primary 
before returning from the OPEN procedure. When the 
TRANSMIT procedure is called, the SSD expects the 
STATION_STATE to be in the I_T_S. If it isn't, 
the SSD refuses to transmit the data. The TRANSMIT 
procedure first checks to see if the USE~ST A TE is 
open. If not, the USE~STATE_CLOSED parame
ter is passed back to the application module. The next 
thing TRANSMIT checks is the STATION_STATE. 
If this is not open, then TRANSMIT passes back 
LINIL-DISCONNECTED. This means that the 
USE~STATE is open, but the SSD hasn't received 
an SNRM command from the primary yet. Therefore, 
the application software should wait awhile and try 
again. Based on network performance, one knows the 
maximum amount of time it will take for a station to be 
polled. If the application software waits this length of 
time and tries again but still gets a LINIL-DISCON
NECTED parameter passed back, higher level recovery 
must be implemented. 

Before loading the transmit buffer and calling the 
TRANSMIT procedure, the application software must 
check to see that XMIT_BUFFE~EMPTY = 1. 
This flag tells the application software that it can write 
new data into the transmit buffer and call the TRANS
MIT procedure. After the application software has ver
ified that XMIT_BUFFE~EMPTY = 1, it fills the 
transmit buffer with the data and calls the TRANS
MIT procedure passing the length of the buffer as a 
parameter. The TRANSMIT procedure checks for 
three reasons why it might not be able to transmit the 
frame. If any of these three reasons are true, the 
TRANSMIT procedure returns a parameter explaining 
why it couldn't send the frame. If the application soft
ware receives one of these responses, it must rectify the 
problem and try again. Assuming these three condi
tions are false, then the SSD clears XMIT_BUFF
ER.-EMPTY, attempts to send the data and returns 
the parameter DAT~TRANSMITTED. XMIT_ 
BUFFE~EMPTY will not be set to 1 again until the 
data has been transmitted and acknowledged. 

The SIU_RECV procedure must be incorporated into 
the application software module. When a valid I frame 
is received by the SIU, it calls the SIU_RECV proce
dure and passes the length of the received data as a 
parameter. The SIU_RECV procedure must remove 
all of the data from the receive buffer before returning 
to the SIU_INT procedure. 
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LINKING UP TO THE SSD 

Figure 12 shows the necessary parts to include in a 
PL/M-5I application program that will be linked to the 
SSD module. RL5l is used to link and locate the SSD 
and application modules. The command line used to do 
this is: 

RL5l SSD.obj,tilename.obj,PLM5l.LIB TO 
filename & RAMSIZE(192) 

$registerbank(O) 
userSmod: do; 
$include (reg44.dcl) 
declare 
lit li terally 'li terally' , 
buffer_length 
siu_xmit_buffer 
(butter_length) 

lit '60', 

byte external idata, 
siu_recv_buffer 
(buffer_length) byte 
xmit_butfer_empty bit 

'" external procedures ., 

external, 
external; 

power_on_d: proce~ure external; 
end power_on_d; 

close: procedure 
end close; 

external using 1; 

open: procedure 
end open; 

external using 1; 

transmit: procedure 
(xmit_buffer_length) byte 
declare xmit_buffer_length 

end transmit; 

,. local procedures ., 

siu_recv: procedure (length) 
public 
declare 

• 
• 
• 

length byte, 

end siu_recv; 

external "; 
byte; 

using 1; 

Figure 12. Applications Module Link Information 

PL/M-51 AND REGISTER BANKS 

The 8044 has four register banks. PL/M-5l assumes 
that an interrupt procedure never uses the same bank as 
the procedure it interrupts. The USING attribute of a 
procedure, or the $REGISTERBANK control, can be 
used to ensure that. 

The SSD module uses the $REGISTERBANK(I) attri
bute. Some procedures are modified with the USING 
attribute based on the register bank level of the calling 
procedure. 

2.4 Application Module; ASVNC to 
SOLC Protocol Converter 

One of the purposes of this application module is to 
demonstrate how to interface software to the SSD. An
other purpose is to implement and test a practical appli
cation. This application software performs I/O with an 
async terminal through a USART, buffers data, and 
also performs I/O with the SSD. In addition, it allows 
the user on the async terminal to: set the station ad
dress, set the destination address, and go online and 
omine. Setting the station address sets the byte in the 
STAD register. The destination address is the first byte 
in the I field. Going online or omine results in either 
calling the OPEN or CLOSE procedure respectively. 

After the secondary station powers up, it enters the 
'terminal mode', which accepts data from the terminal. 
However, before any data is sent, the user must con
figure the station. The station address and destination 
address must be set, and the station must be placed 
online. To configure the station the ESC character is 
entered at the terminal which puts the protocol con
verter into the 'configure mode'. Figure 13 shows the 
menu which appears on the terminal screen. 

(1)8044 Secondary Station 
/ 

1 - Set the Station Address 
2 - Set the Destination Address 
3 - Go Online " 
4- Go Omine 
5 - Return to terminal mode 

Enter option _ 

Figure 13. Menu for the Protocol Converter 

In the terminal mode data is buffered up in the second
ary station. A Line Feed character 'LF' tells the sec
ondary station to send an I frame. If more than 60 bytes 
are buffered in the secondary station when a 'LF' is 
received, the applications software packetizes the data 
into 60 bytes or less per frame. If a LF is entered when 
the station is omine, an error message comes on the 
screen which says 'Unable to Get Online'. 

The secondary station also does error checking on the 
async interface for Parity, Framing Error, and Overrun 
Error. If one of these errors are detected, an error mes
sage is displayed on the terminal screen. 
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BUFFERING 

There are two separate buffers in the application mod
ule: a transmit buffer and a receive buffer. The transmit 
buffer receives data from the USART, and sends data 
to the SSD. The receive buffer receives data from the 
SSD, and transmits data to the USART. Each buffer is 
a 256 byte software FIFO. If the transmit FIFO be
comes full and no 'LF' character is received, the sec
ondary station automatically begins sending the data. 
In addition, the application modules will shut off the 
terminal's transmitter using CTS until the FIFO has 
been partially emptied. A block diagram of the buffer
ing for the protocol converter is given in Figure 14. 

APPLICATION MODULE SOFTWARE 

A block diagram of the application module software is 
given in Figure 15. There are three interrupt routines in 
this module: ·USART_RECV_INT, USART_ 
XMIT_INT, and TIMELO_INT. The first two are 
for servicing the USART. TIMELOJNT is used if 
the TRANSMIT procedure in the SSD is called and 
does not return with the DAT~TRANSMITTED 
parameter. TIMELOJNT employs Timer 0 to wait 
a finite amount of time before trying to transmit again. 
The highest priority interrupt is USART_RECV_ 
INT. The main program and all the procedures it calls 
use register bank 0, USART~MIT..:...INT and TIM
ELO_INT and FIFO-LOUT use bank 1, while 
USART_RECV _INT and all the procedures it calls 
use register bank 2. 

POWER_ON PROCEDURE 

The Power_On procedure initializes all of the chips in 
the system including the 8044. The 8044 is initialized to 
use the on-chip DPLL with NRZI coding, PreFrame 
Sync, and Timer 1 auto reload at a baud rate of 
62.5 Kbps. The 8254 and the 8251A are initialized next 
based on the DIP switch values attached to port 1 on 
the 8044. Variables and pointers are initialized, then the 
SSD's Power-Up Procedure, Power_OIL-D, is called. 
Finally, the interrupt system is enabled and the main 
program is entered. 

MAIN PROGRAM 

The main program is a simple loop which waits for a 
frame transmit command. A frame transmit command 
is indicated when the variable SEND_DATA is great
er than O. The value of SEND_DATA equals the 
number of 'LF' characters in the transmit FIFO, hence 
it also indicates the number of frames pending trans
mission. Each time a frame is sent, SEND_DATA is 
decremented by one. Thus when SEND_DATA is 
greater than 0, the main program falls down into the 

next loop which polls the XMIT_BUFFELEMP
TY bit. When XMIT_BUFFELEMPTY equals I, 
the SIU~MIT_BUFFER can be loaded. The first 
byte in the buffer is loaded with the destination address 
while the rest of the buffer is loaded with the data. 
Bytes are removed from the transmit FIFO and placed 
into the SIU_XMITJUFFER until one of three 
things happen: I. a 'LF' character is read out of the 
FIFO, 2. the number of bytes loaded equals the size of 
the SIU~MIT_BUFFER, or 3. the transmit FIFO 
is empty. 

After the SIU_XMITJUFFER is filled, the SSD 
TRANSMIT procedure is called and the results from 
the procedure are checked. Any result other than 
DATA~TRANSMITTED will result in several retries 
within a finite amount of time. If all the retries fail, 
then the LINK_DISC procedure is called which sends 
a message to the terminal, 'Unable to Get Online'. 

USART_RECV_INT PROCEDURE 

When the 8251A receives a character, the RxRDY pin 
on the 8251A is activated, and this interrupt procedure 
is entered. The routine reads the USART status register 
to determine if there are any errors in the character 
received. If there are, the character is discarded and the 
ERROR procedure is called which prints the type of 
error on the screen. If there are no errors, the received 
character is checked to see if it's an ESC. If it is an 
ESC, the MENU procedure is called which allows the 
user to change the configuration. If neither one of these 
two conditions exists, the received character is inserted 
into the transmit FIFO. The received character may or 
may not be echoed back to the terminal based on the 
dip switch settings. 

TRANSMIT FIFO 

The transmit FIFO consists of two procedures: FIFO_ 
T_IN and FIFO_T_OUT. FIFO_T_IN inserts a 
character into the FIFO, and FIFO_T_OUT re
moves a character from the FIFO. The FIFO itself is 
an array of 256 bytes called FIFO_T. There are two 
pointers used as indexes in the array to address the 
characters: INJTR_T and OUT_PTIL...T. IN_ 
PTR_T points to the location in the array which will 
store the next byte of data inserted. OUT_PTLT 
points to the next byte of data removed from the array. 
Both IN_PTLT and OUT_PTLT are declared 
as bytes. The FIFO_T_IN procedure receives a char
acter from the USART _RECV _INT procedure and 
stores it in the array location pointed to by IN_PTL 
T, then IN_PTLT is incremented. Similarly, when 
FIFO_T_OUT is called by the main program, to 
load the SIU~MIT_BUFFER, the byte in the array 
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pointed to by OUT_PTR-T is read, then OUT_ 
PTR-T is incremented. Since IN_PTR-T and 
OUTJTR-T are always incremented, they must be 
able to roll over when they hit the top of the 256 byte 
address space. This is done automatically by having 
both IN_PTR-T and OUT_PTR-T declared as 
bytes. Each character inserted into the transmit FIFO 
is tested to see if it's a LF. If it is a LF, the variable 
SEND~ATA is incremented, which lets the main 
program know that it is time to send an I frame. Simi
larly each character removed from the FIFO is tested. 
SEND~ATA is decremented for every LF character 
removed from the FIFO. 

IN_PTR-T and OUT_PTR-T are also used to in
dicate how many bytes are in the FIFO, and whether it 
is full or empty. When a character is placed into the 
FIFO and IN_PTR-T is incremented, the FIFO is 
full if IN_PTR-T equals OUT_PTR-T. When a 
character is read from the FIFO and OUT_PTR-T 
is incremented, the FIFO is empty if OUT_PTR-T 
equals INJTR-T. If the FIFO is neither full nor 
empty, then it is in use. A byte called BUFFER
STATUS_T is used to indicate one of these three con
ditions. The application module uses the butTer status 
information to control the flow of data into and out of 
the FIFO. When the transmit FIFO is empty, the main 
program must stop loading bytes into the SIU_ 
XMIT_BUFFER. Just before the FIFO is full, the 
async input must be shut otT using CTS. Also, if the 
FIFO is full and SEND~ATA = 0, then SEND_ 
DATA must be incremented to automatically send the 
data without an LF. 

RECEIVE FIFO 

The receive FIFO operates in a fashion similar to the 
transmit FIFO. Data is inserted into the receive FIFO 
from the SIU_RECV procedure. The SIU_RECV 
procedure is called by the SIU_INT procedure when a 
valid I frame is received. The SIU~ECV procedure 
merely polls the receive FIFO status to see if it's full 
before transferring each byte from the SIU_RECV_ 
BUFFER into the receive FIFO. If the receive FIFO is 
full, the SIU_RECV procedure remains polling the 
FIFO status until it can insert the rest of the data. In 
the meantime, the SIU AUTO mode is responding to 
all polls from the primary with a RNR supervisory 
frame. The USART_XMIT_INT interrupt proce
dure removes data from the receive FIFO and trans
mits it to the terminal. The USART transmit interrupt 
remains enabled while the receive FIFO has data in it. 
When the receive FIFO becomes empty,. the USART 
transmit interrupt is disabled. 

2.5 Primary Station 

The primary station is responsible for controlling the 
data link. It issues commands to the secondary 

stations and receives responses from them. The primary 
station controls link access, link level error recovery, 
and the flow of information. Secondaries can only 
transmit when polled by the primary. 

Most primary stations are either micro/minicomputers, 
or front end processors to a mainframe computer. The 
example primary station in this design is standalone. It 
is possible for the 8044 to be used as an intelligent front 
end processor for a microprocessor, implementing the 
primary station functions. This latter type of design 
would extensively otT-load link control functions for the 
microprocessor. The code listed in this paper can be 
used as the basis for this primary station design. Addi
tional software is required to interface to the micro
processor. A hardware design example for interfacing 
the 8044 to a microprocessor can be found in the appli
cations section of this handbook. 

The primary station must know the addresses of all the 
stations which will be on the network. The software for 
this primary needs to know this before it is compiled, 
however a more flexible system would download these 
parameters. 

From the listing of the software it can be seen that the 
variable NUMBER-OF _STATIONS is a literal dec
laration, which is 2 in this design example. There were 
three stations tested on this data link, two secondaries 
and one primary. Following the NUMBER-OF_ 
STATIONS declaration is a table, loaded into the ob
ject code file at compile time, which lists the addresses 
of each secondary station on the network. 

REMOTE STATION DATABASE 

The primary station keeps a record of each secondary 
station on the network. This is called the Remote Sta
tion Database (RSD). The RSD in this software is an 
array of structures, which can be found in the listing 
and also in Figure 16. Each RSD stores the necessary 
information about that secondary station. 

To add additional secondary stations to the network, 
one simply adjusts the NUMBER-OF_STATIONS 
declaration, and adds the additional addresses to the 
SECONDARY_ADDRESSES table. The number of 
RSDs is automatically allocated at compile time, and 
the primary automatically polls each station whose ad
dress is in the SECONDARY_ADDRESSES table. 

Memory for the RSDs resides in external RAM. Based 
on memory requirements for each RSD, the maximum 
number of stations can be easily butTered in external 
RAM. (254 secondary stations is the maximum number 
SDLC will address on the data link; i.e. 8-bit address, 
FF H is the broadcast address, and 0 is the null ad
dress. Each RSD uses 70 bytes of RAM. 70 x 254 = 
17,780.) 
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The station state, in the RSD structure, maintains the 
status of the secondary. If this byte indicates that the 
secondary is in the DISCONNECT_S, then the pri
mary tries to put the station in the LT_S by sending 
an SNRM. If the response is a UA then the station 
state changes into the I_TJ. Any other frame re
ceived results in the station state remaining in the DIS
CONNECTJ. When the RSD indicates that the sta
tion state is in the LT_S, the primary will send either 
an I, RR, or RNR command, depending on the local 
and remote buffer status. When the station state equals 
GO_TO~ISC the primary will send a DISC com
mand. If the response is a UA frame, the station state 
will change to DISCONNECT_S, else the station 
state will remain in GO_TO_DISC. The station state 
is set to GO_TO~ISC when one of the following 
responses occur: 

1. A receive buffer overrun in the primary. 

2. An I frame is received and Nr(P) =F Ns(S). 

3. An I frame or a Supervisory frame is received and 
Ns(P) + 1 =F Nr(S) and Ns(P) =F Nr(S). 

4. A FRMR response is received. 

5. An RD response is received. 

6. An unknown response is received. 

The send count (Ns) and receive count (Nr) are also 
maintained in the RSD. Each time an I frame is sent by 
the primary and acknowledged by the secondary, Ns is 
incremented. Nr is incremented each time a valid I 
frame is received. BUFFERJTATUS indicates the 
status of the secondary station's buffer. If an RR re
sponse is received, BUFFERJTATUS is set to 
BUFFE~ADY. If a RNR response is received, 
BUFFER-STATUS is set to BUFFER-NOT_ 
READY. 

BUFFERING 

The buffering for the primary station is as follows: 
within each RSD is a 64 byte array buffer which is 
initially empty. When the primary receives an I frame, 
it looks for a match between the first byte of the I frame 
and the addresses of the secondaries on the network. If 
a match exists, the primary places the data in the RSD 
buffer of the destination station. The INFO_ 
LENGTH in the RSD indicates how many bytes are in 
the buffer. If INFO_LENGTH equals 0, then the 
buffer is empty. The primary can buffer only one I 
frame per station. If a second I frame is received while 
the addressed secondary's RSD buffer is full, the pri
mary cannot receive any more I frames. At this point 
the primary continues to poll the secondaries using 
RNR supervisory frame. 

PRIMARY STATION SOFTWARE 

A block diagram of the primary station software is 
shown in Figure 17. The primary station software con
sists of a main program, one interrupt routine, and sev
eral procedures. The POWER-ON procedure begins 
by initializing the SIU's DMA and enabling the receiv
er. Then each RSD is initialized. The DPLL and the 
timers are set, and fmally the TIMER 0 interrupt is 
enabled. 

The main program consists of an iterative do loop with
in a do forever loop. The iterative do loop polls each 
secondary station once through the do loop. The vari
able STATION_NUMBER is the counter for the iter
ative do statement which is also used as an index to the 
array of RSD structures. The primary station issues one 
command and receives one response from every second
ary station each time through the loop. The first state
ment in the loop loads the secondary station address, 
indexed by STATION_NUMBER into the array of 
the RSD structures. Now when the primary sends a 
command, it will have the secondary's address in the 
address field of the frame. The automatic address rec
ognition feature is used by the primary to recognize the 
response from the secondary. 

Next, the main program determines the secondary sta
tion's state. Based on this state, the primary knows 
what command to send. If the station is in the DIS
CONNECT_S, the primary calls the SNRMJ pro
cedure to try and put the secondary in the LTJ. If 
the station state is in the GO_TO~ISC state, the 
DISCJ is called to try and put the secondary in the 
L~_S. If the secondary is in neither one of the 
above two states, then it is in the LT_S. When the 
secondary is in the LTJ, the primary could send 
one of three commands: I, RR, or RNR. If the RSD's 
buffer has data in it, indicated by INFO_LENGTH 
being greater than zero, and the secondary's BUFF
ER-STATUS equals BUFFER-READY, then an I 
frame will be sent. Else ifRPB = 0, an RR supervisory 
frame will be sent. If neither one of these cases is true, 
then an RNR will be sent. The last statement in the 
main program checks the RPB bit. If set to one, the 
BUFFER-TRANSFER. procedure is called, which 
transfers the data from the SIU receive buffer to the 
appropriate RSD buffer. 
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RSD STATION-ADDRESS 

STATION-STATE 

NS 

NR 

BUFFER-STATUS 

INFO-LENGTH 

DATA (0) 

DATA (63) 

Figure 16. Remote Station. Database Structure 

RECEIVE TIME OUT 

Each time a frame is transmitted, the primary sets a 
receive time out timer; Timer O. If a response is not 
received within a certain time, the primary returns to 
the main program and continues polling the rest of the 
stations. The minimum length of time the primary 
should wait for a response can be calculated as the sum 
of the following parameters. 

1. Propagation time to the secondary station 

2. Clear-to-send at the secondary station's DCE 

3. Appropriate time for secondary station processing 

4. Propagation time from the secondary station 

5. Maximum frame length time 

The clear-to:send time and the propagation time are 
negligible for a local network at low bit rates. However, 
the turnaround time and the maximum frame . length 
time are significant factors. Using the 8044 secondaries 
in the AUTO mode minimizes turnaround time. The 

maximum frame length time comes from the fact the 
8044 does not generate an interrupt from a received 
frame until it has been completely received, and the 
CRC is verified as correct. This means that the time
out is bit rate dependent. 

Ns AND Nr CHECK PROCEDURES 

Each time an I frame or supervisory frame is received, 
the Nr field in the control byte must be checked. Since 
this data link only allows one outstanding frame, a val
id Nr would satisfy either one of two equations; 
Ns(P) + 1 = Nr(S) the I frame previously sent by the 
primary is acknowledged, Ns(P) = Nr(S) the I frame 
previously sent is not acknowledged. If either one of 
these two cases is true, the CHEC~NR procedure 
returns a parameter of TRUE; otherwise a FALSE pa
rameter is returned. If an acknowledgement is received, 
the Ns byte in the RSD structure is incremented, and 
the Information buffer may be cleared. Otherwise the 
information buffer remains full. 

When an I frame is received, the Ns field has to be 
checked also. If Nr(P) = Ns(S), then the procedure 
returns TRUE, otherwise a FALSE is returned. 

RECEIVE PROCEDURE 

Tlie receive procedure is called when a supervisory or 
information frame is sent, and a response is received 
before the time-out period. The RECEIVE procedure 
can be broken down into three parts. The first part is 
entered if an I frame is received. When an I frame is 
received, Ns, Nr and buffer overrun are checked. If 
there is a buffer overrun, or there is an error in either 
Ns or Nr, then the station state is set to GO_TO_ 
DISC. Otherwise Nr in the RSD is incremented, the 
receive field length is saved, and the RPB bit is set. By 
incrementing the Nr field, the I frame just received is 
acknowledged the next time the primary polls the sec
ondary with an I frame or a supervisory frame. Setting 
RBP protects the received data, and also tells the main 
program that there is data to transfer to one of the RSD 
buffers. 
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MAIN PROGRAM 

BUFFER TRANSFER 

296166-16 

Figure 17. Block Diagram of Primary Station Software Structure 

If a supervisory frame is received, the Nr field is 
checked. If a FALSE is returned, then the station state 
is set to GO_TO_DISC. If the supervisory frame re
ceived was an RNR, buffer status is set to not ready. If 
the response is not an I frame, nor a supervisory frame, 
then it must be an Unnumbered frame. 

The only Unnumbered frames the primary recognizes 
are UA, DM, and FRMR. In any event, the station 

state is set to GO_TO_DISC. However, if the frame 
received is a FRMR, Nr in the second data byte of the I 
field is checked to see if the secondary acknowledged an 
I frame received before it went into the FRMR state. If 
this is not done and the secondary acknowledged an I 
frame which the primary did not recognize, the pri
mary transmits the I frame when the secondary returns 
to the I_T_S. In this case, the secondary would re
ceive duplicate I frames. 
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APPENDIX A 
8044 SOFTWARE FLOWCHARTS. 

POWER-ON-D PROCEDURE 

USER-5TATE .. CLOSED-S 

STATION-STATION = DlSCONNECT-S 

TBS = SIU-XUIT-BUFFER STARTING ADDRESS 

RBS • SIU-RECV-BUFFER STARTING ADDRESS 

RBL .. BUFFER LENGTH 

ENABLE SIU RECEIVER: RBE .. 1 

XUIT-BUFFER-EMPTY .. 1 

RETURN 

296166-17 

CLOSE PROCEDURE 

AM =0 

USER~STATE = CLOSED_S 

RETURN 

OPEN PROCEDURE 

USER STATE = OPEN_S 

RETURN 

296166-18 

Figure 18. Seconciary Station Driver Flow Chart 
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XMIT-UNNUMBERED PROCEDURE 

TRANSMIT PROCEDURE 

XMIT-BUFFER-EMPTY = 0 

TBl = XMIT-BUFFER-lENGTH 

I-FRAME-lENGTH = XMIT-BUFFER-lENGTH 

STATUS = DATA-TRANSMITTED 

296166-19 

STATUS = USER-STATE-ClOSE 

STATUS = 
LINK_DISCONNECTED 

STATUS = 
?VERFlOW 

Figure 19. Secondary Station Driver Flow Chart 
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XMIT-FRMR PROCEDURE 

RUPITM-44 

FRMR-BUFFER (2) = REASON 

STATION-STATE = FRMR-S 

y 

SEND FRMR 
FRAME 

N 

Figure 20. Secondary Station Driver Flow Chart 
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IN·DISCONNECT·STATE PROCEDURE 

SNRM·RESPONSE PROCEDURE 

Figure 21. Secondary Station Driver Flow Chart 
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.N-FRMR-5TATE PROCEDURE 

v 

v 
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Figure 22. Secondary Station Driver Flow Chart 
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COMMAND DECODE PROCEDURE 

RUPITM·44 

Figure 23. Secondary Station Driver Flow Chart 
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MAIN PROGRAM 

RUPITM·44 

LOAD DESTINATION 
ADDRESS IN FIRST 
BYTE OF SIU·XMIT 

BUFFER 

LOAD INFORMATION 
INTO SIU XMIT·BUFFER 

SIU BUFFER LENGTH 
OR FIFO· T EMPTY 

OUTPUT MESSAGE 
TO TERMINAL 

'UNABLE TO GET ON LINE' 

Y 

Figure 25. Application Module Flow Chart 
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USART·RECY·INT INTERRUPT PROCEDURE 

N 

296166-28 

Figure 26. Application Module Flow Chart 
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MENU PROCEDURE 

RETURN 

RUPITM·44 

OUTPUT MENU 
TO TERMINAL 

CALL OUTPUT·MESSAGE 
'ENTER THE STATION ADDRESS:_' 

CALL GET·HEX 
SHIFT TO LEFT BY FOUR 

N 

CALL OUTPUT·MESSAGE 
'ENTER THE DESTINATION ADDRESS:_' 

CALL GET·HEX 
SHIFT TO LEFT BY FOUR 

LOAD ADDRESS 
INTO DESTINATION·ADDRESS 

CALL OUT·MESSAGE 
'THE NEW DESTINATION ADDRESS IS:_' 

Figure 27. Application Module Flow Chart 
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ERROR PROCEDURE 

y 

y 

RESET ERROR FLAGS ON USART 

296166-30 

Figure 28. Application Module Flow Chart 
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FIFO·T·OUT PROCEDURE 

296166-31 

Figure 29. Application Module Flow Chart 
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FIFO·T·IN PROCEDURE 

N 

RETURN 
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Figure 30. Application Module Flow Chart 
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SIU-RECV PROCEDURE 

TRANSFER A BYTE FROM 
SIU-RECV-BUFFER 

INTO FIFO-R-IN 

296166-33 

Figure 31. Application Module Flow Chart 

POWER ON 

I INITIALIZE SIU REGISTERS J 
I 

FOR EACH STATION 
INITIALIZE RSD RECORDS 

1. STATION·ADDRESS 
2. STATION-STATE = DISCONNECT 

3. BUFFER-STATE = BUFFER-NOT-READY 
4. INFO-LENGTH = 0 

I 
I RETURN I 

Figure 32. Primary Station Flow Charts 
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PRIMARY STATION MAIN PROGRAM 

Y 
CALL SEND-SNRM 

Y 
CALL SEND·DISC 

CALL XMIT ITS I----y-----< 
(T.I·FRAiliEI -

CALL XMIT·I·T·S 
(T·RR) 

CALL BUFFER· TRANSFER 

y 

y 

ADDRESS NEXT STATION 
SETSTAD 

Figure 33.· Primary Station Flow Charts 
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SEND·SNRM PROCEDURE 

N 

SEND·DISC PROCEDURE 

N 

STATION·STATE = DISCONNECT·S 
BUFFER·STATUS = BUFFER·NOT·READY 

Figure 34. Primary Station Flow Charts 

21·45 
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XMIT-T-S PROCEDURE 

XMIT PROCEDURE 

RUPITM_44 

CALL RECEIVE 
y 

BUILD CONTROL 
FIELD USING EITHER 

I, RR, RNR 
AND NR AND/OR NS 

296166-39 

Figure 34. Primary Station Flow Charts 
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BUFFER·TRANSFER PROCEDURE 

MOVE DATA FROM 
. SIU·RECV·BUFFER 

TO RSD BUFFER 

Figure 36. Primary Station Flow Charts 
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CHECK-NRPROCEDURE 

296166-41 

CHECK-NSPROCEDURE 

296166-42 

Figure 37. Primary Station Flow Charts 
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STATION-STATE 
= GD-TD-DISC 

REMOTE BUFFER·STATUS = BUFFER-READY 
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APPENDIX B 
LISTINGS OF SOFTWARE MODULES 

181S-11 'L/~-51 YI.O 
COI9'ILEfI INYOKED BY: : F2: PL~51 : F2: APNOTE. SRC 

6 

tTITLE ('RUPJ-44 Second."V St.Uon Driv.,,·) 
'DEBUQ 
.REOISTERB_( II 
t1AINtf'lOD: DOJ 
INOLIer 

/. To .. !ve p.p.,. the RUPS ,..,hhr •• ". not 11lted. but 'hi. is the _hh •• nt 
u ••• to include th .. : tlNCLVDE (:F2:RE044. Del) *' 

DECLARE LIT 
TRUE 
FALSE 
FOREVER 

LITERALLY 'LITERALLY', 
LIT 'OFFH', 
LrT 'OOH', 
LIT 'WHILE l'j 

'* BDLe cOlllm.nd, .nd ,. •• pon ••• *' 
DECLARE SNRI'I LIT 

UA LIT 
DISC LIT 

"" LIT 
FR~ LIT 
REG...DISC LIT 
UP LIT 
TEST LIT 

'* Un.,. ,.'.h. *' 
OPENJI LIT 
CLOSED_S LIT 

'*-St.tian st.t .. *' 
DISCONNECT _S 
F.~_S 
I_T_S 

LIT 
LIT 
LIT 

USERJlTATE_CLDBED LIT 
LINK...DISCONNECTED LIT 
OVERFLOW LIT 
DATA_TRMBt1JTTED LIT 

UNASSIONED_C LIT 
NO_IJIELD ....... LLOWED LIT 
lUFF _OYER.UN LIT 
SES-.ER. LIT 

'S3H', 
'73H', 
'43H', 
'lFH', 
'97H', 
'5311', 
'33M', 
'0E3H', 

'OOH', 
'OlH'. 

'OOH', '* LOCnCALLV DISCONNECTED BTATE*, 
'OtH'. /. FRAPE REJECT STATE *' 
'02H', /. UFORftATIDN TRANSFER STATE *' 

'OOH', 
'OlH', 
'02H', 
'03H'. 

'OOH', 
'OIH', 
'02H', 
'03H', 

21-50 

20: ;24: 47 09/20/93 PAGE 

296166-44 



inter 

7 2 
8 2 
9 1 

10 2 
11 2 
12 1 

13 2 
14 2 
1. 2 
16 1 

17 

18 2 
19 2 
:zo 2 
21 2 
22 2 
a3 2 
24 2 

2. 

26 2 

27 2 

as 2 

30 2 

32 2 

34 3 

RUPITM_44 

RUPI-44 StconUT'\! Station Dr1v.1" 

USER_STATE 
STATION_STATE 
I...FRN£~OTH 

IYTE 
BYTE 
BYTE 

M}XILI/tIRY, 
AUXlLINlY. 
AUXILIARy. 

'* Duff.rs *' 
BIA'"FERJ.ENOTH 
BIU_Xf'tl T ..BUFFER (BUFFERJ.ENOTH) 
BIUJlECY JUFFER (BUFFERJ.ENOTH) 
FR""JUFFER(3) BYTE. 

'MITJIA'"FER~"TY BIT PUILIC, 

SlU..AECY: PROCEDURE (LENOTH) EXTERNAL, 
DECLARE LENGTH IYTE, 

END BIUJlECY, 

OPEN: PROCEDURE PUBLIC USINO 2, 
UBER_BTATEoOPENJ' 

END OPEN. 

CLOBE: PROCEDURE PUBLIC USINQ .1:1 
..... 0' 
USERJlTATE-CL.08ED_S, 

END CL.OSE, 

PDWER_ONJ): PAOCEDURE PUBt..lC USINg 0, 

UBER_BTATE-CLOSED_SJ 
STATlON_BTATE-DISCONNECT_S, 
Ta8-. SIU_X"ITJlUFFEFHOJ, 
RS&-. SIU.-RECYJlUFFERCOJ, 
RIL-IUFJrERJ.ENOTH, 

LIT 
BYTE 
BYTE 

AIE-li /. Enabh the SIU~. Ttc:dvn *' 
XI'tITJUFFER_EtFTY-l, 

END POWER_ONJI' 

'60', 
PUBLIC 
PUBLIC. 

lDAT .... 

TRANSI'IIT: PROCEDURE (xI'IITJtUFFER..J.,ENOTH) BYTE PUBLIC USINO 0, 

'* U • .,. .uat check XI1ITJlUFFER~TY fhl Infa ... c.lling thh procedure ., 

DECLME XMIT_BIA'"FERJ.ENOTH BYTE. 
I BYTE AUXILI .... V. 
STATUS BYTE AUXILIARY, 

IF UBER_BTATEoCLOBED_B 
THEN BTATU8oUSER_8TATE_CLOSI!D' 

ELBE IF BTATlDNJTATE-DISCONNECT_B 
THEN STATUa-LINKJlISCONNECTED, 

ELBE IF XMIT JIA'"FERJ.ENOTH>81A'"FERJ.ENOTH 
THEN BTATUB-OYERFLOW, 

ELSE DO, 

21-51 
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PL.II'1-S1 Cot1PlLER 120: 24: 47 09/20/83 PAGE 

35 3 
36 3 
37 3 

39 3 
39 3 
40 3 
41 2 
42 1 

43 2 

44 2 

45 2 
46 2 
47 2 
4. 3 
49 3 
50 2 

51 

52 

53 2 
54 2 
55 2 

57 3 
58 3 

" 3 
60 2 

62 3 
63 3 
64 3 
6' 2 

66 

67 2 

68 2 

69 2 

70 2 
71 2 
72 2 

73 2 
74 3 
75 3 

X"II T JlUFFEIt..EI'PTY-O, 
TIL-X",! T -.BUFFER_LENOTHI 
I_FRNEJ.ENQTH-XI'tI'TJllIFFERJ.,ENOTHI /. Sto,.. hngth in c .... '.':ion 

h ",n.t ItU FR ..... , 8NR'" etc .• , 
T8F-I, 
STATUS-DATA_TRANBPUTTED, 

END, 
RETURN STATUS, 

END TRANsttIT, 

'"JT_~ERED: PROCEDURE (CONTROLJlYTE) , 

DECLARE CONTROLJlYTE BYTE, 

TCB-CONTROLJlYTE, 
TIF-l, . 
RrB-l, 
DO WHILE NOT 811 
END, 
81-0, 

END .MIT _UNIIIUI'9IEREDI 

_"JlESPONSE: PROCEDURE , 

STAT I DN_STATE-I_T_SI 
NSNA-o, 
IF CRCB AND 10tH () 0 '* R •• pond t, polled *' 

THEN DO. 
TIL-O, 
CALL X"'IT _UNNUtIBEREDCUA), 

END, 
IF XMITJUFFER..EI1PTV-O '* If an If,. .......... hft pending ,,..n •• haton 

then ", •• to,.. it ., 
THEN DO, 

TBL-IJRNlEJ.ENQTH. 
T8F-l, 

END, _1, 
END _"JlESPONSE, 

X"1T..FRI1R: PROCEDURE (REASON) , 

DECLARE REASON BYTE, 

TCI-FRI'IRI 

TIS-, FR""JlUFFER(OJ, 
TIL-3, 
FRI'IR..BUFFERCO)-RCB, '* s..p niblll .. in NSNR ./ 

.F'U'IR..IUP'FER(1)·CSHLCCNSNR ~ OEH),4) OR BHRCCNSNR AND OEOH).4»), 
DO CASE REASON, 

FAttRJUFFERCiiU-01H, ,. UNASSIGNED_C ./ 
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76 3 
77 3 
78 3 
70 3 

ao ~ 

81 ~ 

B3 3 
84 3 
a. 4 
16 4 
87 3 
88 3 
89 I 

90 

91 ~ 

93 ~ 

9' 3 
96 3 
97 3 
98 I 

99 ~ 

100 ~ 

10~ 3 
103 3 
104 3 

10' ~ 

107 3 
108 3 
109 3 

III 4 
112 4 
113 4 
114 3 

II' 3 
116 3 

118 4 
119 4 

END, 

FR""."UFFER (:i!:)-02H, 
FRf'lRJUFFER(2).a4H. 
FRI'IR_IUFFER (a)-oSH. 

'* NO_IJIELDJlLLCWED *' '* BUFF JWERRUN +, ,+ SEB....ERR ., 

STATION_STATE-FRI'tR_S, 

IF C RCI AND 10H) (>0 
THEN DO, 

llF-I, 
RTS-l, 

END XP1ITJRI'IR' 

DO loI-tlLE NOT SI, 
END, 
91-0, 

END, 

IN_DISCONf£CT_STATE: PROCEDURE, '* C.lhd fro. SIU_INT procedure ./ 

IF «USER_SrATE-OPEN_SJ AND «RCB AND OEFHl-SNRI'1» 
T.-EN CALL SNR"JlESftDNSE, 

ELSE IF (RC8 AND IOH) <> a 
THEN DO, 

TlL-O, 
CALL X"JT_UtNJPI8ERED(~)1 

END, 
END INJUSCONNECT_BTATEI 

IN_FR",,_STATE: PROCEDURE I '* C.l1ed bll SIU_INT IIIben .. '"a.e has bun received 
"hen in the FRt'IR shh +, . 

IF (RCB AND OEFH)-BNRP1 
T~ DC, 

CALL SNRI'1_RESPDNSEI 
TaS-. SIU_XP1ITJlUFFERCOJJ ,. A .. tore trAnsmit bu'''" s"b"t .ddT." *' 

END, 

ELSE IF (RCB AND OEFH)-DISC 
THEN DO. 

STATIDN_BTATE-OISCONECT_BI 
T8S-. SIU_XHlT_BUFFERCO)1 '* Autore tr.ns,.U bu'hr shrt .ddr .. s */ 
IF (ReB AND 10.-1)<> 0 

THEN DO. 
TIl_O. 
CALL XHlT_UNN\.t'lBEREDCUA)I 

END, 
ENOl 

ELSE 001 /* Rec.iv. control b~h is sOIl.thing othn then DISC or SNRI"! */ 
IF (RCB AND IOH) <> 0 

THEN DOl 
TBF-ll 
RTS-II 
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120 8 
121 8 
122 4 
123 3 

124 

128 2 

126 2 

128 2 

130 ·3 
131 3 

133 4 
134 4 
138 4 
136 3 

137 2 

139 3 

141 

143 8 
144 8 
148 8 
146 5 
147 8 
148 8 
149 5 
1110 8 
181 8 

IS:! 

1M 8 
U8 8 
1M 8 
187 4 
19 3 
189 3 

160 2 

162 3 
163 3 

168 3 

RUPITM~44 

ItUPZ-44 B.c~nd."u Statton Drive" 20: 24: 47 09/20/83 PAGE 

DO WHILE NOT BI. 
END/ 

END/ 

END IN...FR",,_STATE/ 

COMAND..,DECODE: PROCEDURE / 

IF (RC8 AND OEFH)-8NR" 
THEN C ...... L. _"JlESPONSE/ 

ELSE IF (RCa AND OEFH)-DISC 
THEN DOl 

sT ... nON_sr .... TE.DIBCOMECT _91 
IF (RCB AND 10,-1)<>0 

END. 

THEN DO, 
TlL-o, 
CALL XHIT_UNNUP1BEREDIUA)f 

END/ 

ELSE IF (RCI AND OEFH)-TEST 
THEN DOl 

IF (RCI 1M) 10H»O '* Ae.,ond if polhd ./ 
THEN 001 '* FOR BOV-I. BEND THE TEST RESPONSE WITHOUT AN I FlEW) ./ 

IF 180\181) 
THEN DO. 

TIL-O, 
CALL XHIT_UNNUtIIEREI)(TEST OR SOH). 

END/ 
ELSE DO. ,* If no BOY ... nd ".ceived 1 field bad to pf'i""1J *' 

'.L .... FL.I . 
TBS-RISI 
CALL .... IT _UNNIJfIiIBERED<TEST OR lOH) I 
TIS-. SIUj:"IT __ UFFERCOJ, /. " •• ,.,.. TBS ., 

END/ 

'* If an I ,,, ••• tIIa. p.nding ••• t it up a.ain *' 
IF X"IT _8UFFER..E~TY-o 

THEN DO/ 
T8L-ljRNE-.LENQl'HI 
TIF-!, 

END/ 

ELSE IF (RCI AND OlH) • 0 '* Kieh .. out of th AUTO Mod. becau •• 

THEN DO; 
an If" •••••• received .. hU. RPI • 1 ./ 

AM· i. 
IF XI'IJT JlUFFEfI~TV • 1 

THEN TIL. OJ 
TIF • 1; /* Send .n AUTO Mod. T •• pon.e */ 
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IIL/,,-S:L COPPJLI!R 20: 24: 47 09/20/83'1tE 6 

.66 3 

.67 3 

."" a 

.69 

'70 2 

17. 2 

172 2 
'73 2 

." 3 

177 , 
• 7. , 
'7'1' , 
.eo , .B. • .1Ia • .83 3 
.84 3 

'S' 
187 3 

189 3 

'9' .92 
• 93 .9. 
.96 

.98 
aoo • 
20' • 
202 3 
203 3 
204 3 

RTI • l' 
END. 

ELSE CALL X"lTJRI'.UVNA8SJDNED_C)J ,e Retelved en unhfin.d 01' not , •• h •• nfl.,I co .... n. *' 
END CDI'I'IANI)J)ECODE, 

BtU_INT: PROCEDURE INTERRUPT 4, 

DECLARE BYTE AUXILIARY, 

91-0, 
IF BTATlON_9TATE<> I_T_9 /. "u.t be in NON-AUTO .ode _, 

THEN DO, 
IF "8E-0 '* Received. f.,. .... ? give 1' •• pon •• *' 

THEN DO. 

RETURN, 
END, 

DO CASE STATION_STATE I 

END. 

CoIILL INJ)lSCDNHECTJlTATE • 
CALL INjR .... _ST ... TE, 

RIE-l, 
END • 

'* If the progr ... ,. •• ctll .. thi. point. BTATJDN_BT ... TE-I_T .... & 
lllhich .... n. the SIU .1thr •••• or still is in the AUTO PCJDE */ 

IF ""-0 
THEN DOl 

IF (RCB AND OEFH)-DJSC 
THEN CALL CCl'NNDJ)ECODEI 

ELSE IF USER_STATE-<:LOSED_B 
THEN DOl 

TBL-G, 
CALL XI'tJT_UNNUI'UIEREDCREO_DISC), 

END • 
ELBE J F BES-l 

TI£N CALL XI'tITjRKR(SESPR), 
EL.SE IF 80\1-1 

THEN DO". DON'T SEND F,R"" IF It TEST WAS RECEIVED*' 
IF (RCI AND OEFH)-TEST 

Tt£N CALL COI'ft\NO_DECODEJ 
ELSE CALL XI11T_FRI'tRCBUFF_OYERRUN)I 

END. 
EL.BE CALL COPI1AND...PECODEI 
RBE-I, 

END. 

EL.SE DOl '* t1UBT STIL.L. BE IN AUTO HODE *' 
IF TQF-O 

THEN XI11TJlUFFER..£t1PTV-l, '* TRANSI1ITTEO A FRAME *' 
IF RBE-O 

THEN DO, 

296166-49 
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210 4 
au 4 
ala 4 
213 4 
a14 4 
au 3 
216 1 

2.7 

WARNtNOS; 

END StU_INTI 

END, I1AIH*MOOI 

END. 

4 IS THE HIQto£BT USED INTERRUPT 

..,DULE INFOIII'IATlO<: 

R8P-ll J* RNA STATE ., 
RBE-li /* RE-ENABLE RECEIVER ./ 
CAU.. SlU..JtECVCRFLJ, 
R8"-0. ,. Rft BTATE *' 

END. 

CSTATIC+OYERLAYABLE) 
- oaBFH 6550 CODE SUE 

CONSTANT 81lE - OOOOH 00 
DIRECT VARIABLE SIZE 
INDIRECT VARIABLE SUE 
In BIZE 
In-ADDRESSABL.E SIZE 
AUXILIARY YARIABL.E SUE 
MlnlU" aTACK SIZE 
REGISTER-IANKeS) USED: 
460 LINES READ 
o PIIOQRA" ERROR C 8) 

END .OF PL/I'I-Sl CCI'IPILATION 

3FH+02H 63D+ aD 
3CH+OOH 600+ 00 
D1H+DOH 10+ 00 
OOH+OOH 00+ OD 

- OOD6H 60 
- 0017H 230 

o • 2 
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PL' .... " CDf'IIIL.ER 

lSII-II PL/"-'l 111. 0 
COfiIIILER INVOKED BV; : '2: ,1.51 : '2: unote. Sf'C 

.TITLE C 'AppUuUon Moilul.: A ... nc/SOLe P",otocol conv'l't.,,') 

.1f.II"g 
''''I'.'·1'''·ntCO) 
UI,,,"oll:lIol 
tMlLlST 

, DECLARE LIT LITERALLY 'LITERALLY', 
TRUE LIT 'OFF'H', 
FAL8E: LIT '0011'. 
FOREVER LIT 'WHILE 1'. 
ESC LIT '18H', 
LF LIT 'OAH', 
CR LIT '0011', 
8S LIT 'oa-f'. 
lEI. LIT '0711', 
a.TY LIT 'OOH', 
1NU8E LIT 'OIH', 
FULL I..IT 'OaH ' , 
USER_STATE_CLOSED LIT 'OQH'. 
LINllJlISC_CTED LIT 'OIH', 
OYEfIFLDN LIT "OaH', 
DATA_TR_ITTED LIT '0311', 

BUFFER..LENOTH LIT 
8IU_X"ITJlUFFER(BUFFER.,.I.ENeTH) 
8IUJlECIIJlUFFER(BUFFER.,.I.ENOTH) 
FIFO_Tl2!!6) BYTE 
INJ'TR-,T Bvtt 
OUT J'TR_T IYTE 
IUFFER_STATUS_T BYTE 
FIFOJl(2!!6) BYTE 
INJ'TRJI Bvtt 
OUT J'TRJI BYTE 
BUFFER_STATUSJI BYTE 

LENOTH 
CHAR 
I 
USARTSlOD 
DESTlNATlONJlDDRESS 
SEND-PATA 
RESULT 
EMJEIlSA«_INDEX 
ERRJlESSA4I£J'TR 

BYTE 
BYTE 
Bvtt 
BYTE 
BYTE 
BYTE 
IYTE 
BYTE _D 

'&0', 
BYTE EXTERNAL 
IYTE EXTERNAL, 

AUXILIARY. 
AUXILIARY. 
AUXILIARY, 
MlXlLIMY, 
AUXILIARY, 
AUXILIARY, 
AUXILIARY. 
AUXILIARY. 

AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 
MlXILIARY. 
MlXILIARY. 
AUXILIARY. 
AUXILIARY. 
AUXILIARY. 

,. " ••••••• Sent to the T ..... 'n.l *' 

IllATA. 

PARITY'.) BYTE C'*BTANTCLF.CR. 'P."it, £""01' D.hct.d',LF.CR.OOH). 
FRAt'IE(*) BYTE CONSTANT(LF. CR. 'Fr •• ina Error Detected'. LF, CR. OOH). 
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OYER_RUNe e1 BYTE CDNSrltNTCLF, CR. IDveT'T'un E,"roT' Detected', LF. CR. 0). 
LINKI.) BYTE CONSTANTCLF.CR. 'Unebl. to get Onlin.'.LF.CR.OOH). 
DEBT_ADDRCe) BYTE CONSTANTCCR. LF. LF. 

'Ente", the d •• tinetion .4d" ••• : _', BB. BS. 01, 

D-"DDR-"CKC.) BYTE CONSTANTCCR. LF. LF. 
'The n ... d •• tinetion .4d" ••• 1. " 0) • ./ 

STAT_ADORce) BYTE CONBTANTCCR. LF. LF. 
'Entel' the at.tion .dd" ••• : _'I DS. 89. 0), 

S-"DDR-.ACKC.) BYTE CONSTANTICR. LF. LF. 
'The new at.t1on .ddr ••• 's ',0), 

I\DDR_ACKJ'INU) BYTE CONSTANT< 'H'. CR, LF. LF. 0>. 

8IOM_ONC.) BYTE CQNSTItNT(CR. L.F. LF. 
'(\1) RUPl-44 Secondel'V 8te1;1on', CR. L:.F • 
• \/', CR. LF. LF. 
'1 - S.t the St..tlan Addr ••• •• LF. CR. 
'2 - Set the D •• t1n.t10" "'dr ••• ', CR. LF. 
'3" go Dnl1n.',CR,LF, 
'4 - Go Offli.n.',CR.LF. 
'5 - R.turn to t."lIin.l .0d.',CR.LF.LF, 
, Ent.r opti.on: _', BS. 0), 

FINC.} BYTE CONSTANTtCR.LF.LF.O), 

HEX_TABLE(S?) BYTE CDNBTANT( '012345b?89ABCDEF'. BEL). 
P'lENU_CHAR Cb) BYTE CONBTNlTC '12345', BEL), 

/. Fbll' .nd BU. */ 

18: ~O:'3 09/19/83 PAgE 2 

X"lT JlUFFERJ:""TY 
STOP _BIT 

BIT 
BIT 
BIT 
alT, 
BIT. 

EXTERNAL. /* S •• _pho". fa" RVPI SIOU Tr.n •• U Bufh" ./ 
AT(147) REG. /. Tnmind p."_III.tn •• / 

ECHO .... nOD4H) RECI, 
WAlT /* Till.out Phg */ 
ERRORJLAO '* £"1'"0" m •••• II. FI_ •• / 

U8ItRT_STATUS BYTE ATt0801H) AUXILIARY. 
UBAAT_DATA BYTE AT (0800H) .... UXlLlARY. 
TItER_CONTROL BYTE ATtlOO3H) AUXILIARY, 
TII'IER_O BYTE .... T(1000H) AUXILIARY • 
TUER_l BYTE .... rCl001H} AUXILIARY, 
TIlER"" BYTE .... Ttl00.2H} AUXlL.IARY • 

296166-52 
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6 ; 
7 I 

• ;, 

• I 

10 ; 
II I 

I; a 
13 a 
14 I 

IS a 
16 a 
17 I 

18 a 
19 ; 

ao a 
;1 a 
aa a 
a3 2 

a4 a 
as a 
26 a 
27 a 

POWER_ON-D: PIilOCEDURE EXTERNAL. 
END PDWERJlNJI' 

CLOSE: PROCEDURE E~TERNAL USING a, 
END CLOBE, 

OPEN: PROCEDURE EXTERNAL USING a, 
END OPEN, 

TRANS'UT: PROCEDURE ""IT JlUFFERJ.ENGTH) IVTE 
DECLARE ~"IT JlIIFFERJ.ENGTH IVTE, 

END TRANSf'UT, 

TlMER_o_tNT: PROCEDURE INTERRUPT 1 USIN; I. 
WAIT-O, 

END TZI'IER_O_INT. 

POWER_ON: PROCEDURE USINQ - 01 

DECLAAE TEP1P IYTE AUULIAAY, 

Sl'tD-D4H, 
TPlOo-21H, 
THt-OFFH, 
TCDN-4OH. 

,. us,n, DPLL. NRZI. PFS. Tlf1ER I •• 62.3 Kbp. *' '* Thl.,. 0 16 bU. Timer 1 .uta ,..10.6 *' 

Tll'E'CCDNTRDL-37H, /. InlU.liu USART'. .... t .... clack. 8254 ./ 
TlPER_O-o4HI 
TIt1ER_o-ooH, 
TltER_CONTROL-77H, '* Initl.U Ie TIC. RIC ., 

,. D.finition hl" dip ,"wt tch thd to Pl.0 to P1.6 

Bit: R.t. 3 a 
300 on on 

1200 on on off 
a400 on oil on 
4800 on off on 
9600 0" on 

19200 0" on off 

Stop bit 

1, on 
a 0" 

P.rU .. 6 

off on 
0" on off 
0" off on 
even off 0" 
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28 2 
29 2 

31 3 

32 4 
33 4 
34 4 
3' 4 

:If! 4 
37 4 
38 4 
39 • 
40 • 41 • 42 4 
43 4 

4. 4 
4' 4 
46 4 
47 4 

48 • 49 4 
5C • 
" 4 

sa 4 
53 • ,. • " 4 
56 3 

'7 2 
58 2 
59 2 
60 2 

61 2 
62 2 
63 2 

6' 2 

66 2 
67 2 

68 2 

Echo 7 

.n ... .n ... ., 
Tap-PI AND 07H, '* A ••• the dip •• itch to lI.tn_in. the bit r.b *' 
IF T_>, 

TtEN TEI'tP-o, 
DO CASE TEfUlI 

,. 300 *' 
DO. 

TltER_a-a3Hf 
TlPER_1-20H1 

END. 

,. 1200., DO, 

END. 

TltER_1-20H' 
TI"EfCl-GSH. 

TII'IER_l-6OH1 
TJtER_S-cJ2HI 

END. 

TIPlER_l-3OH. 
TII1EfCl-01H, 

END. 

'* 9600./ DO. 

END. 

TU'IER_l-65H' 
TlPER_l-G. 

/. 19200 *' DO. 

END. 

TlttER_1-33H. 
TltER_I-O, 

END, 

USMTJlTATUS-O, /. So,t .... ,.. ,o .... ,.-on ,. ••• , far 825111 *' 
USMTJlTATUB-O. 
USIIRT_STATUB-O. 
USMT _STA1'U8-40H, 

TEPfI*OAH. /. D.'s,..!n. the p.,.it ... nd • of stop bit •• , 
TDF-TEtfI OR CPt AND 3OH), 
IF STOP _BIT-' 

THEN TEIF-TE.. OR OCOH, 
ELSE TEPF-TEf'P CIt 40H, 

UBMT.-BTATUS-TEfII, '* UBART 110d. Word ./ 
USARTJlTATUS. ~RT_C"o-ii27HI/.U8MT Co_.nd Word RTS. RaE. DTR. TrEN-'*' 

ST~OFFHI 
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6' 2 

70 2 

71 2 

72 2 

73 2 

7' 2 

75 2 

76 

77 2 
78 2 

79 2 
SO 2 

81 2 

83 3 
B4 3 
85 3 
B6 3 
87 3 
BB 2 

90 

91 a 

92 a 

93 2 
9' 2 
95 2 

97 3 
98 3 .. 3 

100 2 

102 2 

103 

10. a 

RUPITM-44 

"ppl1c.tian tladuh: "'s\lnc/BDLe Protocol conv.,.t.,. 18: 50: 53 09/19/83 PAGE 

BEND_DATA-O, ,. Inti.Un Fh,. *' 
INJTR_T. OUTJTA_T. INJTR_R. OUTJlTR_R • 0, '*JnithHu FIFO PTR._' 

BUFFER_STATUS_T. BUFFERJlTATUS..R- Ef'tPTV, 

CAU. POWER_ONJ>. 

,. UBART'. RxRd, 1_ the high." ,l"101'itV *' 
JE-93H, 

ERRORJLAG-O, 

'* 80th •• t."n.l inhT'1'uph-.l'. level tr1U.,..d*' 
,. En.bl. USART RaRdu. SIt end Ti ... ,. 0 interruptl-' 

END POWER_ON. 

fl'IFO-"_IN: PROCEDURE (CHAR) USING 11 
DECLARE CHAR BYTE, 

FIFO-,,( IN_PTR"" )-CHAR, 
INJTRJ'-INJTR_R+l1 

IF IUFFER_STATUS_R-EI1PTY 
THEN 00, 

EA.-O, 
IUFFER_STATUS_R-INUBE, 
EXl-I, '* En.bl. UBART', TID inte"T'upt *' 
EA-I. 

END. 
ELSE IF «BUFFER_STATUS_R-INUBE) AND <INJ'TR.JI-OUTJ'TR.JI» 

THEN BUFFER_STATUS_R-FULL. 

END F1FO.JI_IN. 

FIFO-,,_OUT: PROCEDURE BYTE UBINQ 11 

DECLARE C ..... R BYTE 

C ...... oFIF0.JIUIUT J'TR_R). 
OUT J'TR.JIoOUT J'TR.JI+I. 
IF OUT "pTR~-INJTR.Jt ' 

Tt£N DO. 

AUXILIARY' 

En-O, '* Shut off TIfD :lnt .... "upt *' 
8UFFER_STI\TUSJ'-EftPTVI 

END • 
ELSE IF C (BUFFER..:.BTATUS_RaFULL) AND COUTJTR_R-2D-INJTR_R») 

THEN 8UFFERJiTATUS..R-INUSE, 

RETURN CHARI 

END FIF0.JIJlUT. 

USART_XI'tlT_INT: PROCEDURE INTERRUPT 2 USINg 11 
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105 :z 

106 2 

108 3 

110 • 111 • 112 4 

113 4 
114 4 
1" 4 

117 
118 

119 2 

120 

121 2 

122 2 

123 3 
124 4 
12' 4 
126 3 
1'" 3 

128 

129 

130 

131 2 
132 2 
133 2 

135 2 

137 2 

139 3 
140 3 
141 3 

143 3 
144 1 

DECLARE 

IF ERRDRJLAO 
THEN DO. 

BYTE CONSTANT! 

IF MESSAQE(ERRftSSAGE_INDEU<>O '* Thn continue to .. nd th ..... 0. *' 
THEN DOl 

USART_DATA • PEBBAOECERRJEBSAOE_INDEX)' 
ERRJESSAOE_INDEX-ERA_f'tESSAOE_INOEX+1 • 

END, 

ELSE DOl /. If " ..... 0. h don. ,. ... t ERRDRJ1 .. AO and shut oH interrupt if FIFO is Ulptl,l *' 
ERRORJLAQ-O, 
IF BUFFER_BTATUB-.R - EP1PTY 

Tt£N EX1-0, 
END, 

END, 

ELSE UBART J)ATA-FIF0.Jt_OUT, 

END USART_Xt11T_INTI 

BIU..RECY: PROCEDURE CLENOTH) PUBLIC USING II 

DECLARE lENGTH BVTE. 
r BVTE I\UXILIARV, 

DO 1-0 TO LENOTH-l J 

DO WHILE aUFFER_STATUS..R-FULLJ '* Check to ••• 11 fifo is full *' 
END, 
CN..L FIF0..R_IN(8IU..RECY_BUFFER( 1)" 

END, 

END SIUJlECV, 

FIFO_T_IN: PROCEDURE (CHAR) usn.,; 2, 

DECLARE CHAR BYTE, 

FIFO_T( IN,..PTR_T )-CHAR, 
INJ'TR_T-INJ'TR_T+l, 
IF CHAR.LF 

THEN SENDJ)ATA.SEND....DATA+l' 

IF BUFFER_STATUS_T.EI'I'TY 
THEN BUFFER_STATUa_T-lNUSEI 

ELSE IF «8UFFER_STATUS_T.lNUSE) AND (INJ'TR_T+20-OUTJTR_T» 
THEN 001 '* Stop "ec:epUon using CTa *' 

ENOl 

USART_STATUS. USAAT_Cf1D·USART_Cf1D AND NDT(20Hb 
BUFFER_STATUS_T-FULLI 
IF SEND....DATA.O 

THEN SENDJ)ATA-l,,*U th. bu'''" is full .nd no LF 
ba. been "ec:eived tben .end data *' 
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inter 

145 2 

146 2 

147 2 
148 2 
14' 2 

lal 3 
1112 3 
153 3 
la4 3 
155 3 
1116 2 

Ial 3 
Ie. 3 
160 3 
141 2 
I~ 2 
164 I 

165 2 

I" 2 

167 2 

16' 2 

171 2 

173 2 

174 2 
175 2 
174 2 

177 

178 2 

179 2 

180 2 
181 2 
182 2 
183 2 
184 3 

RUPITM_44 

FIFO_TJ3UT: PROCEDURE BYTE , 

DECLARE CtoiM IYTE AUXILIARY, 

.CHM-FIFD_TUJUT...,pTR_n. 
OUTJnt_T-ouTJTR_T+1. 

,IF DUTJ'TR_T-INJlTR_T ,. Th.n FIFO_T is •• pt., *' 
THEN DO. 

~·Ol 
IUFFER_STATUS_T-EPlPTYi 
SENOJ)ATA-G, 
EA-l, 

END. 
ELSE IF C CIUFFER_BTATUS_T-FULL) AND (OUT _PTR_T-aOaINJTA_T» 

THEN DO. 
USART -.8TATUS, USMT _C..u-USART _CHD. OR 2OH, 
8UFFER_STATUS_T-INUSE. 

END. 
IF CCHAR-LF AND SENDJ)ATA>(U THEN 8£NDJ)ATA-BENDJ)ATA-:l, 
RETURN CHAR, 

END FIF'O_T_our. 

ERROR: PROCEDURE (STATUS) USING 2, 

DECLARE STATUS BYTE, 

IF' (STATUS AND o.u<>O 
THEN EJl:R..JIEBSAOE...,pTR-. PNlITV, 

ELSE IF (STATUS AND lOH)<>O 
lIEN ERRJE88AOEJTA •. OVERJtUN' 

ELSE IF C8TATUS AND 2011)00 
lIEN ERR...,.I'E88AOE...,pTR-. FRNEI 

USMT_BTATUS-UJSART_CftD OR 10lU, /. Ru.t .rror n.g. on USMT ., 

ERRJE88AOE_INDEk • O. 
ERRCIIJLAO-I. 
EXl-I. /. Tv"n on T. Int.l""upt *' 

END ERRO'" 

LINKJ)JSC: PROCEDURE J 

OECLARE " __ PTA WOAD 
.. a_ BAaED 
,J BYTE 
Ext_STORE BlTl 

AUXlLIMY. 
tESSAOE_PTR ( 1 ) 
AUICJLIARY, 

BYTE CONSTANT, 

EX1_STCltEaEXl, ,. Shut 0" .. .,nc t".n •• U int.,-rupt ., 
EXI-O, 
I1ESSAOEJTIl-. LINK, 
.s-OJ . 
DO WHILE U1ESSAOE('-'.OO), 
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18. , 
186 , 
187 3 
I_ 3 
189 3 
I.,., a 
1.1 I 

192 a 
193 a 

I.' 3 
19. 3 
196 a 

197 

198 a 

199 3 
aoo 3 
:101 a 

aoa 

a03 a 

ao. a 

:10. a 

206 
a07 

a09 

alo a 
all a 

al3 

ai, 

al5 a 
• 16 a 

al7 a 

218 3 
al9 3 
aao 3 

DO WHILE <VBART_STATUS AND 0IH)-0, ,. Wait 10.,. TIRDY on UBART -, 
END. 
UBART..,DATA-I'ESSAOE('}) I 
,J-.J+l. 

END. 
En-EIl_STOREI ,_ R •• tol'a •• '-Inc t".nSltU int.,.,.upt -, 

END LlNKJ)lSC I 

co: PROCEDURE (CHNn USING ill 
DECLARE CHAR BYTE, 

DO WHILE (UBARTJlTATUS AND 01H) - 0, 
ENOl 
USART ..J)ATA-c:HARI 

END COl 

el: PROCEDURE BYTE USING .liZ! 

DO WHILE " ... 8ART_STATUS AND OilH) - O. 
END. 
RETURN USART_DATAI 

END ell 

OET_HEX: PROCEDURE BYTE USINg 21 

DECLARE CHAR 
I 

BYTE 
BYTE 

DO 1-0 TO I:3J 

AUXILIARY. 
AUXILIARY, 

IF CHAR-HEX_TADLEC I) 
TI£N OOTO LII 

ENOl 

U: CALL CO(HEX_TABLE(1), 
IF 1-16 

THEN OOTO LO, 

RETURN II 

END OET JiEXi 

OUTPUT J1EBSAOE: PROCEDURE «MESSAOE_PTR) USINO 2 • 
DECLARE P1E8S"OE_PTR WORD. 

tESSAQE BASED PlESSAOE_PTR ( 1 ) BYTE CONSTANT, 
I BYTE AUULIARYJ 

00 WHILE I'£SSAQEC I) <> 01 
CALL CO(t£SBAOE()))1 
X-X+l1 
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221 3 

22lI 

223 2 

224 2 

225 2 

22. 2 

227 3 
2211 3 

230 3 

.. :n 2 
232 2 

234 3 

235 4 
2» 4 

237 4 

238 4 

239 4 

240 4 

241 4 
242 4 

243 4 
244 4 

245 4 

2% 4 

247 4 

248 4 

249 

END, 

END OUTPUT~' 

i'tENU: PROCEOURE USINQ 2. 

DECLARE J BYTE AUXJLIMY, 
AUXILIARY. 
AUXILIARY. 

CHIllI BYTE 
STATlON..ADDRESB BYTE 

START: 
CALL OUTPUTJE88AQEC. SIGN_ON), 

DO 1-0 TO 4, 

END, 

IF CHM-IENU_CHARC I) 
THEN OOTD "I J 

111: CM.L. CO(tIENU_CHA'U U ) I 
IF 1_' 

THEN OOTO tIO. 

DO CASE I. 

DO, 

END, 

DO, 

CALL OUTPUT..J£SSAOEL STAT..ADDRI, 

BTATlON..ADDREss-IH.(OET .)<EX. 41, 

STATlONJ'I)DRESS-CSTATlON.,.MDREBS DR QETJEX', 

8TAD-BTATION~DRE8S, 

CALL DUTPUT ..J£SSAOE (. S..ADDR.J'CK I, 

CALL CDCHEX_TAlLECSHRCSTATJON....,ADDRESS. 4»), 
CALL COUEX_TAIILECOFH AND STATION....,ADDRESS», 

CALL OUTPUT..J£SSAOEL ADDR.J'CKJINI' 

CALL OUTPUT ..J£SBAOE L DEBT ..ADDR .. 

DESTJNATIONjtDDRESS-sHLCOET _HEX. 4), 

DESTJNATJON....,ADDRESS.CDEBTlNATIONflDR£SS OR GETJiEX ), 

CALL OUTPUT..J£SSAOEL D..ADDR_ACKI' 
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~.o 4 
~'1 4 

~.a 4 
2.3 4 

254 4 
2 .. 4 
256 4 
2.7 4 

258 4 
2.9 4 
260 4 
261 4 

262 3 

263 3 

264 

~6' 2 

266 2 

267 a 
268 2 
269 a 

271 2 

a73 3 
274 3 
27. 3 

277 3 

278 

279 

280 a 
281 2 

283 4 

284 4 
28. 3 
2B6 3 
287 4 

RUPITM·44 
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ENOl 

DO. 

END. 

DO. 

END. 

CALL CDCIEX_TA8LE(SHRCDE8TINAT1DN~DREBB. 4)), 
CALL. COU-EX_TAIILECOFH AND DESTINATJON_ADDRESS») I 

CALL OUTPUTJlEB8AQ£C. "DDR~M.JIN)J 

CALL OUTPUTJ£SSAOEC, FIN), 
CALL OPEN, 

CALL OUTPUTJlESSAQEC. FIN), 
CALL CL..DSEI 

CALL OUTPUT_I1ES8AQEC FIN), 

ENDI '* DO CASE ./ 

END PENUI 

USARTJlECV_JNT: PROCEDlME INTERRUPT 0 USING 21 

DECLARE CHAR 
STATUS 

BYTE 
BYTE 

CHNI-UBARTJ)It,T/u 
9TATus-uBART _STATUS AND 3BH, 
IF STATUSOO 

THEN CALL. ERRORCSTATUB), 
ELSE IF CHAII-e:SC 

l1£N CALL I'EHUI 
ELSE DOl 

AUXlL.IARY. 
AUXlL.IARV, 

CALL FIFO_T_INCCHAR), 
IF ECHO-O 

THEN CALL COCCHAfU, 
END. 

END UBART JlECV_INTI 

BEGIN: 
CALL POWER_ONI 

DO FOREVElh 
IF SEND"pATA>O 

TI£H DO. 
DO WHILE NOT(Xt1lTJUFFER-PPTV). ,_w.it until 81U.)""n_BUFFn 

is ... ptv *' 
END, 
LENGTH. CHAR -I, 
SJU_XM! T JUFFER (O).DESTINATION_ADDRESS, 
DO WHILE C (cHAA<>LFJ AND (LENQTH(ElUFFER-.LENQTH) AND CElUFFER_STATUS_T<>E .. TV))1 
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_ 4 

1289 4 
;m) 4 
"1 4 ENOl 

CHM-FJ'O_T_OUT, 
8IU_X"IT ."UFFER C LENOTH) -C ..... , 
LENOTH-LENOTH+ I, 

'* If th_ Un •• "hr.d ., th. ' .... 'n.l S ...... ,." then IUFFEIt-.LENQTH elIe" ••• nd '''_ 
U", ...... 'EItJ,.ENOTH ch.,.. then .. n .. th • .,. .. i" _'nce the SIU buff .... h onlv IUFFER>ENOTH bUh •• / 

"2 3 Ll: 1-(»1 '* U .. I to count: the nu.h'f' 0' un.uee.,'ul 

a.3 3 RETRY: 
"4 3 

"6 4 
"7 4 
2'PII 4 

"" 4 
300 S 
301 S 
302 4 
303 4 
304 S 

306 S 
307 S 
308 S 
309 4 
310 4 
3U 3 

312 a END, 
313 1 END US£RWIOD, 

IIMMINOS: 

'''an,.U •• / 
RESULT-TRANMJTCLENOTH)J /. Send the ........ / 

IF RESUL T<>DATA_TR_ITTED 
TJ-EN DO, 

/. Wait 50 ""e Io.,. Unk to connut then , .. " ••• i" *' 
WAIT-S, 

ENDI 

THO-XH, 
TLo-OAFHI 
TAD-I, 
DO WHILE WAIT, 
ENDI 
TRo-O, 
t-I+l, 
IF 1)100 THEN DOl ,. Wait 5 SIC to ,., an line eh • 

• end errar ••••• 0. to tar.'nill 
end tr'l IIII_in *' 

QOTD RETRV, 
ENDI 

CALL LINKJ)]SC, 
OoTO Lli 

ENOl 

Ii IS THE Hlot£ST USED INTERRUPT 

ItDDULE INFORI1ATlON, 
CODE 81ZE 
CONSTANT SIZE 
DIRECT VARIABLE SIZE 
INDIRECT VARIABLE SIZE 
lIT SIZE 
lIT-ADDRESSABLE SIZE. 
AUXILIARY YARIABLE aUE 
ftAX!"'-M STACK SIZE 
REGJBTER-BANtUS) USED: 
713 LINES READ 
o PRDORNt ERROR (S J 

END OF PL/"-SI CDt1PILATlON 

(STATIC+OYERLAVABLE) 
- ObB2H 1714D 
.. 01CFH 463D 

OOH+O,.. 00+ 'D 
OOH+OOH 00+ 00 
OaH+01H 2D+ lD 
OOH+OOH 00+ 00 

.. O;!lFH 5430 
- 0028H 400 

o 1 2 
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PL/I'1-'l CQIoIPILER RUPI-44 Prilftat''-I 8t-tian 

IBIS-II PL/I1-S1 1,11. 0 
CQI1PILER INVOKED BV: : F2: PL.",! : F2: PHDTE. SRC 

6 

.TJTLE ('RUPI-44 Pri •• r\l St.tion') 

.DEBUG 

.AEQISTERS"NK(O) 
I1AINII'IOO: 001 

/. To •• ve papa" th.-RUPI reghte"s are nat lhted. but this h the ,tate.ent 
u •• d to include theM: .INCLUDE (: 92: RE044. DeL) _, 

INOLIST 

DECLARE L.IT 
TRUE 
FALSE 
FOREVER 

LITERALLY 
CIT 
CIT 
CIT 

'LITERALL.Y', 
'OFFH', 
'OOH', 
'WHILE )'J 

'* SDLe CQHHANDS AND RESPONSES *, 
DECLARE SNRM 

UA 
DISC 
D" 
FRMR 
REO_DISC 
UP 
TEST 
RR 
RNR 

CIT 
CIT 
CIT 
CIT 
CIT 
CIT 
CIT 
CIT 
CIT 
CIT 

'93H', 
'13H', 
',:JH' , 
'lFH', 
'97H', 
"3H'. 
'33H', 
'OF3H'. 
'1lH', 
'l'H', 

,. REt10TE STATION BUFFER STATUS *' 
BUFFER_READV 
BUFFER_NOT _READY 

CIT 
CIT 

1* STATION STATES *' 
'0', 
'1', 

DISCONNECT_S LIT 'OOH'. /* LOGICALLY DISCONNECTED STATE*' 
GO_TO_DISC LIT 'OtH', 
I_T _9 LIT '02H', /* INFORI1ATlON TRANSFER STATE *' 
/* PARAMETERS PASSED TO XI1IT_I_T_S */ 
T_IJRAI1E LIT 'OOH', 
T -flR LIT 'OtH', 
TJNR LIT '02H', 

/* SECONDARY'STATION IDENTIFICATION */ 

NUI1BER_OF _STATIONS LIT '2'. 
SECONDARY _ADDRESSES(r.lUHBER_OF _STATlONS) 

DYTE CONSTANT(~5H, 43HI, 
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2 , 2 
10 2 
II 2 
12 2 

13 

14 3 

" 3 
16 3 
17 3 

18 

19 2 
20 2 
2. 2 
22 2 
23 2 

24 

2S 2 

26 2 

27 2 
28 2 

RSnCNUt1BER_OF _STATIONS) STRUCTURE 
(STATlONjlDDRESS BVTE. 
STATION_STATE BVTE, 
NS BYTE, 
NR BYTE. 
BUFFER_STATUS BYTE. '* The .t.tus 0' the s.cond.l'U .taUons bu'''''" *i 
INFO_LENOTH BYTE. 
DA1"'(64) BYTE) AUXILIARY. 

'* VARIABLES *' 
BTATION_NUP9BER BYTE 
RECVJIELD_LENOTH BYTE 
WAIT BIT. 

'* BUFFERS */ 
SIU_XHIT_BUFFER(64) BYTE 

AUXILIARY. 
AUXILIARY. 

IDA1 .... 
SIUJtECV_BUFFER(64) BYTE, 

POWER_ON: PROCEDURE , 

DECLARE J BYTE AUXILIARY, 

Tas-, SIU_XHITJlUFFERCO) , 
RBS-, SIUJECVJUFFER(Oli 
RBL.-64, '* 64 BVh receive buH..,. *' 
RBE-1, '* EnaU. the SIU'. rec:Uvn */ 

DO I- 0 TO NVf'lBER_DF_STATIDNS-ll 

RSD( 1 ), STATlON-AODRESS-SECONDARY..ADDRESSES( I) I 
RSD (I). STATlON_STATE-DISCONNECT _91 
RBD( I). BUFFER_STATUS-aUFFER_NOT ~EADYI 
RBDe I)' INFO.J-ENQTH-O, 

ENOl 

S"D-54HI /* Using DPLL. NRZI. PFB, TIMER 1 •• 6:.!. , ~bp. */ 
T"OD-:i!lH, 

~2~~~~6=: /* Un tim." 0 fo" ".cdv. tim. out inh""upt */ 
IE-82H, 

END POWER_ON, 

X"IT: PROCEDURE (CONTROL_BYTE); 

DECLARE CONTROL..BYTE BYTE; 

TCa-CONTROL_BYTE, 
TBF-lJ 
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29 2 
30 3 
31 3 
32 2 

33 

34 2 
3' 2 
36 1 

37 2 

38 

39 

40 3 
41 3 
42 3 
43 3 
44 • ., • 
47 
48 

49 2 

,0 

" 2 

'2 

'3 ,. 2 

" 2 
'6 2 

'7 3 
59 3 
60 3 
61 3 
62 2 

63 

6" 

65 

RrS-I, 
DO WHILE NOT Sl, 
ENOl 
SI-0, 

END XKIT, 

TIP1ER_O_INT: PROCEDURE INTERRUPT 1 USING I. 
WAn-OJ 

END TU£R_O_INTI 

TIf'tE_DUT: PROCEDURE BYTE, '* Tille_out returns true if the,.. 1II •• n't 
. • fr.me ,..cdved within 200 m •• c. 

DECLARE BYTE AUXILIARY, 

DO ]-0 TO 3. 

ENOl 

WAIT-., 
THa-3CH, 
TLO-OAFH, 
TRO-I, 

DO WHILE WAIT, 
IF SI-l 

THEN ooro T _0 I. 
ENOl 

RETURN TRUE. 

TJII: 
SI-O, 
RETURN FALSE. 

END TII'IE_OUT. 

SENDJ)ISC: PROCEDURE. 

TBl-O, 
CALL XI'IITCDlSC)1 
IF TIME_OUT-FALSE 

THEN IF RCB-U/t DR ACB-DH 
THEN 001 

If the". ilia, • flra ... r.ceived within 
200 •• ec then time_out r.turn. '.1 .... _, 

RSDe STATION..NUI'1BER). BUFFER_STATUS-BUFFEA.flDT ~EADYI 
RSDe STAT ION_NUI1BER). STAT ION_STATE-DI SCONNECT _SI 

END. 

END SEND_DISC I 

SEND_SNA ... : PROCEDUAE. 

TIL-O, 
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.... ; 

.. 7 ; 

... 3 
70 3 
7. 3 
7; 3 
73 ; 

7.. ; 
78 ; 

CALL X'UTCSNR"l. 
IF (TIME_OUT-FALSE) AND (RCa-VA) 

THEN 001 
RSDC STATrON~Uf18ER). STATION_BTATE_,_T _91 
RSDCSTATlON_NlmBERL NS-OI 
RSDCSTATJON-.M}f1BER), NR-O, 

ENDI 

CHECK-.NB: PROCEDURE BVTE, 

IF (ASDCSTATJONjlU"BEAL NR-CSHACRC8. U AND OlH» 
THEN RETURN TRUEI 
ELSE RETURN FALSE. 

79 END CHECk..NS1 

80 ; 

8' ; 

a3 3 
a4 3 
85 3 
a.. ; 

CHECKjlR: PR,oCEDVRE BYTE, 

/* Check the Nr flhld of th "eceh_d 'r •••. If N.(PHI-NrCS) then the '"a"e 
h •• b •• n acknowhdged •• 1 •• if! N.CP)-NrCS) then the '1" ••• ha. not b •• n 
Acknolilledged. el •• ,. ••• t the •• condaru *1 

IF « CASDCSTATION_NUI'IDER). HS + 1» AND 07H) - SHRCRCa. '» 
THEN DO. 

RSOCSTATION-.NUf18ERL NS-C (RSDCSTATIONJQ'tBER). NS+1) AND 07H), 
RSDCSTATIONjlUMBERl.INF0J.ENQTH-O, 

ENOl 
ELSE IF (RSDCBTATIDN-Nut!BER)' NS <> SHRCRCB. 5» 

THEN RETURN FALSE. 

RETURN TRUE, 

89 END CHECKJ«' 

.0 ; .. ; 

.; :2 

.3 ; 

.S 3 

.7 

.9 

RECEIVE: PROCEDURE I 

DECLARE BVTE AUXILIARVI 

RBD (STATIDN-.NUHBER). BUFFER_ST"TUS-SUFFER_READVi 

'* If! an RNA ..... received buffer_statu, will b. changed in the ,upervisor\! 
fir ••• decod. ,ection fluther down in thU procedu"e. anlJ oth." r.,pon, • 
••• n, the r.,..ote It.Uon, bu'fe" i, ".ad\! *' 

IF (RCB AND OIH)-O 
THEN DOl '* I Fra,..e Rec.ived *' 

IF (CHECK-NS-TRUE "ND 80\1-0 AND CHECK_NR-TRUE) 
THEN 001 

RSDCSTATlON_NUf'lBERL NR-c (RSDCSTATION_NUI"IBER). NR+l) AND 07H); 
RIP-I. 
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99 
100 

101 3 
102 3 
103 :2 

10' 

107 3 

109 

110 3 
111 3 

113 • 
II' • 
11' • 116 3 
117 3 

119 

RUPI-44 Prime",1,1 Sbtion 

RUPITM_44 

RECVJIELD..LENQTH-AFL-l, 
ENOl 

ELSE RSD(STATlDN~Ul'1aERJ. BTATJON_STATE-QO_TO_DlSC, 
ENOl 

ELSE IF (RCB AND 03H)-OlH 
THEN DOl 1* Sup.,.vho1"'" 41" •• ,. received */ 

IF CHECK~.FAL5E 
THEN RSD(STATION_NUMBERL STATION_BTATE-Cm_TOJHSCi 

ELSE IF C (RCB AND OFH)-O,H) '* then RNA */ 

20: 47: 13 09/26/83 PAQE 

THEN RSDCSTATION_NUl'laERl. BUFFER_STATus-aUFFERJKlT_REAny, 

ELSE DOi 

ENOl 

ENOl 

'* Unnullb.".d fir ••• 0'1' unknown , .... "'. l"'eceived *' 
IF RCS-FRttR 

THEN 001 '* II' FA"R .., •• received check Nt" flor en 
ec knowledged [fir... *' 

ACB-SIU_RECY_BUFFERC 1) I 
I-CHECK_NRi 

ENOl 
RSDCSTATION_NUMBER L STATION_STATE-QO_TO_DISC. 

119 END RECEIVE, 

120 2 

121 2 

122 2 

124 
125 
126 

127 3 
129 3 
129 3 
130 3 

132 

133 3 
13' 3 

13. 3 

DECLARE TEMP BYTE, 

IF TEMP-T_I_FRAME 
THEN DOl 1* Tr.nsmit I frll'''' *1 

1* Tr'ln~fer the station buffer into internal ram *1 

DO TEMP-a TO R5D(STATION_NUMBER>. INFO_L.ENGTH-11 
51 U_XMIT _BUFFER (TEMP I-RSD( STATION_NUMBER). DATA( TEMP I. 
END! 

TEMP-(SHLCRSD(STATION_NUI'1BER). NR. ~U OR SHLCRSD(STATION_NUHBERL NS.l) OR 10HII 
TBL"RSDCSTATION_NUHBER I. INFO_LENGTHj 
CALL XMIT<TEMP} I 
IF TIME_OUr-FALSE 

THEN CALL RECEIVE! 
END. 

ELSE DOj 1* Tr.nsmit RR or RNR_I 
IF TEMP>=T_RR 

THEN TEMP"'RRj 
ELSE TEMP -RNR; 
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137 3 
138 3 
139 3 
140 3 

142 
143 

144 2 

145 2 

146 3 
147 3 

14. 3 

150 2 

152 3 
153 3 
154 3 
155 2 

157 3 
158 4 
15. 4 
160 4 
161 3 
162 3 

163 

164 

165 2 

166 3 
167 3 
168 3 

170 3 

172 3 

174 3 

176 3 

177 3 

RUPITM-44 

RUPI-44 Pri .... "U at.uon 

TEMP- (SHL C RBDe STATJON_NUl'lBER •• HR.!J) OR TEI1P)1 
TIL-O, 
CALL. X"]T(T£"), 
IF TIJ1E_OUT-FALSE 

THEN CALL RECEIVE, 
ENOl 

END Xl'1lT_I_T_SI 

BUFFER_TRANSFER: PROCEDURE, 

DECLARE I BVTE AUX]LI~RV. 

~ BVTE AUXILIARV, 

DO 1-0 TO NutlBER_DF_STATlDNS-l' 

END. 

IF Rsoe I L STATIDN-.ADDRESS-SJU_RECV_BUFFERCO) 
THEN OOTO Til 

Tl: IF I-NUI'1BER_DF_STATJONS ,. If the .dd" •••• d .t.tion do ... not exits. 

THEN DOl 
Rap-OI 
RETURN! 

then d hC.l'd th., d.t. *1 

ENOl 
ELSE IF RSDe I). INFD_LENOTH-O 

T~N 001 
ABDe]). INFO_LENQTH-RECV_FIELD_LENOTHI 
DO ..r-l TO RECYJ'IELD_LENQTHI 

RBDe J). DATAC.)-t .-SIU_RECY_BUFFERC.,J), 
END. 
RIP-O, 

ENOl 

END BUFFER_TRANSFER, 

BEGIN: 
CALL POWER_ONI 

DO FOREVERJ 

DO STArION_NUHBER-O TO NUflBER_OF _STATIONS-1J 
STAD-RSDeSTATlONjIVt18EA). STATION_ADDRESS. 
IF RSDCSTATlON_NUMBER). STATION_STATE. DISCONNECT_S 

THEN CALL SEND_SNU"'. 
ELSE IF RSDCSTATIDNJlUI'tBER)' BTATlON_STATE • OO_TO_DISC 

THEN CALL SEND_DISCJ 
ELSE IF C CRSDCBTATlDN_NUf'tBERL INFD_LENOTH>OJ AND 

CRSDCSTATION_NUKBER). BUFFER_STATUS-8UFFEA_READV} ) 
THEN CALL XI1lT_I_T_SCT_l,JRAI1E}; 

ELSE IF R8P-O 
THEN CALL XI1lT_I_T_SCT_RR); 

ELSE CALL XI1lT_I_T_SCT_RNRh 

IF RIP-1 
THEN CALL BUFFER_TRANSFER! 

PL/f'I-51 COMPILER RUPI-44 P1'i .... 1'1J St.tion 

END. 

END. 

17. 

ISO 

181 END "",INtMODI 

WARNINQS: 
1 IS THE HIOHEST USED INTERRUPT 

MODULE UIFORI'1ATlON: 
CODE SIZE 
CONSTANT 61 ZE 
DIRECT VARIABLE SIZE 
INDIRECT VARIABLE SIZE 
BIT SIZE 
BIT-ADDRESSABLE SI ZE 
AUULJARV VARIABLE SIZE 
HAXlf"lUf1 STACK SIZE 
REOISTER-BANKes) USED: 
456 LINES READ 
o PROQRAP1 ERROAeS} 

END OF PL/f1-~1 COI'1P ILATlON 

CSTATIC+OVERLAVABLE) 
• 053DH 13410 
• 0002H 20 

40H+02H 640+ 20 
40H+OOH 640+ 00 
01H+OOH 10+ 00 
OOH+OOH 00+ 00 

• 0093H 147D 
• 0019H 250 

o I 
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intJ 
8044AH/8344AH/8744H 

HIGH PERFORMANCE 8-BIT MICROCONTROLLER 
WITH ON-CHIP SERIAL COMMUNICATION CONTROLLER 

• 8044AH-lncludes Factory Mask Programmable ROM 
• 8344AH-For Use with External Program Memory 
• 8744H-lncludes User ProgrammablelEraseable EPROM 

8051 MICROCONTROLLER CORE SERIAL INTERFACE UNIT (SIU) 

• Optimized for Real Time Control 12 • Serial Communication Processor that 
MHz Clock, Priority Interrupts, 32 Operates Concurrently to CPU 
Programmable 1/0 Lines, Two 16-bit • 2.4 Mbps Maximum Data Rate 
Timer ICounters 

Boolean Processor • 375 Kbps using On-Chip Phase Locked • Loop 

• 4K x 8 ROM, 192 x 8 RAM • Communication Software in Silicon: 

• 64K Accessible External Program - Complete Data Link Functions 
Memory - Automatic Station Response 

• 64K Accessible External Data Memory • Operates as an SDLC Primary or 

• 4 p,s Multiply and Divide Secondary Station 

The RUPI-44 family integrates a high performance 8-bit Microcontroller, the Intel 8051 Core, with an Intelli
gent/high performance HOLC/SOLC serial communication controller, called the Serial Interface Unit (SIU). 
See Figure 1. This dual architecture allows complex control and high speed data communication functions to 
be realized cost effectively. 

Specifically, the 8044's Microcontroller features: 4K byte On-Chip program memory space; 32 I/O lines; two 
16-bit timer/event counters; as-source; 2-level interrupt structure; a full duplex serial channel; a Boolean 
processor; and on-chip oscillator and clock circuitry. Standard TTL and most byte-oriented MCS-80 and MCS-
85 peripherals can be used for I/O amd memory expansion. 

The Serial Interface Unit (SIU) manages the interface to a high speed serial link. The SIU offloads the On-Chip 
8051 Microcontroller of communication tasks, thereby freeing the CPU to concentrate on real time control 
tasks. 

The RUPI-44 family consists of the 8044, 8744, and 8344. All three devices are identical except in respect of 
on-chip program memory. The 8044 contains 4K bytes of mask-programmable ROM. User programmable 
EPROM replaces ROM in the 8744. The 8344 addresses all program memory externally. 

The RUPI-44 devices are fabricated with Intel's reliable + 5 volt, silicon-gate HMOSII technology and pack
aged in a 40-pin DIP. 

The 8744H is available in a hermetically sealed, ceramic, 40-lead dual in-line package which includes a 
window that allows for EPROM erasure when exposed to ultraviolet light (See Erasure Characteristics). During 
normal operation, ambient light may adversely affect the functionality of the chip. Therefore applications which 
expose the 8744H to ambient light may require an opaque label over the window. 

8044'5 Dual Controller Architecture 

Figure 1. Dual Controller Architecture 

22-1 

HOLCI 
SOLC 
port 

231663-1 

October 1987 
Order Number: 231663-004 



8044AH/8344AH/8744H 

Table 1. RUPITM·44 Family Pin Description 

VSS 

Circuit ground potential. 

vee 
+ 5V power supply during operation and program 
verification. 

PORTO 
Port 0 is an 8-bit open drain bidirectional 110 port. 
It is also the multiplexed low"order address and 
data bus when using external memory. It is used 
for data output during program verification. Port 0 
can sink/source eight LS TIL loads (six in 8744). 

PORT 1 

Port 1 is an 8-bit quasi-bidirectional I/O port. It is 
used for the low-order address byte during pro· 
gram verification. Port 1 can sink/source four LS 
TIL loads. 

In non-loop mode two of the 110 lines serve alter
nate functions: 

- RTS (P1.6). Request-to-Send output. A low in· 
dicates that the RUPI-44 is ready to transmit. 

- CTS (P1.7) Clear-to·Send input. A low indicates 
that a receiving station is ready to receive. 

PORT 2 

Port 2 is an 8·bit quasi·bidirection I/O port. It also 
emits the high-order address byte when accessing 
external memory. It is used for the high-order ad
dress and the control signals during program verifi- . 
cation. Port 2 can sink/source four LS TIL loads. 

PORT 3 

Port 3 is an8-bit quasi-bidirectional I/O port. It also 
contains the interrupt, timer, serial port and RD 
and WR pins that are used by various options. The 
output latch corresponding to a secondary function 
must be programmed to a one (1) for that function 
to operate. Port 3 can sink/source four LS L TI 
loads. 

In addition to 110, some of the pins also serve al· 
ternate functions as follows: 

- I/O RxD (P3.0). In point-to·point or multipoint 
configurations, this pin controls the direction of 
pin P3.1. Serves as Receive Data input in loop 
and diagnostic modes. 

22-2 

-:- DATA TxD (P3.1) In point·to-point or multipoint 
configurations, this pin functions as data input! 
output. In loop mode, it serves as transmit pin. 
A '0' written to this pin enables diagnostic 
mode. 

- INTO (P3.2). Interrupt 0 input or· gate control 
input for counter O. 

- INT1 (P3.3). Interrupt 1 input or gate control 
input for counter 1. 

- TO (P3.4). Input to counter O. 

- SCLK T1 (P3.5). In addition to I/O, this pin pro· 
vides input to counter 1 or serves as SCLK (se
rial clock) input. 

- WR (P3.6). The write control signal latches the 
data byte from Port 0 into the External Data 
Memory. 

- RD (P3.7). The read control signal enables Ex
ternal Data Memory to Port O. 

RST 

A high on this pin for two machine cycles while the 
oscillator is running resets the device. A small ex
ternal pulldown resistor (:::: 8.2Kn) from RST to 
Vss permits power-on reset when a capacitor 
(:::: 10p.f) is also connected from this pin to Vee. 

ALE/PROG 

Provides Address Latch· Enable output used for 
latching the address into external memory during 
normal operation. It is activated every six oscillator 
periods except during an external data memory ac
cess. It also receives the program pulse input for 
programming the EPROM version. 

PSEN 

The Program Store Enable output is a control sig
nal that enables the external Program Memory to 
the bus during external fetch operations. It is acti
vated every six oscillator periods, except during 
external data memory accesses. Remains high 
during internal program execution. 

EAlVPP 

When held at a TIL high level, the RUPI-44 exe
cutes instructions from the internal ROM when the 
PC is less than 4096: When held at a TIL low 
level, the RUPI-44 fetches all instructions from ex
ternal Program Memory. The pin also receives the 
21V EPROM programming supply voltage on the 
8744. 



inter 8044AH/8344AH/8744H 

Table 1. RUPITM-44 Family Pin Description (Continued) 

XTAl1 

Input to the oscillator's high gain amplifier. Re· 
quired when a crystal is used. Connect to VSS 
when external source is used on XT AL 2. 

.. 

~=}; ~:: ~ .. c - .. .. - .. a: 

~[M: .. _ eTS 

T' '''-f ,}~. 
t; DATA~_ 

~ ::~~::: : a: _ .. 

:£ TO~ ~ 2 --. ~ 
~ SCLK T1 ..... 0.. 

- C 
~ WA_ 

c _c 
fil Rti_ .. 

231663-2 

Figure 2. logic Symbol 

"": "! "! '-: 
0:: 0:: 0:: 0:: 

P1.5 

P1.6 

P1.7 

RST/VPD 

P3.0 11 

N/C 12 

P3.1 13 

P3.2 14 

P3.3 15 

P3.4 16 

P3.5 17 

to .... N ::; ,,; ,,; ..J 

~ ". ". ~ 
X x 

C! 
0:: 

XTAl2 

Output from the oscillator's amplifier. Input to the 
internal timing circuitry. A crystal or external source 
can be used. 

P1.0 vee 

P1.1 PO.O ADO 

P1.2 PO.l ADl 

Pl1 PO.2 AD2 

Pl." PO.3 AD3 

Pl.5 PO.' AD' 

IITS P1.I PO.5 ADS 

m P1.7 PO.' ADe 

AST PO.1 AD1 

I/O AXD P3.0 fi 'VPP 

DATA TXD P3.1 ALE '1100 

INTO P3.2 Iiftii 
INn PU P2.1 A1S 

TO P3.' P2.I Al' 

SCLK Tl P3.5 P2.5 A13 

Viii PU P2.' A12 

iiii PH PU All 

XTAL2 P2.2 Al0 

XTAl1 P2.1 A8 

VSS P2.0 A. 

231663-3 

Figure 3A. DIP Pin Configuration 

~ U"! N ,.., 
Uo 0 0 0 z > ". 0.. 0.. 0.. 

39 PO.4 

38 PO.5 

37 PO.6 

PO.7 

EA 

8044 N/C 
8344 ALE 

PSEN 

P2.7 

P2.6 

P2.5 

v>U 0 
c-l 

N ,.., .. 
V>'-. c-l c-l c-l c-l > z 0.. ". 0.. 0.. ". 

231663-21 

Figure 3B. PlCC Pin Configuration 
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FREQUENCE 
REFERENCE 

r--
I 
I 
I "--~ 
I 
I 
I ~r-r-r' 
I 
I I INTERRUPTS "---,rr-... 

L 1----
INTERRUPTS CONTROL PARALLEL PORTS 

ADDRESS DATA BUS 
AND I/O PINS 

DATA 

HI----i"~ I/O 

SERIAL L _..,..._-J I HDLCISDLC 

I COMMUNICATIONS 

I 
r---~---.I 

I 
I 

TWO 18-BIT 
TIMER EVENT 
COUNTERS 

~----"""I 
..J 

COUNTERS 

231663-4 

Figure 4. Block Diagram 

FUNCTIONAL DESCRIPTION 

General 
The 8044 integrates the powerful 8051 microcontrol
ler with an intelligent Serial Communication Control
ler to provide a single-chip solution which will effi
ciently implement a distributed processing or distrib
uted control system. The microcontroller is a self
sufficient unit containing ROM, RAM, ALU, and its 
own peripherals. The 8044's architecture and in
struction set are identical to the 8051's. The 8044 
replaces the 8051 's serial interface with an intelli
gent SOLC/HOLC Serial Interface Unit (SIU). 64 
more bytes of RAM have been added to the 8051 
RAM array. The SIU can communicate at bit rates up 
to 2.4 M bps. The SIU works concurrently with the 
Microcontroller so that there is no throughput loss in 
either unit. Since the SIU possesses its own intelli
gence, the CPU is off-loaded from many of the com
munications tasks, thus dedicating more of its com
puting power to controlling local peripherals or some 
external process. 

The Microcontroller 

The microcontroller is a stand-alone high-perform
ance single-chip computer intended for use in so
phisticated real-time application such as instrumen
tation, industrial control, and intelligent computer pe
ripherals. 

The major features of the microcontroller are: 

• 8-bit CPU 

• on-chip oscillator 

22-4 

• 4K bytes of ROM 

• 192 bytes of RAM 

• 32 I/O lines 

• 64K address space for external Data Memory 

• 64K address space for external Program Memory 

• two fully programmable 16-bit timer/counters 

• a five-source interrupt structure with two priority 
levels 

• bit addressability for Boolean processing 

RAM 

SPECiAl 
FUNCTION 
REGISTERS 
,.--J'-.. 

iii 255 2... FI" 
FOH 
.IH 
.OH 
DOH 
DOH 
CIH 

INDIRECT {. Dr------,. it. ~~ 
~~cPRESS. :::: 

IOH 
UH 

='-'!....=21c='3:-._12_. 10H 
127 

INTERNAL SPECIAL FUNCTION 
DATA RAM REGISTERS 

ADDRESS· ..... 
BITSIN 
SFA. 
(121 BITS) 

DIRECT 
AOORESS
ING 

231663-5 

Figure 5. Internal Data Memory Address Space 
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• 1 /Ls instruction cycle time for 60% of the instruc
tions 2 /Ls instruction cycle time for 40% of the 
instructions 

• 4 /Ls cycle time for 8 by 8 bit unsigned Multiply/ 
Divide 

INTERNAL DATA MEMORY 

Functionally the Internal Data Memory is the most 
flexible of the address spaces. The Internal Data 
Memory space is subdivided into a 256-byte Internal 
Data RAM address space and a 128-bit Special 
Function Register address space as shown in Figure 
5. 

The Internal Data RAM address space is 0 to 255. 
Four 8-Register Banks occupy locations 0 through 
31. The stack can be located anywhere in the Inter
nal Data RAM address space. In addition, 128 bit 
locations of the on-chip RAM are accessible through 
Direct Addressing. These bits reside in Internal Data 
RAM at byte locations 32 through 47. Currently loca-
tions 0 through 191 of the Internal Data RAM ad-
dress space are filled with on-chip RAM. 

Parallel 110 

The 8044 has 32 general-purpose I/O lines which 
are arranged into four groups of eight lines. Each 
group is called a port. Hence there are four ports; 
Port 0, Port 1, Port 2, and Port 3. Up to five lines 
from Port 3 are dedicated to supporting the serial 
channel when the SIU is invoked. Due to the nature 
of the serial port, two of Port 3's I/O lines (P3.0 and 
P3.1) do not have latched outputs. This is true 
whether or not the serial channel is used. 

Port 0 and Port 2 also have an alternate dedicated 
function. When placed in the external access mode, 
Port 0 and Port 2 become the means by which the 
8044 communicates with external program memory. 
Port 0 and Port 2 are also the means by which the 
8044 communicates with external data memory. Pe
ripherals can be memory mapped into the address 
space and controlled by the 8044. 

Table 2. MCS®·51 Instruction Set Description ,----------------------------- r--------~----------------__, 
Mnemonic Description Byte Cyc Mnemonic Description Byte Cyc 

ARITHMETIC OPERATIONS ARITHMETIC OPERATIONS (Continued) 
ADD A,Rn Add register to SUBB A,@Ri Subtract indirect 

Accumulator RAM from A with 
ADD A,direct Add direct byte Borrow 

to Accumulator 2 SUBB A,#data Subtract immed 
ADD A,@Ri Add indirect data from A with 

RAM to Borrow 2 
Accumulator INC A Increment 

ADD A,#data Add immediate Accumulator 
data to INC Rn Increment 
Accumulator 2 register 

ADDC A,Rn Add register to INC direct Increment direct 
Accumulator byte 2 
with Carry INC @Ri Increment 

AD DC A,direct Add direct byte indirect RAM 
to A with Carry INC DPTR Increment Data 
flag 2 Pointer 2 

ADDC A,@Ri Add indirect DEC A Decrement 
RAM to A with Accumulator 
Carry flag DEC Rn Decrement 

ADDC A,#data Add immediate 
data to A with 

, register 
DEC direct Decrement 

Carry flag 
SUBB A,Rn Subtract register 

2 direct byte 2 
DEC @Ri Decrement 

from A with indirect RAM 1 
Borrow 

SUBB A,direct Subtract direct 
byte from A with 
Borrow 2 

MUL AB Multiply A & B 4 
DIV AB DivideAby B 4 
DA A Decimal Adjust 

Accumulator 

22-5 
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Table 2. MCS®-S1Instruction Set Description (Continued) 

Mnemonic Description Byte eyc Mnemonic Description Byte Cyc 

LOGICAL OPERATIONS LOGICAL OPERATIONS (Continued) 
ANL A,Rn AND register to RL A Rotate 

Accumulator Accumulator 
ANL A,direct AND direct byte Left 

to Accumulator 2 RLC A Rotate A Left 
ANL A,@RI AND indirect through the 

RAM to Carry flag 
Accumulator RR A Rotate 

ANL A,#data AND immediate Accumulator 
data to Right 
Accumulator 2 RRC A Rotate A Right 

ANL direct,A AND through Carry 
Accumulator to flag 
direct byte 2 SWAP A Swap nibbles 

ANL .direct, # data AND immediate within the 
data to direct Accumulator 
byte 3 2 DATA TRANSFER 

ORL A,Rn OR register to MOV A,Rn Move register to 
Accumulator Accumulator 

ORL A,direct OR direct byte to MOV A,direct Move direct byte 
Accumulator 2 to Accumulator 2 

ORL A,@Ri OR indirect RAM MOV A,@RI Move indirect 
to Accumulator RAM to 

ORL A,#data OR immediate Accumulator 
data to MOV A,#data Move immediate 
Accumulator 2 data to 

ORL direct,A OR Accumulator Accumulator 2 
to direct byte 2 MOV Rn,A Move 

ORL direct, # data OR immediate Accumulator to 
data to direct register 
byte 3 2 MOV Rn,direct Move direct byte 

XRL A,Rn Exclusive·OR to register 2 2 
register to MOV Rn,#data Move immediate 

. Accumulator data to register 2 
XRL A,direct Exclusive-OR MOV direct,A Move 

direct byte to Accumulator to 
Accumulator 2 direct byte 2 

XRL A,@RI Exclusive-OR MOV direct,Rn Move register to 
indirect RAM to direct byte 2 2 
A MOV direct, direct Move direct byte 

XRL A,#data Exclusive-OR to direct 3 2 
immediate data MOV direct,@Ri Move indirect 
toA 2 RAM to direct 

XRL direct,A Exclusive-OR byte 2 2 
Accumulator to MOV direct,#data Move immediate 
direct byte 2 data to direct 

XRL direct, # data Exclusive-OR byte 3 2 
immediate data MOV @Ri,A Move 
to direct 3 2 Accumulator to 

CLR A Clear indirect RAM 
Accumulator MOV @Ri,direct Move direct byte 

CPL A Complement to indirect RAM 2 2 
Accumulator 

22-6 
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Table 2. MCS@·S1 Instruction Set Description (Continued) 

Mnemonic Description ByteCyc Mnemonic Description Byte Cyc 

DATA TRANSFER (Continued) BOOLEAN VARIABLE MANIPULATION 
MOV @Ri,#data Move immediate (Continued) 

data to indirect ANL C,Ibit AND 
RAM 2 complement of 

MOV DPTR,#data16Load Data direct bit to 
Pointer with a Carry 2 2 
16-bit constant 3 2 ORL C/bit OR direct bil to 

MOVCA,@A+DPTR Move Code byte Carry flag 2 2 
relative to DPTR ORL C,Ibit OR complement 
toA 2 of direct bit to 

MOVCA,@A+PC Move Code byte Carry 2 2 
rel.ative to PC to MOV C,Ibit Move direct bit 
A 2 10 Carry flag 2 

MOVXA,@Ri Move External MOV bit,C Move Carry flag 
RAM (a-bit addr) to direct bit 2 2 
toA 2 

MOVXA,@DPTR Move External PROGRAM AND MACHINE CONTROL 
RAM (16-bit ACALL addr11 Absolute 
addr) toA 2 Subroutine·Call 2 2 

MOVX@Ri,A MoveAto LCALL addr16 Long Subroutine 
External RAM Call 3 2 
(a-bit addr) 2 RET Return from 

MOVX@DPTR,A Move A to subroutine 2 
External RAM RETI Return from 
(16-bit) addr 2 interrupt 1 2 

PUSH direct Push direct byte AJMP addr11 Absolute Jump 2 2 
onto stack 2 2 

WMP addr16 Long Junip 3 2 
POP direct Pop direct byte 

SJMP rei Short Jump from stack 2 2 
(relative addr) 2 2 

XCH A,Rn Exchange 
JMP @A+ DPTR Jump indirect register with 

relative to the Accumulator 
DPTR 2 

XCH A,direct Exchange direct 
JZ rei Jump if byte with 

Accumulator is Accumulator 2 
Zero 2 2 

XCH A,@Ri Exchange 
JNZ rei Jump if indirect RAM 

Accumulator is with A 
Not Zero 2 2 

XCHDA,@Ri Exchange low-
JC rei Jump if Carry order Digit ind 

flag is set 2 2 RAMwA 
JNC rei Jump if No Carry 

flag 2 2 
BOOLEAN VARIABLE MANIPULATION 

JB bit,rel Jump if direct Bit 
CLR C Clear Carry flag 1 set 3 2 
CLR bit Clear direct bit 2 JNB bit,rel Jump if direct Bit 
SETB C Set Carry Flag 1 Not set 3 2 
SETB bit Set direct Bit 2 JBC bit,rel Jump if direct Bit 
CPL C Complement is set & Clear bit 3 2 

Carry Flag CJNE A,direct,rel Compare direct 
CPL bit Complement toA&Jumpif 

direct bit 2 Not Equal 3 2 
ANL C,bit AND direct bit to CJNE A,#data,rel Comp, immed, 

Carry flag 2 2 toA&Jumpif 
Not Equal 3 2 
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Table 2. Mcse·S1lnstructlon Set Description (Continued) 

Mnemonlc.Descrlptlon Byte Cyc 

PROGRAM AND MACHINE CONTROL· 
(Continued) 
CJNE Rn,#data,rel Comp, immed, 

to reg & Jump if 
Not Equal 

CJNE @Ri,#data,rel Comp, immed, 
to indo & Jump if 

DJNZ Rn,rel 

DJNZ direct, rei 

NOP 

Not Equal 
Decrement 

. register & Jump 
if Not Zero 
Decrement 
direct & Jump if 
Not Zero 
No operation 

Notes on data addressing modes: 
Rn - Working register RO-R7 

3 

3 

2 

3 
1 

2 

2 

2 

2 

direct -128 internal RAM locations, any I/O 

@Ri 
port, control or status register 

- Indirect internal RAM location ad
dressed by. register RO or R1 

Timer/Counters 

The 8044· contains two 16-bit counters which can be 
used for measuring time intervals, measuring pulse 
widths, counting events, generating precise periodic 
interrupt requests, and clOCking the serial communi
cations. Internally the Timers are clocked at 1/12 of 
the crystal frequency, which is the instruction cycle 
time. Externally the counters can run up to 500 KHz .. 

Interrupt System 

External events and the real-time driven on-chip pe
ripherals .require service by the CPU asynchronous 
to the execution of any particular section of code. To 
tie the asynchronous activities of these functions to 
normal program execution, a sophisticated multiple
source, M.o priority level, nested interrupt system is 
provided. Interrupt response latency ranges from 3 
JLse.c to 7 ,""sec when using a 12 MHz clock. 

All five interrupt sources can be mapped into one of 
the two priority levels. Each interrupt source can be 
enabled or disabled individually or the entire inter
rupt system can be enabled or disabled. The five. 
interrupt sources are: Serial Interface Unit, Timer 1, 
Timer 2, and two external interrupts. The external 
interrupts can be either level or edge triggered. 
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Notes on data addressing modes: 

(Continued) 
# data - 8-bit constant included in instruction 
# data 16 - 16-bit constant included as bytes 2 

bit 
. & 3 of instruction 

-128 software flags, any I/O pin, con
troll or status bit 

Notes on program addressing modes: 
addr16 .....: Destination address for LCALL & 

WMP may be anywhere within the 
64-K program memory address 
space 

Addr11· - Destination address for ACALL & 
AJMP will be within the same 2-K 
page of program memory as the first 

rei 
byte of the following instruction 

- SJMP and all conditional jumps in
clude an 8-bit offset byte, Range is 
+ 127 -128 bytes relative to first 
byte ofthe following instruction 

All mnemonic copyrighted@ Intel Corporation 1979 

Serial Interface Unit (SIU) 

The Serial Interface Unit is used for HDLC/SDLC 
communications. It handles Zero Bit Insertion/Dele
tion, Flags automatic access recognization, and a 
16-bit cyclic redundancy check. In addition it imple
ments in hardware a subset of the SDLC protocol 
certain applications it is advantageous to have the 
CPU control the reception or transmission. of every 
single frame. For this reason the SIU has two modes 
of operation: "AUTO" and. "FLEXIBLE" (or "NON
AUTO"). It is in the AUTO mode that the SIU re
sponds to SDLC frames without CPU intervention;· 
whereas, in the FLEXIBLE· mode the reception or 
transmission of every single frame will be under CPU 
control.. . 

There are three control registers and eight parame-· 
ter registers that are used to operate the serial inter
face. These registers are shown!n Figure 5 and Fig
ure 6. The control register set the modes of opera
tion and provide status information. The eight pa
rameter registers buffer the station address, receive 
and transmit control bytes,and pOint to the on-chip 
transmit and receive buffers. 

Data to be received or transmitted by the SIU must 
be buffered anywhere within the 192 bytes of on
chip RAM. Transmit and receive buffers are not al
lowed to "wrap around" in RAM; a "buffer end" is 
generated after address 191 is reached. 



REGISTER NAMES 

B REGISTER 
ACCUMULATOR 
·THREE BYTE FIFO 

TRANSMIT BUFFER START 
TRANSMIT BUFFER LENGTH 
TRANSMIT CONTROL BYTE 
° SIU STATE COUNTER 
SEND COUNT RECEIVE COUNT 
PROGRAM STATUS WORD 
°DMA COUNT 
STATION ADDRESS . 
RECEIVE FIELD LENGTH 
RECEIVE BUFFER·START 
RECEIVE BUFFER LENGTH 
RECEIVE CONTROL BYTE 
SERIAL MODE 
STATUS REGISTER 
INTERRUPT PRIORITY CONTROL 
PORT 3 
INTERRUPT ENABLE CONTROL 
PORT 2 
PORT 1 
TIMER HIGH 1 
TIMER HIGH 0 
TIMER LOW 1 
TIMER LOW 0 
TIMER MODE 
TIMER CONTROL 
DATA POINTER HIGH 
DATA POINTER LOW 
STACK POINTER 
PORTO 

NOTE: 

8044AH/8344AH/8744H 

SYMBOLIC 
ADDRESS 

B 
ACC 
FIFO 
FIFO 
FIFO 
TBS 
TBL 
TCB 
SIUST 
NSNR 
psw 
DMA CNT 
STAD 
RFL 
RBS 
RBL 
RCB 
SMD 
STS 
IP 
P3 
IE 
P2 
PI 
THI 
THO 
TLI 
TLO 
TMOD 
TCON 
DPH 
DPl 
SP 
PO 

2n 

22: 
215 

143 

135 

BIT ADDRESS 

Ih,ough 240 

...n!. 

~ 

In,ouvn 
,",ougn 
In,ougn 

~ 

In,ough 136 

In'Ougn 128 

BYTE 
ADDRESS 

240 (FOH) 
224 (EOH) 
223 (DFH) 
222 (DEH) 
221 (DOH) 
220 (DCH) 
219 (DBH) 
218 (DAH) 
217 (D9H) 
216 (D8H) 
208 (DOH) 
207 (CFH) 
206 (CEH) 
205 (CDH) 
204 (CCH) 
203 (CBH) 
202 (CAH) 
201 (C9H) 
200 (C8H) 
184 (B8H) 
176 (BaH) 
168 (A8H) 
160 (AOH) 
144 (90H) 
141 (8DH) 
140 (8CH) 
139 (8BH) 
136 (BAH) 
131 (B9H) 
136 (88H) 
131 (83H) 
130 (82H) 
129 (81H) 
128 (80H) 

SFR·. CONTAINING 
DIRECT ADDRESSABLE BITS 

231663-6 

"ICE Support Hardware registers. Under normal operating conditions there is no need for the CPU to access these 
registers. . 

SERIAL MODE REGISTER (SMD) 

STATUS REGISTER (STS) 

SEND COUNT RECEIVE 

Figure 5. Mapping of Special Function Registers 

SCM2 SCMl SCMO NRZI LOOP PFS 

I I 

TBF RBE RTS 51 BOV OPB 

I I 

NB NFCS 

I L...-

AM RBP 

I L...--

NO FR.AME CHECK SEQUENCE 
NON·BUFFERED 
PRE·FRAME EYNC 
LOOP 
NON RETURN TO ZERO INVERTED 
SELECT CLOCK MODE 

RECEIVE BUFFER PROTECT 
AUTO MODE/ADDRESSED MODE 
OPTIONAL POLL BIT 
RECEIVE INFORMATION BUFFER OVERRUN 
SERIAL INTERFACE UNIT INTERRUPT 
REQUEST TO SEND 
RECEIVE BUFFER EMPTY 
TRANSMIT BUFFER FULL 

COUNT REGISTER (NSNR) .. =,,--.u;-;-,....=,,-ri;r-,....:;;;;;or-.u;O-T""iiiD.or"To1D1 

SEQUENCE ERROR RECEIVED 
1...-._-'-__ 1...-. ____ RECEIVE SEQUENCE COUNTER 

~------------- SEQUENCE ERROR SEND 
I...-.--~--~ ________________ - ________ ~ SENDSEOUENCECOUNTER 

231663-7 

Figure 6. Serial Interface Unit Control Registers 
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With the addition of only a few bytes of code, the 
8044's frame size is not limited to the size of its 
internal RAM (192 bytes), but rather by the size of 
external buffer with no degradation of the RUPI's 
features (e.g. NRZI, zero bit insertion/deletion, ad
dress recognition, cyclic redundancy check). There 
is a special function register called SIUST whose 
contents dictates the operation of the SIU. At low 
data rates, one section of the SIU (the Byte Proces
sor) performs no function during known intervals. 
For a given data rate, these intervals (stand-by 
mode) are fixed. The above characteristics make it 
possible to program the CPU to move data to/from 
external RAM and to force the SIU to perform some 
desired hardware tasks while transmission or recep
tion is taking place. With these modifications, exter
nal RAM can be utilized as a transmit and received 
buffer instead of the internal RAM. 

AUTO Mode 

In the AUTO mode the SIU implements in hardware 
a subset of the SOLC protocol such that it responds 
to many SOLC frames without CPU intervention. All 
AUTO mode responses to the primary station will 
comform to IBM's SOLC definition. The advantages 
of the AUTO mode are that less software is required 
to implement a secondary station, and the hardware 
generated response to polls is much faster than do
ing it in software. However, the Auto mode can not 
be used at a primary station. 

To transmit in the AUTO mode the CPU must load 
the Transmit Information Buffer, Transmit Buffer 
Start register, Transmit Buffer Length register, and 
set the Transmit Buffer Full bit. The SIU automatical
ly responds to a poll· by transmitting an information 
frame with the P/F bit in the control field set. When 
the SIU receives a positive acknowledgement from 
the primary station, it automatically increments the 
Ns field in the NSNR register and interrupts the 
CPU. A negative acknowledgement would cause the 
SIU to retransmit the frame. 

To receive in the AUTO mode, the CPU loads the 
Receive Buffer Start register, the Receive Buffer 
Length register, clears the Receive Buffer Protect 
bit, and sets the Receive Buffer Empty bit. If the SIU 
is polled in this state, and the TBF bit indicates that 
the Transmit Buffer is empty, an automatic RR re
sponse will be generated. When a valid information 
frame is received the SIU will automatically incre
ment Nr in the NSNR register and interrupt the CPU. 

While in the AUTO mode the SIU can recognize and 
respond to the following commands without CPU in
tervention: I (Information), RR (Receive Ready), 
RNR (Receive Not Ready), REJ (Reject), and UP 
(Unnumbered Poll). The SIU can generate the fol-

lowing responses without CPU intervention: I (Infor
mation), RR' (Receive Ready), and RNR (Receive 
Not Ready). 

When the Receive Buffer Empty bit (RBE) indicates 
that the Receive Buffer is empty, the receiver is en
abled, and when the RBE bit indicates that the Re
ceive Buffer is full, the receiver is disabled. Assum
ing that the Receiver Buffer is empty, the SIU will 
respond to a poll with an I frame if the Transmit Buff
er is full. If the Transmit Buffer is empty, the SIU will 
respond to a poll with a RR command if the Receive 
Buffer Protect bit (RBP) is cleared, or an RNR com
mand if. RBP is set. 

FLEXIBLE (or NON-AUTO) Mode 

In the FLEXIBLE mode all communications are un
der control of the CPU. It is the CPU's task to en
code and decode control fields, manageacknowl
edgements, and adhere to the requirements of the 
HOLC/SOLC protocols. The 8044 can be used as a 
primary or a secondary station in this mode. 

To receive a frame in the FLEXIBLE mode, the CPU 
must load the Receive Buffer Start register, the Re
ceive Buffer Length register, clear the Receive Buff
er Protect bit, and set the Receive Buffer Empty bit. 
If a valid opening flag is received and the address 
field matches the byte in the Station Address regis~ 
ter or the address field contains a broadcast ad
dress, the 8044 loads the control field in the receive 
control byte register, and loads the I field in the re
ceive buffer. If there is no CRC error, the SIU inter
rupts the CPU, indicating a frame has just been re
ceived. If there is a CRC error, no interrupt occurs. 
The Receive Field Length register provides the num~ 
ber of bytes that were received in the information 
field. 

To transmit a frame, the CPU must load the transmit 
information buffer, the Transmit Buffer Start register, 
the Transmit Buffer Length register, the Transmit 
Control Byte, and set the TBF and the RTS bit. The 
SIU, unsolicited by an HOLC/SOLC frame, will trans
mit the entire information frame, and interrupt the 
CPU, indicating the completion of transmission. For 
supervisory frames or unnumbered frames, the 
transmit buffer length would be O. 

CRC 

The FCS register is initially set to all 1 's prior to cal
culating the FCS field. The SIU will not interrupt the 
CPU if a CRC error occurs (in both AUTO and FLEX
IBLE modes). The CRC error is cleared upon receiv
ing of an opening flag. 
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Frame Format Options 

In addition to the standard SOLC frame format, the 
8044 will support the frames displayed in Figure 7. 
The standard SOLC frame is shown at the top of this 
figure. For the remaining frames the information field 
will incorporate the control or address bytes and the 
frame check sequences; therefore these fields will 

FRAME OPTION NFCS NB AM1 

Standard SDLC 0 0 0 
NON-AUTO Mode 

Standard SDLC 0 0 1 
AUTO Mode 

Non-Buffered Mode 0 1 1 
NON-AUTO Mode 

Non-Addressed Mode 0 1 0 
NON-AUTO Mode 

No FCSFleld 1 0 0 
NON-AUTO Mode 

No FCS Field 1 0 1 
AUTO Mode 

No FCS Field 1 1 1 
Non-Buffered Mode 
NON-AUTO Mode 

No FCSFleld 1 1 0 
Non-Addressed Mode 
NON-AUTO Mode 

Mode Bits: 
AM - "AUTO" Mode/Addressed Mode 
NB - Non-Buffered Mode 
NFCS - No FCS Field Mode 

Key to Abbreviations: 
F = Flag (01111110) I = Information Field 

I F 

I F 

I F 

I F 

I F 

I F 

I F 

I F 

be stored in the Transmit and Receive buffers. For 
example, in the non-buffered mode the third byte is 
treated as the beginning of the information field. In 
the non-addressed mode, the information field be
gins after the opening flag. The mode bits to set the 
frame format options are found in the Serial Mode 
register and the Status register. 

FRAME FORMAT 

I A I C I I I FCS I F I 

I A I C I I I FCS I F I 

I A I I I FCS I F I 

I I I FCS I F I 

I A I C I I I F I 

I A I C I I I F I 

I A I I I F I 

I I I F I I 

A = Address Field FCS= Frame Check Sequence 
C = Control Field 

Note 1: 
The AM bit function is controlled by the NB bit. When NB = 0, AM becomes AUTO mode select, when NB = 1, AM 
becomes Address mode select 

Figure 7. Frame Format Options 
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Extended Addressing 

To realize an extended control field or an extended 
address field using the HDLC protocol, the FLEX
IBLE mode must be used. For an extended control 
field, the SIU is programmed to be in the non-buff
ered mode. The extended control field will be the 
first and second bytes in the Receive and Transmit 
Buffers. For extended addressing the SIU is placed 
in the non-addressed mode. In this mode the CPU 
must implement the address recognition for received 
frames. The addressing field will be the initial bytes 
in the Transmit and Receive buffers followed by the 
control field. 

The SIU can transmit and receive only frames which 
are multiples of 8 bits. For frames received with oth
er than 8-bit multiples, a CRC error will cause the 
SIU to reject the frame. 

SOLC Loop Networks 

The SIU can be used in an SDLC loop as a second
ary or primary station. When the SIU is placed in the 
Loop mode it receives the data on pin 10 and trans
mits the data one bit time delayed on pin 11. It can 
also recognize the Go ahead signal and change it 
into a flag when it is ready to transmit. As a second
ary station the SIU can be used in the AUTO or 
FLEXIBLE modes. As a primary station the FLEX
IBLE mode is used; however, additional hardware is 
required for generating the Go Ahead bit pattern. In 
the Loop mode the maximum data rate is 1 Mbps 
clocked or 375 Kpbs self-clocked. 

SOLC Multidrop Networks 

The SIU can be used in a SDLC non-loop configura
tion as a secondary or primary station. When the SIU 
is placed in the non-loop mode, data is received and 
transmitted on pin 11, and pin 10 drives a tri-state 
buffer. In non-loop mode, modem interface pins, 
RTS and CTS, become available. 

Data Clocking Options 

The 8044's serial port can operate in an externally 
clocked or self clocked system. A clocked system 
provides to the 8044 a clock synchronization to the 
data. A self-clocked system uses the 8044's on-chip 
Digital Phase Locked Loop (DPLL) to recover the 
clock from the data, and clock this data into the Seri
al Receive Shift Register. 

In this mode, a clock synchronized with the data is 
externally fed into the 8044. This clock may be gen
erated from an External Phase Locked Loop, or pos
sibly supplied along with the data. The 8044 can 

transmit and receive data in this mode at rates up to 
2.4 Mbps. 

This self clocked mode allows data transfer without 
.a common system data clock. An on-chip Digital 
Phase Locked Loop is employed to recover the data 
clock which is encoded in the data stream. The 
DPLL will converge to the nominal bit center within 
eight bit transitions, worst case. The DPLL requires a 
reference clock of either 16 times (16x) or 32 times 
(32x) the data rate. This reference clock may be ex
ternally applied or internally generated. When inter
nally generated either the 8044's internal logic clock 
(crystal frequency divided by two) or the timer 1 
overflow is used as the reference clock. Using the 
internal timer 1 clock the data rates can vary from 
244 to 62.5 Kbps. Using the internal logic clock at a 
16x sampling rate, receive data can either be 187.5 
Kbps, or 375 Kbps. When the reference clock for the 
DPLL is externally applied the data rates can vary 
from 0 to 375 Kbps at a 16x sampling rate~ 

To aid in a Phase Locked Loop capture, the SIU has 
a NRZI (Non Return to Zero Inverted) data encoding 
and decoding option. Additionally the SIU has a pre
frame sync option that transmits two bytes of alter
nating 1's and O's to ensure that the receive station 
DPLL will be synchronized with the data by the time 
it receives the opening flag. 

Control and Status Registers 

There are three SIU Control and Status Registers: 

Serial Mode Register (SMD) 

Status/Command Register (STS) 

Send/Receive Count Register (NSNR) 

The SMD, STS, and NSNR, registers are all cleared 
by system reset. This assures that the SIU will power 
up in an idle state (neither receiving nor transmit
ting). 

These registers and their bit assignments are de
scribed below. 

SMD: Serial Mode Register (byte-addressable) . 
Bit 7: 6 5 4 3 2 1 0 

'SCM2' SCM1' SCMO' NRZI' LOOP' PFS' NB' NFcsl 

The Serial Mode Register (Address C9H) selects the 
operational modes of the SIU. The 8044 CPU can 
both read and write SMD. The SIU can read SMD 
but cannot write to it. To prevent conflict between 
CPU and SIU access to SMD, the CPU should write 
SMD only when the Request To Send (RTS) and 
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Receive Buffer Empty (RBE) bits (in the STS regis
ter) are both false (0). Normally, SMD is accessed 
only during initialization. 

The individual bits of the Serial Mode Register are as 
follows: 

Blt# Name Description 

SMD.O NFCS No FCS field in the SDLC frame. 

SMD.1 NB Non-Buffered mode. No control 
field in the SDLC frame. 

SMD.2 PFS Pre-Frame Sync mode. In this 
mode, the 8044 transmits two 
bytes before the first flag of a 
frame, for DPLL synchronization. 
If NRZI is enabled, OOH is sent; 
otherwise, 55H is sent. In either 
case, 16 preframe transitions are 
guaranteed. 

SMD.3 LOOP Loop configuration. 

SMD.4 NRZI NRZI coding option. If bit = 1, 
NRZI coding is used. If bit = 0, 
then it is straight binary (NRZ). 

SMD.5 SCMO Select Clock Mode-Bit 0 

SMD.6 SCM1 Select Clock Mode-Bit 1 

SMD.7 SCM2 Select Clock Mode-Bit 2 

The SCM bits decode as follows: 

SCM 

2 1 0 Clock Mode 

0 0 0 Externally clocked 

0 0 1 Reserved 

0 1 0 Self clocked, timer overflow 

0 1 1 Reserved 

1 0 0 Self clocked, external 16x 

1 0 1 Self clocked, external 32x 

1 1 0 Self clocked, internal fixed 

1 1 1 Self clocked, internal fixed 

NOTES: 
'Based on a 12 Mhz crystal frequency 

"0·1 M bps in loop configuration 

STS: Status/Command Register (blt
addressable) 

Data Rate 

(Bits/sec)" 

0-2.4M·· 

244-62.5K 

0-375K 

0-187.5K 

375K 

187.5K 

Bit: 7 6 5 4 3 2 1 0 

ITBFIRBEIRTSlsllBOvloPBIAMIRBPI 

The Status/Command Register (Address C8H) pro
vides operational control of the SIU by the 8044 

CPU, and enables the SIU to post status information 
for the CPU's access. The SIU can read STS, and 
can alter certain bits, as indicated below. The CPU 
can both read and write STS asynchronously. How
ever, 2-cycle instructions that access STS during 
both cycles ('JBC/B, REL' and 'MOVlB, C.') should 
not be used, since the SIU may write to STS be
tween the two CPU accesses. 

The individual bits of the Status/Command Register 
are as follows: 

Blt# Name Description 

STS.O RBP Receive Buffer Protect. Inhibits 
writing of data into the receive 
buffer. In AUTO mode, RBP 
forces an RNR response instead 
of an RR. 

STS.1 AM AUTO Mode/ Addressed Mode. 
Selects AUTO mode where 
AUTO mode is allowed. If NB is 
true, (= 1), the AM bit selects the 
addressed mode. AM may be 
cleared by the SIU. 

STS.2 OPB Optional Poll Bit. Determines 
whether the SIU will generate an 
AUTO response to an optional 
poll (UP with P = 0). OPM may 
be set or cleared by the SIU. 

STS.3 BOV Receive Buffer Overrun. BOV 
may be set or cleared by the SIU. 

STS.4 SI SIU Interrupt. This is one of the 
five interrupt sources to the CPU. 
The vector location = 23H. SI 
may be set by the SIU. It should 
be cleared by the CPU before 
returning from an interrupt 
routine. 

STS.5 RTS Request To Send. Indicates that 
the 8044 is ready to transmit or is 
transmitting. RTS may be read or 
written by the CPU. RTS may be 
read by the SIU, and in AUTO 
mode may be written by the SIU. 

STS.6 RBE Receive Buffer Empty. RBE can 
be thought of as Receive Enable. 
RBE is set to one by the CPU 
when it is ready to receive a 
frame, or has just read the buffer, 
and to zero by the SIU when a 
frame has been received. 

STS.7 TBF Transmit Buffer FUll. Written by 
the CPU to indicate that it has 
filled the transmit buffer. TBF may 
be cleared by the SIU. 
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NSNR: Send/Receive Count Register (bit
addressable) 
B~ 7 6 5 4 3 2 1 0 

I NS21 NS11 NSO I SEsl ~R21 NR11 NROI SERI 

The Send/Receive Count Register (Address D8H) 
contains the transmit and receive sequence num
bers, plus tally error indications. The SIU can both 
read and write NSNR. The 8044 CPU can both read 
and write NSNR asynchronously. However, 2-cycle 
instructions that access NSNR during both cycles 
('JBC IB, REl,' and 'MOV IB,C') should not be 
used, since the SIU may write to NSMR between the 
two 8044 CPU accesses. 

The individual bits of the Send/Receive Count Reg
ister' are as follows: 

Blt# Name Description 

NSNR.O SER Receive Sequence Error: 
NS (P) ~ NR (S) 

NSNR.1 NRO Receive Sequence Counter-Bit 0 

NSNR.2 NR1 Receive Sequence Counter-Bit. 1 

NSNR.3 NR2 Receive Sequence Counter-Bit 2 

NSNR.4 SES Send Sequence Error: 
NR (P) =F NS (S) and 
NR (P) =F NS (S) + 1 

NSNR.5 NSO Send Sequence Counter-Bit 0 

~SNR.6 NS1 Send Sequence Counter-Bit 1 

NSNR.7 NS2 Send Sequence Counter-Bit 2 

Parameter Registers 

There are eight parameter registers that are used in 
connection with SIU operation. All eight registers 
may be read or written by the 8044 CPU. RFl and 
RCB are normally loaded by the SIU. 

The eight parameter registers are as follows: 

STAD: Station Address Register 
(byte-addressable) 

The Station Address register (Address CEH) con
tains the station address. To prevent acess conflict, 
the CPU should access STAD only when the SIU is 
idle (RTS = 0 and RBE = 0). Normally, STAD is 
accessed only during initialization. 

TBS: Transmit Buffer Start Address Register 
(byte-addressable) 

The Transmit Buffer Start address register (Address 
DCH) points to the location in on-chip RAM for the 
beginning of the I-field of the frame to be transmit
ted. The CPU should access TBS only when the SIU 
is not transmitting a frame (when TBF ". 0). 

TBl: Transmit Buffer length Register 
(byte = addressable) 

The Transmit Buffer length register (Address DB H) 
contains the length (in bytes) of. the I-field to be 
transmitted. A blank I-field (TBl = 0) is valid. The 
CPU should access TBl only when the SIU is not 
transmitting a frame (when TBF = 0). 

NOTE: 
The transmit and receive buffers are not allowed to 
"wrap around" in the on-chip RAM. A "buffer end" 
is automatically generated if address 191 (BFH) is 
reached. 

TCB: Transmit Control Byte Register 
(byte-addressable) 

The Transmit Control Byte register (Address DAH) 
contains the byte which is to be placed in the control 
field of the transmitted frame, during NON-AUTO 
mode transmission. The CPU should access TCB 
only when the SIU is not transmitting a frame (when 
TBF = 0). The Nsand NR counters are not used in 
the NON-AUTO mode. . 

RBS: Receive Buffer Start Address Register 
(byte-addressable) 

The Receive Buffer Start address register (Address 
CCH) points to the location in on-chip RAM where 
the beginning of the I-field of the frame being re
ceived is to be stored. The CPU should write RBS 
only when the SIU is not receiving a frame (when 
RBE = 0). 

RBL: Receive Buffer length Register 
(byte-addressable) , 

The Receive Buffer length register (Address CBH) 
contains the length (in bytes) of the area in on-chip 
RAM allocated for the received I-field. RBl=O is 
valid. The CPU should write RBl only when RBE = o. 
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RFL: Receive Field Length Register 
(byte-addressable) 

The Receive Field Length register (Address CDH) 
contains the length (in bytes) of the received I-field 
that has just been loaded into on-chip RAM. RFL is 
loaded by the SIU. RFL = 0 is valid. RFL should be 
accessed by the CPU only when RBE = O. 

RCB: Receive Control Byte Register 
(byte-addressable) 

The Received Control Byte register (Address CAH) 
contains the control field of the frame that has just 
been received. RCB is loaded by the SIU. The CPU 
can only read RCB, and should only access RCB 
when RBE = o. 

ICE Support 

The 8044 In-Circuit Emulator (ICE-44) allows the 
user to exercise the 8044 application system and 
monitor the execution of instructions in real time. 

The emulator operates with Intel's Inteliec™ devel
opment system. The development system interfaces 
with the user's 8044 system through an in-cable 
buffer box. The cable terminates in a 8044 pin-com
patible plug, which fits into the 8044 socket in the 
user's system. With the emulator plug in place, the 
user can excercise his system in real time while col
lecting up to 255 instruction cycles of real-time data. 
In addition, he can single-step the program. 

Static RAM is available (in the in-cable buffer box) to 
emulate the 8044 internal and external program 
memory and external data memory. The designer 
can display and alter the contents of the replace
ment memory in the buffer box, the internal data 
memory, and the internal 8044 registers, including 
the SFR's. 

SIUST: SIU State Counter (byte-addressable) 

The SIU State Counter (Address D9H) reflects the 
state of the internal logic which is under SIU control. 
Therefore, care must be taken not to write into this 
register. This register provides a useful means for 
debugging 8044 receiver problem. 
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ABSOLUTE MAXIMUM RATINGS· 
Ambient Temperature Under Bias •• ; .•• O"C to 70·C 
Storage Temperature •.•••.••.•. -65·Cto -150·C 

Voltage on EA, VPP Pin to VSS •.• - 0.5V to - 21 :5V 
Voltage on Any Other Pin to VSS •.•. - 0.5V to -7V 

Power Dissipation .•.••.•.••••••.•••.••••.••• 2W 

• Notice: Stresses above those listed under ':04bso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specifiCation is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS T A = O·C to 70·C, VCC = 5V = 10%, VSS = OV 

Symbol Parameter Min Max Unit Test Conditions 

VIL Input Low Voltage (Except EA Pin of 8744H) -0.5 0.8 V 

VIL1 Input Low Voltage to EA Pin of 8744H 0 0.8 V 

VIH Input High Voltage (Except XTAL2, RST) 2.0 VCC + 0.5 V 

VIH1 Input High Voltage to XTAL2, RST 2.5 VCC + 0.5 V XTAL1 = VSS 

VOL Output Low Voltage (Ports 1, 2, 3)· 0.45 V IOL = 1.6mA 

VOL.1 Output Low Voltage (Port O,ALE,PSEN)· 

8744H 
0.60 V IOL = 3.2mA. 
0.45 V IOL = 2.4 rnA 

8044AH/8344AH 0.45 V IOL = 3.2 rnA 

VOH Output High Voltage (Ports 1, 2, 3) 2.4 V IOH = -80 p.A 

VOH1 Output High Voltage (Port 0 in External 2.4 V IOH = -400 p.A 
Bus Mode, ALE, PSEN) 

ilL Logical 0 Input Current (Ports 1, 2, 3) -500 p.A Vin = 0.45V 

IIL1 Logical 0 Input Current to EA Pin -15 rnA 
of 8744H only 

IIL2 Logical 0 Input Current (XT AL2) -3.6 rnA Vin = 0.45V 

III Input Leakage Current (Port 0) 
8744H ±100 p.A 0.45 < Yin < VCC 
8044AH/8344AH ±10 p.A 0.45 < Yin < VCC 

IIH Logical 1 Input Current to EA Pin of 8744H 500 p.A 

IIH1 Input Current to RST to Activate Reset 500 p.A Yin < (VCC - 1.5V) 

ICC Power Supply Current: All Outputs Discon-
8744H 285 rnA nected: EA = VCC 
8044AH/8344AH 170 rnA 

CIO Pin Capacitance 10 pF Test Freq. = 1 MHz(1) 

·NOTES: 
1. Sampled not 100% tested. TA = 25"C. 
2. Capacitive loading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLs of ALE and Ports 
1 and 3. The noise is, due to external bus capacitance discharging Into the Port 0 and Port 2 pin when these pins make 1-to
o transitions during bus operations. In the worst cases (capacitive loading> 100 pF), the noise pulse on the ALE line may 
exceed O.BV. In such cases it may be desirable to qualify ALE with a Schmitt Trigger, or use an address latch with a Schmitt 
Trigger STROBE input. 
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A.C. CHARACTERISTICS 
T A = O°C to + 70°C, VCC = 5V ± 10%, VSS = OV, Load Capacitance for Port 0, ALE, and PSEN = 100 pF, 
Load Capacitance for All Other Outputs = 80 pF 

EXTERNAL PROGRAM MEMORY CHARACTERISTICS 

12 MHzOsc 
Variable Clock 

Symbol Parameter 1/TCLCL = 3.5 MHz to 12 MHz Unit 

Min Max Min Max 

TLHLL ALE Pulse Width 127 2TCLCL-40 ns 

TAVLL Address Valid to ALE Low 43 TCLCL-40 ns 

TLLAX1 Address Hold After ALE Low 48 TCLCL-35 ns 

TLLlV ALE Low to Valid Instr in ns 
8744H 183 4TCLCL-150 
8044AH/8344AH 233 4TCLCL-100 

TLLPL ALE Low to PSEN Low 58 TCLCL-25 ns 

TPLPH PSEN Pulse Width 
8744H 190 3TCLCL-60 ns 
8044AH/8344AH 215 3TCLCL-35 ns 

TPLIV PSEN Low to Valid Instr in 
8744H 100 3TCLCL-150 ns 
8044AH/8344AH 125 3TCLCL-125 ns 

TPXIX Input Instr Hold After PSEN 0 0 ns 

TPXIZ2 Input Instr Float After PSEN 63 TCLCL-20 ns 

TPXAV2 PSEN to Address Valid 75 TCLCL-8 ns 

TAVIV Address to Valid Instr in 
8744H 267 5TCLCL-150 ns 
8044AH/8344AH 302 5TCLCL-115 ns 

TAZPL Address Float to PSEN -25 -25 ns 

NOTES: 
1. TLLAX for access to program memory is different from TLLAX for data memory. 
2. Interfacing RUPI-44 devices with float times up to 75ns is permissible. This limited bus contention will not cause any 
damage to Port 0 drivers. 
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EXTERNAL DATA MEMORY CHARACTERISTICS 

12 MHz Osc 
Variable Clock 

Symbol Parameter 1/TCLCL = 3.5 MHz to 12 MHz Unit 
Min Max Min Max 

TRLRH AD Pulse Width 400 6TCLCL-100 ns 

TWLWH WR Pulse Width 400 6TCLCL-100 ns 

TLLAX Address Hold after ALE 48 TCLCL-35 ns 

TRLDV RD Low to Valid Data in 252 5TCLCL-165 ns 

TRHDX Data Hold After RD 0 0 ns 

TRHDZ Data Float After RD 97 2TCLCL-70 ns 

TLLDV ALE Low to Valid Data In 517 8TCLCL-150 ns 

TAVDV Address to Valid Data In 585 9TCLCL-165 ns 

TLLWL ALE Low to RD or WR Low 200 300 3TCLCL-50 3TLCLCL+50 ns 

TAVWL Address to RD or WA Low 203 4TCLCL-130 ns 

TOVWX Data Valid to WR Transition 
8744H 13 TCLCL-70 ns 
8044AH/8344AH 23 TCLCL-60 ns 

TOVWH Data Setup Before WR High 433 7TCLCL-150 ns 

TWHOX Data Held After WR 33 TCLCL·50 ns 

TRLAZ RD Low to Address Float 25 25 ns 

TWHLH RD or WR High to ALE High 
8744H 33 133 TCLCL-50 TCLCL+50 ns' 
8044AH/8344AH 43 123 TCLCL-40 TCLCL+50 ns 

NOTE: 
1. TLLAX for access to program memory is different from TLLAX for access data memory. 

Serial Interface Characteristics 

Symbol Parameter Min Max Unit 

TDCY Data Clock 420 ns 

TDCL Data Clock Low 180 ns 

TDCH Data Clock High 100 ns 

tTD Transmit Data Delay 140 ns 

tOSS Data Setup Time 40 ns 

tDHS Data Hold Time 40 ns 
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WAVEFORMS 

Memory Access 

PROGRAM MEMORY READ CYCLE 

~-------------------------------TCY--------------------------~ 

ALE 

PSEN ~_~_-I-__ ~--:-'~ TPXAV 

PORTO 
AT-AD INSTR IN 

PORT 2 
ADDRESS AI S-A8 ADDRESS AIS-A8 

231663-8 

DATA MEMORY READ CYCLE 

TWHlH 
~----..... 1-_---------TllDV ----------~ 

ALE 

TllWl 

~-----~TRlRH--------~.~---

TllAX TRHDX 

PORTO A1-AO DATA IN 

TRlAZ 

PDRT2 ADDRESS AIS-A8 OR SFR-P2 

231663-9 

DATA MEMORY WRITE CYCLE 

TWHlH 

ALE 

--------4----------J 14------------TWlWH-----------.~-----
TOVWH TWHQX 

PORTO DATADUT 

PDRT2 ADDRESS AIS-A8 OR SFR-P2 

231663-10 
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SERIAL I/O WAVEFORMS 

SYNCHRONOUS DATA TRANSMISSION 

~-----------TDCY---------~ 

--------. f----TDCL--+I ~-----..... 

SCLK 

'--_______ ...J j.---TOCH--..! '------

DATA 

TTO 

231663-11 

SYNCHRONOUS DATA RECEPTION 

t--------TOCY---------I 

I+-----TDCH --+I 

DATA 

TOSS '--'----TOHS,--------l 

231663-12 
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AC TESTING INPUT, OUTPUT, FLOAT WAVEFORMS 
INPUT IOUTPUT 

2.4==>(20 2.0)<= 
TEST POINTS 

US ... 0:::: .• :..... ____ --=0::, .• 

231663-13 
AC testing inpuls Bre driven at 2.4V for a LogiC "1" and 0.45V for 
a Logic "0" Timing measurements are made at 2.0V for a Logic 
"1" and O.BV for a Logic "0". 

EXTERNAL CLOCK DRIVE XTAL2 

~FL~O~A=T-----------------------------' 

j -----FLOAT--------t 2.4 2_.0 _2.0 2.4 

0.45:" 0.1 0.45 
231663-14 

TCHCL 

1------------ TCLCL ----------1 
231663-15 

Variable Clock 
Symbol Parameter Freq = 3.5 MHz to 12 MHz Unit 

Min Max 
TCLCL Oscillator Period 83.3 285.7 ns 
TCHCX High Time 20 TCLCL·TCLCX ns 
TCLCX Low Time 20 TCLCL·TCHCX ns 
TCLCH Rise Time 20 ns 
TCHCL Fall Time 20 ns 
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CLOCK WAVEFORMS 

INTERNAL 
CLOCK I STATE 4 I STATE 5 I S~'ATE 6 I STATE 1 I STATE 2 I STATE 3 I STATE 4 

~I~ ~I~ ~I~ ~I~ ~I~ ~I~ ~I~ 
STATE 5 

PI I P2 

XTAl2 ..r1....f"U1..J 
ALE --.J I I . I IL...-._ 

EXTERNAL PROGRAM MEMORY FETCH 2 THESE SIGNALS ARE NOT 
ACTIVATED DURING THE 
EXECUTION OF A MOVX INSTRUCTION 

L---=._~I ,,, 1 L 
PO 

P2(EXT) ____ ---,1 INDICATES AODRESS TRANSIONS 1 ...... _________ --1 

READ CYCLE 

RD 

PO 

P2 
WRITE CYCLE 

WR 

PO 

P2 

PORT OPERATION 

MOV PORT, SRC 

DPl OR Ri 
OUT 

OOH IS EMITTED PCl OUT (IF PROGRAM 
DURING THIS PERIOD MEMORY IS EXTERNAL) 

~¢ FLOAT S=O .nL-. 
INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 

I PCl OUT(EVEN IF PROGRAM 
L-_________ ---' MEMORY IS INTERNAL) 

DPl OR Ri 
OUT !. DATA OUT 

INDICATES DPH OR P2 SFR TO PCH TRANSITIONS 

OLD DATA I NEW DATA 

. $-;1 tCl OUT ;I~OGRAM 
I MEMORY IS EXTERNAL) 

~:-:-::-~=-=_· ______________ .... --LPO PINS SAMPLED 
MOV DEST. PO ~:., !--4t 
MOV DEST. PORT (Pl. P2. P3) PO PINS SAMPLED r:::::::::l 
(INCLUDES INTO. INTI. TO. TI) ~,--__________________ ..... r ,-L--

Pl. P2. P3 PINS SAMPLED Pl. P2. P3 
SERIAL PORT SHIFT CLOCK 

J~~DE O)-------~XD SAMPLED 

PINS SAMPLED 

L---___ .......;q:J 
RXDSAMPlED 

231663-16 

This diagram indicates when signals are clocked internally. The time it takes the signals to propagate to the 
pins, however, ranges from 25 to 125 ns. This propagation delay is dependent on variables such as tempera
ture and pin loading. Propagation also varies from output to output and component to component. Typically 
though, (T A = 25°C, fully loaded) RD and WR propagation delays are approximately 50 ns. The other signals 
are typically 85 ns. Propagation delays are incorporated in the AC specifications. 
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8744H EPROM CHARACTERISTICS 

Erasure Characteristics 

Erasure of the 8744H Program Memory begins to 
occur when the chip is exposed to light with wave
lengths shorter than approximately 4,000 Ang
stroms. Since sunlight and fluorescent lighting have 
wavelengths in this range, constant exposure to 
these light sources over an extended period of time 
(about 1 week in sunlight, or 3 years in room-level 
fluorescent lighting) could cause unintentional era
sure. If an application subjects the 8744H to this 
type of exposure, it is suggested that an opaque la
bel be placed over the window. 

The recommended erasure procedure is exposure 
to ultraviolet light (at 2537 Angstroms) to an integrat
ed dose of at least 15 W-sec/cm2 rating for 20 to 30 
minutes, at a distance of about 1 inch, should be 
sufficient. 

Erasure leaves the array in an all 1 s state. 

Programming the EPROM 

To be programmed, the 8744H must be running with 
a 4 to 6 MHz oscillator. (The reason the oscillator 
needs to be running is that the internal bus is being 
used to transfer address and program data to appro
priate registers.) The address of an EPROM location 
to be programmed is applied to Port 1 and pins P2.0-
P2.3 of Port 2, while the data byte is applied to Port 
o. Pins P2.4-P2.6 and PSEN should be held low, and 
P2.7 and RST high. (These are all TTL levels except 
RST, which requires 2.5V for high.) EAIV~P is held 
normally high, and is pulsed to + 21 V. While EAI 
VPP is at 21V, the ALE/PROG pin, which is normally 
being held high, is pulsed low for 50 msec. Then 
EAIVPP is returned to high. This is illustrated in Fig-

ure 8. Detailed timing specifications are provided in 
the EPROM Programming and Verification Charac
teristics section of this data sheet. 

Program Memory Security 

The program memory security feature is developed 
around a "security bit" in the 8744H EPROM array. 
Once this "hidden bit" is programmed, electrical ac
cess to the contents of the entire program memory 
array becomes impossible. Activation of this feature 
is accomplished by programming the 8744H as de
scribed in "Programming the EPROM" with the ex
ception that P2.6 is held at a TTL high rather than a 
TTL low. In addition, Port 1 and P2.0-P2.3 may be in 
any state. Figure 9 illustrates the security bit pro
gramming configuration. Deactivating the security 
feature, which again allows programmability of the 
EPROM, is accomplished by exposing the EPROM 
to ultraviolet light. This exposure, as described in 
"Erasure Characteristics," erases the entire EPROM 
array. Therefore, attempted retrieval of "protected 
code" results in its destruction. 

Program Verification 

Program Memory may be read only when the "secu
rity feature" has not been activated. Refer to Figure 
10 for Program Verification setup. To read the Pro
gram Memory, the following procedure can be used. 
The unit must be running with a 4 to 6 MHz oscilla
tor. The address of a Program Memory location to 
be read is applied to Port 1 and pins P2.0-P2.3 of 
Port 2. Pins P2.4-P2.6 and PSEN are held at TTL 
low, while the ALE/PROG, RST, and EAIVPP pins 
are held at TTL high. (These are all TTL levels ex
cept RST. which requires 2.5V for high.) Port 0 will 
be the data output lines. P2.7 can be used as a read 
strobe. While P2.7 is held high, the Port 0 pins float. 
When P2.7 is strobed low, the contents of the ad
dressed location will appear at Port O. External pull
ups (e.g., 10K) are required on Port 0 during program 
verification. 
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+5V 

ADDR. --....-o-.:~ Pl 
Vee 

OOOOH
OFFFH 87UH 

P2.0- PO PGMDATA 

P2.3 

P2.4 

P2.5 ALE --ALE PROG 

P2.6 

P2.7 

XTAL2 EA __ rAiVPP 

XTALl RST VIHl 

VSS mN 

-

Figure 8. Programming Configuration 

+5V 

Ne Pl 
Vee 

87UH 

P2.0- PO Ne 
Ne P2.3 

P2.4 

231663-17 

P2.5 ALE ___ ALE/PiiOG 50 ms PULSE TO GND 

P2.6 

TTL HIGH P2.7 

XTAL2 EA -- EAIVPP +21V PULSE 

XTALl RST VIHl 

VSS mN 

- -

Figure 9. Security Bit Programming Configuration 
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+5V 

ADDR. -----,,.,,.......,='\1 P1 
Vee 

8744H OOOOH
OFFFH f-----'\ PGM DATA 

PO (USE 10K PULLUPS) P2.0-
P2.3 

P2.4 

P2.5 

P2.6 

ENABLE-----i P2.7 

XTAL2 

XTAL1 

VSS 

A: TTTLH'GH 

EA 

RST VIH1 

= 

Figure 10. Program Verification Configuration 

EPROM PROGRAMMING, SECURITY BIT PROGRAMMING 
AND VERIFICATION CHARACTERISTICS 
TA = 21°C to 27°C, Vee = 4.5V to 5.5V, vss = OV 

Symbol Parameter Min 

Vpp Programming Supply Voltage 20.5 

IPP Programming Current 

1/TCLCL Oscillator Frequency 4 

TAVGL Address Setup to PROG 48TCLCL 

TGHAX Address Hold after PROG 48TCLCL 

TDVGL Data Setup to PROG 48TCLCL 

TGHDX Data Hold after PROG 48TCLCL 

TEHSH ENABLE High 10 Vpp 48TCLCL 

TSHGL Vpp Setup to PROG 10 

TGHSL Vpp Hold after PROG 10 

TGLGH PROGWidlh 45 

TAVOV Address to Data Valid 

TELOV ENABLE to Data Valid 

TEHOZ Data Float after ENABLE 0 

22-25 

Max 

21.5 

30 

6 

55 

48TCLCL 

48TCLCL 

48TCLCL 

231663-19 

Units 

V 

rnA 

MHz 

tJ-sec 

tJ-sec 

msec 
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EPROM PROGRAMMING, SECURITY BIT PROGRAMMING 
AND VERIFICATION WAVEFORMS 

PROGRAMMING VERIFICATION 

P1.0-P1.7 
P2.0-P2.3 

PORTO 

ALEPiiOG 

~ T 

!iiVPP 

ADDRESS 

DATA IN 

TDVGL 

TAVGL 

\ 
TSHGL L-....J 

Tci"L"GH 
21V . . 5V 

ADDRESS 

TAVQV --
DATA OUT 

-
TGHDX 

--TGHAX 

~ 

\ 
TTL HIGH TTL HIGH TTL HIGH 

TEHSH 
_ TELQV _ TEHQZ --I~ )~-~-------.J).----

231663-20 
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I(;E-5tOO/452 III-(;Ir~ult E.ulator 

IN·C'RCVIT EMIJ£A'I'Ollt'OR THE IJP,.-·4521:4Ml".. 0,., 
PROGRAMMABU I/O P~ESSORS 
The ICE·51 001452 In·Cireuit Emulator is a complete hardwlIl't'/sunwlIl't' dl'hug I'nvi('()nml'nt for 
developing embedded control applic,ations based on the IntelllPI"·4~2 family uf I/O pt'riphl'raIK 
With high·performance full·speed emulation, symbolic dehugging, and nl'xibll' I1\cmlll'~ mapping. thl' 
ICE·5100/452 emulator expedites all stages of development: hardware dewlulllIIl'flt. sollwan' 
de\elopment, system integration, and system t~'St: shortening yuur p('()ject"s tim!' tu markl't. 

J'EAI'IJRES 
• Full speed to the speed of the component. 
• 64KB of emulation mapped memory. 
• 254 frames of execution trace. 
• Symbolic debug. 
• Serial link to an IBM PC XT, AT, 100% 

compatible. 
• Four address breaklloints with in·range, 

out-of·range. and page breaks. 
• On·line disassembler and single line 

assembler. 
• Full emulation and debug support for the 

FIFO Buffer. 

• Suurce cod(' dislllay. 
• ASM·51 and PUM·51 languagl' SUllport. 
• Pop·up help. . 
• DOS sill' II ('5('apl'. 
• On-line tuturial. 
• Built·in CRT based editor. 
• System self-t1~~t diagnostics. 
• \Vorldwidl' s('rvil'l' and support. 

i~ ______________________ __ 
Intd GUfJX,fallun assunw.'l'I nil l"I'Spllnslhllll~ 'ur lilt· U~' III' <III), rill'ulln olin lhulllin.'UlIf) 11I1INllIit'd in illliIl1l'lllmduI1. 'In IIlhl'l' mmll (lOlwnl IK1'1L~'S arc' 
Impllt'tl. In(!lrIDal.,," runlamn:l t\I'rdn ,",UIII'f'SI,'dl'li pra,\luu:;I~ putlli~hr.'CI !lp"'lhl'J.lIlIl1~ un Ihr.~' ilt'\ln'll rmllllllid ami ~"i l-Iuhjl,'t tndliLlII.'1' IIotthllul 11111.1,,', 

K.1JtI'rnh'f, I!IftH 
e lmdCurr)lll'<Illun 191m IIrck'r \uluh.'r: 1H1IH17,nlli 
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ONE 'l'tHH.1'OIl ENTlaE' 
DEI'EUJPIfIEN'I' CyaE 
'fht' IG~:-n 1OI1I4n2 ('mulatnr Nrx'(~IN targ(1 SYN!t'm 
(k'\'('IOllm('n\ hy allov. inll hardll'''''' and suft\\1lr(' (h~illn In 
IIJ'(X'I~'I simultanmuNly_ 'bu 1'<111 d('wln[1 snft\Van' ('\'I'n 
Ix'fun' pmlntYPl' hUl'llwun' is I'illish(~L Ami h(~'auiil' thl' 
IG~:-r.HK1I4r.2 I'mulmur pn,'isl'ly mm('h(~ tht' rum[xml'l1t's 
t'I(,tril'll! ami tillling ('har[M'I('riSi i('s, it's II \'aluulll(' tlM,1 for 
IlImlv;an' (k'l1'lo[,ml'n\ 111111 dt'hull, Thus, Lltt' IC~:-r. HKll1r.2 
('mulator fan d('hull a [mllulYIM' III' prlKhH'lion systml aI, 
<lilY NWI.~' in i~~ dl'vl'l(~"11I'nt. lI'ithoul. inl11Mluring ('~lra/1('ous 
h[lI'lIv;<II,(' j,r suftWaI,(' I('SI ImlN. 

IIIGII-..~PEED. aE.U-'I'IIfIE EIfIIJ£.f'l'ION 
Thl' IG~:-r.IIK1I4r.2 ('Illublllll' (l1'II\'id(~ fllll-SIM~~L 1'('ul-lin1l' 
('l1Iulalioll up 10 Ih(' sp('(~1 uf Ihl' ('(lIllllom'lI!. li(,'uUSI' th(' 
('mulalor is fully IranSp[m'nllnlll(' [[II'1l(1 sySl('m, ~1I1i hall' 
,'ol11pl(1{' I'IIlIlml ml'r IUl/'IllI'a,,' alld sol'tllun' d!'llUll illld 
sysl('m intt'walion, 

(i41\B of ZI'ro v;ait-htat('I'mulatMm ml'ITlI!ry'is [1\[1i1uhll' to 
rl'[llaCl' targl1 sySl('m ('(Idt' mt'lnnry, alloll'inll ii1l1't\\I1n' 
d!'llUg til Ill'llin ('wn befon' IIn)\(lty[X' harUllan' i~ finisht'<1. 

I'UXIBU BaE.f"POINnNG ,. 
(lIJIC" PIlOIJUIfI ISOM'I'ION 
The ICI<:-51001452 ('mulalAIf' supports UJrt~ rlifffrt!lIt tYPffi 
uf bwak spt'{'ifications: sPI'!'lfK' addn'Ss breaks un up to 
64,000 pusslhle aclclrl~SI'S: rang!' hrtlaks, hoth within and 
outside a user-defined range: and pagl' breaks. up to 256 
pablt'S on 256-bytt' houndaril'S_ 254 frames·of ext'Cution 
trace memury prnvidl~ ample dehug informatiun, with t'<lch 
framl' dividt'd Intu 16 bits uf prugram t'xecUliun addn's.~ 
and 8 hits of external t'Vt'nt informatkln_ A maximulII uf hlr 
tracl1luints alluws qualilil'CI tral'(' fur a variety uf dehull 
conditiuns_ 

SI'IfII1fJUC DEBIJGG'NG I'OIlI'.fS'I' 
DEI'E£tJPIfIEN'I' 
IX'Silll1lt'llm prudul'tivity is "noont"d hy Lltt" USI' uf 
symlKllir (k,hug n'l\'n'lIx'S tu 1'"IIlI'amlim,_ hillh-Il,vd 
stalt'mI'l1L~. and IlIIK1ull' !lnd vaI'iuhl(' nanll~, Till' It'l'ms 
USI,II tu dl'Vl'lu[1 [mlWmns aI'!' LIt" 8[1111(' uSI,1 for sySll'm 
Ik'hugllinll. 

P.f'l'CII CODE ""'I'IIfJIJ'I' aECtJMPIUNG 
nKII~llalrhing is I'as~ with thl'IO:-;,HK1I452 ('mulator's 
sinlll(~lill!' aNSI'mhl('r. \Im'hilk' I1KI(' ran hI' dl!;.:ls.'lI'mhll~1 III 
ml1l'n~lIIi('s fur signilk,mU~ I'Usil'l' dl'llUllIling ,md Ill'IIj('t 
dlWlupm('nL. 

E.fSY 'I'tJ U.f.N .fND IJSE 
'I'h('IC:~:-!i 10!1I452 is al'("mpani(~1 hy a full tuturial that 
l'x[llains all lIyslt'm functiuns and Ilnlvicll'S many t,xampft'S_ 
:\llditiunal f('atu,,'11 sul'h as lin-lint' h('I,i, a hullt.-In C:R'[~llIISI~1 
1~lilor_ and DOS Shl'III'S(~I[K' mak!' thl' ('mulator fast and 
I'as~' In USI' for IKlth nov",' und l'x[I!'rienCI~IIlSl~rs, You ran 
dl'\l'Iop yuur u\Vn tl~t suilt~ ur saw frl'IUl'lltly-used dehug 
rtlutil1l'll as dl'lllllllll'lK,'durl'll (I'RO(~~) that ean hi' invukl'd 
with a singl(' mmmand_ 

_£D""DE SEa",CE .fND SIJPPtJIl'l' 
'I'hl' IG~:';, I (K1I452 l'mulatllr is SUPllllttl,1 hy Intd-s 
woriliwidl' SI'rvin' and support organizcllkm_ In addition to 
an l'xtl'ndl'd walTanty. you ('an l'h!llIS/' fmm hlltlim' support.' 
on-sitl' sySl('m ('nllint,'rinll as.~isuml'('_ and a \-aril'ly of 
hands~1n tmininll lI'orkshups, 

23-2 



ELECTRICAL CONSIDERAJ'lONS 
Tlw ~lIIulation processor's user-pin timings ami loadings are 
id~ntieal to the 452 component t'xeppt as follows: 

• L'l'tIl 20, I'f of additional pin capacitance is l'Ontril1lJ1ril 
b) till' proressor module and target adaptor assl'm!llies. 

PROCESSOR IfIODfJLE DIIfIEN.~/ONS 

flcure I: Processor \lodule Dimensions 

SPECifiCATIONS 

Ho8t Req.'re.e.'8: 
1ll\1 PC-XT. .W or compatible 
PC-DOS 3.0 or later 
512f,; K~\1 

. One f1upp; drill' ami hard disk 

PllY8'cai ClJaracrerl8UC8: 
The ICI::-5100/452 emulator consists of the [ollowing 
components; 

1I.lt Width He.pt te·C'" 
Ind. e.. Inch C: .. I.ch tID 

Omtl'lliler Pod 1I.2~ 21.0 1.:i :l.B J:I.~ 34.3 
l'ser Cable 39.0 99.0 
Processor 
~I()dule· 3.8 9.7 1.5 3.B 4.0 10.2 
POller Suppl; 7.6 IB.1 4.0 10.2 11.0 28.0 
SerIal Cable 14·400 360.0 

·with SUPIJlied laI'gpt adapter. 

Ekelrlcal ClJaraclerl8Uc8: 
1'0\\('1' sup[lly 
H)(~ 120v or 220-240\ s('il'('tahlt' 
:;(~60 Hz 
2 amps (AC max) @ 120\ 
I amp (IIC max) @ 2~O\" 

1i."'I'O •• e.ral Cllaracreri8rk:8: 
Operating temperature; + looe UI + 40°(; (50 0 P til 104°P) 
Operating humidity; ~laxill1ulII of H5% r~latiVl' humidity. 
non-condensing 
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ORDERING INFORMATION 

Order Q)de 

pl452KITAD 

pl452KITD 

pC452KITD 

TA452E 

D86ASM51 

D86PLM51 

D86EDlNL 

Description 

Kit rontalns ICE·51001452 user probe 
assembly. power supply and cables. 
serial cables. target adapter. crystal 
power acressory. emulator controller 
pod. emulator software. OOS host 
communication cables. ASM·51 and 
AEDIT text editor (requires software 
lioense). 

Kit contains the same components as 
p1452KITAD. excluding ASM·51 and the 
AEDIT text editor (requires SOftware 
license). 

Conversion kit for ICE'51 001451. 
ICE·51001252. or ICE·51001044 running 
PC·DOS 3.0 or later. to provide 
emulation support ror 8OC452 
components (requires softwaI'C license). 

Target adapter for 68·pin PLCC package 
support. 

ASMIRL 51 package for PC-OOS 
(requires software license). 

PUMJRL 51 package ror PC-DOS 
(requires software license). 

AEDIT text editor ror PC-OOS. 

MCS is a registered trademark and ICE is a trademal:'k of 
Intel Corporation. 

IBM and PClAT are registered trademarks and PG'XT a 
trademal:'k or International Business Machines Corporation. 

For direct information on Intel·s Development Tools. or for 
the oomber of your nearest sales oIfIce or distributor. call 
800-874-6835 (U.S.). For Inrormation or literature 00 
additional Intel products. call 8()()'548-4725 (U.s. and 
Canada). 
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inter 8080A/8080A-1/8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 

• TTL Drive Capability • Decimal, Binary, and Double Precision 

• 2 /-ts (-1:1.3 /-ts, -2:1.5 /-ts) Instruction Arithmetic 

Cycle • Ability to Provide Priority Vectored 

• Powerful Problem Solving Instruction Interrupts 

Set • 512 Directly Addressed 1/0 Ports 

• 6 General Purpose Registers and an • Available in EXPRESS 
Accumulator - Standard Temperature Range 

• 16-Bit Program Counter for Directly • Available in 40-Lead Cerdip and Plastic 
Addressing up to 64K Bytes of Memory Packages 

• 16-Bit Stack Pointer and Stack (See Packaging Spec. Order # 231369) 

Manipulation Instructions for Rapid 
Switching of the Program Environment 

The Intel@ BOBOA is a complete B-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip 
using Intel's n-channel silicon gate MOS process. This offers the user a high performance solution to control 
and processing applications. 

The BOBOA contains 6 B-bit general purpose working registers and an accumulator. The 6 general purpose 
registers may be addressed individually or in pairs providing both single and double precision operators. 
Arithmetic and logical instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic opera
tion. 

The BOBOA has an external stack feature wherein any portion of memory may be used as a last in/first out 
stack to store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general 
purpose registers. The 16-bit stack pointer controls the addressing of this external stack. This stack gives the 
BOBOA the ability to easily handle multiple level priority interrupts by rapidly storing and restoring processor 
status. It also provides almost unlimited subroutine nesting. 

This microprocessor has been designed to simplify systems design. Separate 16-line address and B-line 
bidirectional data busses are used to facilitate easy interface to memory and I/O. Signals to control the 
interface to memory and I/O are provided directly by the BOBOA. Ultimate control of the address and data 
busses resides with the HOLD signal. It provides the ability to suspend processor operation and force the 
address and data busses into a high impedance state. This permits OR-tying these busses with other control
ling devices for (DMA) direct memory access or mUlti-processor operation. 

NOTE: 
The BOBOA is functionally and electrically compatible with the Intel BOBO. 

24-1 
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Table 1 Pin Description 

Symbol Type Name and Function 

A15-AO 0 ADDRESS BUS: The address bus provides the address to memory (up to 64K S-bit 
words) or denotes the I/O device number for up to 256 input and 256 output devices. Ao 
is the least significant address bit. 

DrDo I/O DATA BUS: The data bus provides bi-directional communication between the CPU, 
memory, and I/O devices for instructions and data transfers. Also, during the first clock 
cycle of each machine cycle, the BOBOA outputs a status word on the data bus that 
describes the current machine cycle. Do is the least significant bit. 

SYNC 0 SYNCHRONIZING SIGNAL: The SYNC pin provides a signal to indicate the beginning 
of each machine cycle. 

DSIN 0 DATA BUS IN: The DSIN signal indicates to external circuits that the data bus is in the 
input mode. This signal should be used to enable the gating of data onto the SOBOA data 
bus from memory or I/O. 

READY I READY: The READY signal indicates to the BOBOA that valid memory or input data is 
available on the BOBOA data bus. This Signal is used to synchronize the CPU with slower 
memory or I/O devices. If after sending an address out the BOBOA does not receive a 
READY input, the BOBOA will enter a WAIT state for as long as the READY line is low. 
READY can also be used to single step the CPU. 

WAIT 0 WAIT: The WAIT signal acknowledges that the CPU is in a WAIT state. 

WR 0 WRITE: The WR signal is used for memory WRITE or I/O output control. The data on 
the data bus is stable while the WR signal is active low (WR = 0). 

HOLD I HOLD: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state 
allows an external device to gain control of the BOBOA address and data bus as soon as 
the BOBOA has completed its use of these busses for the current machine cycle. It is 
recognized under the following conditions: 
• the CPU is in the HALT state. 
• the CPU is in the T2 or TW state and the READY signal is active. As a result of 

entering the HOLD state the CPU ADDRESS SUS (A15-AO) and DATA SUS (D7-DO) 
will be in their high impedance state. The CPU acknowledges its state with the HOLD 
ACKNOWLEDGE (HLDA) pin. 

HLDA 0 HOLD ACKNOWLEDGE: The HLDA signal appears in response to the HOLD Signal and 
indicates that the data and address bus will go to the high impedance state. The HLDA 
signal begins at: 
• T3 for READ memory or input. 
• The Clock Period following T3 for WRITE memory or OUTPUT operation. 
In either case, the HLDA signal appears after the rising edge of <1>2. 

INTE 0 INTERRUPT ENABLE: Indicates the content of the internal interrupt enable flip/flop. 
This flip/flop may be set or reset by the Enable and Disable Interrupt instructions and 
inhibits interrupts from being accepted by the CPU when it is reset. It is automatically 
reset (disabling further interrupts) at time T1 of the instruction fetch cycle (M1) when an 
interrupt is accepted and is also reset by the RESET signal. 

INT I INTERRUPT REQUEST: The CPU recognizes an interrupt request on this line at the end 
of the current instruction or while halted. If the CPU is in the HOLD state or if the 
Interrupt Enable flip/flop is reset it will not honor the request. 

RESETl I RESET: While the RESET signal is activated, the content of the program counter is 
cleared. After RESET, the program will start at location 0 in memory. The INTE and 
HLDA flip/flops are also reset. Note that the flags, accumulator, stack pointer, and 
registers are not cleared. 

Vss GROUND: Reference. 

VDD POWER: +12 ±5% V. 

Vee POWER: + 5 ± 5% V. 

Vee POWER: -5 ±5% V. 

<1>1, <1>2 CLOCK PHASES: 2 externally supplied clock phases. (non TTL compatible) 

NOTE: 
1. The RESET signal must be active for a minimum of 3 clock cycles. 
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ABSOLUTE MAXIMUM RATINGS· 

Temperature Under'Bias ............ O·C to + 70·C 

Storage Temperature .......... -65·C to + 150·C 

All Input or Output Voltages 
with Respect to Vee ........... - 0.3V to + 20V 

Vee, VOO and Vss 
with Respect to Vee ........... - 0.3V to + 20V 

Power Dissipation .......................... 1.5W 

D.C. CHARACTERISTICS 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

TA = o·c to 70·C, Voo = +12V ±5%, Vee = +5V ±5%, Ves '= -5V ±5%, Vss = OV;' unless otherwise 
noted 

Symbol Parameter Min Typ Max 

VILe Clock Input Low Voltage Vss - 1 Vss + 0.8 

VIHe Clock Input High Voltage 9.0 VOO + 1 

VIL Input Low Voltage Vss - 1 Vss + 0.8 

VIH Input High Voltage 3.3 Vee + 1 

VOL Output Low Voltage 0.45 

VOH Output High Voltage 3.7 

100 (AV) Avg. Power Supply Current (VOO) 40 70 

ICC(AV) Avg. Power Supply Current (Vcd 60 80 

lee (AV) Avg. Power Supply Current (Vee) 0.01 1 

IlL Input Leakage ±10 

ICL Clock Leakage ±10 

10L Data Bus Leakage in Input Mode -100 
-2.0 

IFL Address and Data Bus Leakage +10 
During HOLD -100 

CAPACITANCE 
TA = 25·C, Vec = Voo = Vss = OV, Vee = -5V 

Symbol Parameter Typ Max Unit Test Condition 

C'" Clock 17 25 pF fc = 1 MHz 
Capacitance 

CIN Input 6 10 pF Unmeasured Pins 
Capacitance 

COUT Output 10 20 pF Returned to Vss ' 
Capacitance 
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Unit Test Condition 

V 

V 

V 

V 

V 
} IOL = 1.9 mA on All Outputs, 

V IOH = -150/LA. 

mA 

mA ) Ope'.'oo 

mA 
T Cy = 0.48 /Ls 

/LA Vss ::;: VIN ::;: Vee 

/LA Vss ::;: VCLOCK ::;: Voo 

/LA Vss ::;: VIN ::;: Vss + O.BV 
mA Vss + 0.8V ::;: VIN ::;: Vec 

/LA 
VAOOR/OATA = VCC 
V AOOR/OATA = Vss + 0.45V 

',.r----..,---...,...--~ 

... 
ffi 
~ 
" ~ 1.01---.=.0.-+-=---+----; 

i 
0.50.:-----:.-=2.----.:.50':-----.!.75 

AMBIENT TEMPERATURE lOCI 
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Typical Supply Current vs 
Temperature, Normalized 

al Supply/aTA = -O.45%rC 
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A.C. CHARACTERISTICS (8080A) TA = O·Cto 70·C, voo = +12V ±5%, Vee = +5V ±5%, 
VBB = -5V ±5%, Vss = OV; unless otherwise noted 

Symbol Parameter 
-1 -1 -2 -2 Unit Test Condition Min Max Min Max Min Max 

tey(3) Clock Period 0.48 2.0 0.32 2.0 0.38 2.0 J.A-s 

tr, tl Clock Rise and Fall Time 0 50 0 25 0 50 ns 

tcl>1 cl>1 Pulse Width 60 50 60 ns 

tcl>2 </>2 Pulse Width 220 145 175 ns 

t01 Delay </>1 to </>2 0 0 0 ns 

t02 Delay </>1 to </>2 70 60 70 ns 

t03 Delay </>1 to </>2 Leading Edges 80 60 70 ns 

tOA Address Output Delay From </>2 200 150 175 ns 
CL=100pF 

too Data Output Delay From </>2 200 180 200 ns 

toe Signal Output Delay From </>1 or </>2 
120 110 120 ns CL = 50 pF (SYNC, WR, WAIT, HLDA) 

tOF DBIN Delay From </>2 25 140 25 130 25 140 ns 

tOI(1) Delay for Input Bus to Enter Input Mode tOF tOF tOF ns 

tOS1 Data Setup Time During </>1 and DBIN 30 10 20 ns 

tOS2 Data Setup Time to </>2 During DBIN 150 120 130 ns 

tOH(1) Data Hold Time From </>2 and DBIN (1) (1) (1 ) ns 

tiE INTE Output Delay From </>2 200 200 200 ns CL = 50 pF 

tRS READY Setup Time During </>2 120 90 90 ns 

tHS HOLD Setup Time During </>2 140 120 120 ns 

tiS INT Setup Time During </>2 120 100 100 ns 

tH Hold Time From </>2 (READY, INT, HOLD) 0 0 0 ns 

tFO Delay to Float During Hold 
120 120 120 ns (Address and Data Bus) 

tAW Address Stable Prior to WR (5) (5) (5) ns 

tow Output Data Stable Prior to WR (6) (6) (6) ns 

two Output Data Stable From WR (7) (7) (7) ns 

tWA Address Stable From WR (7) (7) (7) ns 

tHF HLDA to Float Delay (8) (8) . (8) ns 

tWF WR to Float Delay (9) (9) (9) ns 

tAH Address Hold Time After DBIN During HLDA -20 -20 -20 ns 

A.C. TESTING LOAD CIRCUIT 

DEVICE 
UNDER 

I}CL:l00 PF 
TEST 

-= 231453-4 
CL = 100 pF 
CL Includes Jig Capacitance 
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Timing measurements are made at the following reference voltages: CLOCK "1" = 8.0V. "0" = 1.0V; INPUTS "1" = 3.3V. "0" = 0.8V; OUTPUTS "1" = 2.0V. 
"0" = 0.8V 
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3: 
en 

l 
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WAVEFORMS (Continued) 

~, ~f\ f\ 
" .... W \ ~ 

- 'FO l--
=x -- I---~- 1--. 
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_I .. tAH 

DBIN I 1 
Wl\~ ---l -- 4--'wF-- 'DC 

READY 

!-'Hf-
WAIT 

HOLD 
,.. 

- 'nr -HLDA T 

I-
INT 

INTE 
. -:=t-
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NOTES: 
(Parenthesis gives -1, - 2 specifications, respec
tively.) 
1. Data input should be enabled with DBIN status. 
No bus conflict can then occur and data hold time 
is assured. 
tOH = 50 ns or tOF, whichever is less. 
2. tCY = t03 + tr4>2 + t$2 + t/4>2 + t02 + tr4> 1 :?: 
4aO ns (-1 :320 ns, - 2:3aO ns). 
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Typical f1 Output Delay vs f1 Capacitance 
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3. The following are relevant when interfacing the 
aOaOA to devices having VIH = 3.3V: 

a) Maximum output rise time from o.av to 3.3V= 
100 ns @ CL = SPEC. . 
b) Output delay when measured to 3.0V = SPEC 
+60 ns @ CL = SPEC. 
c) if CL = SPEC, add 0.6 ns/pF if CL > CSPEC, 
subtract 0.3 ns/pF (from modified delay) if CL < 
CSPEC· 

4. tAW = 2 tCY - t03 - tr4>2 - 140 ns (-1:110 
ns, - 2:130 ns). 
5. tow = tCY - t03 - tr4>2 - 170 ns (-1 :150 ns, 
- 2:170 ns). 
6. If not HLDA, two = tWA = t03 + tr4>2 + 10 ns. 
If HLDA, two = tWA = tWF. 
7. tHF = t03 + tr4>2 - 50 ns. 
a. tWF = t03 + tr$2 - 10 ns. 
9. Data in must be stable for this period during 
DBIN T 3. Both tOS1 and tOS2 must be satisfied. 
10. Ready signal must be stable for this period dur
ing T 2 or T W. (Must be externally synchronized.) 
11. Hold signal must be stable for this period during 
T 2 or T W when entering hold mode, and during T 3, 
T 4, T 5 and T WH when in hold mode. (External syn
chronization is not required.) 
12. Interrupt signal must be stable during this peri
od of the last clock cycle of any instruction in order 
to be recognized on the following instruction. (Ex
ternal synchronization is not required.) 
13. This timing diagram shows timing relationships 
only; it does not represent any specific machine cy
cle. 
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INSTRUCTION SET 

The accumulator group instructions include arithme
tic and logical operators with direct, indirect, and im
mediate addressing modes. 

Move, load, and store instruction groups provide the 
ability to move either 8 or 16 bits of data between 
memory, the six working registers and the accumula
tor using direct, indirect,and immediate addressing 
modes. 

The ability to branch to different portions of the pro
gram is provided with jump, jump conditional, and 
computed jumps. Also the ability to call to and return 
from subroutines is provided both conditionally and 
unconditionally. The RESTART (or single byte call 
instruction) is useful for interrupt vector operation. 

Double precision operators such as stack manipula
tion and double add instructions extend both the 
arithmetic and interrupt handling capability of the 

Data and Instruction Formats 

8080A. The ability to increment and decrement 
memory, the six general registers and the accumula
tor is provided as well as extended increment and 
decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provid
ed by the ability to rotate the accumulator left or right 
through or around the carry bit. 

Input and output may be accomplished using memo
ry addresses as I/O ports or the directly addressed 
I/O provided for in the 8080A instruction set. 

The following special instruction group completes 
the 8080A instruction set: the NOP instruction, 
HALT to stop processor execution and the DAA in
structions provide decimal arithmetic capability. STC 
allows the carry flag to be directly set, and the CMC 
instruction allows it to be complemented. CMA com
plements the contents of the accumulator and 
XCHG exchanges the contents of two 16-bit register 
pairs directly. 

Data in the 8080A is stored in the form of 8-bit binary integers; All data transfers to they system data bus will 
be in the same format. 

107 D6 Ds D4 D3 D2 D1 Dol 

DATA WORD 

The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored in 
successive words in program memory. The instruction formats then depend on the particular operation execut
ed. 
One Byte Instructions 

Two Byte Instructions 

ID7 D6 Ds D4 D3 02 01 Dol 

ID7 D6 Ds D4 D3 02 01 Dol 

Three Byte Instructions 

10 7 06 Ds 04 03 D2 D1 Dol 

ID7 D6 Os 04 D3 02 D1 Dol 

ID7 06 Ds D4 03 D2 D1 Dol 

OPCODE 

OPERAND 

OPCODE 

LOW ADDRESS OR OPERAND 1 

HIGH ADDRESS OR OPERAND 2 

TYPICAL INSTRUCTIONS 

Register to register, memory reference, 
arithmetic or logical, rotate, return, push, 
pop, enable or disable Interrupt 
instructions 

Immediate mode or 1/0 instructions 

Jump, call or direct load and store 
instructions 

For the 8080A a logic "1" is defined as a high level and a logic "0" is defined as a low level. 
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Table 2 Instruction Set Summary 

Instruction Code (1) Operations 
Clock 

Mnemonic' Cycles 
D7D6D5D4 D3D2D1 Do Description 

(2) 

Instruction Code (1) Operations 
Clock 

Mnemonic' Cycles 
D7D6D5D4D3D2D1D~ Description 

(2) 

MOVE, LOAD, AND STORE JM 1 1 1 1 1 0 1 o Jump on minus 10 

MOVrl.r2 0 1 o 0 0 S S S Move register to 5 
register 

MOVM,r 0 1 1 1 o S S S Move register to 7 
memory 

MOVr.M 0 1 0 0 0 1 1 o Move memory to 7 

JPE 1 1 1 0 1 0 1 o Jump on parity 10 
even 

JPO 1 1 1 0 0 0 1 o Jump on parity odd 10 
PCHL 1 1 1 0 1 0 0 1 H & L to program 5 

counter 

register CALL 
MVlr 0 0 o 0 0 1 1 o Move immediate 7 

register 
MVIM 0 0 1 1 0 1 1 o Move immediate 10 

CALL 1 1 0 0 1 1 0 1 Call unconditional 17 
CC 1 1 0 1 1 1 0 o Call on carry 11/17 

memory CNC 1 1 0 1 0 1 0 o Call on no carry 11/17 

LXIB 0 0 0 0 0 0 0 1 Load immediate 10 CZ 1 1 0 0 1 1 0 o Call on zero 11/17 
register Pair B & C CNZ 1 1 0 0 0 1 0 o Call on no zero 11/17 

LXI 0 0 0 0 1 0 0 0 1 Load immediate 10 CP 1 1 1 1 0 1 0 o Call on positive 11/17 
register Pair 0 & E CM 1 1 1 1 1 1 0 o Call on minus 11/17 

LXIH 0 0 1 0 0 0 0 1 Load immediate 10 
register Pair H & L 

STAXB 0 0 0 0 0 0 1 o Store A indirect 7 

CPE 1 1 1 0 1 1 0 o Call on parity even 11/17 
CPO 1 1 1 0 0 1 0 o Call on parity odd 11/17 

STAXD 0 0 0 1 0 0 1 o Store A indirect 7 RETURN 

LDAXB 0 0 0 0 1 0 1 o Load A indirect 7 RET 1 1 0 0 1 0 0 1 Return 10 
LDAXD 0 0 0 1 1 0 1 o Load A indireCt 7 RC 1 1 0 1 1 0 0 o Return on carry 5111 
STA 0 0 1 1 0 0 1 o Store A direct 13 RNC 1 1 0 1 0 0 0 o Return on no carry 5/11 
LOA 0 0 1 1 1 0 1 o Load A direct 13 RZ 1 1 0 0 1 0 0 o Return on zero 5/11 
SHLD 0 0 1 0 0 0 1 o Store H & L direct 16 RNZ 1 1 0 0 0 0 0 o Return on no zero 5111 
LHLD 0 0 1 0 1 0 1 o Load H & L direct 16 RP 1 1 1 1 0 0 0 o Return on positive 5/11 
XCHG 1 1 1 0 1 0 1 1 Exchange 0 & E. 4 RM t 1 1 1 1 0 0 o Return on minus 5/11 

H & L Registers RPE 1 1 1 0 0 0 0 o Return on parity 5/11 
STACKOPS even 

PUSHB 1 1 0 0 0 1 0 1 Push register Pair 11 
B &C on stack 

RPO 1 1 1 0 0 0 0 o Return on parity 5111 
odd 

PUSH 0 1 1 0 1 0 1 0 1 Push register Pair 11 RESTART 
D & E on stack RST 1 1 A A A 1 1 1 Restart 11 

PUSHH 1 1 1 0 0 1 0 1 Push register Pair 11 
H & Lon stack INCREMENT AND DECREMENT 

PUSH 1 1 1 1 0 1 0 1 Push A and Flags 11 
PSW on stack 
POPB 1 1 0 0 0 0 0 1 Pop register Pair B 10 

&Cofistack 
POP 0 1 1 0 1 0 0 0 1 Pop register Pair 0 10 

& E ofistack 
POPH 1 1 1 0 0 0 0 1 Pop register Pair H 10 

& L ofi stack 
POPPSW 1 1 1 1 0 0 0 1 Pop A and Flags 10 

ofistack 
XTHL 1 1 1 0 0 0 1 1 Exchange top of 18 

stack. H&L 

INRr 0 0 DOD 1 0 o Increment register 5 
DCRr 0 0 DOD 1 0 1 Decrement register 5 
INRM 0 0 1 1 0 1 0 o Increment memory 10 
DCRM 0 0 1 1 0 1 0 1 Decrement memol'j 10 
INXB 0 0 0 0 0 0 1 1 Increment B & C 5 

registers 
INXD 0 0 0 1 0 0 1 1 Increment 0 & E 5 

registers 
INXH 0 0 1 0 0 0 1 1 Increment H & L 5 

registers 
DCXB 0 0 0 0 1 0 1 1 Decrement B & C 5 

SPHL 1 1 1 1 1 0 0 1 H & L to stack' 5 DCXD 0 0 0 1 1 0 1 1 Decrement 0 & E 5 
pointer DCXH 0 0 1 0 1 0 1 1 Decrement H & L 5 

LXISP 0 0 1 1 0 0 0 1 Load immediate 10 
stack pointer 

ADD 

INXSP 0 0 1 1 0 0 1 1 Increment stack 5 ADDr 1 0 0 0 0 S S S Add register to A 4 
pointer ADCr 1 0 0 0 1 S S S Add register to A 4 

DCXSP 0 0 1 1 1 0 1 1 Decrement stack 5 with carry 
pointer ADDM 1 0 0 0 0 1 1 o Add memory to A 7 

JUMP ADCM 1 0 0 0 1 1 1 o Add memory to A 7 
with carry 

JMP 1 1 0 0 0 0 1 1 Jump 10 ADI 1 1 0 0 0 1 1 o Add immediate to A 7 
unconditional ACI 1 1 0 0 1 1 1 o Add Immediate to A 7 

JC 1 1 0 1 1 0 1 o Jump on carry 10 with carry 
JNC 1 .1 0 1 0 0 1 o Jump on no carry 10 DADB 0 0 0 0 1 0 0 1 AddB&CtoH&L 10 
JZ 1 1 0 0 1 0 1 o Jump on zero 10 DADO 0 0 0 1 1 0 0 1 AddD&EtoH&L 10 
JNZ 1 1 0 0 0 0 1 o Jump on no zero 10 DADH 0 0 1 0 1 0 0 1 AddH&LtoH&L 10 
JP 1 1 1 1 0 0 1 o Jump on positive 10 DADSP 0 0 1 1 1 0 0 1 Add stack pointer 10 

toH&L 
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Table 2 Instruction Set Summary (Continued) 

Instruction Code (1) Operations 
Clock 

~nemonlc' Cycles 
Instruction Code (1) Operations 

Mnemonic' I>J 06 Os 04 03 02 01 Do Description 
(2) 0706 Os 04 03 02 01 Do Description 

SUBTRACT ROTATE 

SUBr 1 0 0 1 0 S S S Subtract register 4 RLC 0 0 0 0 0 1 1 1 Rotate A left 
from A RRC 0 0 0 0 1 1 1 1 Rotate A right 

SBBr 1 0 0 1 1 S S S Subtract register 4 RAL 0 0 0 1 0 1 1 1 Rotate A left 
from A with borrow through carry 

SUBM 1 0 0 1 0 1 1 o Subtract memory 7 
from A 

RAR 0 0 0 1 1 1 1 1 Rotate A right 
through carry 

SB8M 1 0 0 1 1 1 1 o Subtract memory 7 
from A with borrow SPECIALS 

SUI 1 1 0 1 0 1 1 o Subtract 7 CMA 0 0 1 0 1 1 1 1 Complement A 
immediate from A STC 0 0 1 1 0 1 1 1 Set carry 

S81 1 1 0 1 1 1 1 o Subtract 7 
immediate from A 
with borrow 

CMC 0 0 1 1 1 1 1 1 Complement carry 
DAA 0 0 1 0 0 1 1 1 Decimal adiust A 

LOGICAL INPUT/OUTPUT 

ANAr 1 0 1 0 0 S S S And register 4 
with A 

IN 1 1 0 1 1 0 1 1 Input 
OUT 1 1 0 1 0 0 1 1 Output 

XRAr 1 0 1 0 1 S S S Exclusive or 4 CONTROL 
register with A 

ORAr 1 0 1 1 0 S S S Or register with A 4 
CMPr 1 0 1 1 1 S S S Compare register 4 

with A 

EI 1 1 1 1 1 0 1 1 Enable Interrupts 
DI 1 1 1 1 0 0 1 1 Disable Interrupt 
NOP 0 0 0 0 0 0 0 o No-operation 

ANAM 1 0 1 0 0 1 1 o And memory 7 HLT 0 1 1 1 0 1 1 o Halt 
with A 

XRAM 1 0 1 0 1 1 1 o Exclusive Or 7 
memory with A 

ORAM 1 0 1 1 0 1 1 o Or memory with A 7 
CMPM 1 0 1 1 1 1 1 o Compare memory 7 

with A 
ANI 1 1 1 0 0 1 1 o And immediate 7 

with A 
XRI 1 1 1 0 1 1 1 o Exclusive Or 7 

immediate with A 
ORI 1 1 1 1 0 1 1 o Or immediate 7 

with A 
CPI 1 1 1 1 1 1 1 o Compare 7 

immediate with A 

NOTES: 
1. DDD orSSS: B = 000, C = 001, D = 010, E = 011, H = 100, L = 101, Memory = 110, A = 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
'AII mnemonics copyright © Intel Corporation 1977 
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8085AH/8085AH-2/8085AH-1 
8-BIT HMOS MICROPROCESSORS 

Single + SV Power Supply with 10% • On-Chip System Controller; Advanced 
Voltage Margins Cycle Status Information Available for 

3 MHz, S MHz and 6 MHz Selections Large System Control 

Available • Four Vectored Interrupt Inputs (One Is 

20% Lower Power Consumption than Non-Maskable) Plus an SOSOA-

SOSSA for 3 MHz and S MHz Compatible Interrupt 

1.3 I-Ls Instruction Cycle (SOSSAH); O.S • Serial In/Serial Out Port 

I-Ls (SOSSAH-2); 0.67 I-Ls (SOSSAH-1) • Decimal, Binary and Double Precision 

100% Software Compatible with SOSOA Arithmetic 

On-Chip Clock Generator (with External • Direct Addressing Capability to 64K 

Crystal, LC or RC Network) Bytes of Memory 

• Available in 40-Lead Cerdip and Plastic 
Packages 
(See Packaging Spec., Order #231369) 

The Intel 8085AH is a complete 8-bit parallel Central Processing Unit (CPU) implemented in N-channel, 
depletion load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 
8080A microprocessor, and it is designed to improve the present 8080A's performance by higher system 
speed. Its high level of system integration allows a minimum system of three IC's [8085AH (CPU), 8156H 
(RAM/IO) and 8755A (EPROM/IO)l while maintaining total system expandability. The 8085AH-2 and 
8085AH-1 are faster versions of the 8085AH. 

The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a higher level of system integration. 

The 8085AH uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit 
data bus. The on-chip address latches of 8155H/8156H/8755A memory products allow a direct interface with 
the 8085AH. 
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Figure 1. 8085AH CPU Functional Block Diagram 
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Table 1. Pin Description 

Symbol Type Name and Function 

As-A15 0 ADDRESS BUS: The most significant 8 bits of memory address or the 8 bits of the 
,,- 1/0 address, 3-stated during Hold and Halt modes and during RESET. 

ADo-7 1/0 MULTIPLEXED ADDRESSIDATA BUS: Lower 8 bits of the memory address (or 
1/0 address) appear on the bus during the first clock cycle (T state) of a machine 
cycle. It then becomes the data bus during the second and third clock cycles. 

ALE 0 ADDRESS LATCH ENABLE: It occurs during the firSt clock state of a machine 
cycle and enables the address to get latched into the on-chip latch of peripherals. 
The falling edge of ALE is set to guarantee setup and hold times for the address 
information. The falling edge of ALE can also be used to strobe the status 
information. ALE is never 3-stated. 

So, S1 and 101M 0 MACHINE CYCLE STATUS: 

101M S1 So Status 
0 0 1 Memory write 
0 1 0 Memory read 
1 0 1 1/0 write 
1 1 0 1/0 read 
0 1 1 Opcode fetch 
1 1 1 Interrupt Acknowledge 
• 0, 0 Halt 
• X X Hold 
* X X Reset 
* = 3-state (high impedance) 
X = unspecified 

S1 can be used as an advanced R/W status. 101M, SO and S1 become valid at the 
beginning of a machine cycle and remain stable throughout the cycle. The falling 
edge of ALE may be used to latch the state of these lines. 

RD 0 READ CONTROL: A low level on RD indicates the selected memory or 1/0 device 
is to be read and that th~ Data Bus is available for the data transfer, 3-stated during 
Hold and Halt modes and during RESET. 

WR 0 WROTE CONTROL: A low level on WR indicates the data on the Data Bus is to be 
written into the selected memory or 1/0 location. Data is set up at the trailing edge 
of WR. 3-stated during Hold and Halt modes and during RESET. 

READY I READY: It READY is high during a rea~ or write cycle, it indicates that the memory 
or peripheral is ready to send or receive data. If READY is low, the CPU will wait an 
integral number of clock cycles for READY to go high before completing the read 
or write cycle. READY must conform to specified setup and hold times. 

HOLD I HOLD: Indicates that another master is requesting the use of the address and data 
buses. The CPU, upon receiving the hold request, will relinquish the use of the bus 
as soon as the completion of the current bus transfer. Internal processing can 
continue. The processor can regain the bus onl~fter the HOLD ~ removed. When 
the HOLD is acknowledged, the Address, Data RD, WR, and 101M lines are 
3-stated. 

HLDA 0 HOLD ACKNOWLEDGE: Indicates that the CPU has received the HOLD request 
and that it will relinquish the bus in the next clock cycle. HILDA goes low after the 
Hold request is removed. The CPU takes the bus one half clock cycle after HLDA 
goes low. 

INTR I INTERRUPT'REQUEST: Is used as a general purpose interrupt. It is sampled only 
during the next to the last clock cycle of an instruction and during Hold and Halt 
states. If it is active, the Program Counter (PC) will be inhibited from incrementing 
and an INT A will be issued. During this cycle a RESTART or CALL instruction can 
be inserted to jump to the interrupt service routine. The INTR is enabled and 
disabled by software. It is disabled by Reset and immediately after an interrupt is 
accepted. 
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Table 1. Pin Description (Continued) 

Symbol Type Name and Function 

INTA 0 INTERRUPT ACKNOWLEDGE: Is used instead of (and has the same timing as) 
RD during the Instruction cycle after an INTR is accepted. It can be used to 
activate an 8259A Interrupt chip or some other interrupt port. 

RST5.5 I RESTART INTERRUPTS: These three inputs have the same timing as INTR 
RST6.5 except they cause an internal RESTART to be automatically inserted. 
RST7.5 The priority of these interrupt is ordered as shown in Table 2. These interrupts have 

a higher priority than INTR. In addition, they may be individually masked out using 
the SIMinstruction. 

TRAP I TRAP: Trap interrupt is a non-maskable RESTART interrupt. It is recognized at the 
same time as INTR or RST 5.5-7.5. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. (See Table 2.) 

RESET IN I RESET IN: Sets the Program Counter to zero and resets the Interrupt Enable and 
HlDA flip-flops. The data and address buses and the control lines are 3-stated 
during RESET and because of the asynchronous nature of RESET, the processor's 
internal registers and flags may be altered by RESET with unpredictable results. 
RESET IN is a Schmitt-triggered input, allowing connection to an R-C network for 
power-on RESET delay (see Figure 3). Upon power-up, RESET IN must remain low 
for at least 10 ms after minimum Vcc has been reached. For proper reset 
operation after the power-up duration, RESET IN should be kept Iowa minimum of 
three clock periods. The CPU is held in the reset condition as long as RESET IN is 
applied. 

RESET OUT 0 RESET OUT: Reset Out indicates CPU is being reset. Can be used as a system 
reset. The signal is synchronized to the processor clock and lasts an integral 
number of clock periods. 

Xt, X2 I Xl and X2: Are connected to a crystal, lC, or RC network to drive the internal 
clock generator. Xt can also be an external clock input from a logic gate. The input 
frequency is divided by 2 to give the processor's internal operating frequency. 

ClK 0 CLOCK: Clock output for use as a system clock. The period of ClK is twice the Xt, 
X2 input period. 

SID I SERIAL INPUT DATA LINE: The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 

SOD 0 SERIAL OUTPUT DATA LINE: The output SOD is set or reset as specified by the 
SIM instruction. 

VCC POWER: + 5 volt supply. 

VSS GROUND: Reference. 

Table 2. Interrupt Priority, Restart Address and Sensitivity 

Name Priority 
Address Branched to(1) 

Type Trigger 
When Interrupt Occurs 

TRAP 1 24H Rising Edge AND High level until Sampled 

RST7.5 2 3CH Rising Edge (latched) 

RST6.5 3 34H High level until Sampled 

RST5.5 4 2CH High level until Sampled 

INTR 5 (Note 2) High level until Sampled 

NOTES: 
1. The processor pushes the PC on the stack before branching to the indicated address. 
2. The address branched to depends on the instruction provided to the CPU when the interrupt is acknowledged. 
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RESET IN 

R, 

Vee 0 

I : 
TYpical Power-On Reset RC Values' 
R1 ~ 75 KIl 
C1 ~ 1 "F 

t 
c, 

I~ 

231718-3 

'Values May Have to Vary Due to Applied Power Supply Ramp 
Up Time. 

Figure 3. Power-On Reset Circuit 

FUNCTIONAL DESCRIPTION 

The 8085AH is a complete 8-bit parallel central 
processor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a single + 5V supply; Its basic clock speed is 3 MHz 
(8085AH), 5 MHz (8085AH-2), or 6 MHz (8085-AH-1), 
thus improving onthe present 8080A's performance 
with higher system speed. Also it is designed to fit 
into a minimum system of three IC's: The CPU 
(8085AH), a RAMIIO (8156H), and an EPROMIIO 
chip (8755A). 

The 8085AH has twelve addressable 8-bit registers. 
Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
8-bit registers or as 16-bit register pairs. The 
8085AH register set is as follows: 
Mnemonic Register . Contents 
ACC or A Accumulator 8 Bits 
PC Program Counter 16-Bit Address 
BC, DE, HL General-Purpose 8-Bits x 6 or 

Registers; data 16 Bits x 3 

SP 
pointer (HL) 
Stack Pointer 

Flags or F Flag Register 
16-Bit Address 
5 Flags (8-Bit Space) 

The 8085AH uses a multiplexed Data Bus. The ad
dress is split between the higher 8-bit Address Bus 
and the lower 8-bit AddresslData Bus. During the 
first T state (clock cycle) of a machine cycle the low 
order address is sent out on the AddresslData bus. 
These lower 8 bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memo
ry or 1/0 data. 

The 8085AH provides RD, WR, So, S1, and 10lM 
signals for bus control. An Interrupt Acknowledge 
signal (INTA) is also provided. HOLD and all Inter
rupts are synchronized with the processor's internal 
clock. The 8085AH also provides Serial Input Data 

(SID) and Serial Output Data (SOD) lines for simple 
serial interface. 

In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 

INTERRUPT AND SERIAL I/O 

The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT. Each of the three RE
START inputs, 5.5, 6.5, and 7.5, has a programma
ble mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 

The three maskable interrupt cause the internal exe
cution of RESTART (saving the program counter in 
the stack and branching to the RESTART address) if 
the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter
nal execution of a RESTART vector independent of 
the state of the interrupt enable or masks. (See Ta
ble 2.) 

There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensi
tive like INTR (and INT on the 8080) and are recog
nized with the same timing as INTR. RST 7.5 is rising 
edge-sensitive. 

For RST 7.5, only a pulse is required to set an inter
nal flip-flop which generates the internal interrupt re
quest (a normally high level signal with a low going 
pulse is recommended for highest system noise im
munity). The RST 7.5 request flip-flop remains set 
until the request is serviced. Then it is reset auto
matically. This flip-flop may also be reset by using 
the SIM instruction or by issuing a RESET IN to the 
8085AH. The RST 7.5 internal flip-flop will be set by 
a pulse on the RST 7.5 pin even when the RST 7.5 
interrupt is masked out. 

The status of the three RST interrupt masks can 
only be affected by the 81M instruction and 
RESET IN. (See SIM, Chapter 5 of the 8080/8085 
User's Manual.) 

The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP-high
est priority, RST 7.5, RST 6.5, RST 5.5, INTR-Iow
est priority. This priority scheme does not take into 
account the priority of a routine that was started by a 
higher priority interrupt. RST 5.5 can interrupt an 
RST 7.5 routine if the interrupts are re-enabled be
fore the end of the RST 7.5 routine. 

The TRAP interrupt is useful for catastrophic events 
such as power failure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 
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highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until it 
is acknowledged. It will not be recognized again until 
it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 il
lustrates the TRAP interrupt request circuitry within 
the 8085AH. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables 
all future interrupts (except TRAPs) until an EI in
struction is executed. 

EXTERNAL 
TRAP 
INTERRUPT 
REOUEST 

INSIDE THE 
8085AH 

TRAP 

SCHMITT 
TRIGGER 

RESET 

+5V 0 eLK 

o 
FlF 

INTERNAL TRAP F.F. 
TRAP 

ACKNOWLEDGE 

231718-4 

Figure 4. TRAP and RESET In Circuit 

The TRAP interrupt is special in that it disables inter
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the 
TRAP. All subsequent RIM instructions provide cur
rent interrupt enable status. Performing a RIM in
struction following INTR, or RST 5.5-7.5 will provide 
current Interrupt Enable status, revealing that inter
rupts are disabled. See the description of the RIM 
instruction in the 8080/8085 Family User's Manual. 

The serial 110 system is also controlled by the RIM 
and SIM instruction. SID is read by RIM, and SIM 
sets the SOD data. 

DRIVING THE X1 AND X2 INPUTS 

You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 

hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 
can be operated with a 12 MHz crystal (for 6 MHz 
clock). If a crystal is used, it must have the following 
characteristics: 

Parallel resonance at twice the clock frequency de
sired 
CL (load capacitance) ::; 30 pF 
Cs (Shunt capacitance) ::; 7 pF 
Rs (equivalent shunt resistance) ::; 750 
Drive level: 10 mW 
Frequency tolerance: ± 0.005% (suggested) 

Note the use of the 20 pF capacitor between X2 and 
ground. This capacitor is required with crystal fre
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC citcuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency toler
ance of approximately ± 1 0% is acceptable. The 
components are chosen from the formula: 

f = 1 
27TJL(Cext + Cint) 

To minimize variations in frequency, it is recom
mended that you choose a value for Cext that is at 
least twice that of Cint, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 

An RC circuit may be used as the frequency-deter
mining network for the 8085AH if maintaining a pre
cise clock frequency is of no importance. Variations 
in the on-chip timing generation can cause a wide 
variation in frequency when using the RC mode. Its 
advantage is its low component cost. The driving 
frequency generated by the circuit shown is approxi
mately 3 MHz. It is not recommended that frequen
cies greatly higher or lower than this be attempted. 

Figure 5 shows the recommended clock driver cir
cuits. Note in d and e that pullup resistors are re
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 

For driving frequencies up to and including 6 MHz 
you may supply the driving signal to Xl and leave X2 
open-circuited (Figure 5d). If the driving frequency is 
from 6 MHz to 12 MHz, stability of the clock genera
tor will be improved by driving both Xl and X2 with a 
push-pull source (Figure 5e). To prevent self-oscilla
tion of the 8085AH, be sure that X2 is not coupled 
back to Xl through the driving circuit. 

24-15 



8085AH/8085AH·2/8085AH·1 . 

X, IIOI5AH -,----, 
I 
I 
I C'NT 

..L ~15pF 
'"T' 
I 

2 X2 I 
~~>-----l ___ -l 

'20 pF capacitors required for L-______ _ 

crystal frequency,;; 4 MHz only. 231716-5 

a. Quartz Crystal Clock Driver 

LEXT CEXT 

x, ----, 
I 
I C'NT 

-L ~ ISpF ..... 
I 

2 I X2 ___ ..J 

231716-6 

b. LC Tuned Circuit Clock Driver 

,.. -
t·· 

'1 
x, 

-11K 

~ X2 '-

231716-7 

c. RC Circuit Clock Driver 

+SY 

.700 
TO 
lKO 

LownME>IO ... 

/ x, 

'X2 left floating 

231716-6 

d. 1-6 MHz Input Frequency 
Clock Driver Circuit 

+SY 

L----lX2 

231716-9 

e. 1-12 MHz Input Frequency 
External Clock Driver Circuit 

Figure 5. Clock Driver Circuits 

GENERATING AN 8085AH WAIT 
STATE 

If your system requirements are such that slow 
memories or peripheral devices are being used, the . 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 

The D flip-flops should be chosen so that 
• ClK is rising edge-triggered 
• CLEAR is low-level active. 

r--' 
CLEAR IOIISAH 

AlE' __ 
CLK eLK OUTPUT' 

"0" 
FIF 

Q 
0 +5V-

- CLK 

"0" 
FIF 

0 

TO -lADY R 
- IN 
~O-. 

PUT 

231716-10 
• ALE and ClK (OUn should be buffered if ClK input of latch 
exceeds 6065AH IOl or IOH. 

Figure 6. Generation of a 
Wait State for 8085AH CPU 

As in the 8080, the READY line is used to extend the 
read and write pulse lengths so that the 8085AH can 
be used with slow memory.· HOLD causes the CPU 
to relinquish the bus when it is through with it by 
floating the Address and Data Buses. 

SYSTEM INTERFACE 

The 8085AH family includes memory components, 
which are directly compatible to the 8085AH CPU. 
For example, a system consisting of the three chips, 
8085AH, 8156H and 8755A will have the following 
features: 

• 2K Bytes EPROM 

• 256 Bytes RAM 

• 1 Timer/Counter 

• 4 8.bit I/O Ports 

• t 6-bit I/O Port 

• 4 Interrupt levels 

• Serial In/Serial Out Ports 
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This minimum system, using the standard I/O tech
nique is as shown in Figure 7. 

In addition to the standard I/O, the memory mapped 
I/O offers an efficient I/O addressing technique. 
With this technique, an area of memory address 
space is assigned for I/O address, thereby, using 
the memory address for I/O manipulation. Figure 8 

riD~ 
Vss vee r 1 1 

shows the system configuration of Memory Mapped 
I/O using 8085AH. 

The 8085AH CPU can also interface with the stan
dard memory that does not have the multiplexed ad
dress/data bus. It will require a simple 8-bit latch as 
shown in Figure 9. 

x, x2 RESET IN - TRAP HOLD -- RST7.5 HlOA -- RST6.5 
8085AH 

SOD -- RST5.5 SID -- INTR 5,-- lIlTA 
ADDRI 

RESET 
50 -OUT 

ADDR DATA ALE AD Wli 101M ROY ClK 

18) 18) VI' Vr 

,~- CE POR~~ 
WR ~ _ PORT 18) 
RD 8158H B 

ALE PORT~ 
A DATAl C 161 

ADDR 

" " IN 
101M TIMER -
RESET OUT --
lOW 

AD 

ALE <)V t-
PORT 

CE A 

~= 
~ 

Aa.10 

V 8755A 

" DATAl 
ADDR 

" 
<)V 101M PORT 

RESET B 

~- * ROY Vee 

~ ClK iOR ..J 

vs! v!c Joo tROG 
Vee 

Vee 

, 7 7 
Vee 

231718-11 

• NOTE: 
Optional Connection 

Figure 7. 8085AH Minimum System (Standard 1/0 Technique) 
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!» 
CD 
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S' 
3' 
c 
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! '< 
!II .... 

co CD 
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'---
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RESET OUl 
-
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100 

I 
RESET + IN WR AD ALE CE ~/O7 101M ~10Vo7 CE M ALE R5 CLK RS1RDY 

Vee 
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I I 
(XI 
0 
(XI 
(II 

vee l> 
% .... 
(XI 
-0 
(XI 
(II 

l> 
% • I\) 

~ 
CD 
3 
0 .. 
'< 

T6~~R_ 

8156H 

.... 
(XI 
0 
(XI 
(II 

l> 
% 

3: 
AI 

[RAM + I/O + COUNTER/TIMERj 8755A [EPROM + 1/0] . .... 
'tI 
'tI 
CD 
Q. 

:::: " 
.9 

231718-12 

-NOTE: 
Optional Connection 
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X, X2 RESET IN - TRAP HOLD -- RST1 HlDA -- RST6 SOD -- RST5 8085AH SID -- INTR S, I--- INTA 
RESET 

So r-ADDRI OUT 
ADDR DATA ALE AD WR 101M RDY ClK 

'''Icl..' 101M (CS) 

WR 

~ 
r---< RD 

V "-
DATA 

"- STANDARD 

\ 
MEMORY 

ADDR (CS) 

\ ( 
(16) 

~ ClK 

RESET 

101M (CS) 

WR 

RD 

( DATA 

" STANDARD 

-" 
1/0 

I ADDR 

UUI I I A,f../I.- Vee 

Vee 

vy- Vee 

1/0 POR TS, 
lS 

5 

Figure 9. 8085 System (Using Standard Memories) 

24-19 

231718-13 



inter SOS5AH/SOS5AH-2/S0S5AH-1 

BASIC SYSTEM TIMING 

The 8085AH has a multiplexed Data Bus. ALE is 
used as a strobe to sample the lower 8-bits of ad
dress on the Data Bus. Figure 10 shows an instruc
tion fetch, memory read and 1/0 write cycle (as 
would occur during processing of the OUT instruc
tion). Note that during the 1/0 write and read cycle 
that the I/O port address is copied on both the up
per and lower half of the address. 

There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (101M, S1, So) and 

the three control signals (RD, WR, and INTA). (See 
Jable 3.) The status lines.can be used as advanced 
controls (for device selection, for example), since 
they become active at the T 1 state, at the outset of 
each machine cycle. Control lines RD and WR be- . 
come active later, at the time when the transfer of 
data is to take place, so are used as command lines. 

A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor
mally has either four or six T states (unless WAIT or 
HOLD states are forced by the receipt of READY or 
HOLD inputs). Any T state must be one of ten possi
ble states, shown in Table 4. 

Table 3_ 8085AH Machine Cycle Chart 

Maj:hine Cycle 
Status Control 

101M 51 SO RD WR INTA 

OPCODE FETCH (OF) 0 1 1 0 1 1 

MEMORY READ (MR) 0 1 0 0 1 1 

MEMORY WRITE (MW) 0 0 . 1 1 0 1 

I/O READ (lOR) 1 1 0 0 1 1 

1/0 WRITE (lOW) 1 0 1 1 0 1 

ACKNOWLEDGE 
OFINTR (INA) 1 1 1 1 1 0 

BUS IDLE (BI): DAD 0 1 0 1 1 1 
ACK.OF 
RST,TRAP 1 1 1 1 1 1 
HALT TS 0 0 TS TS 1 

Table 4. 8085AH Machine State Chart 

Machine Status & Buses Control 

State 51,50 101M Aa-A15 ADo-AD7 RD,WR INTA ALE 

T1 X X X X 

T2 X X X X 

TWAIT X X X X 

T3 X X X X 

T4 1 ot X TS 

T5 1 ot X TS 

Ts 1 ot X TS 

TRESET X TS TS TS 

THALT 0 TS TS TS 

THOLD X TS TS TS 
... " o - Logic 0 T5 = High Impedance 

1 = Logic "1" X = Unspecified 
• ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
tlOfM = 1 during T 4 - T 6 of INA machine cycle. 

24-20 

1 1 l' 

X X 0 

X X 0 

X X 0 

1 1 0 

1 1 0 

1 1 0 

TS 1 0 

TS 1 0 

TS 1 0 



inter 8085AH/8085AH-2/8085AH-1 

M, M2 M, 

ClK T, 

Aa-A'5 PCH (HIGH ORDER ADDRESS) (PC + 1)H 

ADO_7 

ALE 

RD 

WR 

101M 

STATUS S,s" (FETCH) 10 (READ) 01 WRITE 11 

231718-14 

Figure 10. 8085AH Basic System Timing 
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ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature under Bias ...... O·C to 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin 
with Respect to Ground .......... - 0.5V to + 7V 

Power Dissipation .......................... 1.5W 

D.C. CHARACTERISTICS 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

S085AH, 80S5AH-2: T A = O·C to 70·C, Vee = 5V ± 10%, Vss = OV; unless otherwise specified" 

S085AH-1: TA = O·C to 70·C, Vee = 5V ±5%, Vss = OV; unless otherwise specified' 

Symbol Parameter Min Max Units 

VIL Input low Voltage -0.5 +O.S V 

VIH Input High Voltage 2.0 Vee +0.5 V 

VOL Output low Voltage 0.45 V 

VOH Output High Voltage 2.4 V 

lee Power Supply Current 135 mA 

200 mA 

IlL Input leakage ±10 /LA 

ILO Output leakage ±10 /LA 

VILR Input low level, RESET -0.5 +O.S V 

VIHR Input High level, RESET 2.4 Vee + 0.5 V 

VHY Hysteresis, RESET 0.15 V 

A.C. CHARACTERISTICS 
80S5AH, SOS5AH-2: T A = O·C to 70·C, Vee = 5V ± 10%, Vss = OV' 

80S5AH-1: TA = O·C to 70·C, Vee = 5V ±5%, Vss = OV 

Symbol Parameter 
. 8085AH (2) 

Min Max 

teye ClK Cycle Period 320 2000 

t1 ClK low Time (Standard ClK loading) 80 

t2 ClK High Time (Standard ClK loading) 120 

tr, tj ClK Rise and Fall Time 30 

tXKR X1 Rising to ClK Rising 20 120 

tXKF X1 Rising to ClK Falling 20 150 

tAe AS-15 Valid to leading Edge of Control (1) 270 

tAeL AO-7 Valid to leading Edge of Control 240 

tAD AO-15 Valid to Valid Data In 575 

tAFR Address Float after leading Edge of 0 
READ (INTA) 

tAL AS-15 Valid before Trailing Edge of ALE (1) 115 

'NOTE: 
For Extended Temperature EXPRESS use MSOS5AH Electricals Parameters. 
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8085AH.2 (2) 

Min Max 

200 2000 

40 

70 

30 

20 100 

20 110 

115 

115 

350 

0 

50 

Test Conditions 

IOL = 2mA 

IOH = - 400 /LA 

S085AH, SOS5AH-2 

S085AH-1 

o ~ VIN ~ Vee 

0.45V ~ VOUT ~ Vee 

8085AH-1 (2) 
Units 

Min Max 

167 2000 ns 

20 ns 

50 ns 

30 ns 

20 100 ns 

20 110 ns 

70 ns 

60 ns 

225 ns 

0 ns 

25 ns 
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A.C. CHARACTERISTICS (Continued) 

Symbol Parameter 
8085AH (2) 8085AH-2 (2) 8085AH-1 (2) 

Units 
Min Max Min Max Min Max 

tAll AO-7 Valid before Trailing Edge of ALE 90 50 25 ns 

tARY READY Valid from Address Valid 220 100 40 ns 

tCA Address (AS-15) Valid after Control 120 60 30 ns 

tcc Width of Control low (RD, WR, INTA) 400 230 150 ns 
Edge of ALE 

tCl Trailing Edge of Control to leading Edge 50 25 0 ns 
of ALE 

tow Data Valid to Trialing Edge of WRITE 420 230 140 ns 

tHABE HlDA to Bus Enable 210 150 150 ns 

tHABF Bus Float after HlDA 210 150 150 ns 

tHACK HlDA Valid to Trailing Edge of ClK 110 40 0 ns 

tHOH HOLD Hold Time 0 0 0 ns 

tHOS HOLD Setup Time to Trailing Edge of ClK 170 120 120 ns 

tlNH INTR Hold Time 0 0 0 ns 

tiNS INTR, RST, and TRAP Setup Time to 160 150 150 ns 
Falling Edge of ClK 

tLA Address Hold Time after ALE 100 50 20 ns 

tlC Trailing Edge of ALE to leading Edge 130 60 25 ns 
of Control 

tlCK ALE low During ClK High 100 50 15 ns 

tLDR ALE to Valid Data during Read 460 270 175 ns 

tLDW ALE to Valid Data during Write 200 140 110 ns 

tll ALE Width 140 80 50 ns 

tlRY ALE to READY Stable 110 30 10 ns 

tRAE Trailing Edge of READ to Re-Enabling 150 90 50 ns 
of Address 

tRO READ (or INTA) to Valid Data 300 150 75 ns 

tRY Control Trailing Edge to leading Edge 400 220 160 ns 
of Next Control 

tRoH Data Hold Time after READ INTA 0 0 0 ns 

tRYH READY Hold Time 0 0 5 ns 

tRYS READY Setup Time to leading Edge 110 100 100 ns 
ofClK 

. two Data Valid after Trailing Edge of WRITE 100 60 30 ns 

twol lEADING Edge of WRITE to Data Valid 40 20 30 ns 

NOTES: 
1. Aa-A15 address Specs apply 101M, SO, and S1 except Aa-A15 are undefined during T 4 - T 6 of OF cycle whereas 101M, 
SO, and S1 are stable. 
2. Test Conditions: teye = 320 ns (SOS5AH)/200 ns (SOS5AH-2);/167 ns (SOS5AH-1); CL = 150 pF. 
3. For all output timing where C "" 150 pF use the following correction factors: 

25 pF S; CL < 150 pF: -0.10 ns/pF 
150 pF < CL S; 300 pF: +0.30 ns/pF 

4. Output timings are measured with purely capacitive load. 
5. To calculate timing specifications at other values of teye use Table 5. 
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A.C. TESTING INPUT. OUTPUT WAVEFORM 

INPUT/OUTPUT 

A.C. TESTING LOAD CIRCUIT 
, 

.. ~u u)C .>. TEST POINTS < . 
DEVICE 

~CL=150'PF 
UNDER 

TEST 

D.. 0.1 
0.45 

231718-15 

A.C. Testing: Inputs are driven at 2.4V for a Logic "I" and 0.45V 
for a Logic "0". Timing measurements are made at 2.0V for a 
Leglc "I" and 0.8V for a Logic "0". 

-= 

CL = 100 pF 
CL Includes Jig Capacitance 

Table 5. Bus Timing Specification as a TCYC Dependent 

Symbol 8085AH 8085AH·2 8085AH·1 

tAL (1/2)T - 45 (1/2)T - 50 (1/2)T - 58 

tLA (1/2)T - 60 (1/2)T - 50 (1/2)T - 63 

tll (1/2)T - 20 (1/2)T - 20 (1/2)T - 33 

tlCK (1/2)T - 60 (1/2)T - 50 (1/2)T - 68 

tlC (1/2)T - 30 (1/2)T - 40 (1/2)T - 58 

tAO (5/2 + N)T - 225 (5/2 + N)T - 150 (5/2 + N)T - 192 

tRO (3/2 + N)T - 180 (3/2 + N)T - 150 (3/2 + N)T - 175 

tRAE (1/2)T - 10 (1/2)T - 10 (1/2)T - 33 

teA (1/2)T - 40 (1/2)T - 40 (1/2)T - 53 

tow (3/2 + N)T - 60 (3/2 + N)T - 70 (3/2 + N)T - 110 

two (1/2)T - 60 (1/2)T- 40 (1/2)T - 53 

tcc (3/2 + N)T - 80 (3/2 + N)T - 70 (3/2 + N)T - 100 

tCl (1/2)T - 110 (1/2)T - 75 (1/2)T - 83 

tARY (3/2)T - 260 (3/2)T - 200 (3/2)T - 210 

tHACK (1/2)T - 50 (1/2)T - 60 (1/2)T - 83 

tHABF (1/2)T +'50 (1/2)T + 50 (1/2)T + 67 

tHABE (1/2)T + 50 (1/2)T + 50 (1/2)T + 67 

tAC (2/2)T - 50 (2/2)T - 85 (2/2)T - 97 

t1 (1/2)T - 80 (1/2)T - 60 (1/2)T - 63 

t2 (1/2)T - 40 (1't2)T - 30 (1/2)T - 33 

tRY (3/2)T - 80 (3/2)T - 80 (3/2)T - 90 

tlOR (4/2 + N)T - 180 (4/2)T - 130 (4/2)T - 159 

NOTE: 
N is equal to the total WAIT states. T = Icvc. 
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WAVEFORMS 

CLOCK 

Xl INPUT 

elK 
OUTPUT 

READ 

WRITE 

fr_I_' __ _ 

I-"--~, 
tXKR _-_____ teye ______ _ 

-tXKF-

T, I T, T, T, 

elK \~---,/~-J---,' \'-_-J! \~---J 
_llCK _ - .teA _ 

S ). ADDRESS 

~I-
tRAE ~ ---I--- . -------._ ... ... -----1AO -- -.~ IRDH -. 

7 ) ADDRESS <fll. /////-.J DATA IN 
,., 11---

,,---

ALE 

t f-tlL- -- f LA .. -------

tAFR ___ - 'lOR---~ -'Cl-J 

_tAL_ J-- ...... ·'RO--
I _--'CC .~ 

_tlC ---" 
ROflNTA 

_IAC_ 

T, I T, I T, I T, 

eLK \~---J! ~_----J/"'-"""'\'-_-J!"'-"""'\'------' 
r'm-I' 

)! ADDRESS X 
r tLDW -

I'CA-I 
) ADDRESS ) DATA OUT X 
I-i tLL_1 4-- tLA---1 -tow . _two_I 

ALE 
~ f-- tWDL tJ 

_tAL_ 

-tee . 
~'"=f 

__ tCL _ 

tAC -

WR 
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WAVEFORMS (Continued) 

HOLD 

T2 T3 THOLD T HOLD T, 

:\ ClK \ / \ / \ 

HOLD t "\ ~~ 
'HOS· ~HDH r- t HACK " 

t \ 
- to-- t HABF -

I. tHABE-H 

HlDA 

BUS (ADDRESS. CONTROlSI >---1 1.1"" 

I 

231718-20 

READ OPERATION WITH WAIT CYCLE (TYPICAL)-SAME READY TIMING APPLIES TO WRITE 

I T, T2 TWAIT T3 T, 

ClK J ~ 

4-- tLCK _teA ____ 

Ae·A'5 ) ADDRESS 

- 'AD - tROH .. J'RAE-
ADo ,AD, ) ADDRESS 'fill $#) DATA IN 

.,.. 
; 
'I 

i4-t-'u- -tLA-

I tAFR_ - -'CL-J ALE tLOR 

'. 'Al . 1- 'RD . 
I 

RO/iNTA I -'LC_'{ .. ~~-'CC 
i 

I---- -'LRY J tAC----+ 

! • tARv .,1 tRVS tRY" .1. tRYS tRVH 

READV ,--"-I-IIIIIIII/! I 
231718-21 

NOTE: 
1. Ready must remain stable during setup and hold times. 
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WAVEFORMS (Continued) 

INTERRUPT AND HOLD 

I THOLO I T, 

11------ BUS FLOATING" ----~ 

ALE 

oo------------~----~~----------------~ 

t HA8E 

HOLD 

HLDA 

231718-22 

• NOTE: 
101M is also floating during this time. 
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Table 6. Instruction Set Summary 

Mnemonic Instruction Code Operations 
D7 D6 Ds D4 D3 D2 D1 Do Description 

Instruction Code Operations 
Mnemonic D7 D6 Ds D4 D3 D2 D1 Do Description 

MOVE, LOAD AND STORE STACK OPS (Continued) 

MOVr1 r2 0 1 ODD S S S Move register POPPSW 1 1 1 1 0 0 0 1 Pop A and Flags 
to register off stack 

MOVM.r 0 1 1 1 0 S S S Move register XTHL 1 1 1 0 0 0 1 1 Exchange top of 
to memory stack, H & L· 

MOVr.M 0 1 0 0 D 1 1 0 Move memory SPHL 1 1 1 1 1 0 0 1 H&Ltostack 
to register pointer 

MVlr 0 0 0 0 D 1 1 0 Move immediate LXISP 0 0 1 1 0 0 0 1 Load immediate 
register stack pOinter 

MVIM 0 0 1 1 0 1 1 0 Move immediate INXSP 0 0 1 1 0 0 1 1 Increment stack 
memory pOinter 

LXIB' 0 0 0 0 0 0 0 1 Load immediate OCXSP 0 0 1 1 1 0 1 1 Decrement stack 
register Pair B & C pointer 

LXID 0 0 0 1 0 0 0 1 Load immediate !JUMP 
register Pair 0 & E JMP 1 1 0 0 0 0 1 1 Jump unconditional 

LXIH 0 0 1 0 0 0 0 1 Load immediate 
register Pair H & L 

STAXB 0 0 0 0 0 0 1 0 Store A indirect 

JC 1 1 0 1 1 0 1 o Jump on carry 

JNC 1 1 0 1 0 0 1 '0 Jump on no carry 

STAXO· 0 0 0 1 0 0 1 0 Store A indirect 
JZ 1 1 0 0 1 0 1 o Jump on zero 

LOAXB 0 0 1 0 1 0 1 0 Load A indirect 
JNZ 1 1 0 0 0 0 1 o Jump on no zero 

LOAXO 0 0 0 1 1 0 1 0 Load A indirect 
JP 1 1 1 1 0 0 1 o Jump on positive 

STA 0 0 1 1 0 0 1 0 Store A direct 
JM 1 1 1 1 1 0 1 o Jump on minus 

LOA 0 0 1 1 1 0 1 0 Load A direct 
JPE 1 1 1 0 1 0 1 o Jump on parity even 

SHLD 0 0 1 0 0 0 1 0 Store H & L direct 
JPO 1 1 1 0,0 0 1 o Jump on parity odd 

LHLO 0 0 1 0 1 0 1 0 Load H & L direct 
PCHL 1 1 1 0 1 0 0 1 H & L to program 

counter 
XCHG 1 1 1 0 1 0 1 1 Exchange 0 & E, CALL 

H & L Registers 
CALL 1 1 0 

STACKOPS 
0 1 1 0 1 Call unconditional 

PUSHB 1 1 0 0 0 1 0 1 Push register Pair 
B&Constack 

CC 1 1 0 1 1 1 0 o Call on carry 

CNC 1 1 0 1 0 1 0 o Call on no carry 

PUSH 0 1 1 0 1 0 1 0 1 Push register Pair CZ 1 1 0 0 1 1 0 o Call on zero 

O&Eonstack CNZ 1 1 0 0 0 1 0 o Call on no zero 

PUSHH 1 1 1 0 0 1 0 1 Push register Pair CP 1 1 1 1 0 1 0 o Call on positive 
H&Lonstack CM 1 1 1 1 1 1 0 o Call on minus 

PUSH 1 1 1 1 0 1 0 1 
PSW 

Push A and Flags CPE 1 1 1 
on stack 

0 1 1 0 o Call on parity even 

POPB 1 1 0 0 0 0 0 1 Pop register Pair 
B & C off stack 

CPO 1 1 1 0 0 1 0 o Call On parity odd 

RETURN 

POPD 1 1 0 1 0 0 0 1 Pop register Pair RET 1 1 0 0 1 0 0 1 Return 

o & E off stack RC 1 1 0 1 1 0 0 0 Return on carry 

POPH 1 1 1 0 0 0 0 1 Pop'register Pair RNC 1 1 0 1 0 0 0 0 Return on no carry 
H & L off stack RZ 1 1 0 0 1 0 0 0 Return on zero 
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Table 6. Instruction Set Summary (Continued) 

Mnemonic. Instruction Code . Operations 
07 06 Os 04 03 02 01 Do Description 

Mnemonic Instruction Code . Operations 
D7 06 Os 04 03 02 01 Do Description 

RETURN (Continued) ADD (Continued) 

RNZ 1 1 0 0 0 0 0 0 Return on no zero DADD o 0 0 1 1 0 0 1 AddD&EtoH&L 

RP 1 1 1 1 0 0 0 0 Return on positive DADH 0 0 1 0 1 0 0 1 AddH&LtoH&L 

RM 1 1 1 1 1 0 0 0 Return on minus DAD5P 0 0 1 1 1 0 0 1 Add stack pointer 

RPE 1 1 1 0 1 0 0 0 Retumon toH&L 

parity even SUBTRACT 

RPO 1 1 1 0 0 0 0 0 Return on 5UBr 1 0 0 1 0 5 5 5 Subtract register 
parity odd from A 

RESTART 5BBr 1 0 0 1 1 5 5 5 Subtract register 

R5T 1 1 A A A 1 1 1 Restart from A with borrow 

INPUT/OUTPUT 5UBM 1 0 0 1 0 1 1 o Subtract memory 
from A 

IN 1 1 0 1 1 0 1 1 Input 

OUT 1 1 0 1 0 0 1 1 Output 
5BBM 1 0 0 1 1 1 1 o Subtract memory 

from A with borrow 
INCREMENT AND DECREMENT SUI 1 1 0 1 0 1 1 o Subtract immediate 
INRr 0 0 D D D 1 0 0 Increment register from A 

DCRr 0 0 D D D 1 0 1 Decrement register 5BI 1 1 0 1 1 1 1 o Subtract immediate 

INRM 0 0 1 1 0 1 0 0 Increment memory from A with borrow 

DCRM 0 0 1 1 0 1 0 1 Decrement memory LOGICAL 

INXB 0 0 0 0 0 0 1 1 Increment B & C ANAr 1 0 1 0 0 5 5 5 And register with A 

registers XRAr 1 0 1 0 1 5 5 5 Exclusive OR 

INXD 0 0 0 1 0 0 1 1 Increment D & E register with A 

registers ORAr 1 0 1 1 0 5 5 5 OR register 

INXH 0 0 1 0 0 0 1 1 Increment H & L with A 

registers CMPr 1 0 1 1 1 5 5 5 Compare register 

DCXB 0 0 0 0 1 0 1 1 Decrement B & C with A 

DCXD 0 0 0 1 1 0 1 1 Decrement D & E ANAM 1 0 1 0 0 1 1 o And memory with A 

DCXH 0 0 1 0 1 0 1 1 Decrement H & L XRAM 1 0 1 0 1 1 1 o Exclusive OR memo!,) 
with A 

ADD 

ADDr 1 0 0 0 0 5 5 5 Add register to A 

ADCr 1 0 0 0 1 5 5 5 Add register to A 
with carry 

ORAM 1 0 1 1 0 1 1 o OR memory with A 

CMPM 1 0 1 1 1 1 1 o Compare 
memory with A 

ANI 1 1 1 0 0 1 1 o And immediate 
ADDM 1 0 C 0 0 1 1 o Add memory to A with A 
ADCM 1 0 0 0 1 1 1 o Add memory to A XRI 1 1 1 0 1 1 1 o Exclusive OR 

with carry immediate with A 
ADI 1 1 0 0 0 1 1 o Add immediate to A ORI 1 1 1 1 0 1 1 o OR immediate 
ACI 1 1 0 0 1 1 1 o Add immediate to A with A 

with carry CPI 1 1 1 1 1 1 1 o Compare 
DADB 0 0 0 0 1 0 0 1 AddB&CtoH&L immediate with A 
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Table 6. Instruction Set Summary (Continued) 

Operations Mnemonic Instruction Code 
07 Os 05 04 03 02 01 Do Description 

Mnemonic Instruction Code 
07060504030201 Do 

ROTATE CONTROL 

RLC 0 0 0 0 0 1 1 1 Rotate A left EI 1 1 1 1 1 0 

RRC 0 0 0 0 1 1 1 1 Rotate A right 01 1 1 1 1 0 0 

RAL 0 0 0 1 0 1 1 1 Rotate A left NOP 0 0 0 0 0 0 
through carry HLT 0 1 1 1 0 1 

RAR 0 0 0 . 1 1 1 1 1 Rotate A right NEW 8085AH INSTRUCTIONS 
through carry 

RIM 0 0 1 ·0 
SPECIALS 

CMA 0 0 1 0 1 1 1 1 Complement A SIM 0 0 1 1 
STC 0 0 1 1 0 1 1 1 Set carry 

CMC 0 0 1 1 1 1 1 1 Complement carry 

DAA 0 0 1 0 0 1 1 1 Decimal adjust A 

NOTES: 
1. DDS or SSS: B 000, COOl, 0010, EOll, H 100, L101, Memory 110, A 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags . 
• All mnemonics copyrighted @)Intel Corporation 1976. 
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Operations 
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Enable Interrupts 

Disable Interrupt 

No·operation 

Halt 

Read Interrupt 
Mask 

Set Interrupt Mask 
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8155H/8156H/8155H-2/8156H-2 

2048-BIT STATIC HMOS RAM 
WITH 1/0 PORTS AND TIMER 

• Single +5V Power Supply with 10% • 1 Programmable 6-Bit I/O Port 
Voltage Margins • Programmable 14-Bit Binary Counter/ 

• 30% Lower Power Consumption than Timer 
the 8155 and 8156 • Compatible with 8085AH and 8088 CPU 

• 256 Word x 8 Bits • Multiplexed Address and Data Bus 

• Completely Static Operation • Available in EXPRESS 

• Internal Address Latch - Standard Temperature Range 

• 2 Programmable 8-Bit I/O Ports - Extended Temperature Range 

The Intel® 8155H and 8156H are RAM and I/O chips implemented in N-Channel, depletion load, silicon gate 
technology (HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is 
designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit 
use with no wait states in 8085AH CPU. The 8155H-2 and 8156H-2 have maximum access times of 330 ns for 
use with the 8085H-2 and the 5 MHz 8088 CPU. 

The I/O portion consists of three general purpose I/O ports. One of the three ports can be programmed to be 
status pins, thus allowing the other two ports to operate in handshake mode. 

A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal 
count pulse for the CPU system depending on timer mode. . 

G 
101M 

PAo- 7 

ADo, 256 X 8 

STATIC 

RAM 

G 
* 

PBo-7 
ALE 

RD 

G 
WR 

PCO- S 
RESET TIMER 

TIMER elK VCC 1+5VI 

TIMER OUT vss lovi 

231719-1 
'8155H/8155H·2 = CEo 8156H/8156H·2 = CE 

Figure 1. Block Diagram 
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PC3 Vee 

PC. PC2 

TIMER IN PC, 

RESET PCo 

PCs PB, 

TIMER OUT PBs 

101M PBs 

PB. 

AD PB3 

WR PB2 

ALE PB, 

ADo PBo 

AD, PA, 

AD2 PAs 

AD3 PAs 

AD. PA. 

ADs PA3 

AD. PA2 

AD, PA, 

V's PAo 

231719-2 

Figure 2. Pin Configuration 

December 1986 
Order Number: 231719-001 
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Table 1. Pin Description 

Symbol Type Name and Function 

RESET I RESET: Pulse provided by the 8085AH tc;> initialize the system (connect to 
8085AH RESET OUT). Input high on this line resets the chip and initializes the 
three 110 ports to input mode. The width of RESET pulse should typically be 
two 8085AH clock cycle times. 

ADo-7 1/0 ADDRESS/DATA: 3-state Address/Data lines that interface with the CPU 
lower 8-bit AddresslData Bus. The 8-bit address is .iatched into the address 
latch inside the 8155H/56H on the falling edge of ALE. The address c~ be 
either for the memory section or the 1/0 section depending on the 101M input. 
The 8-bit data ~either written into the chip or read from the chip, depending 
on the WR or RD input signal. 

CEorCE I CHIP ENABLE: On the 8155H, this pin is CE and is ACTIVE LOW. On the 
8156H, this pin is CE and is ACTIVE HIGH. 

RD I READ CONTROL: Input low on this line with the Chip Enable active enables 
and ADo_7 buffers. If 101M pin is low, the RAM content will be read out to the 
AD bus. Otherwise the content of the selected 1/0 port or commandlstatus 
registers will be read to the AD bus. 

WR I WRITE CONTROL: Input low on this line with the Chip Enable active causes 
the data on the Address/Data bus to be writt~n to the RAM or 1/0 ports and 
commandlstatus register, depending on 101M. 

ALE I ADDRESS LATCH ENABLE: This control signal latches ~th the address on 
the ADo-7 lines and the state of the Chip Enable and 101M into the chip at the 
falling edge of ALE. 

101M I 1/0 MEMORY: Selects memory if low and 1/0 andcommandlstatus registers 
if high. 

PAO-7 (8) 1/0 PORT A: These 8 pins are general purpose 1/0 pins. The inlout direction is 
selected by programming the command register. 

PBO-7 (8) 1/0 PORT B: These 8 pins are general purpose 1/0 pins. The in lout direction is 
selected by programming the command register. 

PCO-5 (6) 1/0 PORT C: These 6 pins can function as either input port, output port, or as 
control signals for PA and PB. Programming is done through the command 
register. When PCO-5 are used as control signals, they will provide the 
following: 
PCo-A INTR (Port A Interrupt) 
PC1-ABF (Port A Buffer Full) 
PC~A STB (Port A Strobe) 
PCs-B INTR (Port B Interrupt) 
PC4-B BF (Port B Buffer Full) 
PC5-B STB (Port B Strobe) 

TIMER IN I TIMER INPUT: Input to the timer-counter. 

TIMER OUT 0 TIMER OUTPUT: This output can be either a square wave or a pulse, 
depending on the timer mode. 

Vee VOLTAGE: + 5V supply. 

Vss GROUND: Ground reference. 
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FUNCTIONAL DESCRIPTION 

The 8155H/8156H contains the following: 

• 2K Bit Static RAM organized as 256 x 8 

• Two 8-bit I/O ports (PA & PB) and one 6-bit I/O 
port (PC) 

• 14-bit timer-counter 

The 10/M (IO/Memory Select) pin selects either the 
five registers (Command, Status, PAO-7, PBO-7, 
PCO-5) or the memory (RAM) portion. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L ____ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I _________ -.J 

231719-3 

The 8-bit address on the Address/Data lines, Chip 
Enable input CE or CE, and 10lM are all latched on
chip at the falling edge of ALE. 

Figure 3. 8155H/8156H Internal Registers 

Ci (111S5H ) \ / '\ 
OR 

CE (111S5H ) / \ / 

101M \ / \ 

X ADDRESS / X DATA VALID 

" 
AL E 

NOTE: 231719-4 
For detailed timing information, see Figure 12 and A.C. Characteristics. 

Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle 
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PROGRAMMING OF THE COMMAND 
REGISTER 

READING THE STATUS REGISTER 

The command register consists of eight latches. 
Four bits (0-3) define the mode of the ports, two bits 
(4-5) enable or disable the interrupt from port C 
when it acts as control port, and the last two bits 
(6-7) are for the timer. 

The status register consists of seven latches, one 
for each bit; six (0-5) for the status of the ports and 
one (6) for the status of the timer. 

The command register contents can be altered at 
any time by using the 110 address XXXXXOOO during 
a WRITE operation with the Chip Enable active and 
10/M = 1. The meaning of each bit of the command 
byte is defined in Figure 5. The contents of the com
mand register may never be read. 

The status of the timer and the liD section can be 
polled by reading the Status Register (Address 
XXXXXOOO). Status word format is shown in Figure 
6. Note that you may never write to the status regis
ter since the command register shares the same liD 
address and the command register is selected when 
a write to that address is issued. 

6 3 2 1 

0'" INPUT 

OEFINES PBO_7 1 '" OUTPUT T-= DmNESPAO-' } 

{ 

OQ=ALTl 
11 = All 2 

DEFINES PCo-s 01 ,. ALI 3 

10'" AL T 4 

L-___________ ~~~~u~RTA 

} 
1 '" ENABLE 

0'" DISABLE L-_______ ~N,.~BRL:u~RT B 

00 = NOP - 00 NOT AFFECT COUNTER 
OPERATION 

01 = STOP - NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 

~TlMER COMMAND 

10'" STOP AFTER Te - STOP IMMEDIATELY 
AFTER PRESENT Te IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 

11 '" STAAT - LOAD MODE AND tNT LENGTH 
AND START IMMEDIATelY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, STAAT 
THE NEW MODE AND tNT LENGTH 
IMMEDIATEL Y AFTER PRESENT Te 
IS REACHED. 

Figure 5. Command Register Bit. Assignment 

AD, AD, ADs AD4 AD] AD2 AD, ADo 

IXlTIMfRIIN;er B~ TIN~RPN;Ef ~ 1~~ 

T TTL PORT A INTERRUPT REQUEST 

~ PORT A BUFFER FUll/EMPTV 
(lNPUT/OUTPUTI 

PORT A INTERRUPT eNABLE 

PORT B INTERRUPT REQUeST 

- PORT B BUFFER FULL/EMPTV 
(INPUT/OUTPUTI 

PORT B INTERRUPT ENABLED 

TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
lOW UPON READING OF THE 
CIS REGISTER AND BY 
HARDWARE RESEll. 

Figure 6. Status Register Bit Assignment 
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INPUT IOUTPUT SECTION 

The liD section of the 8155H/8156H consists of 
five registers: (see Figure 7.) 

• Command/Status Register (C/S)-Both regis
ters are assigned the address XXXXXOOO. The 
CIS address serves the dual purpose. 
When the CIS registers are selected during 
WRITE operation, a command is written into the 
command register. The contents of this register 
are not accessible through the pins. 
When the CIS (XXXXXOOO) is selected during a 
READ operation, the status information of the liD 
ports and the timer becomes available on the 
ADo-7 lines. 

• PA Register-This register can be programmed 
to be either input or output ports depending on 
the status of the contents of the CIS Register. 
Also depending on the command, this port can 
operate in either the basic mode or the strobed 
mode (see timing diagram). The liD pins as
signed in relation to this register are PAO-7. The 
address of this register is XXXXX001. 

• PB Register-This register functions the same 
as PA Register. The I/O pins assigned are 
PBO-7. The address of this register is XXXXX010. 

• PC Register-This register has the address 
XXXXX011 and contains only 6 bits. The 6 bits 
can be programmed to be either input ports, out
put ports or as control signals for PA and PB by 
properly programming the AD2 and AD3 bits of 
the CIS register. 
When PCO-5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit 
is an interrupt that the 8155H sends out. The sec-

ond is an output signal indicating whether the 
buffer is full or empty, and the third is an input pin 
to accept a strobe for the strobed input mode. 
(See Table 2.) 

When the 'C' port is programmed to either AL T3 or 
AL T 4, the control signals for PA and PB are initial
ized as follows: 

Control Input Mode Output Mode 

BF Low Low 
INTR Low High 
STB Input Control Input Control 

1/0 Addresst 
Selection 

A7 A6 AS A4 A3 A2 Al AO 

X X X X X 0 0 0 Interval CommandlStatus 
Register 

X X X X X 0 0 1 General Purpose 1/0 Port A 
X X X X X 0 1 0 General Purpose 1/0 Port B 
X X X X X 0 1 1 Port C-General Purpose 

1/0 or Control 
X X X X X 1 0 0 Low-Order 8 bits of Timer 

Count 
X X X X X 1 0 1 High 6 bits of Timer Count 

and 2 bits of Timer Mode 

- X: Don't Care. 
t: 1/0 Address must be qualified by CE = 1 (8l56H) or CE 
= 0 (8155H) and 101M = 1 in order to select the appropri
ate register. 
Figure 7. I/O Port and Timer Addressing Scheme 

Figure 8 shows how liD PORTS A and B are struc
tured within the 8155H and 8156H: 

8155H/8156H One Bit of Port A or Port B 

NOTES: ] 
(1) Output MOde. Multiplexer 
(2) Simple Input Control . 
(3) Strobed Input 

I 
I 
I 
I 
I 

!3 I 
.. I 
;! I 
~ I 

ST. 

(4) = 1 for Output Mode 
= 0 for Input Mode 

READ Port = (101M = 1). (RD = 0). (CE Active). (Port Address Selected) 
WRITE Port = (101M = 1). (WR = 0) • (CE Active) • (Port Address Selected) 

Figure 8. 8155H/8156H Port Functions 
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Table 2. Port Control Assignment 

Pin ALT 1 ALT2 ALT3 ALT4 

PCO Input Port Output Port A INTR (Port A Interrupt) A INTR (Port A Interrupt) 
PC1 Input Port Output Port A BF (Port A Buffer Full) A BF (Port A BufferFull) 
PC2 Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe) 
PC3 Input Port Output Port 
PC4 Input Port Output Port 
PC5 Input Port Output Port 

Note in the diagram that when the 110 ports are pro
grammed to be output ports, the contents of the out
put ports can still be read by a READ operation 
when appropriately addressed. 

The outputs of the 8155H/8156H are "glitch-free" 
meaning that you can write a "1" to a bit position 
that was previously "1" and the level at the output 
pin will not change. 

Note also that the output latch is cleared when the 
port enters the input mode. The output latch cannot 
be loaded by Writing to the port if the port is in the 
input mode. The result is that each time a port mode 
is changed from input to output, the output pin will 
go low. When the 8155H/56H is RESET, the output 
latches are all cleared and all 3 ports enter the input 
mode. 

When in the AL T 1 or AL T 2 modes, the bits of 
PORT C are structured like the diagram above in the 
simple input or output mode, respectively. 

Reading from an input port with nothing connected 
to the pins will provide unpredictable results. 

Figure 9 shows how the 8155H/8156H 110 ports 
might be configured in a typical MCS®-85 system. 

TO 8085AH RST INPUT 

OUTPuT) PORT A t PORT A 

I A INTA ((,GNAlS DATA RECEIVED) 

---1 A OF (SIGNALS DATA READY) 

A STS (ACKNOWl. DATA RECEIVED) } m,,"," PORTe B 5T8 (lOADS PORT B LATCHt PERIPHERAL 

B SF (SIGNALS BUFFER IS FULL) 
INTERFACE 

B INTR ISIGNALS BUFFER .1 
READY FOR READING) 

PORT B INPUT TO INPUT PORT (OPTIONAL) 

TO 8085AH RST INPUT 

231719-8 

Figure 9. Example: 
Command Register = 00111001 

Output Port B INTR (Port B Interrupt) 
Output Port B BF (Port B Buffer Full) 
Output Port B STB (Port B Strobe) 

TIMER SECTION 

The time is a 14-bit down-counter that counts the 
TIMER IN pulses and provides either a square wave 
or pulse when terminal count (TC) is reached. 

The timer has the I/O address XXXXX100 for the 
low order byte of the register and the I/O address 
XXXXX101 for the high order byte of the register. 
(See Figure 7.) 

To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the tim
er addresses. Bits 0-13 of the high order count reg
ister will specify the length of the next count and bits 
14-15 of the high order register will specify the timer 
output mode (see Figure 10). The value loaded into 
the count length register can have any value from 
2H through 3FFFH in Bits 0-13. 

7654321 

I·I~I~I~I~I~I~I~I 
~' , 
TIMER MODE MSB OF don LENGTH 

76543210 

I~I~I~I~I~I~I~I~I 
! LSB 'OF C~T LENGTH~ 

231719-9 

Figure 10. Timer Format 

There are four modes to choose from: M2 and M1 
define the timer mode, as shown in Figure 11. 

MOCE 
BITS 

M2 Ml 

o 0 

TIMER our WAVEFORMS: 

1. SINGLE 
SQUARE WAVE 

2. CONTINUOUS 
SQUAAEWAVE 

STAAT 
COUNT COUNT COUNT 

TERMINAL (TERMINAL) 

~ ____ ~i~ ___ _ 

~ 

3. :~L~~EON ----,tr----.:.-----
TERMINAL COUNT 

4. CONTINUOUS 
PULSES -------,ur--~~ 

231719-10 

Figure 11. Timer Modes 
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Bits 6-7 (TM2 and TM1) of command register con
tents are used to start and stop the counter. There 
are four commands to choose from: 

TM2 TM1 
o 0 Nap-Do not affect counter operation. 
o STOP-Nap if timer has not started; stop 

counting il the timer is running. 
o STOP AFTER TC-Stop immediately after 

present TC is reached (Nap il timer has 
not started) 
START-Load mode and CNT length and 
start immediately after loading (if timer is 
not presently running). II timer is running, 
start the new mode and CNT length im
mediately after present TC is reached. 

Note that while the counter is counting, you may 
load a new count and mode into the count length 
registers. Before the new count and mode will be 
used by the counter, you must issue a START com
mand to the counter. This applies even though you 
may only want to change the count and use the pre-
viousmode. . 

In case of an odd-numbered count, the first half-cy
cle of the squarewave output, which is high, is one 
count longer than the second (low) half-cycle, as 
shown in Figure 12. 

5 

231719-11 

NOTE: 
5 and 4 refer to the number of clocks in that time peri
od. 

Figure 12. Asymmetrical Square-Wave Output 
Resulting from Count of 9 

The counter in the 8155H is not initialized to any 
particular mode or count when hardware RESET oc
curs, but RESET does stop the counting. Therefore, 
counting cannot begin following RESET until a 
START command is issued via the CIS register. 

Please note that the timer circuit on the 8155HI 
8156H chip is designed to be a square-wave timer, 
not an event counter. To achieve this, it counts 
down by twos twice in completing one cycle. Thus, 
its registers do not contain values directly represent
ing the number of TIMER IN pulses received. You 
cannot load an initial value of 1 into the count regis
ter and cause the timer to operate, as its terminal 
count value is 10 (binary) or 2 (decimal). (For the 
detection of single pulses, it is suggested that one of 
the hardware interrupt pins on the 8085AH be used.) 
After the timer has started counting down, the val
ues residing in the count registers can be used to 
calculate the actual number of TIMER IN pulses re
quired to complete the timer cycle if desired. To ob
tain the remaining count, perform the following oper
ations in order: 

1. Stop the count 

2. Read in the 16-bit value from the count length 
registers 

3. Reset the upper two mode bits 

4. Reset the carry and rotate right one position all 16 
bits through carry 

5. If carry is set, add % of the full original count (% 
full count-1 if full count is odd). 

NOTE: 
If you started with an odd count and you read the 
count length register before the third count pulse 
occurs, you will not be able to discern whether one 
or two counts has occurred. Regardless of this, the 
8155H/56H always counts out the right number of 
pulses in generating the TIMER OUT waveforms. 
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8085AH MINIMUM SYSTEM' 
CONFIGURATION 

Figure 13a shows a minimum system using three 
chips, containing: 

• 256 Bytes RAM 

ADO·7 

• 2KBytes EPROM 

• 38//0 Pins 
• 1 Interval Timer 

• 4 Interrupt Levels 

.. - ~Al,E __ ~ ______ ~ __ r-~' ~~--r-----~ 
!ill r- 1-""-+-+-,,-----

r-
10iM 

ClK 

RESET. OUT 

READY 

TIMER_ O. 
OUT - -- L::..S' 

I 
'--l lATCHES J 

'--r-=i 
CONTROL 

256 x 8 
RAM 

B.B B 

r-
r--
r-
r-
t--

8755A (EPROM. 1/01 

Figure 13a; 8085AH Minimum System Configuration (Memory Mapped I/O) 
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8088 FIVE CHIP SYSTEM • 38 1/0 Pins 
• 1 Interval Timer 

Figure 13b shows a five chip system containing: • 2 Interrupt Levels 
• 1.2SK Bytes RAM 

• 2K Bytes EPROM 

/' Vss Vee 

I I 
S+- CE POR!K)(> 

~-+--WR <A> 
AD PORT (8) 

''Il/102 B 

Vee 

l4 I ."" GND 
MANUAL 

GND RESET 
(VSS) 

rD1 
X, X, 

ClK 

READY 

RES 
8284 

RESET 

ROYl 

f---

Aa-A19 
~,-

ADDR 
~ 
v 

" f..", 
CLKADo-AD7 ~ ADDR/DATA ,--- ~~ 

8088 ~ 
,.-- READY 

MNfMX I---vee 

ALE r- r-
RST ® AD r- r-f-

INA -
f-- 101M -

r--- -
~ 

Vee 

.... 
(j) 

\~ 

'5-~ 
\-r-

A 

Figure 13b. 8088 Five Chip System Configuration 
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ALE PORT W DATAl C (6) 
ADDR 

IN_ --- 101M TIMER 

RESET 
OUT -

lOW 

AD 

ALE rx> PO~T 

CE A 

"- Aa· 1o 
-V 

'75~A-2 

DATAl 
ADDR 

101M PORT 

K)(> ~- RESET B I READY Vee 
iOR-.l 

I I I LpROG 
Vss Vee Voo 

WR 

RD 

CE, 
"15·2 

ALE 

CS, 

CE, 

As.Ag 

ADO. 1 

! L Vss 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O·C to + 70·C 

Storage Temperature .......... - 65·C to + 150·C 

Voltage on Any Pin 
with Respect to Ground .......... - 0.5V to + 7V 

Power Dissipation .......................... 1.5W 

• Notice: Stresses above those listed under ':Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = 0·Ct070·C, Vee = 5V ±10% 

Symbol Parameter Min Max Units Test Conditions 

Vil Input Low Voltage -0.5 0.8 V 

VIH Input High Voltage 2.0 Vee+ 0.5 V 

VOL Output Low Voltage 0.45 V IOl = 2mA 

VOH Output High Voltage 2.4 V IOH = -400 p.A 

III Input Leakage ±10 p.A OV ~ VIN ~ Vee 

IlO Output Leakage Current ±10 p.A 0.45V ~ VOUT ~ Vee 

lee Vee Supply Current 125 mA 

III (CE) Chip Enable Leakage 
8155H +100 p.A OV ~ VIN ~ Vee 
8156H -100 p.A 

A.C. CHARACTERISTICS TA = O·Cto 70·C, Vee = 5V ±10% 

Symbol Parameter 8155H/8156H 8155H-2/8156H-2 
Units 

Min Max Min Max 

tAL Address to Latch Setup Time 50 30 ns 

tlA Address Hold Time after Latch 80 30 ns 

tle Latch to READ/WRITE Control 100 40 ns 

tRD Valid Data Out Delay from READ Control 170 140 ns 

tLD Latch to Data Out Valid 350 270 ns 

tAD Address Stable to Data Out Valid 400 330 ns 

tll Latch Enable Width 100 70 ns 

tRDF Data Bus Float after READ 0 100 0 80 ns 

tel READ/WRITE Control to Latch Enable 20 10 ns 

tell WRITE Control to Latch Enable for CIS Register 125 125 ns 

tee READ/WRITE Control Width 250 200 ns 

tDW Data In to WRITE Setup Time 150 100 ns 

tWD Data In Hold Time after WRITE 25 25 ns 

tRY Recovery Time between Controls 300 200 ns 

twp WRITE to Port Output 400 300 ns 
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A.C. CHARACTERISTICS TA = O·C to 70·C, vee = 5V ± 10% (Continued) 

Symbol Parameter 
8155H/8156H 8155H-2/8156H-2 

Units 
Min Max Min Max 

tpR Port Input Setup Time 70 50 ns 

tRP Port Input Hold Time 50 10 ns 

tSBF Strobe to Buffer Full 400 300 ns 

tss Strobe Width 200 150 ns 

tRBE READ to Buffer Empty 400 300 ns 

lsi Strobe to INTR On 400 300 ns 

tRDI READ to INTR Off 400 300 ns 

tpss Port Setup Time to Strobe 50 0 ns 

tpHS Port Hold Time After Strobe 120 100 ns 

tSBE Strobe to Buffer Empty 400 300 ns 

tWBF WRITE to Buffer Full 400 300 ns 

tWI WRITE to INTR Off 400 300 ns 

tTL TIMER-IN to TIMER-OUT Low 400 300 ns 

tTH TIMER-IN to TIMER-OUT High 400 300 ns 

tRDE Data Bus Enable from READ Control 10 10 ns 

t1 TIMER-IN Low Time 80 40 ns 

t2 TIMER-IN High Time 120 70 ns 

tWT WRITE to TIMER-IN 360 200 ns 
(for writes which start counting) 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

2.0 2.0 u=x )C > TEST POINTS < 
0.8 0.8 

0.45 

231719-14 
A.C. testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for 
a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and O.BV for a logic "0". 

DEVICE 
UNDER 

TEST ± CL = 150 pF 

231719-15 
CL = 150pF 
CL Includes Jig Capacitsnce 
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WAVEFORMS 

. READ 

I / '\ 
OR 

/ 
r-

\. / CEII.-, 

101M \ V \ 
'AD 

, ) ADDRESS ) DATA VALID ~ 
-tAl - -tLA -

ALE I \ / 
-tLL - _ tRDE" _tRDF _ 

-'Le-r 
~tRO_ 

"----
-tCL--'ee--r- _tRV -

'LO 
231719-16 

WRITE 

5111t) \ I \ 
o R 

cEIl 'IIIM) / 
. ..., 

\. / 

IO/J\i \ / \ 

A °0_7 ) ADDRESS K .) DATA VALID ]( 
;---'OL- -'LO- _tow--' -'eL-

ALE I i\ V 
~'ll- _t LC-==1 I-two -

WR 1\i I 1\-i' leLL 

I-tcc -
'WT 

I-tRV -

~ 
TIMER IN I 

231719-17 
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inter 
WAVEFORMS (Continued) 

STROBED INPUT 

BF 

INTR 

INPUT DATA 
FROM PORT 

8155H/8156H/8155H-2/8156H-2 

----------~~---+--~~-------------------------------
231719-18 

STROBED OUTPUT 

BF 

INTR 

OUTPUT DATA 

roroRT ____________________________ -'~------------------------------------

231719-19 

BASIC INPUT BASIC OUTPUT 

'R' } -I 
RD } 

'" 
I 

k .... 

<NPUT~ 

WR 

'I--twp -

'----_.-J)( =--= DATA BUS· 

DATA BUS· ------=x 
-------

OUTPUT )'r-____________________ -J~ 

231719-20 231719-21 
'Data Bus Timing is shown in Figure 7. 
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N 
.f:> 

t 

TIMER IN 

TIMER OUT 
IPULSE) 

TIMER OUT 
ISOUARE WAVE) 

'NOTE: 

LOAD COUNTER FROM CLR __ I 
I 2 I 5 4 

I \ INOTE 1) I 
\~ ___ J 

\ INOTE 1) I 
\ I ~ ________ .J 

1. The timer output is periodic if in an automatic reload mode (M1 Mode bit = 1). 

-I 
i 
m 
:D 
0 
~ 
'U 
c: 
-I 
0 
0 c: 
Z 
-I 
C 

-I RElOAD COUNTER FROM CLR 

I 2 I ~ 
Z 
"'1'1 
:D 
0 
3: 
en 

a 

231719-22 

== l> 
< m 
." 
0 ::u 
3: 
en 
'0 
0 
:::J 
<:!: 
:::J 
c: 
([) 
s, 

l 

OCI ... 
UI 
UI 
::t: ..... 
OCI ... 
m 
::t: ..... 
OCI .... 
UI 
UI 
::t: • N ..... 
OCI ... 
UI 
CD 
::t: . 
N 



8185/8185-2 
1024 x 8-BIT STATIC RAM FOR MCS®-85 

• Multiplexed Address and Data Bus 

• Directly Compatible with SOS5AH and 
SOSS Microprocessors 

• Low Operating Power Dissipation 

• Low Standby Power Dissipation 

• Single + 5V Supply 

• High Density 1S-Pln Package 

The Intel 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N
channel Silicon-Gate MaS technology. The multiplexed address and data bus allows the 8185 to interface 
directly to the 8085AH and 8088 microprocessors to provide a maximum level of system integration. 

The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 

The 8185-2 is a high-speed selected version of the 8185 that is compatible with the 5 MHz 8085AH-2 and the 
5 MHz 8088. 

C8 . 
CEl 
CE2 

RIW RD LOGIC 
WR 

ALE 

1 

¢= ~ DATA 1Kxa 
BUS RAM r-v BUFFER MEMORY 

ARRAY 

x·y DECDDE 

As. A9 

~ 'lXIWU ~ 
ALE 

231450-1 

Figure 1. Block Diagram 
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ADO Vee 

ADl RD 

AD2 WR 

ADJ ALE 

AD4 CS 

ADs CEl 

AD6 CE2 

AD-, A9 

Vss As 

231450-2 

Figure 2. Pin Configuration 

ADo-AD7 
Aa.Ag 
CS 
CE1 
CE2 
ALE 
WR 

Pin Names 

Address/Data Lines 
Address Lines 
Chip Select 
Chip Enable (IO/M) 
Chip Enable 
Address Latch Enable 
Write Enable 

May 1987 
Order Number: 231450-002 



inter 8185/8185-2 

FUNCTIONAL DESCRIPTION 
The 8185 has been designed to provide for direct 
interface to the multiplexed bus structure and bus 
timing of the 8085A microprocessor. 

At the beginning of an 8185 memory access cycle, 
the 8-bit address on ADo_7' As and A9, and the 
status of GE1 and GE2 are all latched internally in 
the 8185 by the falling edge of ALE. If the latched 
status of both GE1 and GE2 are active, the 8185 
powers itself up, but no action occurs until the GS 
line goes low and the appropriate RD or WR control 
signal input is activated. 

The GS input is not latched by the 8185 in order to 
allow the maximum amount of time for address de
coding in selecting the 8185 chip. Maximum power 
consumption savings will occur, however, only when 
GE1 and GE2 are activated selectively to power 
down the 8185 when it is not in use. A possible con
nection would be to wire the 8085A's 10/M line to 
the 8185's GE1 input, thereby keeping the 8185 
powered down during 1/0 and interrupt cycles. 

CE1 

1 

X 

0 

0 

NOTES: 

Table 1. Truth Table for 
Power Down and Function Enable 

CE2 CS (CS*)(2) 8185 Status 

X X 0 Power Down and 
Function Disable(1) 

0 X 0 Power Down and 
Function Disable(1) 

1 1 0 Powered Up and 
Function Disable(1) 

1 0 1 Powered Up and 
Enabled 

X = Don't Care. 
1: Function Disable implies Data Bus in high impedance 
state and not writing. 
2: CS' = (CEt = 0) X (CE2 = 1) x (CS = 0). 

CS' 1 signifies ali chip enables and chip select ac-
tive. 

(CS*) 

0 

1 

1 

1 

NOTE: 

Table 2. Truth Table for 
Control and Data Bus Pin Status 

RD WR 
ADo-7 During Data 8185 Function 

Portion of Cycle 

X X Hi-Impedance No Function 

0 1 Data from Memory Read 

1 0 Data to Memory Write 

1 1 Hi-Impedance Reading, but not 
Driving Data Bus 

X = Don't Care. 

24.46 
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r1Df--} 
Vss Vee 

I II 
TRAP 

X, X, RESET IN c.-HOLD 

RST7.S HlDA -, 
RST6,5 8085A SOD -
RST5.5 SID-

INTR S,_ 

lNfA RESET 
SD-ACDR/ OUT 

ADDA DATA ALE lID ViR 101M ROY eLK 

IS) (B) Vr Vr 
~- ~ POR~W 

~~ PORT (8) 
RJj 8156 B 

:~:AI POR~ 16) 

ADDA 
IN 

~ 101M TIMER 

~ f- f- RESET .oUT 

lOW 

RJj 

ALE 

~ POAT 

Itt- C< A 

I~~ I" Aa_l0 

~ 8755A 
DATAl 
ADD A 

101M PORT ~ RESET, B 

ROY 
..- elK 

vs~ v!c JOD tROG 

WR 

RJj 

CE, 8185 
ALE 

~- CS, eE2 

<- A8. Ag 

AD()'7 

vL vt 

231450-3 

Figure 3, 8185 in an MCS®·85 System 

4 Chips: 
2K Bytes EPROM 
t.25K Bytes RAM 
38 I/O Lines 
t Counter/Timer 
2 Serial 110 Lines 
5 Interrupt Inputs 

Vee 

Vee 



inter 8185/8185-2 

iAPX 88 FIVE CHIP SYSTEM: 

• 1.25K Bytes RAM 

• 2K Bytes EPROM 

• 38 liD Pins 

• 1 Internal Timer 

• 2 I nterrupt Levels 

/'- Vss Vee 

I I 
1+- f- ee POR!~ 

>-f-- - ViR kA> PORT __ RD B (8) 

1155-2 

ALE PORTkA> 
DATAl C (6) 

;y.- ADDR 
IN_ 

~ --- 101M TIMER 

RESET 
OUT -

Aa- A'9 
-- ~ lOW AODR 

v Rii 

AOo- AD1 Vt-;'DDR/DATA- ~ ALE 

kA> 

~ ClK J~ 
PORT 

ee A 

- f-- - -- __ . '----. .--1'_ A8_10 
8088 - rrr V 

,..-- REAOY 
18755A·2 

MN/MX ~Vee 
DATAl 
ADDR 

[Dl ALE - f-- W 101M PORT 

r- RST@ RO - - f----- >---- RESET B 
X, x, 

ClKt- IvR - I READY Vee 

READY t-- 101M f-- iOR -l 

RES r------ LpROG 12_ 
f-- 111 

RESET f-- Vss Vee Voo 

RDYl Vee 

WR 

.... RD 

CD eE, 8115-2 
ALE 

\ f- cs. 
r-r- CE, 

\-- AII.Ag 

ADo_7 

I J 
vss Vee 

, ~ 

231450-4 

Figure 4. iAPX 88 Five Chip System Configuration 
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8185/8185-2 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O·C to + 70·C 
Storage Temperature .......... - 6S·C to + 1S0·C 
Voltage on Any Pin 

with Respect to Ground .......... - O.SV to + 7V 
Power Dissipation .......................... 1.SW 

"Notice: Stresses above those listed under· "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS TA = O·Cto 70·C, Vcc = SV ±10% 

Symbol Parameter Min Max Units Test Conditions 

VIL Input Low Voltage -O.S 0.8 V 

VIH Input High Voltage 2.0 Vcc+ O.S V 

VOL Output Low Voltage 0.4S V IOL = 2mA 

VOH Output High Voltage 2.4 IOH = -400/LA 

IlL Input Leakage ±10 /LA OV:>: VIN:>: Vcc 

ILO Output Leakage Current ±10 /LA O.4SV :>: VOUT :>: Vcc 

Icc Vcc Supply Current 
100 mA 

Powered Up 

Powered Down 3S mA 

A.C. CHARACTERISTICS TA = 0·Ct070·C, Vcc = SV ±10% 

Symbol Parameter 
8185 8185-2 

Min Max Min Max Units 

tAL Address to Latch Set Up Time SO 30 ns 

tLA Address Hold Time After Latch 80 30 ns 

tLC Latch to READ/WRITE Control 100 40 ns 

tRD Valid Data Out Delay from READ Control 170 140· ns 

tLD ALE to Data Out Valid 300 200 ns 

tLL Latch Enable Width 100 70 ns 

tRDF Data Bus F,oat After READ 0 100 0 80 ns 

tCL READ/WRITE Control to Latch Enable 20 10 ns 

tcc READ/WRITE Control Width 2S0 200 ns 

tDW Data Into WRITE Set Up Time 1S0 1S0 ns 

tWD Data In Hold Time After WRITE 20 20 ns 

tsc Chip Select Set Up to Control Line 10 10 ns 

tcs Chip Select Hold Time After Control 10 10 ns 

tALCE Chip Enable Set Up to ALE Falling 30 10 ns 

tLACE Chip Enable Hold Time After ALE SO 30 ns 
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infef 8185/8185-2 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 2.4=>\2.0 2oX= > TEST POINTS < 
0.8 0.8 

0.45 

231450-5 

A.C. Testing: Inputs Are Driven at 2,AV for a Logic "1" and 
0.45V for a Logic "0." Timing Measurements Are Made at 
2.0V for a Logic "1" and O.BV for a Logic "0." 

WAVEFORM 

ALE 

(CE,"OI. 
(CE 2""11 

WR,RD 

ADO-AD7 
(As,Ag) 

DEVICE 
UNDER 

TEST 

CL = 150pF 

i CL = 150pF 

221450-6 

CL Includes Jig Capacitance 

(READ CYCLE) 

(WA ITE CYCLE) 

\'-------'--/ _~_sc r-- -<x----
(SELECTED) (DESELECTED) 

231450-7 
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8224 
CLOCK GENERATOR AND DRIVER 

FOR 8080A CPU 

• Single Chip Clock Generator/Driver for • Crystal. Controlled for Stable 
8080A CPU System Operation 

• Power-Up Reset for CPU • Reduces System Package Count 

• Ready Synchronizing Flip-Flop • Available in EXPRESS 

• Advanced' Status Strobe - Standard Temperature Range 

• Oscillator Output for External System· • Available in 16-Lead Cerdip Package 

Timing (See Packaging Spec, Order # 231369) 

The Intel 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected 
by the designer to meet a variety of system speed requirements. 

Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 

The 8224 provides the designer with a significant reduction of p,ackages used to generate clocks and timing 
for 8080A. 

~ XTALl 

1!9 XTAL2 

@> TANK 

~--J~----o~ §> 

>---., IE> 
1--1:) ....... --., \j]> 

1-----",'ITLI[9 

II> SYNC -----i----I ..... , 

~ RESIN 

H~lJ--+---RESET II> 
!D RDVIN----HO!ll-----READViD 

231464-1 

Figure 1. Block Diagram 

RESIN 

RESET 

RDYIN 

READY 

SYNC 

STSTB 

rb-
<P2 

24-50 

RESET Vee 

iiESiN XTAll 

RDYIN XTAL2 

READY TANK 

SYNC OSC 

~2'ITLI 4, 

STs'TB ~, 

GND VDD 

231464-2 

Reset Input 

Reset Output 

Ready Input 

XTAl1 } Connections 

XTAl2 for Crystal 

Ready Output TANK Used with Overtone XTAl 

Sync Input OSC Oscillator Output 

StatusSTB <P2 (TTl) <P2 ClK (TTl level) 

(Active low) Vee +5V 

} 8080 
Clocks 

VDD +12V 

GND OV 

Figure 2. Pin Configuration 

December 1986 
Order Number: 231464-001 



8224 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O°C to + 70°C 

Storage Temperature .......... - 65°C to + 150°C 

Supply Voltage, Vee ............... -0.5V to + 7V 

Supply Voltage, Voo ............ - 0.5V to + 13.5V 

Input Voltage ..................... -1.5V to + 7V 

Output Current .......................... 1 00 mA 

D.C. CHARACTERISTICS 

'Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

TA = O°Cto + 70°C, Vee = +5.0V ±5%, Voo = +12V ±5% 

Symbol Parameter 
Limits 

Units Test Conditions 
Min Typ Max 

IF Input Current Loading -0.25 mA VF = 0.45V 

IR Input Leakage Current 10 /LA VR = 5.25V 

Ve Input Forward Clamp Voltage 1.0 V Ie = -5mA 

VIL Input "Low" Voltage 0.8 V Vee = 5.0V 

VIH Input "High" Voltage 2.6 V Reset Input 

2.0 V All Other Inputs 

VIH-VIL RESIN Input Hysteresis 0.25 V Vee = 5.0V 

VOL Output "Low" Voltage 0.45 V (<1>1, <1>2)' Ready, Reset, STSTB 
IOL = 2.5 mA 

0.45 V All Other Outputs 
IOL = 15 mA 

VOH Output "High" Voltage 

<1>1, <1>2 9.4 V IOH = -100/LA 

READY,RESET 3.6 V IOH = -100/LA 

All Other Outputs 2.4 V IOH = -1 mA 

lee Power Supply Current 115 mA 

100 Power Supply Current 12 mA 

NOTE: 
1. For crystal frequencies of 18 MHz connect' 51 on resistors between the X1 input and ground as well as the X2 input and 
ground to prevent oscillation at harmonic frequencies. 

Crystal Requirements 

Tolerance: 0.005% at 0°C-70°C 

Resonance: Series (Fundamental)' 

Load Capacitance: 20 pF-35 pF 

Equivalent Resistance: 750-200 

24-51 

Power Dissipation (Min): 4 mW 

'NOTE: 
With tank circuit use 3rd overtone mode. 



8224 

. A.C. CHARACTERISTICS 
Limits Test 

Symbol Parameter Units Conditions Min Typ Max 

t</>1 <1>1 Pulse Width 2tcy 
--20ns 

9 

t</>2 <1>2 Pulse Width 5tcy 
--35ns 

9 -
t01 <1>1 to <1>2 Delay 0 

t02 <1>2 to <1>1 Delay 2tcy ns CL = 20 pF to 50 pF 
- -14ns 

9 

t03 <1>1 to <1>2 Delay 2tcy 2tcy 

9 
9+ 20ns 

tR <1>1 and <1>2 Rise Time 20 

tF <1>1 and <1>2 Fall Time 20 

to</>2 <1>2 to <1>2 (TIl) Delay -5 . +15 ns <1>2 TTL, CL = 30 
R1 = 300n 
R2 = 600n 

toss <1>2 to STSTB Delay 6tcy 6tcy 
- - 30ns ns 

9 9 

tpw STSTB Pulse Width ' tcy STSTB, CL = 15 pF 
- -15ns 9 . R1 = 2K 

RDYIN Setup Time to 4tcy R2 = 4K 
tORS 50ns-- ns 

Status Strobe 9 

tORH 
RDYIN Hold Time 4tcy 
afterSTSTB 9 

tOR 
RDYIN or RESIN to 4tcy Ready & Reset 

- ~ 25ns 
<1>2 Delay 9 . CL = 10pF ns 

R1 =:' 2K 
R2 = 4K 

tCLK CLK Period tcy ns 
9 

fmax 
Maximum Oscillating 27 MHz 
Frequency 

, 

Cin Input Capacitance 8 pF VCC = +5.0V 
Voo = +12V 
VBIAS =2.5V 
f = 1 MHz 

, 
NOTE: 
These formulas are based on the internal workings of the part and intended for customer convenience. Actual testing of the 
part is done at tcy = 488.28 ns. 
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8224 

A.C. CHARACTERISTICS (Continued) 
For tev = 488.28 ns; TA = O°C to 70°C, Vee = +5V ±5%, VOO = + 12V ±5% 

Symbol Parameter 

t</>1 <1>1 Pulse Width 

t<J>2 <1>2 Pulse Width 

t01 Delay <1>1 to <1>2 

t02 Delay <1>2 to <1>1 

t03 Delay <1>1 to <1>2 Leading Edges 

tr Output Rise Time 

tf Output Fall Time 

toss <1>2 to STSTB Delay 

to<J>2 <1>2 to <1>2 (TTL) Delay 

tpw Status Strobe Pulse Width 

tORS RDYIN Setup Time to STSTB 

tORH RDYIN Hold Time after STSTB 

tOR READY or RESET 
to <1>2 Delay 

fMAX Oscillator Frequency 

A.C. TESTING, INPUT, 
OUTPUT WAVEFORM 

Min 

89 

236 

0 

95 

109 

296 

-5 

40 

-167 

217 

192 

.'J: )C 2.0 2.0 > TEST POINTS <~ 
0.8 0.8 

0.45 

231464-3 

A.C. Tes1ing: Inputs are driven at 2.4V for a logic "1" and OA5V 
for a logic "0". Timing measurements are made at 2.0V for a 
logic "1" and O.BV for a logic "0" (unless otherwise noted). 

Limits Units Test Conditions 
Typ Max 

ns - tcv = 488.28 ns 

ns 

ns 

ns <1>1 &. <1>2 Loaded to 

129 ns CL = 20 pF to 50 pF 

20 ns 

20 ns -
326 ns 

+15 ns 

ns Ready & Reset Loaded 

ns 
to 2 mAl 1 0 pF 
All measurements 

ns referenced to 1.5V 

ns unless specified 
otherwise. 

18.432 MHz 

A.C. TESTING LOAD CIRCUIT 

-r-Vcc 

R, 

DEVICE 
UNDER 

CLi 

TEST 
;. R, 

~ 

-= -:!:-
231464-4 

CL Includes Jig Capacitance 

24-53 



inter 8224 

WAVEFORMS 

'F 

" 

" 1_--__ ''',' ___ --1\1-----'0,----1 

SYNC 
(FROM 8080A) 

I----------IDSS------~-IPW 

1------tDRH-----J 

~Ir----------------,Ir--------- -------------------
ROVIN OR R~SIN 

lOR 

-------------------,~--------+-----------------------
READY OUT 

-----------------------'IF- - - - - - - - - - - - - - - - - - - - - - - - - - - . 
lOR 

RESET OUT 

231464-5 

VOLTAGE MEASUREMENT POINTS: <1>1. 4>2 Logic "0" ~ 1.0V. Logic "I" ~ a.ov. All other signals measured at 1.5V. 

CLOCK HIGH AND LOW TIME (USING X1, X2) 

Xl elK 
18MHz a =r X2 

R, R2 

"":" -=- 231464-6 
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8228 
SYSTEM CONTROLLER AND BUS DRIVER 

FOR 8080A CPU 

• Single Chip System Control for • User Selected Single Level Interrupt 
MCS®-SO Systems Vector (RST 7) 

• Built-In Bidirectional Bus Driver for • Available in EXPRESS 
Data Bus Isolation - Standard Temperature Range 

• Allows the Use of Multiple Byte • Available in 2S-Lead Cerdip and Plastic 
Instructions (e.g. CALL) for Interrupt Packages 
Acknowledge (See Packaging Spec, Order #231369) 

• Reduces System Package Count 

The Intel® 8228 is a single chip system controller and bus driver for MCS®-80. It generates all signals required 
to directly interface MCS-80 family RAM, ROM, and liD components. 

A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 
data bus from memory and liD. This allows for the optimization of control signals, enabling the systems 
designer to use slower memory and liD. The isolation of the bus driver also provides for enhanced system 
noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small 
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte 
instructions (e.g., CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, 
interrupt driven systems to have an unlimited number of interrupt levels. 

The 8228 is designed to support a wide variety of system bus structures and also reduce system package 
count for cost effective, reliable design of MCS-80 systems. 

NOTE: 
The specifications for the 3228 are identical with those for the 8228. 

10 0 -0,_ 
CPU Dl -

DATA 0]-
BUS 0._ 0,_ 

0,-
0,-

-DB'1 
-OBI 
-DBO' 

:= ~:! SYSTEM DATA BUS 

-DBs 
-oB6 
-081 

III ~ STATUS 

~LATCH 

STSTB _--_____________ .....J 

DBIN -----------------------~ 
~------------------------~ 

HLOA -----------------------1 

Figure 1. Block Diagram 
231465-1 
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231465-2 

07-00 Data Bus (8080 Side) INTA Interrupt Acknowledge 

OB7-DBO Data Bus (System Side) HLDA HLDA (from 8080) 

1/0A 110 Read WI'l WR (from 60aO) 

IIOW 1/0 Write BUSEN Bus Enable Input 

"""" Memory Read = Status Strobe (from 8224) 

MrnW MemoryWrile Vee +5V 

DBIN DBIN (from B080) GND aVolls 

Figure 2. Pin Configuration 

September 1987 
Order Number: 231465-002 



inter 8228 

ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias ............ O°C to + 70°C 

Storage Temperature .......... - 65°C to + 150°C 

Supply Voltage, Vee ............... -0.5V to + 7V 

Input Voltage ...................... -1.5 to + 7V 

Output Current ..................•....... 1 00 mA 

• Notice: Stresses above those listed under "Abso
lute Maximum Ratings" may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

D.C. CHARACTERISTICS T A = O°C to + 70°C, Vee = 5V ± 5% 

Limits 
Symbol Parameter Unit Test Conditions 

Min Typ(1) Max 

Ve Input Clamp Voltage, 0.75 -1.0 V Vee = 4.75V; Ie = -5 mA 
All Input 

IF Input Load Current STSTB 500 /LA Vee = 5.25V 

02&06 750 /LA VF = 0.45V 

00,01,04, 250 /LA 
05&07 

All Other Inputs 250 /LA 

IR Input Leakage Current STSTB 100 /LA Vee =5.25V 

OBo-OB7 20 /LA 
VR = 5.25V 

All Other Inputs 100 /LA 

VTH Input Threshold 0.8 2.0 V Vee"; 5V 
Voltage, All Inputs 

lec Power Supply Current 140 190 mA Vee = 5.25V 

VOL Output Low Voltage 00-0 7 0.45 V Vee = 4.75V; 10L = 2 mA 

All Other Outputs 0.45 V 10L = 10 mA 

VOH Output High Voltage 00-07 3.6 3.8 V Vee = 4.75V; 10HI= -10/LA 

All Other Outputs 2.4 V 10H = -1 mA 

los Short Circuit Current, All Outputs 15 90 mA Vee = 5V 

10 (off) Off State Output Current 100 /LA Vee = 5.25V; Vo = 5.25V 
All Control Outputs -100 /LA Vo = 0.45V 

liNT INTA Current 5 mA (See INTA Test Circuit) 

NOTE: 
1. Typical values are for T A = 25°e and nominal supply voltages. 

24-56 



infef . 8228 

CAPACITANCE VBIAS = 2.5V, vee = 5.0V, TA = 25·C, f = 1 MHz 
1. This parameter is periodically sampled and not 100% tested. 

Symbol 
Limits 

Parameter 
Min Typ(1) Max 

Unit 

CIN Input Capacitance 8 12 pF 

COUT Output Capacitance 7 15 pF 
Control Signals 

I/O I/O Capacitance 8 15 pF 
(D or DB) 

A.C. CHARACTERISTICS T A = O·C to + 70·C, Vee = 5V ± 5% 

Symbol Parameter 
Limits 

Min Max 
Unit Conditions 

tpw Width of Status Strobe 22 ns 

tss Setup Time, Status Inputs Do-D7 8 ns 

tSH Hold Time, Status Inputs Do-D7 5 ns 

toe Delay from STSTB to any Control Signal 20 60 ns CL = 100 pF 

tRR Delay from DBIN to Control Outputs 30 ns CL = 100 pF 

tRE Delay from DBIN to Enable/Disable 8080 Bus 45 ns CL = 25 pF 

tRO Delay from System Bus to 8080 Bus during Read 30 ns CL = 25 pF 

tWR Delay from WR to Control Outputs 5 45 ns CL = 100 pF 

tWE Delay to Enable System Bus DBo-DB7 after STSTB 30 ns CL = 100 pF 

two Delay from 8080 Bus Do-D7 to System Bus 5 40 ns CL = 100 pF 
DBo-DB7 during Write 

tE Delay from System Bus Enable to System Bus DBo-DB7 30 ns CL - 100 pF 

tHO HLDA to Read Status Outputs 25 ns 

tos Setup Time, System Bus Inputs to HLDA 10 ns 

tOH Hold Time, System Bus Inputs to HLDA 20 ns CL = 100 pF 

AC TESTING LOAD CIRCUIT INTA Test Circuit (for RST 7) 

+12V 

-r" Vee 

< 
R, lKn±IO'1o 

DEVICE 
UNDER 

Cli 

TEST ;> 
R, 

~ 

-= -= 
8228 

231465-3 
For Do-D7: Rl ~ 4 Kn, R2 ~ .on, CL ~ 25 pF. 
For all other outputs: Rl ~ SOOn, R2 ~ 1 Kn, CL ~ 100 pF. 23 

INTA 0--------' 

231465-4 
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WAVEFORMS 

., 
·1----

STATUS STROlE 

I0IO DATA IUS 

OlIN 

INTA, lOR, MEMR 

HLDA 

INTA, lOR, iiiiii 
DURINGHLDA 

SYSTEM IUS DURING READ 

I0IO IUS DURING READ 

lOW OR iiiiiiW 

1010 lUI DURING WRITE 

S"TEM IUS DURING WRITE· 

S"TEM IUS ENAILE 

8YSTEM IUS OUTPUTS 

-I,. ..... 
I'-' 

x: * ,~j.:: .... ;;-:I 
\. 

"'Rt=.. 
\. 1 

loc- I. 

- I_'HD 

\ ..A 

-------- -.--_I-'os- -IoH.j,-- __ ....; _ ,... ____ .;;, ____ 
-------- ---r~\D.I- ~ - - - - - - - ~ - - - --

-------- -r----r<[ X - - - -.:. - - - - - - - - - -
'RE- I=-

\. J 
'wR-~ .1- ...... 11-"wR 

1- .1 
--------- -

~'WDi --------- -
--------- < 

-'WE-

uu __ u ____ -?~ ... ~uu----'-u--
23.1465-5 

VOLTAGE MEASUREMENT POINTS: 00-07 (w~en OUtputs) Logic "0" = O.BV, Logic "1" = 3.0V, All other signals mea
sured at 1.5V. 
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16,384-8IT EPROM WITH 1/0 

• 2048 Words x 8 Bits • 2 General Purpose 8-Bit I/O Ports 

• Single + 5V Power Supply (VCC) • Each I/O Port Line Individually 

• Directly Compatible with 8085AH Programmable as Input or Output 

• U.V. Erasable and Electrically • Multiplexed Address and Data Bus 

Reprogrammable • 40-Pin DIP 

• Internal Address Latch • Available in EXPRESS 
- Standard Temperature Range 
- Extended Temperature Range 

The Intel 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 
8085AH microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum 
access time of 450 ns to permit use with no wait states in an 8085AH CPU. 

The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line 
is individually programmable as input or output. 

ClK 

READY 

ADo-, 

As- IO 

CE2 

101M 

ALE 

RD 
lOW 

RESET 

lOR 

2K.8 
EPROM 

PROG/CE , 

voo---...J 

G 

G 

Vee 1+5V) 

'-----Vss 10V) 

Figure 1. Block Diagram 
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231735-1 

PROG ANDCE , vee 

CE2 PB, 

ClK PBs 

RESET PBs 

Voo PB4 

READY PB3 

101M PB2 

lOR PB, 

RD PBo 

lOW PA, 

ALE PAs 

ADD PA5 

AD, PA. 

AD2 PA3 

AD3 PA2 

AD. PA, 

AD5 PAD 

ADs A,D 

AD, Ag 

Vss As 

231735-2 

Figure 2. Pin Configuration 

November 1986 
Order Number: 231735·002 
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Table 1. Pin Description 

Symbol Type Name and Function 

ALE I AD!!.RESS LATCH ENABLE: When Address latch Enable goes high, ADO-u. 
101M, AS-10, ~ and CE1 enter the address latches. The Signals, (AD, 101M, 
ADs-10, CE2, CE1) are latched in at the trailing edge of ALE. 

ADo_7 I BIDIRECTIONAL ADDRESS/DATA BUS: The lower 8 bits of the PROM or liD 
address are applied to the bus lines when ALE is high. 
Du~ an I/O cycle, Port A or B is selected based on the latched value of ADo. 
IF RD or lOR is low when the latched Chip Enables are active, the output 
buffers present data on the bus. 

ADs-1O I ADDRESS BUS: These are the high order bits of the PROM address. They do 
not affect liD operations. 

PROG/CE1 I CHIP ENABLE INPUTS: CE1 is active low and CE2 is active high. The 8755A 
CE2 can be accessed only when both Chip Enables are active at the time the ALE 

signal latches them up. If either Chip Enable input is not active, the ADo_7, and 
READY ouputs will be in a high impedance state. CE1 is also used as a 
programming pin. (See section on programming.) 

101M I I/O MEMORY: If the latched 101M is high when RD is low, the output data 
comes from an 1/0 port. If it is low the output data comes from the PROM. 

RD I READ: If the latched Chip Enables are active when RD goes low, the ADo-7 
output buffers are enabled and output either the selected PROM location or 
1/0 port. When both RD and lOR are high, the ADo-7 output buffers are 3-
stated. 

lOW I 1/0 WRITE: If the latched Chip Enables are active, a low on lOW causes the 
output port pointed to bt!he latched value of ADo to be written with the data on 
ADo-7. The state of 101M is ignored. 

ClK I CLOCK: The ClK is used to force the READY into its high impedance state 
after it has been forced low by CE1 low, CE2 high, and ALE high. 

READY 0 READY is a 3-state output controlled by CE1, CE2, ALE and ClK. READY is 
forced low when the Chip Enables are active during the time ALE is high, and 
remains low until the rising edge of the next ClK. (See Figure 6c.) 

PAO-7 1/0 PORT A: These are general purpose 1/0 pins. Their input/output direction is 
determined by the contents of Data Direction Register (DDR). Port A is 
selected for write operations when the Chip Enables are active and lOW is low 
and a 0 was previously latched from ~ AD1. 
Read Operation is s~ected by either lOR low and active Chip Enables and ADo 
and AD1 low, or 101M high, RD low, active Chip Enables, and ADo and AD1 
low. 

PBO-7 liD PORT B: The general purpose liD port is identical to Port A except that it is 
selected by a 1 latched from ADo and a 0 from AD1. 

RESET I RESET: In normal operation, an input high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR register). 

lOR I I/O READ: When the Chip Enables are active, a low on lOR will output the 
selected 1/0 port o.!}!o the AD bus. lOR low performs the same function as the 
combination of 101M high and RD low. When lOR is not used in a system, lOR 
should be tied to Vee ("1 "). 

Vee POWER: + 5V supply. 

Vss GROUND: Reference. 

Voo POWER SUPPLY: Voo is a programming voltage, and must be tied to Vee 
when the 8755A is being read. 
For programming, a high voltage is supplied with Voo = 25V, typical. (See 
section on programming.) 
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FUNCTIONAL DESCRIPTION 

PROM Section 

The 8755A contains an 8-bit address latch which 
allows it to interface directly to MCS®-48 and 
MCS®-85 processors without additional hardware. 

The PROM section of the chip is addressed by the 
11-bit address and the Chip Enables. The address, 
CEt and CE2 are latched into the address latches on 
the falling edge of ALE. If the latched Chip Enables 
are active and 101M is low when RD goes low, the 
contents of the PROM location addressed by the 
latched address are put out on the ADo-7 lines (pro
vided that Voo is tied to Vee>. 

1/0 Section 

The 1/0 section of the chip is addressed by the 
latched value of ADo-t. Two 8-bit Data Direction 
Registers (DDR) in 8755A determine the input/out
put status of each pin in the corresponding ports. A 
"0" in a particular bit position of a DDR signifies that 
the corresponding 1/0 port bit is in the input mode. A 
"1" in a particular bit position signifies that the corre
sponding 1/0 port bit is in the output mode. In this 
manner the 1/0 ports of the 8755A are bit-by-bit pro
grammable as inputs or outputs. The table summa
rizes port and DDR designation. DDR's cannot be 
read. 

ADl ADD Selection 

0 0 PortA 
0 1 Port B 
1 0 Port A Data Direction Register (DDR A) 
1 1 Port B Data Direction Register (DDR B) 

When lOW goes low and the Chip Enables are ac
'tive, the data on the ADo-7 is written into 1/0 port 
selected by the latched value of ADo-t. During this 
operation all 1/0 bits of the selected port are affect
ed, regardless of their 1/0 mode and the state of 101 
M. The actual output level does not change until 
lOW returns high. (Glitch free output.) 
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A port can be read out when the latched Chip En
ables are active and either RD goes low with 101M 
high, or lOR goes low. Both input and output mode 
bits of a selected port will appear on lines ADo-7. 

To clarify the function of the 1/0 Ports and Data Di
rection Registers, the following diagram shows the 
configuration of one bit of PORT A and DDR A. The 
same logic applies to PORT Band DDR B. 

8755A ONE BIT OF PORT A AND DDR A 

D. 

~ 
READ PA 

231735-3 
WRITE PA ~ (lOW ~ 0) • (CHIP ENABLES ACTIVE) • (PORT A 
ADDRESS SELECTED) 
WRITE DDR A ~ (lOW ~ 0) • (CHIP ENABLES ACTIVE) • (DDR 
A ADDRESS SELECTED) 
READ PA ~ I(IO/M ~ 1) • (RD ~ 0) + (lOR ~ O)} • (CHIP 
ENABLES ACTIVE) • (PORT A ADDRESS SELECTED) 

NOTE: 
Write PA is not qualified by 101M. 

Note that hardware RESET or writing a zero to the 
DDR latch will cause the output latch's output buffer 
to be disabled, preventing the data in the Output 
Latch from being passed through to the pin. This is 
equivalent to putting the port in the input mode. Note 
also that the data can be written to the Output Latch 
even though the Output Buffer has been disabled. 
This enables a port to be initialized with a value prior 
to enabling the output. 

The diagram also shows that the contents of PORT 
A and PORT B can be read even when the ports are 
configured as outputs. 
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ERASURE CHARACTERISTICS 

The erasure characteristics of the 8755A are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (.4:). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000A range. Data show that constant 
exposure to room level fluorescent lighting could 
erase the typical 8755A .in approximately 3 years 
while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 
8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque la
bels are available from Intel which should be placed 
over the 8755A window to prevent unintenti.onal era
sure. 

The recommended erasure procedure for the 8755A 
,S exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV infensity x exposure'time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min
utes using an ultraviolet lamp with a 12000 p.W/cm2 
power rating. The 8755A should be placed within 
one inch from the lamp tubes during erasure. Some 
lamps have a filter on their tubes and this filter 
should be removed before erasure. 

PROGRAMMING 

Initially, and after each erasure, all bits ,of the 
EPROM portions of the 8755A are in the "1" state. 
Information is introduced by selectively program
ming "0" into the desired bit locations. A pro
grammed "0" can only be changed to a "1" by UV 
erasure. 

The 8755A can be programmed on the Intel Univer
sal Programmer (iUP), and iUPF8744A programming 
module. 

The program mode itself consists of programming a 
single address at a time, giving a single 50 msec 
pulse for every address. Generally, it is desirable to 
have a verify cycle after a program cycle for the 
same address as shown in the attached timing dia
gram. In the verify cycle (I.e., normal memory 
read cycle) 'Voo' should be at +5V. 

SYSTEM APPLICATIONS 

System Interface with 8085AH 

A system using the 8755A can use either one of the 
two I/O Interface techniques: 

• Standard I/O 
• Memory Mapped I/O 

If a standard I/O technique is used, the system can 
use the feature of both CE2 and CE1. By using a 
combination of unused address lines All-15 and the 
Chip Enable inputs, the 8085AH system can use up 
to 5 8755A's without requiring a CE decoder. See 
Figure'4. 

If a memory mapped I/O approach is used the 
8755A will be selected by the combination of both 
the Chip Enables and 10/M using ADs-15 address 
lines. See Figure 3. 

r---
A J\ 

Aa..15 

~ ~ 
8085AH ADa.7 

~lE 
1m I-

l'1l'i t-

elK (f21 I-

READY I-
101M I- _I 

} 
I-

1 --- 7 ' ;. 
AlO .. , A ... 11 RD elK IDIIi 

iiiR ALE ilII'i READY fi 

8155A 

231735-4 

Figure 3. 8755A In 8085AH System 
(Memory-Mapped I/O) 
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8755A 

ABSOLUTE MAXIMUM RATINGS· 

Temperature Under Bias .... '.' ...... O·C to + 70·C 

Storage Temperature .......... -65·C to + 150·C 

Voltage on any Pin . 
with Respect to Ground .......... - 0 .. 5V to + 7V 

Power Dissipation .......................... 1.5W 

D.C. CHARACTERISTICS 
TA = O·C to 70·C, Vee = Voo = 5V ±5% 

Symbol Parameter Min 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.0 

VOL Output Low Voltage 

VOH Output Hig~ Voltage 2.4 

IlL Input Leakage 

ILO Output Leakage Current 

lee Vee Supply Current 

100 Voo Supply Current 

CIN Capacitance of Input Buff~r 

CliO Capacitance of 1/0 Buffer 

• Notice: Stresses above those listed under '~bso
lute Maximum Ratings"may cause permanent dam
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera
tional sections of this specification is not implied. Ex
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

Max Unit Test Conditions 

0.8 V Vee = 5.0V 

Vee + 0.5 V Vee = 5.0V 

0.45 V IOL = 2mA 

V IOH = -400 p.A 

10 p.A Vss s: VIN s: Vee 

±10 p.A 0.45V s: VOUT s: Vee 

180 mA 

30 mA Voo = Vee 

10 pF fe = 1 p.Hz 

15 pF fe = 1 p.Hz 

D.C. CHARACTERISTICS-PROGRAMMING 
T A = O·C to 70·C, Vee = 5V ± 5%, Vss = OV, Voo = 25V ± 1V 

Symbol Parameter llilln Typ Max Unit 

Voo Programming Voltage (during Write to EPROM) 24 25 26 V 

100 Prog Supply Current 15 30 mA 
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A.C. CHARACTERISTICS 
TA = o·c to 70·C, vcc = 5V ±5% 

8755A 
Symbol Parameter Unit 

Min Max 

tCYC Clock Cycle Time 320 ns 

T1 ClK Pulse Width 80 ns 

T2 ClK Pulse Width 120 ns 

tf, tr ClK Rise and Fall Time 30 ns 

tAL Address to latch Set Up Time 50 ns 

tLA Address Hold Time after latch 80 ns 

tlC latch to READ/WRITE Control 100 ns 

tRD Valid Data Out Delay from READ Control' 170 ns 

tAD Address Stable to Data Out Valid" 450 ns 

tll latch Enable Width 100 ns 

tRDF Data Bus Float after READ 0 100 ns 

tCl READ/WRITE Control to latch Enable 20 ns 

tcc READ/WRITE Control Width 250 ns 

tDW Data in Write Set Up Time 150 ns 

tWD Data in Hold Time after WRITE 30 ns 

twp WRITE to Port Output 400 ns 

tpR Port Input Set Up Time 50 ns 

tRP Port Input Hold Time to Control 50 ns 

tRYH READY HOLD Time to Control 0 160 ns 

tARY ADDRESS (CE) to READY 160 ns 

tRV Recovery Time between Controls 300 ns 

tRDE READ Control to Data Bus Enable 10 ns 

NOTES: 
CLOAD = 150 pF. 
'Or TAD - (TAL + T Le>, whichever is greater. 
"Defines ALE to Data Out Valid in conjunction with TAL. 

A.C. CHARACTERISTICS-PROGRAMMING 
TA = O·C to 70·C, Vcc = 5V ±5%, Vss = OV, VDD = 25V ±1V 

Symbol Parameter Min Typ Max Unit 

tps Data Setup Time 10 ns 

tpD Data Hold Time 0 ns 

ts Prog Pulse Setup Time 2 JLs 

tH Prog Pulse Hold Time 2 JLs 

tpR Prog Pulse Rise Time 0.01 2 JLs 

tpF Prog Pulse Fall Time 0.01 2 JLs 

tpRG Prog Pulse Width 45 50 ms 

24-65 



intJ 8755A 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

"=X x= 2.0 2.0 > TEST POINTS < .. 
0.8 0.8 

0.45 

231735-7 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0". Timing Measurements are made at 2.0V for a 
Logic "1" and O.SV for a Logic "0". 

WAVEFORMS 

CLOCK SPECIFICATION FOR 8755A 

PROM READ, 1/0 READ AND WRITE 

AS·l0 

101M 

ADo.1 

ALE 

(PAOGI/CE, 

CE, 

IRDE 

--r----.DW 

Please note that eEl must remain low for the entire cycle. 
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DEVICE 
UNDER 

~CL=150PF TEST 

. -
CL = 150 pF 231735-S 

CL Includes Jig Capacitance 

231735-9 

ADDRESS 

I....---~>-
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WAVEFORMS (Continued) 

1/0 PORT 

~OR ~"F------'! 
PINOpRUTT -,. j; + '.. I- +-' .. 
~ __________________ ~J>(~r======= 

DATA'- - -- - - -)( 

BUS ------- --------------------
A. Input Mode 

\ { GLITCH FREE -- --------':: ~ X 0"''"' PORT 
OUTPUT ------------

DATA' - - - - - ~ 
BUS ____ _ -" _______ .... X'-___ _ 

B. Output Mode 

WAIT STATE (READY = 0) 
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WAVEFORMS (Continued) 

8755A PROGRAM MODE 

FUNCTION 

/ ... ------- PROGRAM CYCLE ------...... 1 ... · ---- VERIFY CYCLE' ------l--- PROGRAM CYCLE 

ALE 

A/DO_7 

A8-10 

IpS 

+25 

+5------------__________ -( 

OAf A TO BE 
PROGRAMMED 

lpO 

·Verify cycle is a regular Memory Read Cycle (with VOO = + 5V for 8755A). 

24-68 

\J--
231735-14 



Indexes 
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8243 Expander, 2-4 
8243 Port Characteristics, 2-5 

A 

Accumulator, 1-1 
Addressing Beyond 2K, 2-1 
Addressing External Data Memory, 2-4 
ALE, 1-17,2-9 
ALU, 1-1 
Arithmetic Logic Unit, 1-1 

B 

Bus, 1-5, 1-17,2-9 

c 
Clock Circuits, 1-9 
Conditional Branches, 1-6 
Control Signals, 2-8 
Counter, 1-7 
Cycle Counter, 1-10 

o 
Data Memory, 1-3 

E 

EA, 1-15 
Erasing EPROM, 1-18 
Erasure Characteristics, 1-18 
Event Counter, 1-9 
Expansion of Data Memory, 2-3 
Expansion of I/O, 2-4 
Expansion of Program Memory, 2-1 
Extended Addressing, 2-1 
External Access Mode, 1-15 
External Data Memory Addressing, 2-4 
External Instruction Fetch, 2-1 

MCS®-48 INDEX 

25-1 

1/0 Expander Device (8243), 2-4 
1/0 Expansion, 2-4, 2-5 
1/0 Port Characteristics, 2-5 
1/0 Port Restore, 2-2 
Instruction Decoder, 1-1 
Instruction Fetch (External), 2-1 
INT, 1-17 
Interrupt, 1-5, 1-7 
Interrupt Routines, 2-2 
Interrupt Timing, 1-7 

M 

Memory Bank Switch, 2-1 
Memory Bank Switching, 2-8 
Memory Expansion, 2-5 
Multi-Chip Systems, 2-7 

o 
Oscillator, 1-9 

p 

Pin Description, 1-16 
Port I, 1-5, 1-17 
Port 2, 1-5, 2-9 
Port Characteristics, 2-9 
Power Down, 1-13 
PROG, 1-17,2-9 
Program Counter, 1-5 
Program Memory, 1-1 
Program Status Word, 1-6 
Programming EPROM, 1-18 
PSEN,2-9 
PSW, 1-6 

R 

RD, 1-17,2-9 
Read ,Cycle, 2-3 
Reset, 1-10, 1-17 
Restoring 1/0 Ports, 2-2 



s 
Single Step, 1-11, 1-14 
Stack, 1-5 
State Counter, 1-10 
Sync Mode, 1-15 

T 

TO, 1-5, 1-17 
TI, 1-5, 1-17 
Test Inputs, 1-5 
Timer, 1-7, 1-9 
Timing, 1-13 
Timing Circuits, 1-9 

25-2 

v 
Vee, 1-17 
Voo, 1-17 
Verifying EPROM, 1-18 
VSS, 1-17 

w 
WR, 1-17,2-9 
Write Cycle, 2-3 



8 
8031AH, 5-2, 8-1 
8032AH, 5-2, 8-1 
8051, 5-1, 5-2, 8-1 
8051AH, 5-2, 8-1 
8051AHP, 8-28 
8052AH, 5-2, 8-1 
80C31BH, 5-2, 8-1 
80C51BH, 5-2, 5-3, 8-1 
80C51BHP, 8-28 
80C51FA, 5-2, 9-1 
80C51GA, 5-2, 10-1 
83C51FA, 5-2, 9-1 
83C51FB, 5-2, 9-1 
83C51GA, 5-2, 10-1 
8751BH, 5-2 
8751H, 5-2, 8-1, 8-27 
8752BH, 5-2, 8-1, 8-27 
87C51, 5-2, 8-1, 8-27 
87C51FA, 5-2, 9-1 
87C51FB, 5-2,9-1 
87C5lGA, 5-2, 10-1 

A 
AC (Auxiliary Carry) Flag, 6-10, 8-4 
ACALL, 5-13, 6-27 
Accumulator, 8-3, 9-3 
ADCON, 10-1, 10-2 
A/D Converter, 10-1 
ADD, 6-28, 6-38 
ADDC, 6-29, 6-38 
ADDRESS/DATA Bus, 6-5,8-6 
Addressing 

Broadcast, 9-25 
Given, 9-25 

Addressing Modes, 5-7 
AJMP, 5-13, 6-31 
ALE, 5-16, 8-7 
ANL, 5-12, 6-31, 8-7 
Arithmetic Instructions, 5-7, 6-20 
ASM51,5-6 
Automatic Address Recognition, 9-25 

B 
B Register, 8-3, 9-4 
Baud Rate, 6-19, 8-13, 9-27 
BCD, 5-8, 5-10 
Bit Addressable, 6-5 
Boolean Instructions, 5-11, 5-12, 6-22 
Bus Cycle 

Data Memory, 5-16 
Program Memory, 5-16 

Byte Addressable, 6-7 

MCS®-S1 INDEX 

c 
C (Carry) Flag, 5-6, 5-12, 6-10, 8-4 
Capture Mode, 9-21 
Capture Registers, 8-3 
Case Jump, 5-7, 5-13 
Ceramic Resonator, 5-14, 8-29 
CHMOS Devices, 5-3, 8-6, 8-25, 8-30 
CJNE, 5-14, 6-34 
CLR, 5-12, 6-6, 6-36 
Compare Mode, 9-21 
Control Registers, 8-3 
CPL, 5-12, 6-37, 8-7 
CPU Timing, 5-14 
Crystal, 5-14, 8-28 

o 
DA A, 5-8, 6-3 
Data Memory, 5-4, 5-5, 5-11, 6-3, 8-7, 9-1 

Read Cycle, 8-32, 9-9 
Write Cycle, 8-33, 9-9 

Data Pointer, 8-3, 9-4 
Data Transfers,5-9, 6-21 
DEC, 6-40, 8-7 
Direct Addressing, 5-7, 6-3, 6-5 
DIV AB, 5-8, 6-41, 8-23 
DJNZ, 5-14, 6-42, 8-7 

E 
EA (Enable All), 8-21, 8-22 
EA (External Access), 5-4, 8-7, 8-28, 9-10 
Encryption Array, 8-27, 9-37 
EPROM Programming, 8-27, 9-37 
EPROM Verifying, 8-27 
Execution Times, 5-7 
External Clock, 8-29, 8-30, 8-31 
External Program Execution, 5-4, 8-7, 9-8 

F 
Fetch/Execution Sequence, 5-15 

. Framing Error Detection, 9-25 

H 
High Speed Output, 9-22 

I 
I/O Buffers, 6-4, 8-5 
Idle Mode, 5-3, 6-10, 8-26, 9-35 
IE (Interrupt Enable), 5-17,6-11, 8-3, 8-21, 9-30, 10-8 
Immediate Constants, 5-7 
INC, 6-43, 8-7 
Indexed Addressing, 5-7 
Indirect Addressing, 5-7, 6-3, 6-5 



I (Continued) 
Instruction Opcodes, 6-24 
Instruction Set, 5-6, 6-20 
Internal Timing, 8-31 
Interrupt Response Time, 8-23, 9-32, 9-33 
Interrupts, 5-4, 5-17, 6-11, 8-21, 9-4, 9-29, 10-7 

External, 6-11, 8-23, 9-30 
IP (Interrupt Priority), 5-17, 6-12, 8-3, 8-22, 9-30, 10-9 

J 
JB, 5-12, 6-45 
JBC, 5-12, 6-45, 8-7 
JC, 5-12, 6-46 
JMP, 5-13, 6-47 
JNB, 5-12, 6-48 
JNC, 5-12, 6-48 
J~Z, 5-14, 6-49 
Jump Instructions, 5-13, 6-22 
JZ, 5-14, 6-49 

L 
LCALL, 5-13, 6-50 
LJMP, 5-13, 6-50 
Lock Bits, 8-28, 9-37 
Logical Instructions, 5-9, 6-21 
Lookup Tables, 5-7, 5-11 

M 
Machine Cycle, 5-15 
Memory Organization, 5-3 
MOV, 5-12, 6-51, 8-7 

16-Bit, 5-10 
MOVC, 5-11, 6-56 
MOVX, 5-11, 5-16, 6-57 
MUL AB, 5-7, 6-59, 8-23 
Multiprocessor Communication, 8-12,9-25 

N 
Ninth Data Bit, 8-12, 8-18 
NOP, 6-59 

o 
ONCE (On-Circuit Emulation) Mode, 8-28, 9-37 
ORL, 5-12, 6-60, 8-7 
Oscillator, 5-14, 8-24, 8-28, 9-37 

External, 5-15 
Oscillator Fail Detec,t, 10:4 
Oscillator Frequency, 8-13 
OV (Overflow) Flag, 6-10, 8-4 

p 
P (Parity) Flag, 5-7, 6-10, 8-4 
PCA Timer/Counter, 9-17 , 
PCON, 6-10, 6-19, 8-3, 8-13, 8-26, 9-4, 9-36 
Polling Sequence, 5-17, 8-22 
POP, 5-9, 6-63 

P (Continued) 
Port Bit Latch, 8-4, 9-6 
Ports, 8-3, 8-4, 8-33, 9-4, 9-5, 10-3 
Power Down Mode, 5-3,6-10, 8-26, 9-36 
Power Off Flag, 9-36 
Program Memory, 5-3, 5-4, 6-2, 8-7, 8-27, 8-32,9-1 
Program Memory Locks, 8-27 
Programmable Counter Array (PCA), 9-4, 9-16 
PSEN, 5-4, 5-16, 8-7 
PSW (Program Status Word), 5-6,6-10, 8-3, 8-4, 9-4 
Pulse Width Modulator (PWM), 9-23 
PUSH, 5-9, 6-63 

Q 
Quick-Pulse Programming Algorithm, 8-27 

R 
RD Signal, 5-4, 8-7 
Register Banks, 5-7, 6-5, 6-10, 8-4 
Register Instructions, 5-7 
Register-Specific Instructions, 5-7 
Relative Offset, 5-12 
Reset, 6-8, 8-24, 9-33 

Power-On, 8-25, 9-34 
RET, 5-13, 6-64, 8-23 
RET!, 5-13, 6-22, 6-64, 8-23 
RI (Receive Interrupt) Flag, 6-18, 8-13, 8-15, 8-18, 8-21 
RL,6-65 
RLC, 6-65 
ROM Protection, 8-28 
RR,6-66 
RRC,6-66 

S 
SBUF, 8-3, 8-11, 8-15 
SCaN, 6-18, 8-3, 8-12, 8-13 
SEPCON, 10-5 
SEPSTA, 10-6 
Serial Expansion Port, 10-4 
Serial Port, 6-10, 6-12, 6-16, 6-18, 6-19, 8-11,9-4 
SETB, 5-12, 6-67, 8-7 
SFRs, 5-6, 6-5, 6-7, 8-1, 9-2 
Single-Step Operation, 8-24 
SJMP, 5-13, 6-68 

. Software Timer, 9-21 

25-4 

Stack Pointer, 6-5, 8-3, 9-4 
Start Bit, 8-12, 8-15, 8-18 
State Time, 5-15 
Status Flags, 5-7 
Stop Bit, 8-12,8-15, 8-18 
SUBB,6-69 
SWAP A, 5-9, 6-70 



AFLAG, 12-1, 12-3 
BFLAG, 12-1, 12-3 
Control Status Register, 12-2 
Handshake, 12-1 
IBF, 12-2 
IDS, 12-1, 12-2 
OBF,12-2 
ODS, 12-1, 12-2 

8XC451 Architectural Index 

Special Function Registers, 12-3 
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intJ 
ALABA ..... 

~~~Ordor.,#2 
Huntsville 35805 
Tel: (205)93().4()10 

ARIZONA 

4~n~5 ~~Btt, Dr. 
Suite [)...21. 
Phoenix 65029 
Tel: (602) 869-4980 

nns'f ~DoradO Place 
Suite 301 
TUC8Oll85715 
Tel: (602) 299-6815 

CAUFORNIA 

~~~~~ ~:Owan Street 
Suite 116 

~~f8r~~9= 

~~~I~~Perlai Highway 
Suite 218 

~8~f~)d~O 

15~~~~a1~Ultel01 
Tel: (916) 920-8096 

19ote~~:i~ Avenue 
Suite 450 
Santa Ana 92705 

W£J:~~l~ 
t:9+~.~ 
2700 San Tomas Expressway 
2nd Floor 
Santa Clara 95051 

~~~~=.e5 
FAX: 408-727·2{l20 

COLORADO 

=1~Panc Drive 
Suite 100 

~~or:ld9) ~~~k 80907 

~~!~= 51., Suite 915 

~~b.=Wl-:9 
CONNECTICUT 

~~:lIFPI~;' Road 
2nd Floor 

$l~W6!sil1~ 
FLORIDA 

=1~~6th Way, Suite 100 
Fl Lauderdale 33309 

~~~~ 
FAX: 3D5-n2-8193 

DOMESTIC SALES OFFICES 

GEORGIA 

~~J6I~~ Parkway 
Suite 200 
Norcross 30092 
Tel: (404) 449-0541 

IWHOtS 

~:~~~n~~~oad, Suite 400 

~~~~llJ.i1~~ 
INDlANA 

t~~~UeRoad 
Suite 125 

~n:~(3~~~~~ 
IOWA 

Intel Corp. 
1930 SI. Andrews Drive N.E. 
2nd Floor 
Cedar Rapids 52402 
Tel: (319)393-5510 

KANSAS 

tlntalCorp. 

S::S1~~I~~. 0 
OVerland Pm 66210 
Tel: (913)345-2727 

IllA.RYLAND 

J~ni~'~w:y Drlve South 
SuiteC 
Hanover 21076 

~~1l:~?1~ 

JlrJ;I~I~r Drlve 
Suite 550 
Greenbelt 20770 
Tel; (301)441-1020 

MASSACHUSETTS 

tlnteJ Corp.' 
Westford Corp. Center 
3 Carlisle Road 
2nd Floor 
Westford 01886 

~5~~~ 
MICHIGAN 

J~n7~ 8:6Ward Lake Road 
Suite 100 
West Bloomfield 48322 
Tel: (313)851-8096 

MINNESOTA 

l1nJgI~sPoih St., Suite 360 
Blooml~~on 55431 

~6J~0-~1:7 
MISSOURI 

!~:I ~'City Expressway 

~~3?:r~~ 
NEWJERS!Y 

~goteb,~'ate Centet 
75 Uvlngston Avenue 
FlrstFtoor 
Roseland 07068 

~~~~Jl-;:~~ 

NEWYEXlCO 

=I~~~I Boulevard N.E. 
SuiteS 295 

~~~&~'5)'kuge2~~ 
NEW YORK 

Inlel Corp. 
127 MaIn Street 
Binghamton 13905 

~~~~cii-~~J 

£~;~~~USlness Center 
Bldg. 300, Route 9 
Fishkill 12524 

~~~~112.:~;: 
NORTH CAROUNA 

tlnt&ICorp. 
5800 Executive Center Dr. 
Suite 105 
Charlotte 26212 

~~~7~~~~ 

It:l~fit Road 

~:II:ei8r91~~~22 
OHIO 

~rgf'~6enter Drive 
Sulle 220 

~~J~5~2~~ 
t~~ ~~~ce Park Dr" Suite 100 
Beachwood 44122 

~~J~l:.tS:i3J:8 
OKLAHOMA 

;umf'~O:Oadway 
Suite 115 
Oklahoma City 73162 
Tel: (405) B4~086 

OREGON 

Greenbrier Parxway 

97006 

~~~~6~~7~1 
PENNSYLVANIA 

Intel Corp.' 
400 Penn Center Blvd., Suite 610 

~:N~~rgh81~70 
PUERTO RICO 

TEXAS 

l~~J.Ct~erson Lane 
Sulte3t4 
Austin 78752 
Tel: (512) 454-3628 

t~J3h ~%"Road 
Suite 400 
Dallas 75234 

~~~~1i\J.m~~ 

J~i~ ~~i='reeway 
Suite 1490 
Houston 77074 

~J~b?sa~48~ 
UTAH 

1~n8teJ~T.ioo South 
Suite 104 

~~7ab~~:8051 
VIRGINIA 

tlntelCorp. 
, 504 Santa Rosa Road 
Suite 108 
Richmond 23288 
Tel: (804)282·5688 

WASHINGTON 

tlntal Corp. 
15510Sth Avenue N,E. 
Sulta386 
Bellevue 98004 

~~gr~2 
tlntelCorp. 
408 N. Mullan Road 
Suite 102 
Spokane 99206 
Tel; (509)928-8086 

WISCONSIN 

mte~~~utlve Dr. 
Suile 102 
Brookfield 53005 
Tel: (414)784-8087 
FAX: (414)796-2115 

CANADA 
BRITISH COLUMBIA 

ONTARIO 

~~Jglg~~~~~i:~~V~ Canada, Ltd. 

Suite 250 
Ottawa K2B 8H6 

~~~~~~9714 

QUEBEC 

l~~~I~~~~~~~~~~f Canada, Ltd. 
Pointe Claire H9R 31<2 

~~J:~~~,~ 

CG/SAL 111 01 088 



inter, 
DOMESTIC DISTRIBUTORS 

.LAB .... 
ArreNt Electronics, Inc. 
1015 Henderson Road 
Huntsville 35805 
Tel: (205) 837-8955 

CAUFORNIA 

Arrow Elecb'onics, Inc. 
1082r!a~~treet 
~ (7104) 220-6300 

Arrow Electronics, Inc. 
19748 Dearborn Street 
Chatsworth 91311 

~~J~~~~ 

tHamlltonfAvnet Electronics 
9650 Desoto Avenue 
Chatsworth 91311 
Tet: (618) 700-1161 

~,1~W::let Electronics 

Ontario 91781 
Tel: (714) 989-9411 

~~~n:ICS 
Chatsworth 91351 

~~J~~~~~ 

CAUFORNIA (Cont'd.) 

COLORADO 

CONNECTICUT 

tArrow Electronics, Inc. 
1 

HamlltOn/Avnet Electronics 
Commerce Industrial Parll: 

FLORIDA 

~~~=S,lnc. 
Suite 102 
Deerflekl Beach 33441 

~~~6 
Arrow ElectronIcs, Inc. 

~~:e"t~~ Drive 
Lake Marv32746 

'~~g~a:5= 

tMicrocomputer System Technical DIstributor Center 

FLORIDA (Cont'd.) 

:~~ev~~leSGrouP.lnc. 
Deerfield Bea:ch 33442 

~~b-C;5~~ 
GEORGIA 

!~~~~~p~ay 
Suite A 
Norcross 30071 

~~~b.~= 

:~~~e~I~:up.'nc. 
Norcross30D71 

~;'g1b.~~',1 
IWHOtS 

~~SJt~~~3:: 
Itasca 60143 
Tel: (312) 773-2300 

INDIANA 

IOWA 

Hamllton/Avnet ElectroniCS 
91533rd Avenue, S.W. 
Cedar Rapids 52404 
T&I:(319)362-4757 

KANSAS 

Arrow Electronics 
8208 Melrose Dr., Suite 210 
L.enexa68214 
Tet: (913) 541·9542 

~~:r~~'~~~~ectronlcS 
OVerland Park 68215 

~9Jf~S:=5 
PIoneer{rec Gr. 
10551 Lockman Rd. 
Lenexa 66215 
Tel: (913) 492-0500 

KENTUCKY 

Hamilton/Avnet 8ectronics 
1051 D. Newton Park 

~1(~):~U75 

MARYLAND 

Arrow Electronics, Inc. 
6300 Guilford Drive 
Suite H, River Center 
Columbia 21046 

~~1~~~ 

~~l(i~:~~:~ood~'8r. 
Columbia 21046 

~~~~9\5~2 
t~~:~~~adoglesGrouP.lnc. 
GaJ-.b';p,208n 
~~~~~~5 
MAS8ACHUSEnS 

Arrow Electronics, Inc. 
25 UI::; D., 

~:~~i9f~O~~~ 
l~~~~ri!j~~te;tronk:s 
... bod1 01960 

WU~i,~: 
MTI Systems Sales 

~~~~~~~J. 
PioneerElectronlc8 
44 Hartwell Avenue 
Lexl~n02173 

~:ir~2~~7 
MICHIGAN 

Arraw Electronics, Inc. 
755 Phoenix Drive 
Ann AIbor48104 

~Jf~l~o 

Pioneer Electronics 
4504 8roadmoor S.E. 
Grand Raplds 49508 
FAX: 616-698-1831 

~:Nt'~t!:~~~~a~nlcs· 
Livonia 48150 

~~Jn~2~~5 

MINNESOTA 

t~2~dEe~c.:.rrl°a~ Dr. 
SulteG 
Eden Pralri 55343 
Tel: (612) 944-3355 

MISSOURI 

~7c~=onlcs, Inc. 

St. Louis 63141 

~~Ji~~l.i= 

NEW HAMPSHIRE 

NEWJEASEV 

~~ait?~n~a:rc' 
Unit 11 
Martton08053 

~~~=: 

t~1.:'~~1~(~vnet Electronics 

Falrfleld 07006 

~~~~~1~8 
!~~~Wl:~~s Sales 
Falrfle1d07006 
Tel; (201) 227·5552 

l~~= ~:raronlcs 
Plnebrook 07058 

~~~~l~~ 
NEW MEXICO 

NEW YORK 

L~r~I=~~~~~ca Townllne Rd. 
Rochester 14623 

~J~1S~7~ 
Arrow Electronics, Inc. 
20 Oser Avenue 

~f!f~i!!3 

tHamlnon/Avnet Electronics 
333 Metro Park 
Rochester 14623 

~J~~'V~5~l:'0 

Pioneer 8ectronlcs 
40 Oser Avenue 

~:I~ffla~g:3~ ~::Jo 

CG/SAL2/101088 



inter 
DOMESTIC DISTRIBUTORS (Cont'd.) 

NI!W YORK (Cont'd.) 

~~!:::i~est 
~~~~r'1797 

=~~"" Falrportl4450 

~J~b-~l:, 
NORTH CAROUNA 

~~n~v:'es~ICS 
~J~b-8~~:e 
~~~~,:gr~p, Inc. 
Charlotte 28210 

~9J~~,-= 
OHIO 

tArrowElectronlcs.J~. 
6238 Cochran Road 
8010044139 

~2J~~:&. 

OKLAHOMA 

Arrow Electronics, Inc. 
1211 E.51stStreet 
Suite 101 
Tul$874146 
Tal: (918) 252·7537 

t~~~Jfs~:.;~~or~ 
Tulsa 74146 
Tel: (918) 252-7297 

OREGON 

t~'tJ.9J~~~· 
Beaverton 97005 

~~~6 

PENNSYl.YANIA 

~gw~~Ies,[nc. 
MonroevlUe 15148 
Tel: (412) 856-7000 

Hamttton/Avnet Electronics 

='b~::7~' 
Tel: (41~ 281-4150 

Pioneer Electronics 

TEXAS 

~~0C!~an'd~S6~~ 
carrolltOn 75006 

~~J1~ 
tser~WK~=~Ics, Inc. 
Suite 100 
Houston 77099 

~:1~"~~ 
tArrowElectronlcs, Inc. 
2227 W, Braker Lane 
Austin 78758 

~;J~b-~V~ 

tMlcrocomputer System Technical Diabibutor Center 

TEXAS ICont'd.) WISCONSIN 

!Hamllton/AYnet Electronics Arrow Electronics, Inc. 
111 W. Walnut Hili Lane 200 N. Patrick Blvd., 5te. 100 

~75038 Brookfield 53005 
Tel: 14~111 +~jtJ1b?2~~3 :91 5929 

:~J~~~3.~ ~=~~C$ 
Hamllton/AvnetElectronIcS 
2975 Moorland Road 
New Bertin 53151 

~Jr~~~!l~ ~~J1b?2s:tN~ 
lPloneer Eloctronlcs CANADA 8250 Kramer 
AuStin 78758 

~~J~~~ A.LBeRTA 

t~m~~~w: 
Hamllton/Avoet Electronlc$ 
2616 21stStr88t N.E. 

!iL~ :rm2J~~5~ 
Zentronics 

!~n=!=~D~e ~N1~~ Avenue N.E. 
Houston 77036 

~l4'&~2~~1 ~Jr~~aJa 
BAmSH COWIIBIA 

~g g=~:~1~:~~ onlcs 
Richardson 75081 
Tel: (214) 235-9953 

UTAH 

Arrow Electronics 
Zentronlcs 

1946 Parkway Blvd. ~?!~~~:6~~~rt Road 

~~(~';)~~U9 ~~:~~5 

l~:sm~~{~~~~nlcs MANITOBA 

~'to~1:~~.mJ9 Zentronics 
60-1313 Border Unit 60 

:91 925-4018 
~(~~:l~~i 

~e Distribution Group 
1 5 Wesl2200 South ONTA.RIO 
SutteE 

~~~1~~~?7~JJ~ Arrow Electronics, Inc. 
36 Antarea Dr, 

WASHINGTON ~:n:r3~~~ 
l~rgg~~~r~~~~y Arrow Electronics, Inc. 

1093 Meyerslde 
Bellevue 98007 

m1:f:)US:~61 f.t4 ~t~~~27 :06-218213 

Arrow Electronics, Inc. ~mJlton/Avnet Electronics 
19540 68th Ave. South 5 AaxWood Road 
Kent 98032 Units 3-4-5 
Tel: (206) 575-4420 MlssiS8a~a L4T 1 R2 

~~Jfl:l;2?:;7 
Hamllton/Avnet Electronics 
6845 ReXwood Road 
UnitS 

~18tr1butlonGroUP 
1 N.E. 90th Street 

¥~r:(~f:)%~R2 
Redmond 98052 
Tel: (206)881.1150 

ONTARIO IConl'd.) 

tHamllton/Alffi&t Electronics 
90 ColOnnade Road South 

~~~ivoo 
l;~I~~~~urt 
5f$.w~F 
l~r~~ade Road 
Unit 17 

~::(3f3FJa:~o 
Zentronlcs 
~1313 Border St. 

~~(~~:~~7 
QUEBEC 

loArrow ElectronICS Inc. 
50 Jean Talon Ouest 

Montreal H4P lWI 

~~J~1535sgg511 

ArrawEJectronics, Inc. 
909 Charest Blvd. 
Quebec J1N 2C9 

~~6~1~231 

Zentronics 

~:~ ~~~~~XT 1 M3 
Tel: (514) 737·9700 
TWX: 05-827-535 

CGfSAL3/1 01 086 



intJ 
DENMARK 

Intel 
Glentevej 61, 3rd Floor 

~~~W5~i)h:~~O ~¥ 
FINLAND 

Intel 
Ruosilanlle 2 
00390 Helsinki 

i~~}~~%~r4 644 
FRANCE 

Intel 
I, Rue Edison-BP 303 
78054 51. Quenlin-en-Yvelines Cadex 
i~~~J9~UO 57 70 00 

Intel 
4, Quai des EtrOils 
69321 Lyon Cedex 05 
i~:(~5(~~ 78424089 

EUROPEAN SALES OFFICES 

WEST GERMANY ISRAEL 

Intel' Intel" 
Oomacher Strasse 1 Atidim Industrial Park-Neve Sharet 
8016 Feldkirchen bel MuenChen P.O. Box 43202 
i~n~~g~~~90992-0 Tel-Aviv 61430 

Tel: (972) 03·498080 
FAX: 904-3948 TLX: 371215 

Intet ITALY 
Hohenzollern Strasse 5 
3000 Hannover 1 Inte'" 
Tel: (49) 0511/344081 Milanofiori Palazlo E 
rlX: 9-23625 20090 A$sago 

Milano 
Intel +~~::l,~~! 8244071 Abraham Lincoln Strasse 16-18 
6200 Wiesbaden 
Tel: (49) 06121{7605-0 
TLX: 4-186183 

NETHERLANDS 

Intel· 
Intel ~~~e~vM~~::Jla~3 lettachring lOA 

~m~~~!J1fg67-0 ~~:(~W3Al 0-421.23.77 

NORWAY 

Inlel 
Hvamvelen 4·PO Box"92 
2013SkJetten 

~~~~~o(f~ 842 420 

SPAIN 

Intel 
Zurbaran,28 
28010 Madrid 

i~:(~J~O 40 04 

SWEDEN 

Inter' 

~:~v~rGo~~ 
irx~~~2~J34 01 00 

SWITZERLAND 

Jntel 
luerichstrasse 
8185 Winkel-Rueti bei Zuerich 

t~~~5~Vro 62 62 

UNITED KINGDOM 

Intel' 

~:'~Jo~,a~ltshlre SN3 1 RJ 

t~~~UUjtJ 696000 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 

AUSTRIA 

Bacher Electronics G.m.b.H. 
Rotenmuehlgasse 26 
1120 Wien 
Tel: (43) (0222) 83 56 46·0 
TLX: 131532 

BELGIUM 

~:,I::~~6rxmd:·~uerre 94 
1120 Bruxelles 

7i>~~oa~~~~tnlaan, 94 
Tel: (32) (02) 216 01 60 
TLX: 64475 

DENMARK 

ITT·Multikomponent 
Naverland 29 
2600 Glostrup 

~E~~~ ~Wl45 6645 

FINLAND 

OY Fintronlc AB 
Melkonkatu 24A 
00210 Helsinki 

~~f~~~2~! 6926022 

FRANCE 

Generim 
l.A. de Courtaboeut 
Av. de 18 BaltiQue-BP 88 
91943 Les Ulis Codex 

~~~~NlJ9 07 78 78 

~3~l."rue des Solets 
Silic 585 
94663 Rungls Cedex 
i~(~~:5 60 04 00 

~~~~OJ~~~leres 
4, avo Laurenl·Cely 
92606 Asnieres Cedex 
Tel: (33) (1}47 90 62 40 
TLX:611448 

Tekelec-Airtronic 
Rue Carle Vemet - BP 2 
92315 Sevres Cedex 

~~:(~~~~~5 34 75 35 

·Field Application Location 

WEST GERMANY 

:fo"s~~~~k,02rsgonent GmbH 

Bahnhofstrasse 44 

~~hV~~~~~i~879 
Jermyn GmbH 
1m Dachsstueck 9 

~~r~4~jg~§1/508.0 
TLX: 415257-0 

Metrologie GmbH 

~~i~~!~~~~~~9 
i~~~~,~~W:8042-0 

Proelectron Vertriebs GmbH 
Max Planck Strasse 1-3 
6072 Dreieich 
Tel: (49) 0610313040 
TLX: 417903 

IRELAND 

Micro Marketin9 Ltd. 
Glenageary Office Park 
Glenageary 
Co. Dublin 
Tet: (21) (353) (01) 85 53 25 
TLX: 31584 

tSRAEL 

ITALY 

tntesl 
Divlsione ITT Industries GmbH 
Viale Milanofiori 
Palazzo E/5 
20090 ASS8g0 
Milano 

~~:(~;)1'f'f24701 

NETHERLANDS 

Koning en Hartman 

~6~~e~~eDe~ 
Tel: (31) 15609906 
TLX: 38250 

NORWAY 

Nordisk Elektronikk (Norge) AIS 
Poslboks 123 
Smedsvingen 4 
1364 Hvalstad 
~~:(WsWl) 84 6210 

PORTUGAL 

Oitram 
Avenida Marques de Tomer, 45·A 
1000 Usboa 
Tel: (351) (1) 73 48 34 
TLX: 14182 

SPAIN 

ATD Electronica, SA 
Plaza Cludad de Viena, 6 
28040 Madrid 

i~~~J7~~ 40 00 

ITT-SESA 

~:~joM~~d~\:ngel, 21-3 

~~~~.)4~~9 09 57 

SWEDEN 

Nordlsk Elektronik AS 
Huvudstagatan I 
Box 1409 
171 27Solna 

+~~1~50t734 97 70 

SWITZERLAND 

tndustrade A.G. 
Hertistrasse 31 
8304 Wallisellen 
Tel: (41) (801) 83 05 04 0 
TLX: 55788 

TURKEY 

EMPA Electronic 
Undwurmstrasse 95A 
8000 Muenchen 2 
Tel: (49) 089/53 80 570 
TLX: 528573 

UNITED KINGDOM 

Accent Electronic Components Ltd. 
Jubll&9 House, Jubilee Road 
Letchworth, Herts SG6 HL 
Tel: (44) (0462) 686866 
TLX: 826293 

Jermyn 
Vestry Estate 
Olford Road 
Sevenoaks 
Kent TN14 5EU 

~~~~J,~~32) 450144 

MMD 
Unit 8 Southview Park 
CavElrsham 

~:~~~~?re RG4 OAF 

+~~~6<3lr) 481666 

Rapid Silicon 
Rapid House 
Denmark Street 
High Wycombe 

~~f~l'l~~~~~I~~~:a1' 2ER 
TLX: 837931 

Rapid Systems 
Rapid House 
Denmark Street 
High Wycombe 

f~f~17~~~~i~~~:4~1 2ER 

YUGOSLAVIA 

H.R. Microelectronics Corp. 
2005 de la Cruz Blvd., Ste. 223 
Santa Clara, CA 95050 
U.S.A. 

i~(U8~m 988.(l286 

CG/SAL4/101088 



inter 
INTERNATIONAL SALES OFFICES 

AUSTII.WA ...... JAPAN (Conl'd.) kOREA 

~I~=~'~tsugi Bldg. 
1-2-1 Aaahl-machl 
~~~~awa243 B386 
FAX: 0462·2&.3781 

..... L SINGAPORE 

580 Lid. 

Intel Japan K.K. 
Shlnmaru Bldg. 
1-5-1 MarunouChI 

CHINA/HONG KONG i:~~~~'00 TAIWAN 
FAX: 03-201~ 

(Far East) UtI. 

Intel Semlconduc:tor Lid.· 

~~ower 

INTERNATIONAL 
DISTRIBUTORS/REPRESENTATIVES 

ARGENTINA 

DAFSYS S.R.L 
Chacabuco. 9().01 Pisa 
1D69-Buenoa AInII 
Tel: 54-1-334-1871 

64--1-334-7726 
TUC:25472 

AUSTII.WA 

..... L 

ElebraM_ 
R. 0eraId0 Flaualna Gume •• 78 
9 ...... 
04575 ~ Sao Paulo - S.P. 
Tet: 011-55-11-534-9637 
TLX: 3911125131 ELBR BR 
FAX: 55-11-634-942<t 

CIIL! 

DIN Instruments 
SuocIa2323 
CuIII, B056, Correo 22 

~'38 
TLX: 440422 RUDY CZ 

CHINA/1fONGI KGNG 

=.~.::=~:. .. Ltd. 
Alae " 2B K"waI tiel Streel 

INDIA 

IN 

~=~18 
, ..... 

C.1toh Techno-ScIence Co., Lid. 
C.IIO.B~2-5-1_ 

r.:c~~7~'07 
FAX: 03-497-4879 

JAPAN (COnI'd.) 

011 Semlcon Systems. Inc. 
. Wacore 64, 1-aN1 SansrnJaya 
~~kyo1 
FAX: 03-487-8088 

~~"r.=' 
~otr~8'hl"60 
FAX: 052-204-2901 

~yoEtactroCorp. 
KOnwaB~. 

~~:r::a'04 
Tal: 03-546-5011 
FAX: 03-548-5044 

KOREA 

IIDlCD 

DICopIJCS.A. 
ToctitH 388 Frace. Ind. San AntonIO 

~~:r~.;~.D.F. 
TLX! 1713790 DICOME 

NI!.WZI!!ALAND 

g:~ve~~sel 
Penroae. Auckland 
AnN: Dean Danford 
T":84-9-591155 
FAX: 84-9-S92881 

SlNGAPORI! 

SOUTH AFRICA 

E1actron1cBullcSlng Elements, Ply. Ltd. 
P.O. Box 4609 
Pine Square. 18th Street 

~:e~=rlaOOO1 
Tue: 3-227788 SA 
FAX: 0927-O12~1 

TAIWAN 

...... 
5FL. 135 Sec. 2 
Chlen-Kuo N. Rd. 
~~~.10479 
Tel: (~6010056 

FAX: ~021 ~=~l 
VENI!ZUI!LA 

P. Benavides S.A. 
AYlIan.eRIo 

CG/SA.LS/l0108B 



inter 
.......... 
IntelQorp. 
5015 8I"1idfofd Dr., #2 
HuntlvlDe35B05 
Tel: (205) 830-4010 

A11IZOO1A 

~rm~28thDr. 
Suite [)'214 
_85029 
Tel: (602) 889-4980 

Intel~. 
500 E. Fry Blvd., Suite M·t5 
Sierra VIata 85635 
Tel, (602) _SOlO 

~~, ~i Dorado Place 
SuIOo301 
Tucson 85715 
Tel: (602) 299-6815 

CAUl'ORNIA 

Intel Corp. 
21515 Vanowen Street 
8ull8116 

=sr~ 

I~Corp.· 
San Tomn 4 
I:'~ Torno Expressway 

Santa Clara 85051 

~~~5 
COUIIIADO 

CON .. CTICUT 

~~~&inRoad 
200.-
Dan~"'" 
~'7,~1,3fg 

CAUFORNIA 

915 

~~SC~c;grxpreISWay 
Tel: (408) 970-1700 

CALIFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
TeI,(408)_ 

DOMESTIC SERVICE OFFICES 
FLORIDA 

GEORGIA 

~~nteP'rkway 
Sulte20Q 
Norcross 30092 
Tel: (404)449-0541 

IWNOIS 

INDIANA 

~~ueRoad 
Suite 125 

~=J~= 
IOWA 

Intel Corp. 
1930 St. Andrews Drive H.E. 2nd_, 
=,~r=W ...... 

10th Street 

Park&e210 
345-2727 

.... YWlD 

I~Corp.· 
~bll'k'N.YDrtveSouttl 

Hanover 21078 

~~l~?'':. 

IlAS8ACHUSI!TTS 

=~~.Center 
3 Carlile Road 
2""'
WeetJord01B86 

~;m';"l.-wl. 

MICHIGAN 

ItINNE80TA 

MISSOURI 

I~Corp. 

~ ~~ City Expressway 

r.~3~:r~990 
NEW,JEASEY 

=\!la,.110 
RarttanCenter 
alison 08817 
Tel: (201)225-3000 

NI!WIII!:XICO 

Intel Corp. 
8500 Menaul Boulevard N.E. 
...... 295 

~~~~ 
NIlW'YORK 

InteiCorp,-
3QO Motor Parkway 

~:t'\f,'~~1~ 
TWX: 510.221-8236 

NOATH CAROUNA 

Intel Corp. 
5700 executive DrIve 
8ulte213 
Char1otte28212 
Tel: (704) 568-8968 

Inte/Corp. 
ru:~lffROad 

~::elci~9~~W-8022 
OHIO 

Rood 

Intel Corp •• 
3401 Pari\: Center Drive 
"" .. 220 

~lt~ 

OKLAHOMA 

=~adwaY 
Bullet1S 
Oklahoma CIty 73162 
TeI:(405)~ 

OReGON 

~n2~ ~'Elam Young Parkway 
Hillsboro 87123 
Tel: (503) 881-8080 

PI!NNSYLYANIA 

PUI!RTORICO 

Intel Mlc:roprocesaor Corp. 
South Induatrial Park 
P.O. Box 910 
LaaPledtaaOO871 
Tel: (809) 733-8618 

TEXAS 

Intel Corp. 
313 E. Ahderaon Lane 
Suite 31. 
Auatln78752 
Ter: (512)454-3828 

CUSTOMER TRAINING CENTERS 
ILLIIIOI8 

=~~rtI~jl300 
Tel, (312) .'1' ... 700 

MA88ACHUSI!TT8 

3 Cartlsle Road 
Westford 01886 Tel: (508) 692-1000 

MARYLAND 

7833 Wal1tef Dr., 4th Floor 
Greenbelt2DnO 
Tel, (301)220-3380 

SYSTEMS ENGINEERING OFFICES 
IWNOIS NEWVORK 

=:~rtI~~il3OO 
Tel, (.,2).'1' ..... , 

300 Motor Parkway 

~:~\f,'~1~ 

TEXAS (Conl'd.) 

~~~:·Freeway 
Suite 1-490 
Houstonn074 

~J~~ 
UTAH 

Intel Corp. 
428 East 6400 South 
SuHe10-4 

~~~ftJ:aos, 
VIRGINIA 

WASHINGTON 

WISCONSIN 

CANADA 
IAmIH COLUMBIA 

ONTAJl:to 

Inlet Semiconductor of canada, Ltd. 
2850 OuHnlview onv. 
Suite 250 
Ottawa K2B 8He 
+~!~~8714 

Intel Semiconductor of canada, Ltd. 

QUIBEC 

Intel SemIConductor 01 Canada, Ltd. 
820 St. John Boulevard 
PoInte Claire tt9R 3K2 

~5~t~9"~ 

CGfSAL6/101088 




