












































































































































































































































































































































































































































































































































































































































































































eUMC 
UM82COl 

::::::: Capacitance Keyboard Encoder (CKE) 

Features 

• 16x8 matrix, can build up to 128 key capacitance 
keyboard 

• Single chip with 16 scan drive outputs and 8 sense 
inputs 

• Two types of package. 28 pin for 88 key KB and 40 
pin for 128 key KB 

• Keyboard scanning and encoding under complete 
control of the user's computer, especially UM8048 
microcomputer 

General Description 

UM82C01 is a CMOS LSI, which offers interface between 
microcomputer and capacitive keyboard matrix. 40 pin 
UM82C01-1 is capable of scanning up to 128 lowcost 
capacitive keys. 28 pin UM82C01-2 serve keyboard 
applications with less than 88 keys. 

The keyboard scan is under complete control of the 
UM8048 series microcomputer writing to expand I/O port, 
port 2 data is multiplexed to initiate one of the scan 
lines. Sense circuit will receive the scan signal through 
capacitive keys if one key is pressed. Sense circuit includes 
CMOS analog and digital circuit, which sense action by 

Pin Configuration 

ALE PROG 

N.C. N.C. 

P20 XO 

P21 Xl 

P22 X2 

-1'23 X3 

N.C. X4 

N.C. X5 

N.C. X6 

vcc X7 

N.C. X8 

10 X9 

11 Xl0 

12 Xll 

13 X12 

14 X13 

15 X14 

16 X15 

17 Xz 
vss N.C. 

• Single 5V supply 
• High-speed CMOS technology 
• Serve as easy interface to UM8048 
• New CMOS sense technology, CMOS analog sense 

circuit is built in 
• Byte wide sense, higher performance than serial sense 

technology 

• Wide UM8048 frequency range, 1M to 11 MHz UM8048 
can be used 

following amplifing and latching of analog signal from 
capacitive switch. These 8 bits data are then divided 
and latched marcing two nibbles. Two instructions can 
read these two nibbles from port 2. Then the micro­
computer can analyze them and generate the scan 
code. 

Antiscan is used to enhance the simple capacitive switches 
that· are usually used in capacitive keyboard, offering 
switching threshold in sense input. This provides the 
keyboard with mechanical hysteresis which builts in the 
more expensive hall-effect and reed switches. 

11 10 

12 Vee 
13 P23 

14 P22 

15 P21 

16 P20 

17 ALE 

Vss PROG 

X Z XO 

X10 X1 

X9 X2 

X8 X3 

X7 X4 

X6 X5 
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(DUMC 
Absolute Maximum Ratings 

Operating Temperature ................ 0° to 70
0 e 

Storage Temperature ............... _55° to 150
0 e 

Power Supply ....................... Max. 7V 

Voltage on Any Pin ......... Vss -0.7V to Vcc +0.7V 

Block Diaqram 

P20 

INSTRUCTION 
DECODER 4 

P23 AND 
LATCH 

f---

f--

I 

r 1 t-
PROG 

TIMING 
ALE CONTROL 

I-
I-
1-

DATA A 

'-j-+--- SELECTOR 4 
\[ 

'-+--- AND 
DRIVER 

'---

I~ HIGHER 11 

NIBBLE 1/ 

IV- ~ LATCH 

(*) Only in UM82C01·1 
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UM82C01 

*Comments 

Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions .for extended periods may effect device 
reliability. 

.l\ 
vi 
,.... 

LOWER 
I~ NIBBLE 

LATCH [\r-

4 

MULTIPEXER 
AND 

SCAN LINE 
DRIVER 

ANTISCAN 

I 
SENSE 

AMPLIFIER 

~ 

~ 

XO 

X10 
X11(*) 

10 
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CDUMC 

D.C. Characteristics 
(Operating Voltage 5V .± 1 0%) 

Item Parameter 

Input Low Voltage 

Input High Voltage 

Output Low Voltage, I/O Port 
Digital 

Output High Voltage, I/O Port 

Output Low Voltage, Scan Line 

Output High Voltage, Scan Line 

Input High to Reference 
Analog 

Input Low to Reference 

Operating Current 

Stand by Power Supply Current 

A. C. Characteristics 

Symbol Min. Typ. 

VIL -0.5 

VIH 2.0 

VOLP 

VCHP Vcc-0.45 

VOLS 

VOHS Vcc-0.45 

AVH 0.1 

AVL -0.1 

Icc 

I.S8 

(TA = o°C to 70°C, Vcc = 5V ± 10%, Vss = OV) 

UM8048/UM82C01 
Characteristics Symbol 

4MHz 

Min. Typ. Max. Min. 

Address Latch Width tLL 700 150 

Cycle Time tCY 3.75 1.36 

Port Control Setup to PROG tcp 420 100 

Port Control Hold to PROG tpc 800 160 

Port Output Data Setup toP 1350 400 

Port Data Hold from PROG tpo 320 90 

PROG Strobe to ALE tCAI 210 50 

PRbG Pulse Width tpp 2370 700 

PROG to Port 2 Input Valid tPR 2130 

Input Data Hold from PROG tPF 380 

A LE to SCAN Setup tASl 200 

ALE to SCAN Ended tASz 200 
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UMB2COl 

Max. Units Conditions 

0.8 V 

Vcc V 

0.45 V IOL = 5 mA 

Vcc V IOH = -400,uA 

0.45 V IOL = 5 mA 

Vcc V IOH = -5 mA 

1.8 V Lying on Voltage 

-1.8 V Reference VREF 

15 mA 

200 ,uA No sensing and 
Scanning 

Units' Conditions 
11 MHz 

Typ. Max. 

ns 

,us 

ns 

ns 

ns 

ns 

ns 

ns 

700 ns 

140 ns 

100 ns 

100 ns 



Timing Diagram 

ALE 

EXPANDED 
t PORT 

OUTPUT 

EXPANDED 
PORT 

INPUT 

PROG 

SCAN 
LINE 

SENSE 
LINE 

Pin Description 

Pin 

P20-P23 

ALE 

Names 

I/O Port 

Address Latch 

Enable Strobe 

I/O 

I/O 

UM82COl 

DEFINED ALE 
LATCH 

{ I 

I 

\ 

I 

~ tAS' 

Functions 

This four-bit bidirectional port contains the address and control bits from 

UM8048 }lC on a high to low transition of PROG. During a low to high 

transition of the P RaG signal, the port contains the selected scan data for 

UM82C01if the last command is a write operation. The sense nibble data from 

UM82C01 is latched during the low to high transition if the last command is a 

read operation. There exists a state flow in two continuous read operations 

which is called "read cycle". Upper nibble coming from sense inputs 14 to 17 

are transferred in P20 to P23 from UM82COl during low to high transition 

of PROG of MOVD A, P5 instruction, and lower nibble coming from 10 to 13 

are transferred in P20 to P23 during low to high transition of PROG of MOVD 

A. P4 instruction. 

This pin comes direct from UM8048 ALE. It is used as the time base as well 

as address latch strobe. Our target is to let UM8048 work between 1 MHz to 

11 MHz, so ALE varies from 66.6KHz to 733.3 KHz'. General PC key boards 

use 4 to 5MHz UM8048, hence, ALE is typically a 266.6KHz strobe signal 

for a 4MHz UM8048. When ALE first goes from low to high in a write cycle, 

the PROG is activated and goes to low and at this time, Port 2 containing port 

address and write instruction code is valid and should be latched by UM82C01 

to initiate the scan mode. 
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UM82COl 

Pin Description (Continued) 

Pin Names I/O Functions 

ALE Address Latch I UM82COl begins Zeroing stage of its sense amplifier at this instant. PROG will 
Enable Strobe go to high before second ALE of this write instruction. The Zeroing stage ends 

at the next ALE low to high transient. If you see Timing Diagram on P. 11, 
you will find that this edge triggers the selected scan line to be active. The 
second ALE, which is next to end write instruction, is used to control scan I~ne 
to inactive and its active transient is the high to low edge. In read cycle, when 
first ALE goes from high to low, PROG is activated to go to low, port 2 
containing port address and read instruction code is valid and should be latched 
by UM82COl to initiate the read mode. 

PROG Control Strobe I An active low strobe comes direct from UM8048 PROG. In the view point of 
UM8048, PROG is a control strobe to expanded I/O. UM82COl is designed to 
locate expanded port 4 and port 5 in UM8048. 

Every time PROG is activated, UM82COl is initiated to enter write or read 
mode. When PROG goes inactive in a write cycle, selected scan data is valid in 
port 2 and is latched by UM82COl to encode the scan line. In a read cycle, 
latched upper nibble and lower nibble are valid circularly in port 2 at every 
PROG low to high transition. 

XO-X15 Scan Line Out 0 These are the 16 full range drive outputs. One of the lines is activated in a 
write cycle. Selected scan data is latched and used to decode these sixteen 
scan lines so the scanning is fully programmable by UM8048. The selected 
scan line is activated in the defined ALE rising edge and ended in the next 
ALE falling edge. (Reference to Timing Diagram on P. 11) The defined ALE 
is the first ALE after the write instruction is finished. There are eleven scan 
lines for 28 pin UM82COl-2 Xll to X15 and are included in scan line driver 
for 40 pin UM82C01-l. . 

Xz Antiscan Out 0 Th is is the antiscan output. This output is activated whenever no scann ing 
occurs, and is deactivated when anyone of XO to X15 is activated. Antiscan 
is used to reduce the Voltage. in sense input when there is no scanning that 
prevents logic error. 

10-17 Sense Line Input I These eight lines are inputs from capacitance keyboard matrix. The small 
current pu Ises caused by the scan lines and pressed keyswitches are detected 
here. 

Vee Power Supply I Connected to +5V power supply. 

Vss Ground I Normally connected to +OV ground. 

Application Description 

The Microprocessor The Key boa rd 

The capacitance keyboard encoder (CKE) UM82COl is 
designed to serve as an interface to UM8048 series 8-bit 
microprocessor. The user can control the keyboard 
function easily through programming of microprocessor, 
which includes scanning reading and serve as an interface 
to host computer. 

A keyboard is an array of switches. The array consists of 
two dimensional matrix. One side of the matrix (X-lines) is 
used to drive the array with a microprocessor chosen 
signal, while the other side (Hines) is connected to sense 
circuits. In traditional configuration, users make use of 
mechanical contact switches. With a new sensing 
mechanism, capacitive switches present a good solution. 
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The Capacitive Switch 

x x 

~[ 4-[ 
Figure 1. Mechanical Switch (a) Key off (b) Key on 

Fig. 1 shows the traditional mechanical switch, (a) The 

key switch is off, X-line and I-line are open to each other, 
(b) The key switch is on, X-line and i-line short together. 

Fig. 2, shows the capacitive switch, (a) The key switch is 

C 

V 0 OI------4I!~-~11-1 --1e--0 /::,. V SENSE1 
Co C I IS 

UMB2COl 

x X 

~p 
. . I 

~-Z"N+CP [ 

+7-(a) 

Figure 2. Capacitive Switch (a) Keyoff (b) key on 

off; only a small parasitic capacitance exists between 
X-line and I-line, (b) The key switch is on, a Con + Cp 

appears between X-line and I-line. 

1 

Cs C 

/::,.V SENSE1 = Vo .---= Vo ._--
1 1 Cs + C 
-+-
Cs C 

Figure 3a. Equivalent circuit for Capacitive Key 

VOl CA 

ANTISCAN L</>0------j~ 
Vo J 0-----1 /::"VSENSE2 

SCAN </> Cp ICS 

Cp CA 

/::"VSENSE2= Vo Vo 
Cs + Cp + CA Cs + Cp + CA 

Figure 3b. Equivalent circuit for Capacitive Key with Antiscan Consideration 

In Fig. 3a, an equivalent circuit for capacitive key is shown. 

The voltage .1VSENSE1 is decided by the scanning voltage 
Vo, capacitance C and Cs. 

The scanning trigger edge is taking place with the inverse 

voltage "antiscan". After this edge, the voltage .1VSENSE2 

is decided by the voltage devided by Cp minus the voltage 

divided by CA. In Fig. 3b, an antiscanning consideration is presented. 

Writing 

PORT 2 
OF UM8048 

ALE ---------o~ 

PROG --------1~ 

~ ________ x~ 

CKE 

16(11) 
----------, 

I 
I 

Figure 4. Logic Symbol of the CKE 
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In system configuration, the CKE is designed to stand in 
the expanded I/O port of 8048 microcomputer: The 
CKE uses the PORT 2, ALE and PROG to serve as an 
interface to the microprocessor. When 8048 writes a 
scan code to CKE, the CKE must be accessed through the 

ALE 

UM82COJ. 

expanded PORT 4. When UM8048 reads the sensing code 
from the CKE, the CKE must be accessed through the 
expanded PORT 4 and 5. The PORT 6 and 7 are reserved 
for the user. 

PROG ----------~ 

\'--------11 

Address 

Instruction 

P20·P23 ---~( ____ A __ )( ____ B~)~------
A: Address and Instruction 

B: Data 

Figure 5. PROG Timing of UM8048 I/O PORT Expansion 

P21 

o 
o 

P23 

o 
o 

P20 

0 

0 

P22 

0 

0 

PORT 

PORT 4 
PORT5 
PORT6 
PORT 7 

Instruction 

READ 

WRITE 
OR 

AND 

Figure 6. Expanded Port Definition in Writing Cycle 

Definitions 

Writing Port 
(Same as PORT 4) 

Definitions 

Writing Instruction 

By using PORT 4 (PORT 5 the same) ·of UM8048 series 
microcomputer, the user can write his scanning data to 
the CKE chip. After the writing,. two Nap instructions 
should be used to permit correct decoding and scanning. 

The timing diagram is shown in Fig. 7. 

For example, if the user wants to scan Xl-line, the recom­
mended Assembly is as listed: 

Label Command Arguments Comments 

SCAN1: MOV A,#(j>lH ; #(j>1 H Can Vary From 
; #(j>(j>H To #(j>FH 

MOVD P4,A 
Nap ; Wait Until CKE Starts 
NOP ; Scanning. 
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(DUMC 

ALE 

PROG 

P20·P23 

X1 

I 
I 
I I 

~ I 
I I 
I I 
I I 
I I 

I . I I 
fooool .. t----lzero'ng eyc e ~ 

UM82COl 

® First ALE of MOVD instruction 

@ Second ALE of MOVD instruction 

@ ALE of first NOP instruction 

G) ALE of second NOP instruction 
® Edge of latch sense data 

Figure 7. Timing Diagram of Writing and Scanning 

Scanning 

The eKE latches port address and instruction at the PROG 
high to low edge in Fig. 7, then enters the writing mode. 
At the PROG low to high edge, the CKE latches the data in 
P20-P23 which is now defined as the expanded PO.RT 4, 
and decodes the data to select the programmed scan line. 
Although the decoding and selection does not take much 
time, the scan line does not activate immediately. 

From the PROG falling edge to the rising edge of the ALE, 
to the MOVD instruction in Fig. 7, the Sense Amplifier of 
CKE is "Zeroing". After the zeroing cycle, all the sense 
input are balanced at the reference Voltage, and the selected 
scan I ine is activated at the falling edge of this ALE. 

The scanning line Xo to XiS can each be decoded from the 
hexadecimal data programmed in the PORT 4 at the 
writing cycle. 

The scanning cycle equals to an ALE cycle, so the scanning 
closes at the ALE falling edge of second NOP instruction as 
shown in Fig. 7. Before the end of scanning, Sense 
Amplifier will latch the sense data; these will be discussed 
in the Sensing section. 

Antiscan 

Antiscan line X~ is low whenever any scanning is activated, 
and is high when all scan line Xo to XIS are low. 

If no key is pressed, the antiscan will generate a -f::t.v to 
the reference voltage, so that the Sense Amplifier will sense 
a voltage lower than reference voltage and latch a denoted 
low after amplification. If any key is pressed and the key 
is scanned, the voltage divided by the on capacitance will 
be a +f::t.v, so that the Sense Amplifier will sense a voltage 
higher than reference and latch a logic high after 
amplification. 

The effect on whether antiscanning is larger than 
scanning depends on whether the key is pressed or not 
A new CMOS sense technology called "Sense Amplifier" 
is built in the CKE. In Fig.· 8, we show the zeroing and 
sensing of this technology. In zeroing cycle, th~ switch 
between the input and output of the inverter is closed, 
so the sense input pad equals the reference Voltage. After 
zeroing cycle, the shorting switch at the inverting stage is 
opened and sensing circuit is activated. In Fig. 7, we can 
see scanning also starts after zeroing. In fact, sensing is 
there writing for scanning. During the scanning cycle, 
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(l)UMC UM82C01 

Sensing 
V ANTI 0---1 ~ 

(a) Zeroing 

V ANTI 0----1.~ 

(b) Sensing 

Fig. 8. Zeroing and Sensing 

the eKE will latch the sensing input anhe edge in Fig. 7. 

The CKE uses byte-wide sen'sing, and has 8-bit latches. 
After latching, the data is separated into two nibbles, 
called Higher Nibble and Lower Nibble, and stored. 

Address 

Instruction 

P21 

o 
o 

P23 

o 
o 

P20 

o 

o 

P22 

o 

o 

The latched data can be read by UM8048 in two read 
instructions, these two instructions need not but can be 
continuous, and higher nibble is defined to be read from 
PORT 5, lower nibble from PORT 4. Users must pay 
attention for if no reading is instructed before the next 

Reading 

Because the C KE serves as· an ir:lterface to UM8048 
microcomputer by expanded PORT, the data must be 
4-bit wide. Whenever there is data in the latches, the user 
can read the sensing data in nibble form. The CKE is 
designed to stand at the PORT 4 and PORT 5 in reading 

cycle. 

PORT 

PORT4 
PORT5 
PORT 6 
PORT 7 

Instruction 

Read 
Write 
Or 
And 

Definitions 

Reading Lower Nibble 
Reading Higher Nibble 

Not used 
Not Used 

Definitions 

Reading Instruction 

writing, 82C01 will reject the writing instruction until the 
reading instruction have been excuited. 

The recommended readi ng Assem bly is as I isted and the 
timing diagram is shown in Fig. 10. 
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UM82C01 

Label Command Arguments Comments 

Read 1: 

Read 2: 

ALE 

PROG 

MOVD 
SWAP 
MOV 

MOVD 
ORL 

A, P5 

A 
Rn, A 

A, P4 
A,Rn 

r-------~;)~'--------~h ~ 
~ 
I i 
I I 

I 
I I o (0 

CV Port address and instruction of READ 1 

® High nibble output from CKE 

@) Port address and instruction of READ 2 

o Lower nibble output from CKE 

Figure 10. Port Timing of Reading 

; Read Higher Nibble 

; Read Lower Nibble and 

; Combine Nibbles to be Byte 

After the reading cycle, the microcomputer can use the 

read data to generate scan code or key code easily. 
The appl ication there for differs from the present 
capacitance Con and p.C. Soard parasitic capacitance Cp of 

general capacitance keyboard and consideration should be 
given to design take them into. Con and Cp are listed in 

Table 1. Cs, CA and CBS are listed in Table 2. Table 3 (a) 
and (b) are recommendations of the capacitance selection. 

Application Note 

UM82COl is a new solution for capacitance keyboard. 

Table 1. Definition of Con and Cp 

Name Symbol Min. Typ. Max. Unit 

Key on Capacitance CON 8 20 pf 

p.C.S. Parasitic Capacitance Cp 1 3 pf 
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Q1JUMC UM82COl 

Table 2. Definition of Cs ' CA and CBS 

Name Symbol Min. Typ. Max. Unit 

Shunt Capacitance Cs 80 150 pf 
Antiscan Capacitance CA 4 8 pf 
Capacitance between two sense CBS 5 pf 

Table 3. Recommended Application of CA for various CON 

Symbol 
Range 

Unit Symbol 
Range 

Unit 
Lower Upper Lower Upper 

CON 10 25 pf CON 25 35 pf 

CA 4 8 pf CA 8 15 pf 

Cp 0 3 pf Cp 0 3 pf 

(a) (b) 

Typical Application 

X:E I-<i P20 P20 

rk xo 1-<:' 
T P23 P23 I 

1 UM8048 
ALE ALE 

J I PROG PROG 

U CKE 

X15 i TO KEYBOARD UM82C01 
INTERFACE 10 1-"'-

. l.cs~ l>--{( ~( ~ cA . - -
CON CON 

16x8MATRIX 

17 

lcs ~ ~ON ~( ~c~ 
() CON .J. This means shield by ground 

Ordering Information 

Part Number Package 

UM82C01-1 40 DIP 

UM82COl-2 28 DIP 
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SUMO 
UM82C284 m:::=========== Clock Generator And ',IA Ready Interface 

Features 

• Generates system clock for 80286 processors 

• Uses crystal or TTL signal for frequency source 

• Provides local READY and Multibus* READY 

synchronization 

General Description 

UM82C284 is a clock generator Idriver which provides clock 

signa Is for 80286 processors and support components. 

It also contains logic to supply READY to the CPU from 

*Multibus is a patented bus of I NTE L 

• l8-pin package 

• Single +5V power supply 

• Genrates system reset output from schmitt trigger 

input 

either asynchronous or synchronous sources and 

synchronous RESET from an asynchronous input with 

hysteresis. It is fabricated in Si-Gate CMOS process. 

Pin Configuration Block Diagram 

RESET 
RES [] RESET 

ARDY VCC 

SRDY ARDYEN 

Sf 
X1 

SRDYEN 
X2 CLK 

READY SO 
EFI 

EFI N.C. 
FIC 

FIC PCLK 
ARDYEN 

Xl RESET ARDY 

X2 RES 

SRDYEN GND CLK 
SRDY READY 

sf 
so PCLK 
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I)UMC 
UM82C288 

================= Bus Controller 

Features 

• Provides commands and control for local and system 

bus 

• Offers wide flexibility in system configurations 

General Description 

The UM82C288 Bus Controller is a 20-pin Si-Gate CMOS 

component for use in 80286 microsystems. The bus 

controller provides command and control outputs with 

flexible timing options. Separate command outputs are 

used for memory and I/O devices. The data bus .is 

*Multibus is a patented bus of Intel 

• Flexible command timing 

• Optional Multibus* compatible timing 

• Single +5V supply 

controlled with separate data enable and direction control 

signals. 

Two modes of operation are possible via a strapping option: 

Multibus compatible bus cycles, and high speed bus cycles. 

Pin Configuration Block Diagram 

COMMAND 
STATUS OUTPUTS 

READY VCC [ SO INTA] ClK SO S1 STATUS IORC 
DECODER COMMAND 

Sf Mira 
Miro OUTPUT IOWC 

lOGIC 
MRDC 

MCE DT/R 
MWTC 

ALE DEN 

MB CEN/AEN ClK 

CMDlY 
CONTROL 

CENl INPUTS 

MRDC INTA CEN/AEN DT/R 

MWTC IORC 
CE~l - DEN 

CMDLY ALE 

GND IOWC READY MCE 

MB 
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SUMO 

Features 

• Pin compatible with NMOS 8255A 
• 24 programmable I/O pins 
• Fully TTL compatible 
• Bus-hold circuitry on all I/O ports eliminates pull-up 

resistors 
• High speed, no "wait state" operation with 8M Hz 

General Description 
The UM82C55A is a high performance CMOS version of the 
industry standard 8255A and is manufactured using a 
selfaligned silicon gate CMOS process. It is a general 
purpose programmable I/O device which may be used with 
many different microprocessors. There are 24 I/O pins 
which may be individually programmed in 2 groups of 12 
and used in 3 major modes of operation. The high 

Pin Configuration Block Diagram 

PA3 PA4 
PA2 PA5 

PAl PA6 
POWER {_5V 

SUPPLIES _GND 

PAO PA7 
Ro WR 
cs RESET 

GNo DO 
Al 01 

AO 02 
PC7 03 

D7·DO 

PC6 04 
PC5 05 

PC4 06 

PCO 07 

PCl VCC 
PC2 PB7 
PC3 PB6 

PBO PB5 

PBl PB4 
PB2 PB3 

UM82C55A 
CMOS Programmable 

Peripheral Interface 

80C86 
• Direct bit set/reset capabi lity 
• Enhanced control word read capabi lity 
• Single 5V power supply 
• 2.5mA drive capabi lity on all I/O port outputs 

• Low standby power -ICCSB = 10llA 

performance of the UM82C55A make it compatible with 
microprocessors such as the 8086, 8048, 8051. 

Static CMOS circuit design insures low operating power. 
TTL compatibility of V 1H =2.0 volts over the industrial 
temperature range and bus hold circuitry eliminate the 
need for pull-up resistors. 

I/O 
PA7·PAQ 

PIN NAMES 

0,-00 DATA BUS IBI· 
DIRECTIONAL) 

I/O 
RESET RESET INPUT 

C7·PC4 cs CHIPSELECT 

READ INPUT 

WRITE INPUT 

AO.Al PORT ADDRESS 

PA7·PAQ PORT A IBIT). 

I/O PB7·PBO PORTB IBIT) 
PC3·PCO 

PC7·PCO PORTC IBIT! 

+5 VOLTS 

GND o VOLTS 

I/O 
PB7·PBO 
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Absolute Maximum Ratings * 

Supply Voltage .................... +8.0 VOLTS 
Operating Voltage Range .............. +4V to +7V 
Input Voltage Applied ........... GND-2.0V to 6.5V 
I/O Pin Voltage Applied ...... GND-0.5V to VCC+0.5V 
Storage Temperature Range ....... , -65°C to +150°C 
Operating Temperature Range .......... O°C to +70°C 
Maximum Power Dissipation ................ 1 Watt 

D.C. Electrical Characteristics 
(VCC = 5.0V+/-5%; T A = O°c to +70°C) 

Symbol Parameter 

VIH Logical One I nput Voltage 

VIL Logical Zero Input Voltage 

VOH Logical One Output Voltage 

Min. 

2.0 

3.0 

UM82C55A 

* Comments 

Stresses above those listed in the "ABSOLUTE MAXIMUM 
RATI NGS'.' may cause permanent damage to the device. 
This is a stress only rating and operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 

Max. Units Test Conditions 

V 

0.8 V 

V 10H = -2.5mA 
VCC-O.4 V IOH = -100 pA 

VOL Logical Zero Output Voltage 0.4 V 10L = +2.5 mA 

IlL I nput Lea kage Cu rrent -1.0 1.0 pA OV(,VIN<;Vee 

10 I/O Pin Leakage Current -10.0 10.0 pA Ov<Vo< Vee 

I'BHH Bus Hold High Leakage Current -50 -300 pA Vo=3.0V 
Ports A, B, C 

IBHL Bus Hold Low Leakage Current +50 +300 JlA Vo = 1.0V 
Port A only 

IOAR Darlington Drive Current -2.0 mA Ports A, B, C 
Test Condition 3 

lee Power Su pply Current 10 pA Vee = 5.5V 
VIN = Vee or GNO 
Outputs Open 

Capacitance 
(T A = 25°C; Vee = GND = OV; V IN = +5V or GND) 

Symbol Parameter Min. Max. Units Test Conditions 

CIN * I nput Capac itance 5 pF FREQ = 1 MHZ 
Unmeasured Pins 
Returned to GND 

CI/O* I/O Pin Capacitance 20 pF 

*Guaranteed and sampled, but not 100% tested 
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Characteristics 
(Vee = +5V ±5%, GND = OV; T A = O°C to +70° C) 

READ 

Symbol Parameter Min. Max. Unit Test Conditi ons 

tAR Address Stable Before READ 0 ns 

tRA Address Stable After READ 0 ns 

tRR READ Pulse Width 150 ns 

tRO Data Valid From READ 100 ns 1 

tOF Data Float After READ 10 75 ns 2 

tRV Time Between READs and/or 300 ns 
WRITEs 

WRITE 

Symbol Parameter Min. Max. Unit Test Conditions 

tAW Address Stable Before WRITE 0 ns 

tWA Address Stable After WR ITE 20 ns Ports A & B 
60 ns Port C 

tww WRITE Pulse Width 100 ns 

tow Data Valid to WR ITE High 100 ns 

two Data Valid After WRITE High 30 ns Ports A & B 
60 ns Port, C 

OTHER TIMINGS 

Symbol Parameter Min. Max. Unit Test Conditions 

tWB WR = 1 to Output 350 ns 1 

tlR Peri pheral Data Before R D 0 ns 

tHR Peripheral Data After RD 0 ns 

tAK AC K Pulse Width 100 ns 

tST STB Pulse Width 100 ns 

tps Per, Data Before STB High 20 ns 

tpH Per, Data After STB High 50 ns 

tAD AC K = 0 to Output 175 ns 1 

tKo ACK = 1 to Output Float 20 250 ns 2 

tWOB WR = 1 to OBF = 0 150 ns 1 

tAOB ACK=OtoOBF=l 150 ns 1 

tSIB STB = 0 to I BF = 1 150 ns 1 

tRIB RD=ltoIBF=O 150 ns 1 

tRIT RD = 0 to INTR = 0 200 ns 1 

tSIT STB=l tolNTR=l 150 ns 1 

tAIT ACK=ltoINTR=l 150 ns 1 

tWIT WR=OtoINTR=O 200 ns 1 

tRES Reset Pulse Width 500 ns see note 1 

Note: Period of initial Reset pulse after power-on must be at least 50usec. Subsequent Reset pulses may be 500 ns 
minimum. 

7-111 



UM82C55A 

A.C. Test Circuits 
V1 

R1 

FROM OUTPUT TEST POINT 
UNOERTEST ----.-----------~----

R2 

Test Condition V1 
1 1.7V 
2 5.0V 
3 1.5V 

R1 
523H 
2kH 
750~l 

*Includes stray and jig 
capacitance 

R2 
Open 
1.7kfl 
Open 

TEST CONDITION DEFINITION TABLE 

Waveforms 

MODE 0 (BASIC INPUT) 

'\ 

~ 
INPUT 

l-tAR -

CS,A1,AO 
I 

---------------------

MODE 0 (BASIC OUTPUT) 

0 7 -00 

L 
I 

CS,A1,AO 
I 

OUTPUT 

MODE 1 (STROBED INPUT) 

IBF 

INTR 

INPUT FROM 
PERIPHERAL 

'\ 

lAW . 

PS 

. 

tRR . 
V 

,/ tHR 
I 

, 
_tRA_1 

I 

tRO -I . tOF 

tww 

~/ 
I-tow--tWD-l 

I tWA 

-twB-1 

tRIB-
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MODE 1 (Strobe Output) 

MODE 2 (BIDIRECTIONAL) 

STB 

IBF 

PERIPHERAL 

DATA FROM 
8080 TO 8255 

BUS - •• -- •• - •• - ••• - •• - •• -

DATA FROM 
8255 TO PERIPHERAL 

UM82C55A 

DATA FROM 
8255 TO 8080 

Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. (INTR = ISF • MASK· STB • 
RD + OBF • MASK· ACK • WR) 

WRITE TIMING 

AO_1CS~ X-
----Jl==tAw---1 --! '~-tW-A---

DATA BUS ------X 1 IX=: 
~gtDW_'tWD:j 

WR 

tww 

READ TIMING 

AO_1CS --y- r 
_ - j::: tAR :m-fR,""A..:.~_======= 
RD tRR 

tRD OF i 
DATA BUS HIGH IMPEDANCE : VALID I HIGH IMPEDANCE 

! , 
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Pin Description 

Data Bus Buffer 
This 3-state bidirectional 8-bit buffer is used to interface 
the UM82C55A to the system data bus. Data is transmitted 
or received by the buffer upol') execution of input or 
output instructions by the CPU. Control words and status 
information are also transferred through the data bus 
buffer. 

ReadlWrite and Control Logic 
The function of this block is to manage all of the internal 
arid external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and 
Control busses and in turn, issues commands to both 
of the Control Groups. 

lCSJ 
Chip Select:. A "low" on this input pin enables the 

07-00 

AD 
WR 

AO 

RESET 

UM82C55A 

1/0 
PA7-PAO 

1/0 
PC7-Po. 

1/0 
PC3-PCO 

1/0 
PB7-PBO 

communication between the UM82C55A and the CPU. cs 

(RD) 
Read. A "low" on this input pin enables the UM82C55A 
to send the data or status information to the CPU on the 
data bus. In essence, it allows the CPU to "read from" 
the U M82C55A. 

(WR) 
Write. A "low" on this input pin enables the CPU to write 
data or control words into the UM82C55A. 

(AO and A,) 
Port Select 0 and Port Select 1. These input signals, it") 
conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus(Ao andA1 ). 

UM82C&5A BASIC OPERATION 

A A2 RD WR CS Input Operation (Read) 

0 0 0 1 0 Port A ~ Data Bus 

0 1 0 1 0 Port B·~ Data Bus 

1 0 0 1 0 Port C-t Data Bus 

1 1 0 1 0 Control Word ~ Data Bus 

Output Operation (Write) 

0 0 1 0 0 Data Bus ~ Port A 

0 1 1 0 0 Data Bus ~ Port B 

1 0 1 0 0 Data Bus ~ Port C 

1 1 1 0 0 Data Bus ~ Control 

Disable Function 

x x x x 1 Data Bus ~ 3-State 

x x 1 1 0 Data Bus ~ 3-State 

Figure 1. UM82C55A Block Diagram Data Bus Buffer and 
ReadlWr.ite Control Logic Functions 

(Reset) 
Reset_ A "high" on this input clears the control register 
and all ports (A, B, C) are set to the input mode. "Bus 
hold" devices internal to the UM82C55A wi II hold the 
I/O port inputs to a logic "1" state with a maximum 
hold current of 300 pA. 

Group A and Group B Controls 
The functional configuration of each port is programmed 
by the systems software. In essence, the CPU "outputs" 
a control word to the U M82C55A. The control word 
contains information such as "mode", "bit set", "bit 
reset", etc., that initializes the functional configuration of 
the UM82C55A. 

Each of the Control blocks (Group A and Group B) accepts 
"commands" from the Read/Write Control Logic, receives 
"control words" from the internal data bus and issues the 
proper commands to its associated ports_ 

Control Group A- Port A and Port C upper (C7-C4} 
Control Group B-Port B and Port Clower (C3-CO) 

The control word register can be both written and read 
as shown in the "Basic Operation" table. Figure 4 shows 
tbe control word format for both Read and Write 
operations. When the control word is read, bit 07 will 
always be a logic "1 ", as this implies control word mode 
i nformati on. 

Pints A, Band C 
The UM82C55A contains three 8-bitports (A, B, and C). 
All can be configured to a wide variety of functional 
characteristics by the system software but each has its 
own special features or "personal ity" to further enhance 
the power and flexibility of the UM82C55A. 

Port A One 8-bit data output latch/buffer and one 8-bit 
data input latch. Both "pull-up" and "pull-down" 
bus-hold devices are present on Port A. 
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Port BOne 8-bit data input/output latch/buffer and one 
8-bit data input buffer. 

Port C One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input)x This port 
can be divided into two 4-bit ports under the 
mode control. Each 4-bit port contains a 4-bit 
latch and it can be used for the control signal 
outputs and status signal inputs in conjunction 
with ports A and B. . 

I/O 
PB7·PBO 

Figure 2. UM82C55A Block Diagram Showing Group A 
and Group B Control Functions 

Operational Description 

Mode Selection 
There are three basic modes of operation that can be 
sel ected by the system softwa re: 

Mode 0 - Basic Input/Output 
Mode 1 - Strobed Input/Output 
Mode 2 - Bi-Directional Bus 

When the reset input goes "high", all ports will be set to 
the input mode with all 24 port lines held at a logic "one" 
level by internal bus hold devices. After the reset is 
removed, the UM82C55A can remain in the input mode 
with no additional initialization required. This eliminates 
the need for pullup or pulldown resistors in all-CMOS 
designs. During the execution of the system program, 
any of the other modes may be selected using a single 
output instruction. This allows a single UM82C55A to 
service a variety of peripheral devices with a simple 
software maintenance routine. 
The modes for Port A and Port B can be separately 
defined, while Port C is divided into two portions as 
required by the Port A and Port B definitions. All of the 
output registers, including the status flip-flops, will be 
reset whenever the mode is changed. Modes may be 
combined so that their functional definition can be 
"tailored" to almost any I/O structure. For instance: 
Group B can be programmed in Mode 0 to monitor simple 
switch closings or display compu·tational results, Group A 
could be programmed in Mode 1 to monitor a keyboard or 
tape reader on an interrupt-driven basis. 

7-115 

UM82C55A 

ADDRESS BUS 

CONTROL BUS 

UM82C55A 

MODEO--rl-;B~ __ ~~~C~I~~ ____ ~~ 
~o ~o~/o 

PB7·PBO PC3·PCO PC1-PC4 PA1-PAO 

_-':('B 9 Ai 

MODE1~0 It n t nt ( ~I/O 
PB7·PBO CONTROL CONTROL PB7-PBO 

OR I/O OR I/O 

C 

MODE 2 -..q' B I I I 

~ottll ttlt 
PA7-PAD I/O J I I 

CONTROL 

A 1 
~i-DIRECTIONAL 

PA7-PAD 

Figure 3. Basic Mode Definitions and Bus Interface 

CONTROL WORD 

107106 051041031021011001 

LJ 
I GROUPB \ 

PORT C (LOWER) - 1 = INPUT 
0= OUTPUT 

PORTB 
1 = INPUT 
0= OUTPUT 

MODE SELECTION 
0= MODE 0 
1 = MODE 1 

I GROUPA \ 
PORT C (UPPER) 
1 = INPUT 
0= OUTPUT 

PORTA 
1 = INPUT 
0= OUTPUT 

MODE SELEc;noN 
00= MODE 0 
01 = MODE 1 
lX= MODE 2 

MODE SET FLAG 
1 = ACTIVE 

Figure 4. Mode Definition Format 
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The mode definitions and possible mode combjnations 
may seem confusing at firSt but after a cursory review of 
the complete device operation a simple, logical I/O 
approach will surface. The design of the UM82C55A has 

. taken into account things such as efficient PC board layout, 

CONTROLWORO 

I 07 1 06 1 05 I 04 I 03 I 02 I 01 I DO J 

I 
X x X 

I I 
I 

OONT CARE 

UM82C55A 

control signal definition vs PC layout and complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design represents the 
maximum use of the available pins . 

BIT SET/RESET 
1 = SET 
0= RESET 

BIT SELECT 

0 1 2 3 4 5 6 7 

0 1 0 1 0 1 o 1 BO 

0 0 1 1 0 0 1 1 B1 

0 0 0 0 1 1 1 1 B2 

BIT SET/RESET FLAG 
0= ACTIVE 

Figure 5. Bit Set/Reset Format 

Single Bit Set/Reset Feature 
Any of the eight bits of Port C can be Set or Reset using 
a single OUT put instruction. This feature reduces software 
requirements in control-based applications. 

When Port C is being used asstatus!control for Port A or B, 
these bits can be set or reset by us in g th e Bi t Set/ Reset 
operation just as if they were data output ports. 

Interrupt C.ontrol Functions 
When the UM82C55A is programmed to operate in mode 1 
or mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 
signals, generated from port C, can be inhibited or enabled 
by setting or resetting the associated INTE flip-flop, using 
the bit set/reset function of port C. 

This function allows the programmer to enable or disable 
a CPU interrupt by a specific I/O device without affecting 
any other device in the interrupt structure. 

INTE Flip-flop Definition 
(BIT-SET) - INTE is SET - Interrupt enable. 
(BIT-RESET) - INTE is RESET - Interrupt disable. 

Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 

Operati ng Modes 
Mode 0 (Basic Input/Output). This functional configura­
tion provides simple input and output operations for each 
of the three ports. No handshaking is required, data is 
simply written to or read from a specific port. 

Mode 0 Basic Functional Definitions: 

• Two 8-bit ports and two 4-bit ports· 
• Any port can be input or output 
• Outputs are latched 
• Inputs are not latched 
• 16 different Input/Output configurations possible. 
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MODE 0 (BASIC INPUT) 

________________________ ~ 14-------t

RR 
RO 

INPUT -----------------' 
CS, A1, AO 

-------" 

07-00 - - - - - - - - - - - - - - - - - - - -

MODE 0 (BASIC OUTPUT) 

tww .. 
,~ ~V 

f:::::==. tow - -two~1 
07-00 

I 
tWA tAW 

X 
.. 

~K CS, A1, AO 

OUTPUT ) 
-tWB-

Mode 0 Port Definition 

A B Group A Group B 

D3 D1 Do 
Port C # Port B 

Porte 
D4 Port A 

(Upper) (Lower) 

0 0 u u Output Output 0 Output Output 

0 0 0 1 Output Output 1 Output Input 

0 0 1 0 Output Output 2 Input Output 

0 0 1 1 Output Output 3 Input Input 

0 1 0 0 Output Input 4 Output Output 

0 1 0 1 Output Input 5 Output Input 

0 1 1 0 Output Input 6 Input Output 

0 1 1 1 Output Input 7 Input Input 

1 0 0 0 Input Output 8 Output Output 

1 0 0 1 Input Output 9 Output Input 

1 0 1 0 Input Output 10 Input Output 

1 0 1 1 Input Output 11 Input Input 

1 1 0 0 Input Input 12 Output Output 

1 1 0 1 Input Input 13 Output Input 

1 1 1 0 Input Input 14 Input Output 

1 1 1 1 Input Input 15 Input Input 
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Mode 0 Configurations 

CONTROL WORD #0 

D7 D6 D5 D4 D3 D2 D1 DO 

A 

UM82C55A 

D7-DO C{ 

8 
7 

,4 

4 

B~ 

CONTROL WORD #1 

D7 D6 D5 D4 D3 D2 D 1 DO 

, 1 10101010101 0 111 

A 
/8 

UM82C55A 4 

D7-DO .. .. C{ fl 

B IR 

CONTROL WORD #2 

D7 D6 D5 D4 D3 D2 D1 DO 

A 
/8 

UM82C55A 4 

D7-DO .. .. C{ 4 

8 
B 

CONTROL WORD #3 

D7 D6 D5 04 03 02 01 DO 

11 I 0 I 01 0 I 0 I 0 11 11 I 
A /8 

UM82C55A 4 

D7-DO C{ -+--
B 

,8 

PA7-PAO 

PC7-PC4 

PC3-PCO 

PB7-PBO 

PA7-PAO 

PC7-PC4 

PC3-PCO 

PB7-PBO 

PA7-PAO 

PC7-PC4 

PC3-PCO 

PB7-PBO 

PA7-PAO 

PC7-PC4 

PC3-PCO 

PB7-PBO 

UM82C55A 

CONTROL WORD #4 

D7 D6 D5 D4 D3 D2 D1 DO 

11 .1 0 
1
0 10 11 I 0 I 01 01 

8 
A P A7-PAO 

07-00 

UM82C55A ~ 
C{ P . .. 

~ D 

C7-PC4 

C3-PCO 

B ~ .n 
I B7-PBO 

CONTROL WORD #5 

07 D6 D5 D4 03 02 D1 DO 

'11010101110101d 

8 
A PA7-PAO 

UM82C55A 4 

07-00 

n C{ 4 
7 P C3-PCO 

C7-PC4 

8 
B I PB7-PBO 

CONTROL WORD #6 

07 06 05 D4 D3 D2 D1 DO 

,1101010111011101 

A 
,8 

PA7-PAO 

07-DO 

UM82C55A 4 . .. C{ 4 

PC7-PC4 

PC3-PCO 

8 
B '7 PB7-PBO 

CONTROL WORD #7 

07 06 05 04 03 02 01 DO 

8 
A PA7-PAO 

D7-00 

UM82C55A 4 . .. C{ 4 

PC7-PC4 

PC3-PCO 

8 
B PB7-PBO 
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CONTROL WORD #8 CONTROL WORD #12 

07 06 05 04 03 02 01 00 07 06 05 04 03 02 01 00 

11101011101010101 

A~PA7-PAO A 
8 

PA7-PAO 
UM82C55A 

4 

C{ 

PC7-PC4 
07-00 07-00 

4 PC3-PCO 

UM82C55A 
L4 

C{ ~ .. a 
4 

PC7-PC4 

PC3-PCO 

B 8 PB7-PBO B ~8 PB7-PBO 

CONTROL WORD #9 CONTROL WORD #13 

07 06 05 04 03 02 01 00 07 06 05 04 03 02 01 00 

11101011101010111 

A 8 PA7-PAO A 
8 

~ 
PA7-PAO 

UM82C55A UM82C55A 
4 PC7-PC4 

07-00 c{ 4 
PC3-PCO 

07-00 

,4 

. . C{ L4 

PC7-PC4 

PC3-PCO 

B 
8 

PB7-PBO 8 
B PB7-PBO 

CONTROL WORD #10 CONTROL WORD #14 

07 06 05 04 03 02 01 00 07 06 05 04 03 02 01 00 

11101011101011101 

A 
8 

PA7-PAO PA7-PAO 
8 

A 
UM82C55A 

4 

c{ PC7-PC4 
07-00 

4 
PC3-PCO 

PC7-PC4 

PC3-PCO 
07-00 

UM82C55A 
-L4 

.. .. c{ 4 

B 
8 

PB7-PBO PB7-PBO B 
8 

~ 

CONTROL WORD #11 CONTROL WORD #15 

07 06 05 04 03 02 01 DO 07 06 05 04 03 02 01 DO 

11101011101011111 

A 8 PA7-PAO PA7-PAP 
8 

A 
UM82C55A 

4 

c{ 
PC7-PC4 

07-~0 4 
PC3-PCO 

PC7-PC4 

PC3-PCO 
07-00 

UM82C55A 
4 

c{ 4 
~ 

B 8 PB7-PBO B ~8 PB7-PBO 
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Operating Modes 

Mode 1 (Strobed Input/Output). This functional 
configuration provides a means for transferring I/O data to 
or from a specified port in conjunction with strobe!> or 
"handshaking" signals. In mode 1, port A and port B 
use the lines on port C to generate or accept these 
"handshaking" signals. 

Mode 1 Basic Functional Definitions 

• Two Groups (Group A and Group B) 
• Each group contains one 8-bit port and one 

4-bit control/data port. 
• The 8-bit data port can be either input or output. 

Both inputs and outputs are latched. 
• The 4-bit port is used for control and status of 

the 8-bit port. 

Input Control Signal Definition 

STB (Strobe Input) 
A "low" on this input loads data into the input latch. 

IBF (Input Buffer Full F/F) 

A "high" on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledge­
ment. I BF is set by STB in put being low and is reset by 
the rising edge of the RD input. 

INTR (Interrupt Request) 

A "high" on this output can be used to interrupt the 
CPU when an input device is requesting service. I NTR 
is set by the condition; STB is a "one", IBF is a "one" 
and INTE is a "one". It is reset by the falling edge of 
RD. This procedure allows an input device to request 
service from the CPU by simply strobing its data into 
the port. 

INTE A 
Controlled by bit set/reset of PC4 • 

INTE B 
Controlled by bit set/reset of PC 2 ' 

UM82C55A 

MODE 1 (PORT A) 

CONTROL WORD 

D7 D6 D5 D4 D3 D2 01 DO 

I' 10 1, I, 11I[?M 
PC6.7 
1 = INPUT 
0= OUTPU 

MODE 1 (PORT B) 

CONTROL WORD 
D7 D6 D5 D4 D3 D2 D1 DO 

11 [XfX1)(W 111 M 

Figure 6. MODE 1 Input 

-----tST~ ~--~-----------------------------c~------------------------~,I v---
STB ~ ~ J 

tSIB 1----,I~A0_----+--....(':_------------'" 
IBF J 

r-----
tSIT D-------_, I 

INTR JVA. tRIT _'\ ________________ -+--J I~ 

'J" 
INPUT FROM , 
PERIPHERAL - - - - - "'\. 

~---------------------+---~I 
~----tps • 

Figure 7. MODE 1 (Strobed Input) 
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Output Control Signal Definition 

OBF (Output Buffer Full F/F). The OBF output will 

go "low" to indicate that the CPU has written data out 

to the specified port. The OBF F/F will be set by the 

rising edge of the WR input and reset by ACK Input being 

low. 

ACK (Acknowledge Input). A "low" on this input 

informs the UM82C55A that the data from port A or port 

B has been accepted. I n essence, a response from the 

peripheral device indicating that it has received the data 

output by the CPU. 

INTR (Interrupt Request). A "high" on this output can 

be used to interrupt the CPU when an output device 

has accepted data transmitted by the CPU. INTR is set 

when ACK is a "one", OBF is a "one" and INTE is a 

"one". It is reset by the falling edge of WR. 

INTE A 

Controlled by Bi t Set/R eset of PC6 • 

INTE B 

Controlled by Bit Set/Reset of PC2 ' 

WR 

OBF 

INTR 

ACK 

OUTPUT 

UM82C55A 

MODE 1 (PORT A) 

PA7·PAO 

MODE 1 (PORT B) 

PB7·PBO 8 
CONTROL WORD 

D7 D6D5 D4. D3 D2 D1 DO 

11 1>®X1X1 1 10 IXI 

Figure 8. MODE 1 Output 

Figure 9. MODE 1 (Strobed Output) 
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Combinations of MODE 1; Port A and Port B can be individually defined as input or output in Mode 1 to support a wide 

variety of strobed I/O applications: 

PA7-PAO 

RD PC4 STI;3A 

CONTROL WORD 
PC5 tBFA 

PC3 

2 
INTRA 

PC6,7 _I/O 

1 = INPUT PB7-PBO 8 
0= OUTPUT 
WR PCl 

PC2 

PCO 

PORT A - (STROBED INPUT) 
PORT B - (STROBED OUTPUT) 

OBF B 

ACK
B 

INTRB 

PA7-PAO 8 

WR PC7 OBFA 

CONTROL WORD PC6 ACKA 

07 06050403 0201 DO 
PC3 

1,1 0 I, Ht I, tx1 
INTRA 

PC4-5 

PC4,5 
PB7-PBO 1 = INPUT 

0= OUTPUT 
RD PC2 STBB 

PCl IBFB 

PCO INTRB 

PORT B - (STROBED INPUT) 
PORT A - (STROBED OUTPUT) 

Figure 10. Combinations of MODE 1 

Operating Modes 

MODE 2 (Strobed Bidirectional Bus 1/0) 
The functional configuration provides a means for 
communicating with a peripheral device or structure on a 
single 8-bit bus for both transmitting and receiving data 
(bidirectional bus I/O). "Handshaking" signals are provided 
to maintain proper bus flow discipline similar to MODE 1. 
Interrupt generation and enable/disable functions are also 
available. 

MODE 2 Basic Function Definitions: 

• Used in Group A only. 
• One 8-bit, bi-directional bus Port (Port A) and a 

5-bit control Port (Port C). 
• Both inputs and outputs are latched. 
• The 5-bit control port (Port C) is used for control 

and status for the 8-bit, bi-directional bus port 
(Port A). 

Bidirectional Bus I/O Control Signal Definition 
INTR (Interrupt Request). A high on this output can be 
used to interrupt the CPU for both input or output 
operations. 

Output Operations 
OBF (Output Buffer Full). The OBF output will go "low" 
to indicate that the CPU has written data out to port A. 

ACK (Acknowledge). A "Low" on this input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high impedance 
state. 

INTE 1 (The INTE Flip-Flop Associated with OBF). 
Controlled by bit set/reset of PC6 • 

Input Operations 
STB (Strobe Input). A "low" on this input loads data into 
the input latch. 

IBF (Input Buffer Full F/F). A "high" on this output 
indicates that data has been loaded into the input latch. 

INTE 2 (The INTE Flip-Flop Associated with IBF). 
Controlled by bit set/reset of PC4 ' 
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CONTROL WORD 

D7 D6 D5 D4 D3 D2 D1 DO 

INTR 

STB 

IBF 

PERIPHERAL 

PC2-0C 
1 = INPUT 
0= OUTPUT 

PORT B 
1 = INPUT 
0= OUTPUT 

GROUP B MODE 
0= MODE 0 
1 = MODE 1 

Figure 11. MODE Control Word 

DATA FROM 
CPU TO UM82C55A 

BUS - - - - - - - - - - - - - -

DATA FROM 
PERIPHERAL TO UM82C55A 

UM82C55A 

PC4 -STBA 

~~--------~ PC5 

3 

PC2-0 I/O 

Figure 12. MODE 2 

DATA FROM . 
UM82C55A TO PERIPHERAL 

Figure 13. MODE 2 (Bidirectional) 

Note: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. (INTR = IBF . MASK· 
STB· RD+OBF· MASK· ACK· WR) 
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SUMC 
MODE 2 AND MODE 0 (INPUT) 

CONTROL WORD 

D7 D6 D5 D4 D3 D2 D1 DO 

11 11 ~ 0 11 11/01 

WR 

MODE 2 AND MODE 1 (OUTPUT) 

CONTROL WORD 

D7 D6 D5 D4 D3 D2 D1 DO 

111 11 k><tXN 1 1 0 t><J 

RD 

WR-~-"JI 

Mode Definition Summary 

MODE 0 
IN OUT 

PAo IN OUT 
PAl IN OUT 
PA2 IN OUT 
PA3 IN OUT 
PA4 IN OUT 
PAs IN OUT 
PA6 IN OUT 
PA7 IN OUT 
PBo IN OUT 
PB l IN OUT 
PB2 IN OUT 
PB3 IN OUT 
PB4 IN OUT 
PBs IN OUT 
PB6 IN OUT 
PB7 IN OUT 
PCo IN OUT 
PC l IN OUT 
PC2 IN OUT 
PC3 IN OUT 
PC4 IN OUT 
PCs IN OUT 
PC6 IN OUT 
PC7 IN OUT 

PC3 

PA7-PAO 

PC7 

PB7-PBO 

PC1 

INTRA 

OBFA 

ACKA 

STBA 

IBFA 

I/O 

INTRA 

OBFA 

OBFB 

MODE 2 AND MODE 0 (OUTPUT) 

CONTROL WORD 

D7 D6 D5 D4 D3 D2 D1 DO 

I, I, t>~Rl><JoI tol 
PC2-0 
1 = INPUT 
0= OUTPUT 

RD 

WR 

MODE 2 AND MODE 1 (INPUT) 

CONTROL WORD 

D7 D6 D5 D4 D3 D2 D1 DO 

11 11 MXJ>(j 1 11 t><J 

PC2 -ACKB 
RD-~P"\.A 

PCO INTRB 
WR-----,~A 

Figure 14. MODE 2 Combinations 

MODE 1 MODE 2 
IN OUT Group A Only 

IN OUT .. .. 
IN OUT .. .. 
IN OUT .. .. 
IN OUT .. . 
IN OUT ... .. 
IN OUT .. .. 
IN OUT .. .. 
IN OUT .. .. 
IN OUT ---
IN OUT ---
IN - OUT ---
IN OUT ---
IN OUT 
IN OUT ---
IN OUT ---
IN OUT ---

INTRB INTRB 
lliE.s OBFs 
STBB ACKB 
INTRA INTRA 
STBA I/O 
IBFA ~ 

I/O ACKA 
I/O OBFA 

I/O 
I/O 
I/O 

INTRA 
STBA 
IBFA 
ACKA 
OBFA 
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PC7 

PC6 

PC4 

PC5 

PC2-0 

OBFA 

ACKA 

STBA 

IBFA 

I/O 

MODE 0 
OR MODE 
ONLY 



Special Mode Combination Considerations: 
There are several combinations of modes possible. For 
any. combination, some or all of Port Clines are used for 
control or status. The remai ni ng bits are either inputs or 
outputs as defined by a "Set Mode" command. 

During a read of Port C, the state of all the Port Clines, 
except the ACK and STB lines, will be placed on the 
data bus. In place of the ACK and STB line states, flag 
status will appear on the data bus in the PC2, PC4, and 
PC6 bit positions as illustrated by Figure 17. 

Through a "Write Port C" command, only the Port C 
pins programmed as outputs in a Mode ° group can be 
written. No other pins can be affected by a "Write Port 
C" command, nor can the interrupt enable flags be 
accessed. To write to any Port C output programmed 
as an output in a Mode 1 group or to change an interrupt 
enable flag, the "Set/Reset Port C Bit" command must 
be used. 

With a "Set/Reset Port C Bit" command, any Port C 
line programmed as an output (including INTR, IBF and 
OBF) can be written, or an interrupt enable flag can be 
either set or reset. Port C lines programmed as inputs, 
including AC K and STB lines, associated with Port Care 
not affected by a "Set/Reset Port C Bit" command. 
Writing to the corresponding Port C bit positions of the 
ACK and STB lines with the "Set/Reset Port C Bit" 
command will affect the Group A and Group B interrupt 
enable flags, as illustrated in Figure 17. 

Interrupt Enable Flag* Position 

INTE B PC2 

INTE A2 PC4 

INTE A1 PC6 

UM82C55A 

INPUT CONFIGURATION 

07 06 05 04 03 02 01 DO 

GROUPA GROUPS 

OUTPUT CONFIGURATION 

07 06 05 04 03 02 01 DO 

GROUPA GROUPS 

Figure 15. MODE 1 Status Word Format 

GROUP A GROUPS 

(DEFINEO SY MODE 0 OR MODE 1 SELECTION) 

Figure 16. MODE 2 Status Word Format 

Alternate Port C Pin Signal (Mode) 

ACKs (Output Mode 1) or STBs (Input Mode 1) 

STBA (Input Mode 1 or Mode2) 

ACKA (Output Mode 1 or Mode 2) 

Figure 17. Interrupt Enable Flags in Modes 1 and 2 

Current Drive Capability: 
Any output on Port A, B or C can sink or source 2.5mA. 
This feature allows the UM82C55A to directly drive 
Darlington type drivers and high-voltage displays that 
require such sinkor source current. 

Reading Port C Status 
In Mode 0, Port C transfers data to or from the peripheral 
device. When the UM82C55A is programmed to function 

in Modes 1 or 2, Port C generates or accepts "hand-shaking" 
signals with the peripheral device. Reading 'the contents of 
Port C allows that programmer to test or verify the "status" 
of each peripheral device and change the program flow 
accordi ngly. 

There is no special instruction to read the status informa­
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 
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Applications of the UM82C55A 

The UM82C55A is a very powerful tool for interfacing 
peripheral equipment to the microcomputer system. 
It represehts the optimum use of available pins and is 
flexible enough to interface almost any I/O device without 
the need for additional external logic. 

Each peripheral device in a microcomputer system usually 
has a "service routine" associated with it. The routine 
manages the software interface between the device and the 
CPU. The functional definition of the UM82C55A is 
programmed by the I/O service routine and bec9mes an 
extension of the system software. By examining the I/O 
devices interface characteristics for both data transfer and 
timing, and matching this information to the examples and 
tables in the detailed operational description, a control 
word can easily be developed to initialize the UM82C55A 
to exactly "fit" the application. Figures 10 through 24 
present a few examples of typical appl ications of the 
UM82C55A. 

INTERRUPT 
REQU EST~ 

PC3 

MODEl 
(INPUT) 

PAO 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PC4 
PC5 

L--

UM82C55A 

. 
MODEl 

(OUTPUT) 

PCO 

UPT --J INTERR 
REQUEST 

PsO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

PCl 
PC2 
PC6 
PC7 

RO 
Rl FULLY 
R2 DECODED 
R3' KEYBOARD 
R4 
R5 
SHIFT 
CONTROL 

STROBE 
ACK 

BO 
Bl BURROUGHS 
B2 SELF-SCAN 
B3 DISPLAY 
B4 
B5 
BACKSPACE 
CLEAR 

DATA READY 
ACK 
BLANKING 
CANCEL WORD 

Figure 19. Keyboard and Display fnterface 

INTERRUPT 
REQUEST 

PC3 

MODE 1 
(OUTPUT) 

UM82C55A 

MODEl 
(OUTPUT) 

INTERRUPT 
REQUEST 

PCO 

UM82C55A 

PAO 

PAl 

PA2 HIGH·SPEED 

PA3 PRINTER 

PA4 
PA5 

PA6 

PA7 HAMMER 
RELAYS 

PC7 

PC6 

PC5 

PC4 

PBO 

PBl 

PB2 

PB3 

PB4 

PB5 

PB6 

PB7 

PCl 

PC2 ACK 

CONTROL LOGIC AND DRIVERS 

Figure 18. Printer Interface 

INTERRUPT 
REQU EST 1 

PC3 

MODEl 
(INPUT) 

UM82C55A 

PAO 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PC4 
PC5 
PC6 

~ 
~ - - - --;:.-=--

PBO 
PBl 
PB2 

MOOED 
PB3 

. (iNPUT) PB4 
PB5 
PB6 
PB7 

RO 
Rl FULLY 
F2 DECODED 
R3 KEYBOARD 

R4 
R5 
SHIFT 
CONTROL 

STROBE 
ACKNOWLEDGE 
BUSY LT 
TEST LT 

,,-- -~o-
~ -
,,~---'>-. 

/---'?-c 
~ 

..<-----~ 

..<~----.... 
~ ~ 

..<----'~ 
~ 

---'>-. 
::;----,;: 
"V 

-

TERMINAL 
ADDRESS 

Figure 20. Keyboard and Terminal Address Interface 
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(DUMC 

-
PAO 
PAl 
PA2 
PA3 
PA4 

MODE,O PA5 
(OUTPUT) - PA6 

PA7 
PC4 
PC5 
pe6 
PC7 

UM82C55A~ 
PCO 
PCl 

BIT _ 
~ET/RESET 

PC2 
PC3 

'---
.---

PBO 
PBl 
PB2 

MODE 0 PB3 
(lNPUT)- PB4 

PB5 
PB6 
PB7 

LSB 

l2-BIT 
D-A 

CONVERTER 
(DAC) 

MSB 

STB DATA 
OUTPUT EN 

SAMPLE EN 
-STB 

LSB 

8-BIT 
A-D 

CONVERTER 
(ADC) 

MSB 

-

-

ANALOG 
OUTPUT 

ANALOG 
INPUT 

Figure 21. Digital to Analog, Analog to Digital 

INTERRUPT 
REQUEST 

I 
PC3 

MODE2 -

UM82C55A 

MODEO 
(OUTPUT) -

.--
PAO 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PC4 
PC5 
PC7 
PC6 

'----

PC2 
PCl 
PCO 

r--
PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

'------

DO 
Dl FLOPPY DISK 

D2 CONTROLLER 
D2 AND DRIVE 
D4 
D5 
D6 
D7 

DATA STB 
ACK (IN) 
DATA READY 
ACK (OUT) 

TRACK "0" SENSOR 
SYNC READY 
INDEX 

ENGAGE HEAD 
FORWARD/REV 
READ ENABLE 
WRITE ENABLE 
DISC SELECT 
ENABLE CRC 
TEST 
BUSY LT 

Figure 23. Basic Floppy Disk Interface 

INTERRUPT 
REQUEST 

"I 
PC3 

MODE 0 
(OUTPUT) -

UM82C55A 

MODE 0_ 
(OUTPUT) 

~ 
PAl 
PA2 
PA3 
PA4 
PA5 
PA6 
PA7 

PC7 
PC6 
PC5 
PC4 

-

-
PC2 
PCl 
PCO 

PBO 
PBl 
PB2 
PB3 
PB4 
PB5 
PB6 
PB7 

'"==-

UM82C55A 

RO 
Rl CRT CONTROLLER 
R2 • CHARACTER GEN 
R3 • REFRESH BUFFER 
R4 • CURSOR CONTROL 
R5 
SHIFT 
CONTROL 

DATA READY 
ACK 
BLANKED 
BLACK/WHITE 

ROWSTB 
COLUMN STB 
CURSOR H/V STB 

1-

CURSOR/ROW/COLUMN 
-ADDRESS 

H&V 

-

Figure 22. Basic CRT Controller Interface 

INTERRUPT 

REQUES~. 

PC3 ~O RO 
PAl Rl 
PA2 R2 
PA3 R3 8 LEVEL 
PA4 R4 PAPER 

MODEl PA5 R5 TAPE 
(INPUT) - PA6 R6 READER 

PA7 R7 

PC4 STB 
PC5 ACK 
PC6 STOP/GO 

'----

UM82C55A MACHINE TOOL.. 

-or START/STOP 
MODE 0 PCl LIMIT SENSOR (H/V) 
(INPUT) PC2 OUT OF FLUID 

~O CHANGE TOOL 
PBl LEFT/RIGHT 
PB2 UP/DOWN 

MODE 0 PB3 HOR. STEP STROBE 
(OUTPUT)- PB4 VERT. STEP STROBE 

PB5 SLEW/STEP 
PB6 FLUID ENABLE 
PB7 EMERGENCY STOP 

'----

Figure 24. Machine Tool Controller Interface 
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SUMO 
UM82C84A 

::::====:::CMOS Clock Generator Driver 

Features 

• Generates the system clock for CMOS or NMOS 
Microprocessors 

• Up to 25 MHz operation 
• Uses a parallel mode crystal circuit or external frequency 

source 

• Provides ready synchronization 

General Description 

The UM82C84A is a high performance CMOS clock 
generator-.driver which is designed to service the require­
ments of both CMOS and NMOS microprocessors such as 
the 80C86, 80C88, 8086 and the 8088. The chip contains 
a crystal controlled oscillator, a divide-by-three counter 
and complete "Ready" synchronization and reset logic. 

Static CMOS circuit design permits operation with an 
external frequency source from DC to 25MHz. Crystal 
controlled operation to 25MHz is guaranteed with the 

• Generates system reset output from schm itt trigger 
input 

• Capable of clock synchronization with other 8284As 
• TTL compatible inputs/outputs 
• Very low p8wer consumption 
• 18 Pi n package 
• Single +5V power supply 

use of a parallel, fundamental mode crystal and two small 
load capacitors. 

All inputs (except Xl, X2 and RES) are TTL compatible 
with a VIH of 2.0 volts over the industrial temperature 
and voltage ranges. 

Power consumption is a fraction of that of the equivalent 
bipolar circuits. This speed-power characteristic of CMOS 
permits the designer to custom tailor his system design 
with respect to power and/or speed requirements. 

Pin Configuration Block Diagram 

CSYNC VCC 

PClK X1 

AEN1 X2 

RDY1 ASYNC 

READY EFI 

RDY2 Fie osc 

AEN2 OSC 

ClK RES 

GND RESET 

ROY1 

Control logical 1 logical 0 
Pin 

FIC External Crystal 
Clock Drive 

RES Normal Reset 

ROY1 Bus Ready Bus not 
ROY2 Ready 

ASYNC~--------------------

AEfIT Address Address 
AEN2 Disabled Enabled 

ASYNC 2 Stage Ready 1 Stage Ready 
Synchronization Synchronization 
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(l)UMC 

Absolute Maximum Ratings* 

Supply Voltage ..................... +8.0 Volts 
Operating Voltage Range .............. +4V to +7V 
Applied Voltage on Any Pin 

VIN .................. GND -0.3V to VeeO.3V 
Ambient Temperature Under Bias T A ..... O°C to + 70°C 
Storage Temperature Range 

TSTG ...................... -65°Cto+150°C 
Maximum Power Dissipation ................ 1 Watt 

D.C. Electrical Characteristics 
Vee = 5.OV ± 10% TA = O°C to +70°C 

Symbol Parameter Min. 

logical One 2.0 
VIH Input Voltage 

VIL 
logical Zero 
Input Voltage 

VT+ 
Reset Input 

0.7 Vee 
High Voltage 

VT+-VT- Reset Input 
0.2 Vee 

Hysteresis 

VOH 
Logical One 

Vce- O.4 
Output Voltage 

VOL 
logical Zero 
Output Voltage 

ICL 
Input leakage 
Current 

-1,0 

Power S 
Icc' 

Supply Current 

Notes: 

UM82C84A 

*Comments 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other cond itions above those in­
dicated in the operational sections of this specification is 
not implied and exposure to absolute maximum rating con­
ditions for extended periods may affect device reliability. 

Max. Units Test Conditions 

V 

0.8 V 

V 

10H = -4.0mA for 

V ClK oU'cput 
10H = -2.5mA for 
all others 

10 L = +4.0mA for 

0.4 V ClK output 
10L = +2.5mA for 
for others 

1.0 p.A OV<VIN<VCC except 
ASYNC, Xl-see note 1 

Crystal 
40 mA Frequency = 25MHz 

Outputs Open 

ASYNC pin includes an internal 17.5Kn nominal pull-up resistor. For ASYNC input at GND, ASYNC input leakage current= 
130p.A nominal. 
X l-crystal feedback input. 

Capacitance 
(T A = 25°C. Vee = GND=OV; VIN =+5V or GND) 

Symbol Parameter Min. Max. Units Test Conditions 

CIN * 
Input 5 pf Freq. = 1 MHz 
Capacitance 

* Guaranteed and sampled, but not 100~(' ~2:;:2~ 
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\lJUMC 

A .. C. Characteristics 
(T A = O°C.to +70°C, Vcc = 5V ± 10%) 

TIMING REQUIREMENTS 

Symbol Parameter Min: 

tEHEl External F.requency HIGH Time 13 

tElEH External Frequency lOW Time 13 

tElEl EF I Period 36 

XTAl Frequency 2.4 

tR1VCl R DY 1, R DY2 Active Setup to C lK 35 

tR1VCH RDY1, RDY2 Inactive Setup to ClK 35 

tR1VCl RDY1, RDY2 Inactive Setup to ClK 35 

tClR1X RDY1, RDY2 Hold to ClK 0 

tAYVCl ASYNC Setup to ClK 50 

tClAYX ASYNC Hold to ClK 0 

tA1VR1V AEN1, AEN2 Setup to R DY1, R DY2 15 

tClA1X AEN1, AEN2 Hold to ClK 0 

tYHEN CSYNC Setup to EFI 20 

. tEHYl CSYNC Hold to EF I 20 

tYHYl CSYNC Width 2.tElEl 

tl1HCL RES Setup to ClK 65 

tCLIl H RES Hold to ClK 20 

TIM ING RESPONSES 

Symbol Parameter Min. 

tClCl C lK Cycle Period 125 

tCHCl ClK HIGH Time (1/3 tClCL)+2.0 

tClCH ClK lOW Time (2/3 tC lC L)215. 0 

tCH1CH2 ClK Rise or Fall Time 

~Cl2Cl1 

tPHPl PClK H IGH ~ime tClCl-20 

tPlPH PClK lOW Time tClCl-20 

tRYlCl Ready I nact ive to C l K (See note 4) -8 

tRYHCH Ready Active to ClK (See note 3) (2/3 tClCL)-15.0 

tClll ClK to Reset Delay 

tClPH ClK to PClK HIGH Delay 

tClPl ClK to PClK lOW Delay 

tOlCH OSC to C lK HIGH Delay -5 

tOlCl OSC to ClK lOW Delay 2 

Notes: 
1. Output signals switch between VOH and VOL unless otherwise specif ied. 
2. Setup and hold necessary only to guarantee recognition at ne~t clock. 
3. Applies only to T3 TW states. 
4. Applies only to T2 states. 
5. All timing delays are measured at 1.5 volts unless otherwise noted. 
6. Input signals must switch between VI L max-.4 VOH and VIH min +.4 volts 

in 15ns unless otherwise specified. 

Max. 

25 

Max. 

10 

40 

22 

22 

22 

35 

Figure 1. Illustrates test load measurement condition. 
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Units Test Conditions 

ns 90%-90% VIN 

ns 10%-10% VIN 

ns 

HNz 

ns ASYNC = HIGH 

ns ASYNC=lOW 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns (Note 2) 

ns (Note 2) 

Units Test Conditions 

ns 

ns Fig. 7 & Fig. 8 

ns Fig. 7 & Fig. 8 

ns 1.0V to 3.5V 

ns 

ns 

ns Fig. 8 & Fig. 10 

ns Fig. 9 & Fig. 10 

ns 

ns 

ns 

ns 

ns 



Waveforms 

NAME 

EFI 

OSC 

I/O 

J\J\. 
o J\J\. 

UM82C84A 

tEHEL - --- --
~LCH - ~4-

o ....::::r-.. L--J ( ____ 06 

tCH1CH2 -~ -tOLCL tCLPH- -r------... 
o --.r-"~ :t~----~,\ ... ____ I 

ClK 

PClK 

CSYNC 

RES 

t
EHYl 

- _ - _ tYHEH 

~ .. , 
_tYHYL __ ~-----

- t plPH --tpHPL .,..----,. 

tCLl1H tl1HCl --
\ I 

tCLIL _ 

RESET 0 I L 
Note: All timing measurements are made at 1.5 volts. Unless otherwise noted. 

Figure 2. Waveforms for Clocks and Reset Signals 

ClK 

RYD1.2-------....l\ 

AEN1.2----------~ 

ASYNC--------~ 

READY------------~ 

Figure 3. Waveforms for Ready Signals (For Asynchronous Devices) 

ClK 

RYD1.2 _________ ~ 

AEN1.2---------~ 

ASYNC-------------~ 

READY-----------~ 

Figure 4. Waveforms for Ready Signals (For Synchronous Devices) 
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UM82C84A 

X1 ClK 
~1c:::J 

X2 

~2 
Fie 

Fie 

CSYNC CSYNC 

Figure 5. Clock High and Low Time (Using X1, X2) Figure 6. Clock High and Low Time (Using EFI) 

X1 

X2 

RDY2 OSC 
Fie 
AEN2 
CSYNC 

Figure 7. Ready to Clock (Using X1, X2) 

Notes: 
1. Cl = 100pF 
2. Cl = 30pF 

FROM OUTPUT 
UNDER TEST 

Figure 8. Ready to Clock (Using EFI) 

2.25V 

-IR= 740nFDR All OUTPU;-S EXCEPT ClK 
463 n FOR ClK OUTPUT 

Cl 

I(SEE NOTE 3) 

3. Cl INCLUDES PROBE AND JIG CAPACITANCE 

Figure 9. Test Load Measurement Conditions 

Table 1. Crystal Specifications 

Parameter Typical Crystal 

Frequency 2.4-25MHz, Fundamental, "AT" cut 

Type of Operation Parallel 

Unwanted Modes -6db (Min) 

Load Capacitance 18-32pf 
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UMB2CB4A 

Pin Description 

Pin I/O Definitions 

AEN1, I ADDRESS ENABLE: AEN is an active LOW signal. AEN serves to qualify its respective Bus Ready 
AEN2 Signal (RYDl or RDY2). AENl validates RDYl while AE"f'\I2" validates RDY2. Two AEN signal 

inputs are useful in system configurations which permit the processor to access two Multi-Master 
System Busses. I n non Multi-Master configurations, the AEN signal inputs are tied true (LOW), 

RDY1, I BUS READY (Transfer Complete). F3 DY is an active HIGH signal which is an indication from a 
RDY2 device located on the system data bus that data has been received, or is available. RDYl is qualified 

by AENl while RDY2 is qualified by AEN2. 

ASYNC I READY SYNCHRONIZATION SELECT: ASYNC is an input which defines the synchronization 
mode of the READY logic. When ASYNC is low, two stages of READY synchronization are 
provided. When ASYNC is left open or HIGH a single stage of READY synchronization is provided. 

READY 0 READY: READY is an active HIGH signal which is the synchronized ROY signal input. READY is 
cleared after the guaranteed hold time to the processor has been met. 

Xl, X2 I CRYSTAL IN: Xl and X2 are the pins to which a crystal is attached. The crystal frequency is 3 
times the desired processor clock frequency. 

FtC I FR EQUENCY/CRYSTAL SELECT: 
-

When strapped LOW, F/C permits F IC is a strapping option. 
the processor's clock to be generated by the crystal. When FIE is strapped HI GH,CLK is generated 
from the E F I input. 

EFI I EXTERNAL FREQUENCY IN: When Fie is. strapped HIGH, CLK is gel)erated from the 
input frequency appearing on this pin. The input signal is a square wave 3 ti'mes the frequency of the 
desired CL K output. 

CLK 0 PROCESSOR CLOCK: CLK is the clock outputused by the processor and all devices which directly 
connect to the processor's local bus. CLK has an output frequency which is 1/3 of the crystal of EFI, 
input frequency and a 113 duty cycle. 

PCLK 0 PERIPHERAL CLOCK: PC L K is a peripheral clock signal whose output frequency is 112 that of 
C L K and has a 50% duty cycle. 

OSC 0 OSCILLATOR OUTPUT: OSC is the output of the internal oscillator circuity. I ts frequency is 
equal to that of the crystal. 

RES I RESET IN: RES is an active LOW signal which is used generate RESET. The UM82C84A provides a 
Schmitt trigger input so that an RC connection can be used to establish the power-up reset of proper 
duration. 

RESET 0 RESET: RESET is an active HIGH signal which is used to reset the 80C86 family processors. Its 
timing characteristics are determinded by RES. 

CSYNC I CLOCK SYNCHRONIZATION: CSYNC is an active HIGH signal which allows multiple UM82C84As 
to be synchronized to provide clocks that are in phase. When CSYNC is HIGH the internal counters 
are reset. When CSYNC goes LOW the internal counters are allowed to resume counting. CSYNC 
needs to be externally synchronized to EFI. When using the internal oscillator CSYNC should be 
hardwired to ground. 

GND Ground 

Vee +5V supply 
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Functional Description 

Oscillator 

The oscillator circuit of the UM82C84A is designed 
primarily for use with an external parallel resonant, 
fundamental mode crystal from which the basic operating 
frequency is derived. 

The crystal frequency should be selected at three times 
the required CPU clock. X 1 and X2 are the two crystal 
input crystal connections. For the most stable operation 
of the oscillator (OSC) output circuit, two capacitors 
(Cl = C2) as shown in the waveform figures are recom­
mended. The output of the oscillator is buffered and 
br.ought out on OSC so that other system timing signals 
can be derived from this stable, crystal-controlled source. 
Capacitors Cl, C2 are chosen such that their combined 
capacitance: 

CT = Cl . C2 (Including stray capacitance) 
Cl+C2 

matches the load capacitance as specified by the crystal 
manufacturer. This insures operation within the frequency 
tolerance specified by the crystal manufacturer. 

Clock Generator 

The clock generator consists of a synchronous divide-by­
three counter with a special clear input that inhibits the 
counting .. This clear input (CSYNC) allows the output 
clock to be synchronized with an external event (such as 
another UM82C84 clock). It is necessary to synchronize 
the CSYNC input to the EFI clock external to the 
UM82C84A. This is accomplished with two flip-flops. 
The counter output is a 33% duty cycle clock at one-third 
the input frequency. 

The F/C input is a strapping pin that selects either the 
crystal oscillator or the EFI input as the clock for the -3 
counter. If the EF I input is selected as the clock source, 
the oscillator section can be used independently for another 
clock source*. Output is taken from OSC. 

Clock Outputs 

The CLK output is a 33% duty cycle clock driver designed 
to drive the 80C86, 80C88 processors directly. PC LK 
is a peripheral clock signal whose output frequency is 
1/2 that of CLK. PCLK has a 50% duty cycle. 

Reset Logic 

The reset logic provides a Schmitt trigger input (R ES) and 
a synchronizing flip-flop to generate the reset timing. 

CLOCK 
SYNCHRONIZE >--+-----+--1 D 

EFI 

o 

UM82C84A 

The reset signal si synchronized to the falling edge of 
CLK. A simple RC network can be used to provide power­
on reset by utilizing this function of the UM82C84A. 
Wave-forms for clocks and reset signals are illustrated in 
Figure 1. 

Ready Synchronization 

Two READY inputs (R DY1, R DY2) are provided to 
accommodate two system busses. Each input has a 
qualifier (AENl and AEN2, respectively). The AEN 
signals validate their respective RDY si(:lnals. If a Multi­
Master system is not being used the AEN pin should be 
tied LOW. 

Synchronization is required for all asynchronous active­
going edges of either RDY input to guarantee that the 
R DY setup and hold times are met. Inactive-going edges 
of R DY in normally ready systems do not require 
synchronization but must satisfy R DY setup and hold as a 
matter of proper system design. 

The ASYNC input defines two modes of READY 
synchronization operation. 

When ASYNC is LOW, two stages of synchronization are 
provided for active READY input signals. Positive-going 
asynchronous READY inputs will first be synchronized 
to flip-flop one at the rising edge of ClK (requiring a 
setup time tR1VCH) and then synchronized to flip-flop 
two at the next falling edge of ClK, after which time the 
READY output will go active (H IGH). Negative-going 
asynchronous READY inputs will be synchronized directly 
to flip-flop two at the falling edge of ClK, after which 
time the READY output will go inactive. This mode of 
operation is intended for use by asynchronous (normally 
not ready) devices in the system wh ich cannot be 
guaranteed by design to meet the required RDY setup 
timing, tR1VCl, on each bus cycle. 

When ASYNC is high or left open, the first READY flip­
flop is bypassed in the READY synchronization logic. 
READY inputs are synchronized by flip-flop two on the 
falling edge of ClK before they are presented to the 
processor. This morie is available for synchronous devices 
that can be guaranteed to meet the required R DY setup 
time. 

ASYNC can be changed on every bus cycle to select the 
appropriate mode of synchronization for each device in 
the system. 

D 

Q 

Figure 10. CSYNC Synchronization (TO OTHER 82C84As) 

*Note: If EFI input is used, then crystal input Xl must be tied to Vcc or GND and X2 should be left open. If the crystal 
inputs are used, then EF I should be tied to Vcc or GND. 
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SUMO 
UM82C88 

===~i~~=========== Bus Controller 

Features 

• Pin compatible with bipolar 8288 

• Provides advanced commands for multimaster busses 

• 3-state command outputs 

• Bipolar drive capabil ity 

• Fully TTL compatible 

General Description 

The UM82C88 is a high performance CMOS Bus Controller 

manufactured using a self-aligned silicon gate CMOS 

process. The UM82C88 provides the control and command 

timing signals for 80C86 and 8086/88 systems. The high 

output drive capability of the UM82C88 eliminates the 

• High performance HCMOS process 

• Single 5V power supply 

• Low power operation 

ICCSB - 10llA 

IccOp - 1 mA/MHz 

need for additional bus drivers. High speed and industry 

standard configuration make the UM82C88 compatible 

with microprocessors such as the 80C86, 8086, 8088, 

8089,80186, and 80188. 

Pin Configuration Block Diagram 

lOB VCC 

ClK So 

51 S2 

DTiR MCE/PDEN 

ALE DEN 

AEN CEN 

MRDC INTA 

AMWC 10RC 

MWTC AIOWC 

GND 10WC 

{ 

CLK 

CONTROL AEN 
INPUT GEN 

lOB 

STATUS 
DECODER 

CONTROL 
LOGIC 

VCC 

COMMAND 

SIGNAL 

GENERATOR' 

CONTROL 
SIGNAL 

GENERATOR 

GND 

*TM Multibus is an I NTE L Corp trademark 
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MRDC 

MWTC 

AMWC 

IORC 

IOWC 

Ali5WC 
INTA 

}

'MULTIBUS ™ 
COMMAND 
SIGNALS 

DT/R } 
DEN ADDRESS LATCH 
MCE PDEN DATA TRANSCEIVER 

AND INTERRUPT 
ALE CONTROL SIGNALS 



(DUMC 

Absolute Maximum Ratings* 

Supply Voltage ..................... +8.0 Volts 
Operating Voltage Range .............. +4V to +7V 
Input Voltage Applied .......... GND -2.0V to +6.5V 
Output Voltage Applied ..... GND -0.5V to Vee +0.5V 
Storage Temperature Range ......... -65°C to +150°C 
Operating Temperature Range .......... O°C to + 70°C 
Maximum Power Disipation ................ 1 Watt 

. D.C. Electrical Characteristics 
(Vee = 5.0V ±.1 0%; T A = O°c to + 70°C) 

Symbol Parameter Min. 

VJH Logic One 2.0 
Input Voltage 

VIL Logic Zero 
Input Voltage 

VIHe LCK Logical One 0.7 Vee 
Input Voltage 

VILe CLK Logical Zero 
Input Voltage 

VOH Output High Voltage 3.0 
Command Outputs VCC-OA 

Output High Voltage 3.0 
Control Outputs VCC-OA 

VOL Output Low Voltage 
Command Outputs 

Output Low Voltage 
Control Outputs 

IlL Input Leakage -1.0 
Current 

IBHH Input Leakage -50 
Current-Status Bus 

10 Output Leakage -10.0 
Current 

leesB Standby Power Supply 

leeop Operating Power 
Supply Current 

Capacitance 
(TA = 25°C; Vee = GND = OV; VIN = +5Vor GND) 

Symbol Parameter Min. 

CIN* Input Capacitance 

COUT* Output Capacitance 

*Guaranteed and sampled, but not 100% tested 

UM82C88 

*Comments 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings oniy. Functional operation of 
this device at these or any other conditions above those in­
dicated in the operational sectio~s of this specification is 
not implied and exposure to absolute maximum rating con­
ditions for extended per.iods may affect device reliability . 

Max. Units Conditions 

V 
V 

O.S V 

V 

0.2 VCC V 

V 10H = -S.OmA 
V 10H = -2.5mA 

V 10H = -4.0mA 
V 10H = -2.5mA 

0.5 V 10L = +20.0mA 

OA V 10L = +S.OmA 

1.0 J..l.A OV~VIN~Vee 
except So, Sl , S2 

-300 J..l.A VIN = 2.0V 
So,Sl,S2 
(see Note 1) 

10.0 J..l.A OV~Vo~Vee 

10 J..l.A Vee = 5.5V 
VIN = Vee or GND 
Outputs Open 

1 mA/MHz Vee = 5.5V 
Outputs Open 

Max. Unit Conditions 

5 pf .FREQ = 1 MHz 
Unmeasured pins 
returned to GND 

16 pf 
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A. C. Characteristics 
(Vcc=+5V±10%, GND=OV; TA=0°Ct070°C) 

TIMING REQUIREMENTS 

Symbol Parameter 

TCLCL CLK Cycle Period 

TCLCH CLK Low Time 

TCHCL CLK High Time 

TSVCH Status Active Setup Ti me 

TCHSV Status Active Hold Time 

TSHCL Status Inactive Setup Time 

TCLSH Status Inactive Hold Time 

TIMING RESPONSES 

Symbol Parameter 

TCVNV Control Active Delay 

TCVNX Control Inactive Delay 

TCLLH ALE Active Delay (from ClK) 

TCLMCH MCE Active Delay (from ClK) 

TSVLH ALE Active Delay (from Status) 

TSVMCH MCE Active Delay (from Status) 

TCHLL ALE Inactive Delay 

TCLML Command Active Delay 

TCLMH Command Inactive Delay 

TCHDTL Direction Control Active Delay 

TCHDTH Direction Control Inactive Delay 

T AELCH Command Enable Time l 

TAEHCZ Command Disable Time2 

TAELCV Enable Delay Time 

TAEVNV AEN to DEN 

TCEVNV CEN to DEN, PDEN 

TCELRH CEN to Command 

TLHLL ALE High Time 

Note: 1. TAELCH measurement is between 1.5Vand 2.5V. 

2. T AEHCZ measured at 0.5V change in VO. 

A.C. Test Circuits 
Vl 

Rl 

OUTPUT FROM 
DEVICE -------<t----

UNDER TEST 

*Includes stray and jig capacitance 

TEST 
POINT 

Min. 

125 

66 
40 

35 

10 

35 

10 

Min. 

5 

10 

4 

5 

5 

110 

TClCH 
-10 

Test 
Conditions 

1 

2 

3 

4 
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UM82C88 

Max. Unit Conditions .' 

ns 

ns 

ns 
ns 

ns 

ns 

ns 

Max. Unit Conditions 

45 ns 1 

45 ns 1 

20 ns 1 

25 ns 1 

20 ns 1 

30 ns 1 

22 ns 1 

35 ns 2 

35 ns 2 

50 ns 1 

30 ns 1 
40 ns 3 
40 ns 4 

250 ns 2 

25 ns 1 
25 ns 1 

TCLML ns 2 
+10 

ns 1 

IOH IOL VI Rl C1 

-4.0mA + S.OmA 2.13V 220n SOpf 

-S.OmA +20.0mA 2.29V 91n 300pf 

-S.OmA - 1.50V 1S7n '300pf 

-S.OmA - 1.50V 1S7n 50pf 

Test Condition Definition Table 



UM82C88 

A.C. Testing Input, Output Waveform 

INPUT 
OUTPUT 

VIH+O.4V--____ ,-----VOH 
1,5VX~ ________________ X1.5V 

VIL-O.4V , _ , . VOL 

A.~. Testing: All input signals (other than elK) must switch between VI.l -OAV and VIH +OAV. elK must switch between 
OAV and 3.9V. T Rand T F must be less than or equal to 15ns. 

Waveforms 

STATE 

CLK 

ADDRESS/DATA 

ALE 

MRDC 10RC INTA 
AMWC,AIOWC 

DEN (READ) 
(INTA) 

PDEN (READ) 
(lNTA) 

DEN (WRITE) 

PDEN (WRITE) 

DT/R(READ) 
(lNTA) 

_ T4_ I---T1 __ _T
2 

_ _ T3 

-TCLCL _ 

)~ 
~ TCHCL r-; 
~ 1----.) IL----I 

TCHSV_ r-- .. -- TSVCH _ TCLC~ --'1 . --!rSHCL 

\ ~ TCLSH£. f 

[)<'ADDR ~ WRITE 
, VALID DATA VALID 

CLLH .. If- r:svu~r- CHLL 

;y \. 
TCLMH_ 

\ 
--- 1- TCLML _ ,!-TcUlllL 

- _TCVNV 

J 
TCVNX-, 

- /--TCVNV 

'f 

1\' 
T_C~~~~-: --.r;: _F \ . --_ .. 

TCHDft 

T4'_ 

f---...J 
~ 

I-

I--

T 

}I£" 

'I\.. 
-
'{ 

1\ -- f--TCVNX 

j' 

iL 
.J 

MCE L P \ TCHDTH - I-
TCLMCH .... ~ --;cvFx 

TSVMCH 

Not~s: 

1 Address/data bus is shown only for reference purposes 
2 Leading edge of ale and mce is determined by thefalling edge of elK or status going active whichever occurs last 
3 All timing me asurements are made at 15V unless specified otherwise 
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Waveforms (Continued) 

DEN, PDEN QUALIFICATION TIMING 

CEN 

----------------------~--' 

DEN 

PDEN 

ADDRESS ENABLE (AEN) TIMING (3-STATE ENABLE/DISABLE) 

-TAELCV-

~ ,5V }1f15V 

TAELCH-

1 

........- TAEHCZ-

OUTPUT 
COMMAND 

CEN 

Note: 

~~ 

VOH 

~V 

-

\~ /V 

.. .. 
TCELRH 

'~ 
-TCELRH 

CEN must be low or valid prior to T2 to prevent the command from being generated. 
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UM82C88 

Pin Description 

Symbol Pin 
Type Functions Number 

Vee 20 0 +5V power supply 

GND 10 Ground 

$0 :51.$2 
Status input pins: These pins are the input pins from the 80C86, 8086/88/8089 

19,3,18 I processors. The UM82C88 decodes these inputs to generate command and control 
signals at the appropriate time. When Status pins are not in use (passive), command 
outputs are held HIGH (See Table 1.) 

Clock: This is a CMOS oompatible input which receives a clock signal from the 
CLK 2 I UM82C84A clock generator and serves to establish when command/control signals 

are generated. 

Add ress Latch Enable: This signal serves to strobe an address into the address 
ALE 5 0 latches. This signal is active HIGH and latching occurs on the falling (H IGH to 

LOW) transition. A LE is intended for use with transparent D type latches, such as 
the 82C82. 

DEN 16 0 Data Enable: This signal serves to enable data transceivers onto either the local or 
system data bus. This signal is active HIGH. 

Data Transmit/Receive: This signal esta bl ishes the direction of data flow 
DT/R 4 0 through the transceivers. A HIGH on this line indicates Transmit (write to I/O or 

memory) and a LOW indicates Transmit (write to I/O or memory) and a LOW 
indicates Receive (Read). 

Address Enable: AEN enables command outputs of the UM82C88 Bus Controller a 
AEN 6 I minimum of 110ns (250ns maximum) after it becomes active (LOW). AEN going 

inactive immediately 3-states the command output drivers. Am does not affect 
the I/O command lines if the UM82C88 is in the I/O Bus mode (lOB tied HIGH). 

Command Enable;·-When this signal LOW all UM82C88 command outputs and the 
CEN 15 I DEN and PDEN control outputs are forced to their inactive state. When this signal 

is HIGH, these same outputs are enabled. 

Input/Output Bus Mode: When the lOB is strapped HIGH the UM82C88 functions 
lOB 1 I in the I/O Bus mode. When it is strapped LOW, the UM82C88 functions in the 

System Bus mode (See I/O Bus and System Bus sections). 

Advanced I/O Write Command: The AIOWC issues an I/O Write Command earlier 
AIOWC 12 a in the machine cycle to give I/O devices an early indication of a write instruction. 

Its timing is the same as a read command signal. ATOWL is active LOW. 

lowe 11 a I/O Write Command: This command line instructs an I/O device to read the data 
on the data bus. The signal is active LOW. 

10RC 13 a 
I/O Read Command: This command line instructs an I/O device to drive its data 
onto the data bus. This signal is active LOW. 

Advanced Memory Write Command: The AMWC issues a memory write command 
AMWC 8 a earlier in the machine cycle to give memory devices an early indication of a write 

instruction. Its timing is the same as a read command signal. AMWC is active Law. 

MWTC 9 a Memory Write Command: This command line instructs the memory to record the 
data present on the data bus. This signal is active Law. 

MRDC 7 a Memory Read Command: This command line instructs the memory to drive its 
data onto the data bus. MRDC is active Law. 

INTA 
Interrupt Acknowledge: This command line tells an interrupting device that its 

14 a interrupt has been acknowledged and that it should drive vectoring information 
onto the data bus. This signal is active Law. 

This is a dual function pin. MCE (lOB is tied LOW): Master Cascade Enable occurs 

MCE/PDEN 17 a 
during an interrupt sequence and serves to read a Cascade Address from a master 
UM82C59A Priority Interrupt Controller onto the data bus. The MCE signal is 
active HIGH. PDEN (lOB is tied HIGH): Peripheral Data Enable enables the data 
bus transceiver for the I/O bus that DE N performs for the system bus. PDEN is 
active LOW. 
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UM82C88 

Functional Description 

Command and Control Logic 

The command logic decodes the three 80C86, 8086, 8088 or 8089 status lines (So~ $1, Sl) to determine what command is to 
be issued (see Table 1). 

Table 1. Command Decode Definition 

82 8 1 So 
0 a 0 
0 a 1 
0 1 0 
a 1 1 
1 a 0 
1 a 1 
1 1 0 
1 1 1 

1/0 BUS Mode 

The UM82C88 is in the I/O Bus mode if the lOB pin is 
strapped HIGH. In the I/O Bus mode, all I/O command 
lines (IORC, ILWC, AIOWC, INTA) are always enabled 
(i.e., not dependent on AEN). When an I/O command is 
initiated by the processor, the UM82C88 immediately 
activates the command lines using PDEN and DT/A" to 
control the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present. This mode 
allows one UM82C88 Bus Controller to handle two external 
busses. No waiting is involved when the CPU wants to gain 
access to the I/O bus. Normal mermory access requires a 
"Bus Ready" signal (AEN LOW) before it will proceed. 
It is advantageous to use the lOB mode if I/O or peripherals 
dedicated to one processor exist in a mUlti-processor 
system. 

System BUS Mode 

The UM82C88 is in the System Bus Mode if the lOB pin is 
strapped LOW. In this mode, no command is issued until a 
specified time period after the AEN line is activated (LOW). 
This mode assumes bus arbitration logic will inform the bus 
controller (on the AEN line) when the bus is free for use. 
Both memory and I/O commands wait for bus arbitration. 
This mode is used when only one bus exists. Here, both 
I/O and memory are shared by more than one processor. 

Command Outputs 

The advanced writer commands are made available to 
initiate write procedures early in the machine cycle. This 
signal can be used to prevent the processor from entering an 
unnecessary wait state. 

The command outputs are: 
MRDC - Memory Read Command 
MWTC - Memory Write Command 
10RC - I/O Read Command 
10WC - I/O Write Command 
AMWC - Advanced Memory Write Command 
AIOWC- Advanced I/O Write Command 
INTA - Interrupt Acknowledge 

INTA (Interrupt Acknowledge) acts as an I/O read during 
an interrupt cycle. Its purpose is to inform an interrupting 
device that its interrupt is being acknowledged and that it 
should place vectoring information onto the data bus. 

Processor State UM82C88 
Comm .. d 

Interrupt Acknowledge Il\JTA 
Read I/O Port 10RC 
Write I/O Port iOWC", ALOWC 
Halt None 
Code Access lVfROC 
Read Memory MRDC 
Write Memory MWTC, AlIIfWC 
Passive None 

Control Outputs 

The control outputs of the UM82C88 are Data Enable 
(DEN), Data Transmit/Receive (DT/"Fi) and Master Cascade 
Enable/Peripheral Data Enable (MCE/PDEN). The Den 
signal determines when the external bus should be enabled 
onto the local bus and the DT/R determines the direction 
of data transfer. These two signals usually go to the chip 
select and direction pins of a transceiver. 

The MCE/PDEN pin changes function with the two modes 
of the UM82C88.When the UM82C88 is in me lOB mode 
(lOB HIGH), the PDEN signal serves as a dedicated data 
enable signal for the I/O or PeripheraJ System bus. 

Interrupt Acknowledge and MCE 

The MCE signal is used during an interrupt acknowledge 
cycle if the UM82C88 is in the System Bus mode (lOB 
LOW). During any interrupt sequence, there are two 
interrupt acknowledge cycles that occur back to back. 
During the first interrupt cycle no data or address transfers 
take place. Logic should be provided to mask off MCE 
during this cycle. Just before the second cycle begins the 
MCE signal gates a master Priority Interrupt Controller'S 
(P IC) cascade address onto the processor's local bus where 
ALE (Address Latch Enable) strobes it into the address 
latches. On the leading edge of the second interrupt cycle, 
the addressed slave PIC gates an interrupt vector onto the 
system data bus where it is ready by the processor. 

If the system contains only one PIC, the MCE signal is not 
used. In this case, the second Interrupt Acknowledge signal 
gates the interrupt vector onto the processor bus. 

Address Latch Enable and Halt 

Address Latch Enable (ALE) occurs during each machine 
cycle and serves to strobe the current address int-o the 
82C82 address latches. ALE also serves to strobe .the 
status (So, St, S2) into a latch for halt state decoding. 

Command Enable 
The Command Enable (CEN) input acts as a command 
qualifier for the UM82C88. If the CEN pin is high, the 
UM82C88 functions normally. If the CEN pin is pulled 
LOW, all command lines are held in their inactive state 
(not 3-state). This feature can be used. to implement 
memory partitioning and to eliminate address confli<:ts 
between system bus devices and resident·bus devices. 

7-141 



eUMC 
UM8237A/ 8237A-4/ 8237A-5 

Programmable DMA 
Controller (DMAC) 

Features 

• Enable/Disable control of individual DMA requests 
• Four independent DMA channels 
• Independent autoinitialization of all channels 
• Memory-to-memory transfers 
• Memory block initialization 
• Single 5V power supply 
• High performance: transfers up to 1.6M bytes/second 

with 5MHz 8237A-5 

General Description 

The UM8237 A Direct Memory Access Controller (DMAC) 
is a peripheral interface circuit for microprocessor systems. 
It is designed to improve system performance by allowing 
external devices to directly transfer information from the 
system memory. Memory-tb-memory' transfer capability 
is also provided. The LJ M8237 A offers a wide variety of 
programmable control features to enhance data throughput 

Pin Configuration Block Diagram 

TOR A7 

lOW A6 

MEMR A5 

MEMW A4 EOP 
RESET 

MARK EOP cs 
READY A3 READY 

CLOCK 
HlDA A2 

ADSTB Al ADSTB 

AEN AO MEMR 

MEMW 
HRO VDP TOR 
cs DBO lOW 

ClK DBl 

RESET DB2 

DACK2 DB3 

DACK3 DB4 MLDA 

DRE03 DACKO 

DRE02 DACKl 

DREOl DB5 

DREOO DB6 

(GND) VSS DB7 

• Directly expandable to any number of channels 
• End of process input for terminating transfers 
• Software DMA requests 
• Independent Polarity control for DREQ and DACK 

signals 
• Available in EXPRESS 

- Standard Temperature Range 

and system optimization and to allow dynamic reconfi­
guration under program control. 

UM8237 A is fabriqlted in Si-Gate NMCS process with each 
channel has a fuil 64K address and word count capability. 

The 8237A-4 and 8237A-5 are 4 MHz and 5 MHz selected 
versions of the standard 3 MHz 8237A respectively. 
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(l)UMC 

Features 

• MCS-85™ compatible UM8253-5 
• 3 independent 16-bit counters 

• DC to 2.6 MHz 

General Description 

The UM8253 is a programmable counter timer device 
designed for use as an microcomputer peripheral. It uses 
NMOS technology with a single +5V supply and is packaged 
in a 24-pin plastic DIP. 

*MCS-85™ is the trademark of Intel microsystem. 

UM8253 / UM8253-5 

• Programmable counter modes 
• Count binary or BCD 
• Single +5V supply 

It is organized as 3 independent 16-bit counters, each with 
a count rate of up to 2.6 MHz. All modes of operation 
are software programmable. 

Pin Configuration Block Diagram 

.07-00 

0 7 VCC 

0 6 WR 

Os RO 

04 CS 
READ/ 

03 Al 
WRITE 

Ao LOGIC 

O2 Ao AI 

0, ClK 2 

0 0 OUT.2 Cs 

ClK 0 GATE 2 

OUT 0 ClK 1 

GATE 0 GATE 1 

GNO OUT 1 
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Absolut-e Maximum Ratings* 

Ambient Temperature Under Bias TA ...... O°C to 70°C 

Storage Tempel'ature TSTG .......... -65°C to +l50°C 

Voltage on Any Pin with Respect to 

Ground ., ..................... -0.5V to +7V 

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

D. C. Characteristics 
(TA = O°C to 70°C, Vee = 5V!. 10%) 

Symbol Parameter Min 

Vll Input Low Voltage -0.5 

UM8253/ UM8253-5 

*Comments 

Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These ·are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

Max. Units Conditions 

0.8 V 

VIH Input High Voltage 2.2 Vee+o.5v V 

Val Output low Voltage 0.45 V Note 1 

VOH Output High Voltage 2.4 V Note 2 

III Input Load Current ±.10 /JA VIN = Vee to OV 

lOFl Output Float Leakage ±.10 /JA VOUT = Vee to 0.45V 

Icc Vee Supply Current 140 mA 

Capacitance 
(TA = 25°C, Vee = GND = OV) 

Symbol Parameter Min. Typ. Max. Units Conditions 

CIN I nput Capacitance 10 pF fc=lMHz 

CliO I/O Capacitance 20 pF 
Unmeasured pins 
returned to Vss 

A.C. Characteristics 
(T A = O°C to 70°C, Vee = 5.0V ± 10%, GND = OV) 

Bus Parameters (Note 3) 

READ CYCLE 

UM8253 UM8253-5 
Symbol Parameter Units 

Min. Max. , Min. Max. 

tAR Address Stable Before READ 50 30 ns 

tRA Address Hold Time for READ 5 5 ns 

tRR READ Pulse Width 400 300 ns 

tRO Data Delay From READ(4) 300 200 ns 

tOF READ to Data Floating 25 125 25 100 ns 

tRv 
Recovery Time Between READ 

1 1 /Js 
and Any Other Control Singnal 
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A.C. Characteristics (Continued) 

WRITE CYCLE 

Symbol Parameter 

tAW Address Stable Before WRITE 

tWA Address Hold Time for WRITE 

tww WR ITE Pulse Width 

tDW Data Set Up Time for WR ITE 

tWD Data Hold Time for WR ITE 

tRV 
Recovery time Between WRITE 
and Any Other Control Signal 

Clock and Gate Timing 

Symbol Parameter 

tCLK Clock Period 

tPWH High Pulse Width 

tpWL Low Pu Ise Width 

tGW Gate Width High 

tGL Gate Width Low 

tGS Gate Set Up Time to CLKt 

tGH Gate Hold Time After CLKt 

tOD Output Delay From CLK-l-[4) 

tODG Output Delay From Gate-l- [4) 

Notes: 
1. IOL = 2.2 mA. 
2. IOH = -400 JlA. 
3. AC timings measured at VOH 2.2, VOL = 0.8. 
4. CL = 150pF. 

A.C. Testing Input, Output Waveform 

2.4 
2.2V 2.2V > TEST POINTS< 

0.45 
0.8 0.8 

A.C. TESTING: INPUTS ARE DRIVENIAT 2.4V FOR A LOGIC "1" 
AND 0.45V FOR A LOGIC "0" TIMING MEASUREMENTS .ARE 
MADE AT 2.2V FOR A LGOIC "1" AND 0.8t1! FOR A LOGIC 0 

UM8253/UM8253-5 

UM8253 UM8253-6 
Units 

Min. Max. . Min. Max . 

50 30 ns 

30 30 ns 

400 300 ns 

300 250 ns 

40 30 ns 

1 1 /-lS 

UM8253 UM8253·5 
Unit 

Min. Max. Min. Max. 

380 dc 380 dc ns 

230 230 ns 

150 150 ns 

150 150 ns 

100 100 ns 

100 100 ns 

50 50 ns 

400 400 ns 

300 300 ns 

A.C. Testing Load Circuit 

DEVICE 
UNDER 

nCL=150PF TEST 

1 
=-

CL INCLUDES JIG CAPACITANCE 
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UM8253/ UM8253-5 

Waveforms 

WRITE TIMING 

AO_i,CS 

tAW - tWA 

DATA BUS 

_ tow ___ two 

READ TIMING 

CLOCK AND GATE TIMING 

ClK 

GATE G 

OUTPUT 0 ______ ~ ________ -+ __ _J 

tOOG 

7-146 



Functional Description 

General 

The UM8253 is a programmable interval timer/counter 
specifically designed for use with microcomputer systems. 
Its function is that of a general purpose, multiming element 
that can be treated as an array of I/O ports in the system 
software. 

The UM8253 solves one of the most common problems 
in any microcomputer system the generation of accurate 
time delays under software control. Instead of setting up 
timing loops in systems software, the programmer 
configures the UM8253 to match his requirements, initializes 
one of the counters of the UM8253 with the desired 
quantity, then upon command the UM8253 will count out 
the delay and interrupt the UPU when it has completed its 
tasks. It is easy to see that the software overhead is 
minimal and that multiple delays can easily be maintained 
by assignment of priority levels. 

Other counterltimer functions that are non-delay in nature 
but also common to most microcomputers can be 
implemented with the UM8253. 

• Programmable Rate Generator 

• Event Counter 
• Binary Rate Multiplier 
• Real Time Clock 
• Digital One-Shot 
• Complex Motor Controller 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the UM8253 to the system data bus. Data is transmitted 
or received by the buffer upon execution of input or OUT 
put CPU instructions. The Data Bus Buffer has three basic 
functions. 

1. Programming the MODES of the UM8253. 
2. Loading the count registers. 
3. Reading the count values. 

Read/Write Logic 

The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enable or disabled by CS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 

RD (Read) 

A "low" on this input informs the UM8253 that the 
CPU is inputting data in the form of a counters value. 

UMS253 / UMS253-5 

WR (Write) 

A "low" on this input informs the UM8253 that the CPU 
is outputting data in the form of mode information or 
loading counters. 

Ao ,Al 

These inputs are normally connected to the address bus. 
Their function is to select one of the three counters to be 
operated on and to address the control word register for 
mode selection. 

Figure 1 .. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 

CS RD WR Al Ao 

0 1 0 0 0 Load Cou nter No. 0 

0 1 0 0 1 Load Counter NO.1 

0 1 0 1 0 Load Counter No.2 

0 1 0 1 1 Write Mode Word 

0 0 1 0 0 Read Counter No. 0 

0 0 1 0 1 Read Counter No.1 

0 0 1 1 0 Read Counter Nb. 2 

0 0 1 1 1 No-Operation 3-State 

1 X X X X Disable 3-State 

0 1 1 X X No-Operation 3-State 
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CS (Chip Select) 

A "low" on this input enables the UM8253. No reading 
or writing will occur unless the device is selected. The 
CS input has no effect upon the actual operation of the 
counters. 

Control Word Register 

"The Control Word Register is selected when Ao, At are 
11. It then accepts information from the data bus buffer 
and stores it in a register. The information stored in this 
register controls the operational MOOE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 

The Control Word Register can only be written into; no 
read operation of its contents is available. 

Counter #0, Counter #1, Counter #2 

These three functional blocks are identical in operation 
so only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 

The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value 
so that software overhead can be minimized for these 
functions. 

The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic are 
included in the UM8253 so that the contents of each 
counter can be read "on the fly" without having to inhibit 
the clock input. 

UM8253 System Interface 

The UM8253 is a component of the UMC Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral I/O ports; three are 
counters and the fourth is a control register for MODE 
programming. 

·Basically, the select inputs Ao ,Ai connect to the Ao. Ai 
address bus signals of the CPU. The CS can be derived 
directly from "the address bus using a linear select method. 
Or it can be connected to the output of a decoder. such as 
an 8205 for larger systems. 

UM8253 / UM8253-5 

Operational Description 

General 

The complete functionaf definit on of the UM8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the UM8253 with the desired MODE and 

Figure 2. Block Diagram Showing Control Word 
Register and Counter Functions 

COUNTER 
o 

UM8253 
COUNTER 

1 

Figure 3. UM8253 System Interface 
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quantity information, prior to initialization, the MODE, 
count, and output of all counters is undefined. These 
control words program the MODE, Loading sequence 
and selection of binary or BCD counting. 

Once programmed, the UM8253 is ready to perform 
whatever t i mi ng tasks it is assigned to accompl ish. 

The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-~hip so that the usual problems associated with efficient 
monitoring and management of external, asynchronous 
events or rates to the microcomputer system have been 
eliminated. 

Programming the UM8253 

All of the MODES for each counter are programmed by 
the systems software by simple I/O operations. 

Each counter of the UM8253 is individually programmed 
by writing a control word into the Control Word Register. 
(At, Al = 11) 

Control Word Format 

SC1 SCO RL1 RLO M2 M1 Ma BCD 

Definition of Control 

SC - Select Counter: 

SC1 sco 
a a Select Counter a 

0 1 Select Counter 1 

1 a Select Counter 2 

1 1 Illegal 

R L - Read/Load: 

RL1 RLO 

a a Counter Latching operation (see 
R EAD/WR ITE procedure Section) 

1 a Read/Load most significant byte only. 

a 1 Read/Load least significant byte only. 

1 1 Read/ Load least signi ficant byte first, 
then most significa'nt byte. 

M-MODE: 

M2 M1 MO 

0 a 0 Modea 

0 0 1 Mode 1 

X 1 a Mode2 

X 1 1 Mode 3 

1 a a Mode4 

1 a 1 Mode5 

UM8253/ UM8253-5 

BCD: 

a Binary Counter 16-bits 

1 Binary Coded Decimal (BCD) Counter 
(4 Decades) 

Counter Loading 

The count register is not loaded until the count value is 
written '(one or two bytes, depending on the mode selected 
by the RL bits), followed by a rising edge and a falling 
edge of the clock. Any read of the counter prior to that 
falling clock edge may yield invalid data. . 
MODE Definition 

MODE 0: Interrupt on Terminal Count. The output will 
be initially low after the mode set operation. After the 
count is loaded into the selected count register, the output 
will remain low and the counter will count. When terminal 
count is reached the output will go high and remain high 
until the selected.~ount register is reload'ed with themode 
or a new count 'is loaded. The counter continues to 
decrement after terminal count has been reached. 

Rewriting a counter register during counting results in the 
following: 

(1) Write 1 st byte stops the current counting. 
(2) Write 2nd byte starts the new count. 

MODE 1: Programmable One-Shot. The output will go 
low on the count following the rising edge of the gate input. 

The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the 
succeeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 

The one-shot is retriggerable, hence the output will remain 
low for the fu II count after any rising edge of the gate 
input. 

MODE 2: Rate Generator. Divide by N counter. The 
output will be low for one period of the input clock. The 
period from one output pulse to the next equals the 
number of input counts in the count register. If the count 
register is reloaded between output pulses the present 
period will not be affected, but the subsequent period 
will reflect the new value. 

The gate input, when low, will force the output high. 
When the gate input goes high, the counter wHI start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter. 

When this mode is set, the output will remain high until 
after the count register is loaded. The ou~put then can 
also be synchronized by software. 
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MODE 3: Square Wave Rate Generator. Similar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and go 
low for the other half of the count. This is accomp!ished 
by decrementing the counter by two on the falling edge of 
each clock pulse. When the counter reaches terminal 
count, the state of the output is changed and the counter 
is reloaded with the full count and the whole process is 

repeated. 

If the count is odd and the output is high, the first clock 
pulse (after the count is loaded) decrements the count by 1 . 
Subsequent clock pulses decrement the clock by 2. After 
timeout, the output goes low and the tu II count is reloaded. 
The first clock pulse (following the reload) decrements the 
counter by 3. Subsequent clock pulses decrement the 
count by 2 until timeout. Then the whole process is 
repeated. In this way, if the count is odd, the output will 
be high for (N+1 )/2 counts and low for (N-1 )/2 counts. 

~ Modes 
Low or Going Low 

° Disables counting 

1 --

2 1) Disables counting 
2) Sets output immediately high 

3 1) Disables counting 
2) . Setsoutput immediately high 

4 Disables counting 

5 --

UMB253 / UMB253-5 

In Modes 2 and 3, if a ClK source other than the system 
clock is used, GATE should be pulsed immediately 
following WR of a new count value. 

MODE 4: Software Tr.iggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 

output will go low for one input clock period, then will 
go high again. 

If the count register is reloaded during counting, the new 
count will be loaded on the nest Cl K pu Ise. The count 
will be inhibited while the GATE input is low. 

MODE 5: Hardware Triggered Strobe. The counter will 
start counti ng after the risi ng edge of the tr igger input 
and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The output 
will not go low until the full count after the rising edge 
of any trigger. 

Rising High 

-- Enables counting 

1) Initiates counting --
2) Resets output after next clock 

1) Reloads counter Enables counting 
2) Initiates counting 

1) Reloads counter Enables counting 
2) Initiates counting 

-- Enables counting 

Initiates counting --

Figure 4. Gate Pin Operations Summary 

UM8253 Read/Write Procedure 

Write Operations 

The systems software must program each counter of the 
UM8253 with the mode and quantity desired. The 
programmer must write out to the UM8253 a MODE 
control word and the programmed number of count register 
bytes (lor 2) prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter's MODE 
·control word register has a separate address so that its 
loading is completely sequence independent. (SCO, SC1) 

The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 

programmed in the MODE control word (RlO, RL1). This 
loading of the counter's count register is still sequence 
independent I ike the MOD E control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the MODE 
control word (R lO, R L1). The one or two bytes to be 
loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 

All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
loading all zeroes into a count register will result in the 
maximum count (l6 for Binary or 10

4 
for BCD). In 
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MODE 0: INTERRUPT ON TERMINAL COUNT 

CLOCK 
I I 

WRn~ 
I I 

OUTPUT ___ ---.,._3 .... , ___ ..... 0",1 ------

(INTERRUPT) In=4) ~ n ~ 

I I 

WAm 
I I 

GATE ------..,:L-.J 
OUTPUT 

(INTERRUPT) 
Im=5) '-.r-' 

A 
A+B= m 

1 O~ __ _ 

'----.r-----­
B 

MODE 1: PROGRAMMABLE ONE-HOT 

TRIGGER 

OUTPUT 
~ 

4 3 2 1 a 
-----, ~I------

In=4) 

TRIGGER~ 

43 43210..-___ _ 

OUTPUT ---, I 

MODE 2: RATE GENERATOR 

CLOCK 

WRn L=!J 
OUTPUT 

OUTPUT In =3) 

RESET ----,L __ -.Jr----
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MODE 3: SQUARE WAVE GENERATOR 

CLOCK 

OUTPUT In=4) 

OUTPUT In=5) 

MODE 4: SOFTWARE TRIGGERED STROBE 

OUTPUT 

LOAon~ 

GATE 

OUTPUT 

L-J 
4 4 

MODE 5: HARDWARE TRIGGERED STROBE 

CLOCK 

GATE 

OUTPUT In=4) 

GATE 

OUTPUT In=4) 

LJ 

~ 
° LJ 

Figure 5. UM8253 Timing Diagrams 

MODE ° the new count will not restart until the load has 
been completed. It will accept one of two bytes depending 
on how the MODE control words (R LO, RL 1) are 
programmed. Then proceed with the restart operation. 

Read Operations 

In most counter applications it becomes necessary to read 
the value of the count in progress and make a .computa­
tional decision based on this quantity. Event counters 

are probably the most common application that uses this 
function. The UM8253 contains logic that will allow the 
programmer to easily read the contents of any of the three 

counters without disturbing the actual count in pro~ress. 

There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AO, A 1 inputs tb the UM8253 
the programmer can select the cOl:.lnter to be read 
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(remember that no read operation of the mode register is 
allowed AO, A 1-11). The only requirement with this 
method is that in order to assure a stable count reading 
the actual operation of the selected counter must be 
inhibited either by controlling the Gate input or by 
external logic that inhibits the clock input. The contents 
of the counter selected will be aVailable as follows: 

first I/O Read contains the least significant byte (LSBl. 

Read Operation Chart 

A1 AO 

0 0 

0 1 

1 0 

1 1 

Reading While Counting 

In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the UM8253 has special internal logic that can 
be accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the contents of a selected counter "on the fly" he loads 

RD 

0 

0 

0 

0 
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second I/O Read contains the most significant byte 
(MSB). 

Due to the internal logic of the UM8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 

Read Counter No. 0 

Read Counter No.1 

Read Counter No.2 

Illegal 

the MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched reg·ister 
is available. 

MODE Control Word 
Counter n 

LSB Count Register byte 
Counter n 

MSB Count Register byte 
Counter n 

Note: Format shown is a simple example of loading the UM8253 and does not imply 
that it is the only for 

MODE Register for Latching Count 

AO,A1=11 

SC1, SCO - specify counter to be latched. 

Figure 6. Programming Format 

The same limitation applies to this mode of reading the 

05, 04 - 00 designates counter latching operation. 

counter as the previous method. That is, it is mandatory 

to complete the entire read operation as programmed. 

This command has no effect on the counter's mode. 

X - don't care. 
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At Ao 
No.1 MODE Control Word 

1 1 Counter 0 

No.2 MODE Control Word 
1 1 Counter 1 

No.3 MODE Control Word 
1 1 Counter 2 

No.4 LSB Count Register Byte 
0 1 Counter 1 

No.5 MSB Count Register Byte 
0 1 Counter 1 

No.6 LSB Count Register Byte 
1 0 

Counter 2 

No.7 MSB Count Register Byte 
1 0 Counter 2 

No.8 LSB Count Register Byte 
0 0 Counter 0 

No.9 MSB Count Register Byte 
0 0 Counter 0 

Note: The exclusive addresses of each counter's count register make the task of programming the UM8253 a very 
simple matter, and maximum effective use of the device will result if this feature is fully utilized. 

Figure 7. Alternate Programming Formats 

3MHz 1.5MHz 
elK +2 elK 

UMSOS5 UMS253·5 

If an UM8085 clock output is to drive an UM8253-5 clock input, it must be reduced to 2MHz or less. 

Figure S. MCS-S5 ™ Clock Interface* 

Ordering Information 

Part Number ClK 

UM8253 2.6MHz 

UM8253-5 5MHz 
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UM8254 

:::::::::::: Programmable Interval Timer 

Features 

• Compatible with most microprocessor including 8080A, 
8085A, iAPX88 and iAPX86* 

• Handles inputs from DC to 8 MHz 
• Six programmable counter modes 

General Description 

The UM8254 is a counter/timer device designed to solve 

the common timing control problems in microcomputer 

system design. It provides three independent 16-bit 

counters, each capable of handling clock inputs up to 

*iAPX88 and iAPX86 are all trademarks of Intel microsystem. 

• Status'read-back command 
• Three independent 16-bit cpunters 
• Binary or BCD counting 
• Single +5V supply 

8 MHz. All modes are software programmable. The 
UM8254 is a superset of the UM8253. 

The UM8254 uses HMOS technology and comes in a 
24-pin plastic package. 

Pin Configuration Block Diagram 

ClK 0 

07-00 GATE 0 

07 Vcc OUTO 

06 WR 

05 RO 

CS 
RD' 

04 
WR READ/ 

03 Al WRITE 
AO_ lOGIC 

GATE 1 

02 Ao A1 
OUT 1 

01 ClK2 

00 OUT2 cs 
ClK 0 GATE2 

aUTO ClK1 

GATE 0 GATE1 GATE 2 

GNO aUT1 OUT2 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias T A ...... O°C to 70°C 

Storage Temperature TSTG ......... -65°C to +150°C 

Voltage on Any Pin with Respect to 

Ground ....................... -0.5V to +7V 

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

D.C. Characteristics 
(TA=0°Ct070°C, Vee=5V+10%) 

Symbol Parameter 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

II L I nput Load Current 

IOFL Output Float Leakage 

ICC Vee Su pply Current 

Capacitance 
(TA =25°C, Vec=GND =OV) 

Symbol Parameter 

CIN I nput Capacitance 

CliO I/O Capacitance 

A.C. Characteristics 
(T A = O°C to 70°C, Vee = 5V ± 10%; GND = OV) 

Bus Parameters (Note 1) 

READ CYCLE 

Symbol Parameter 

Min. 

-0.5 

2.0 

2.4 

Min. 

tAR Address Stable Before R Dol. 

tSR CS Stab Ie Before R Dol. 

tRA Address Hold Time After RDt 

tRR R D Pu Ise Width 

tRO Data Delay from RDt 

tAD Data Delay from Address 

tOF RDt to Data Floating 

tRV Command Recovery Time 

Note: AC timings measured at VOH = 2.0V, VOL = 0.8V 

UM8254 

*Comments 

Stress above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

Max. Units Conditions 

0.8 V 

Vee+ 0.5V V 

0.45 V IOL = 2.0 mA 

V IOH = -400 IlA 

±10 IlA VIN = Vee to OV 

±10 IlA V OUT = Vee to 0.45V 

140 mA 

Max. Unit Conditions 

10 pF fe = 1 MHz 

20 pF 
Unmeasured pins 
returned to Vss 

UM8254 
Unit 

Min. Max. 

45 ns 

0 ns 

0 ns 

150 ns 

120 ns 

220 ns 

5 90 ns 

200 ns 
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A.C. Characteristics (Continued) 

WRITE CYCLE 

Symbol Parameter 

tAW Add~ess Stable Before WR.J.. 

tsw CS Stable Before WR.J.. 

tWA Address Hold Time WRt 

tww WR Pulse Width 

tow Data Setup Time Before WRt 

two Data Hold Time After WRt 

tRV Command Recovery Time 

Clock and Gate 
(TA=0°Ct070°C, Vcc=5V±10%, GND=OV) 

Symbol Parameter 

tClK Clock Period 

tPWH High Pulse Width 

tPWl Low Pulse Width 

tR Clock Rise Time 

tF Clock Fall Time 

tGW Gate Width High 

tGl Gate Width Low 

tGS Gate Setup Time to CLKt 

tGH Gate Hold Time After CLKt 

too Output Delay from CLK.J.. 

tOOG Output Delay from Gate.J.. 

twc CLK Delay for Loading 

tWG Gate Delay for Sampling 

two OUT Delay from Mode Write 

tCl CLK Set Up for Count Latch 

UM8254 

UM8254 
Units 

Min. Max. 

0 ns 

0 ns 

0 ns 

150 ns 

120 ns 

0 ns 

200 ns 

UM8254 
Units 

Min. Max. 

125 DC ns 

60(3) ns 

60\01 ns 

25 ns 

25 ns 

50 ns 

50 ns 

50 ns 

50(2) ns 

150 ns 

120 ns 

0 55 ns 

-5 50 ns 

260 ns 

-40 45 ns 

Note 2: In modes 1 and 5 triggers are sampled on each rising clock edge. A second trigger within 120 ns of the rising clock 
edge may not be detected. 

Note 3: Low-going glitches that violate tPWH, tPWL maycause errors requirring counter reprogramming. 

A.C. Testing Input, WTPUT Waveform 

INPUT/OUTPUT 

"~20 > "" """ < 20 \r 
0.45 --A0.8 0.8~ 

AC TESTING INPUTS ARE DRI'VEN 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 O. 

A.C. Testing Load Circuit 

DEVICE 
UNDER nc =150~F TEST 

IL 
-= 

CL = 150pF 

CL INCLUDES JIG CAPACITANCE 
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Waveforms 

WRITE 

AO_l 

- tAW 

CS 

DATA BUS 

READ 
AO_' 

- tAR--1 

CS 

DATABUS -----

RECOVERY 

CLOCK AND GATE 

ClK ------"'"'1""1 

GATE ------~-----~ 

OU~UTO ____ ~ __________ +_--'-~-----J~~----------

~----------two----------~ 
• lAST BYTE OF COUNT BEING WRITTEN 
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Table 1. Pin Description 

Symbol Pin No. Type Name and Function 

D7-DO 1-8 I/O Data: Bi-directional three state data bus 
lines, connected to system data bus: 

CLKO 9 I Clock 0: Clock Input of Counter O. 

OUTO 10 0 Output 0: Output of Counter 0, 

GATE 0 11 I Gate 0: Gate Input of Counter O. 

GND 12 Ground: Power supply connection. 

Functional Description 

General 

The UM8254 is a programmable interval timer/counter 

designed for use with microcomputer systems. It is a 

general purpose, mUlti-timing element that can be treated 
as an array of I/O ports in the system software. 

The UM8254 solves one of the most common problems in 
any microcomputer system, the generation of accurate 

time delays under software control. Instead of setting 
up timing loops in software, the programmer configures 
the UM8254 to match his requirements and programs 

one of t:1e counters for the desired delay. After the desired 

delay, the UM8254 will interrupt the CPU .. Software 
overhead is minimal and variable length delays can easily 
be accommodated. 

Some of the other counter/timer functions common to 
microcomputers which can be implemented with the 
UM8254 are: 

• R~I time clock 
• Event counter 
• Digital one-shot 
• Programmable rate generator 
• Square wave generator 
• Binary rate multiplier 
• Complex waveform generator 

• Complex motor controller 

UM8254 

Symbol Pin No. Type Name and Function 

VCC 24 Power +5V power supply connection. 

WR 23 I Write Control: This Input is low during 
CPU write operations. 

RD 22 I Read Control: This input is low during 
CPU read operations. 

CS 21 I Chip Select: A low on this input enables 
the 8254 to respond to RD and Wli 
signals. RD and WR are ignored 
otherwise. 

AI.AO 20-19 I Address: Used to select one of the three 
Counters or the Control Word Register 
for read or write operations. Normally 
connected to the system address bus. 

Al Ao Selects 

0 0 Counter 0 
0 1 Counter 1 
1 0 Counter 2 
1 1 Control Word Register 

ClK2 18 I Clock 2: Clock Input of Counter 2. 

OUT2 17 0 Out 2: Output of Counter 2. 

GATE2 16 I Gate 2: Gate Input of Counter 2. 

ClK 1 15 I Clock 1: Clock Input of Counter 1. 

GATE1 14 I Gate 1: Gate I nput of Counter 1. 

OUT 1 13 0 Out 1: Output of Counter 1. 

Block Diagram 

Data Bus Buffer 

This 3-state, bi-directional, 8-bit buffer is used to interface 
the UM8254 to the system bus (see Figure 1). 

ClK 0 / 

D7·DO GATE 0 

OUTO 

ClK 1 

GATE 1 

OUT1 
A1 

GATE 2 

OUT2 

Figure 1. Block Diagram Showing Data Bus Buffer and 
ReadlWrite Logic Functions 
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ReadlWrite Logic 

The Read/Write Logic accepts inputs from the system bus 
and generates control signals for the other functional 
blocks of the UM8254. A1 and Ao select one of the 
three counters or the Control Word Register to be read 
from/written into. A "low" on the RD input tells the 
Um8254 that the CPU is reading one of the counters. 
A "low" on the WR input tells the UM8254 that the CPU 
is writing either a Control Word or an initial count. Both 
RD and WR are qualified by CS; RD and WR are ignored 
unless the UM8254 has been selected by holding CS low. 

Control Word Register 

The Control Word Register (see Figure 2) is selected by the 
Read/Write Logic when Ai, Ao = 11. If the CPU then 
does a write operation to the UM8254, the data is stored 
in the Control Word Register and is interpreted as a Control 
Word used to define the operation of the Counters. 

The Control Word Register can only be written to; status 
information is available with the Read-Back Command. 

Figure 2. Block Diagram Showing Control Word 
Register and Counter Functions 

Counter 0, Counter 1, Counter 2 

These three functional blocks are identical in operation, so 
only a single Counter will be described. The internal 
block diagram of a single counter is shown in Figure 3. 

The Counters are fully independent. Each Counter may 
operate in a different Mode. 

The Control Word Register is shown in the figure; it is 
not part of the Counter itself, but its contents determ ine 
how the Counter operates. 

UM8254 

J" 
Figure 3. Internal Block Diagram of a Counter 

The status register, shown in the Figure, when latched, 
contains the current contents of the Control Word 
Register and status of the output and null count flag. 
(See detailed explanation of the Read-Back command.) 

The actual counter is labelled CE (for "Counting Element")' 
I,t is a 16-bit presettable synchronous down counter. 

OLM and OLl are two 8-bit latches. OL stands for 
"Output Latch"; the subscripts M and L stand for "Most 
significant byte" and "Least significant byte" respectively. 
Both' are normally referred to as one unit and called just 
OL. These latches normally "follow" the CE, but if a 
suitable Counter Latch Command is sent to the UM8254, 
the latches "latch" the present count until read by the CPU 
and then return to "following" the CEo One latch at a 
time is enabled by the counter's Control Logic to drive the 
internal bus. This is how the 16-bit Counter communicates 
over the 8-bit internal bus. Note that the CE itself cannot 
be read; whenever you read the count, it is the 0 L that is 
being read. 

Similarly, there are two 8-bit registers called CRM and CRl 
(for "Count Register"). Both are normally referred to as 
one until and called just CR. When a new count is written 
to the Counter, the count is stored in the CR and later 
transferred to the CEo The Control Logic allows one 
register at a time to be loaded from the internal bus. 
Both bytes are transferred to the CE simultaneously. CRM 
and CRl are cleared when the Counter is programmed. 
In this way, if the Counter has been programmed for one 
byte counts (either most significant byte only or least 
significant byte only) the other byte will be zero. Note 
that the CE cannot be written into; whenever a count is 
written, it is written into the CR. 

The Control Logic is also shown in the diagram. CLK n, 
GATE n, and OUT n are all connected. to the outside 
world through the Control Logic. 
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Write Operations 

The programming procedure for the UM8254 is very 
flexible. Only two conventions need to be remembered: 

1) For each Counter, the Control Word must be written 
before the initial count is written. 

2) The initial count must follow the count format 
specified in the Control Word (least significant byte 
only, most significant byte only, or least significant 
byte and then most significant byte). 

Since the Control Word Register and the three Counters 
have separate addresses (selected by the At, Ao inputs), 
and each Control Word specifies the Counter it applies 
to (SCO, SCl bits), no special instruction sequence is 

At Ao 

Control Word - Counter 0 1 1 
LSB of count - Counter 0 0 0 
MSB of count - Counter 0 0 0 
Control Word - Counter 1 1 1 
LSB of count - Counter 1 0 1 
MSB of count - Counter 1 0 1 
Control Word - Counter 2 1 
LSB of cou nt - Counter 2 0 
MSB of count - Counter 2 0 

At Ao 

Control Word - Counter 0 1 1 
Contra I Word, - Counter 1 1 1 
Control Word Counter 2 1 1 
LSB of count Counter 2 1 0 
LSB of count Counter 1 0 1 
LSB of count Counter 0 0 0 
MSB of count - Counter 0 0 0 
MSB of count - Counter 1 0 1 
MSB of count - Counter 2 1 0 

UM8254 

required. Any programming sequence that follows the 
conventions above is acceptable. 

A new initial count may be written to a Counter at any 
time without affecting the Counter's programmed Mode 
in any way. Counting will be affected as described in 
the Mode definitions. The new count must follow the 
programmed count format. 

If a Counter is programmed to read/wrfte two-byte counts, 
the following precaution applies: A program must not 
transfer control between writing the first and second byte 
to another routine which also writes into that same 
Counter. Otherwise, the Counter will be loaded with an 
incorrect count. 

At Ao 

Control Word Counter 2 1 1 
Control Word Counter 1 1 1 
Control Word Counter 0 1 1 
LSB of count Counter 2 1 0 
MSB of count Counter 2 1 0 
LSB of count Counter 1 0 1 
MSB of count - Counter 1 0 1 
LSB of count - Counter 0 0 0 
MSB of count - Counter 0 0 0 

At Ao 

Control Word Counter 1 1 1 
Control Word Counter 0 1 1 
LSB of count Counter 1 0 1 
Control Word Counter 2 1 1 
LSB of cou-nt Counter 0 0 0 
MSB of count - Counter 1 0 1 
LSB of count Counter 2 1 1 
MSB of count Counter 0 0 0 
MSB of count Counter 2 1 0 

Note: In all four examples, all counters are programmed to ReadIWrite two-byte counts. These are only four of 
many possible programming sequences. 

Figure 4. A Few Possible Programming Sequences 

Read Operations 

It is often desirable to read the value of a Counter without 
disturbing the count in progress. This is easily done in the 
UM8254. 

There are three possible methods for reading the Counters. 
The first is through the Read-Back command. The second 

is a simple read operation of the Counter, which is selected 
with the At, Ao inputs. The only requirement is that 
1) the CLK input of the selected Counter must be inhibited 
by using either the GATE input or external logic; or 2) the 
count must first be latched. Otherwise, the count 'may be 
in process of changing when it is read, giving an undefined 
result. 
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UM8254 System Interface 

The UM8254 is a component of Microcomputer Systems 
and interfaces in the same m~mner as a" other peripherals 
of the family. It is treated by the systems software as an 
array of peripheral I/O ports; three are counters and the 
fourth is'a control register for MODE programming. 

Basically, the select inputs Ao, Al connect to the Ao, Al 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an UM8205 for larger systems. 

COUNTER 
o 
! 

COUNTER 

Figure 5. UM8254 System Interface 

SC1 sca RW1 

SC-Select Cou nter: 

SC1 SCO 
0 0 Select Counter 0 
0 1 Select Counter 1 
1 0 Select Counter 2 
1 1 Read-Back Command (See Read 

Operations) 

RW-Read/Write: 

RW1 RWO 
0 a Counter Latch Command (see Read 

Operations) 

RWO 

0 1 ReadIWrite least significant byte only. 
1 0 Read/Write most significant byte only. 
1 1 Read/Write least significant byte first, 

then most significant byte. 

UM8254 

Operational Description 

General 

After power-up, the state of the UM8254is undefined. 
The Mode, count value, ar,ld output of a" Counters are 
undefined. 

How each Counter operates is determined when it is 
programmed. Each Counter must be programmed before 
it can be l,.Ised. Unused counters need not be programmed. 

Programming the UM8254 

Counters are programmed by writing a Control Word and 
then an initial count. 

All Control Words are written into the Control Word 
Register, which is selected when AI, Ao = 11. The Control 
Word itself specifies which Counter is being programmed. 

By contrast, initial counts are written into the Counters, 
not the Control Word Register. The Al , Ao inputs are 
used to select the Counter to be written into. The format 
of the initial count" is determined by the Control Word 
used. 

Control Word Format 

AI, Ao = 11, CS = 0, RD = 1, WR = 0 

M2 

M-MODE: 

M2 

0 
0 
X 
X 
1 
1 

BCD: 

Do 

M1 MO BCD 

M1 MO 

a 0 Mode 0 
0 1 Mode 1 
1 a Mode 2 
1 1 Mode 3 
a a Mode 4 
0 1 Mode 5 

Binary Counter 1.6-bits 
Binary Coded Decimal (BCD) Counter 
(4 Decades) 

Note: Don't care bits (X) should be a to insure compatibility with future UMC products. 

Figure 6. Control Word Format 
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Counter Lateh Command 

The other method involves a special software command 
called the "Counter Latch Command" Like a Control 
Word, this command is written to the Control Word 
Register, which is selected when A 1 , Ao = 11. Also like 
a Control Word, the SCO, SC1 bits select one of the three 
Counters, but two other bits, 05 and 04, distinguish this 
command from a Control Word. 

Al,Ao =11; CS=O; RO=1; WR=O 

0, 0 6 05 0 4 0 3 O2 0 1 

SC1 SCO I 0 I 0 X X X 

SC1, SCO - specify counter to be latched 

SC1 SCO Counter 

0 0 0 
0 1 1 
1 0 2 
1 1 Read-Back Command 

05, 04-00 designates Counter Latch Command 
X - don't care 

Note: Oon't care bits (X) should be 0 to insure 
compatibility with future UMC products. 

0 0 

X 

Figure 7. Counter Latching Command Format 

The selected Counter's output latch (0 L) latches the 
count at the time the Counter Latch Command is received. 
This count is held in the latch until it is read by the CPU 
(or until the Counter is reprogrammed). The count is' 
then unlatched automatically and th,tl OL returns to 
"following" the counting element (CE). This allows 
reading the contents of the Counters "on the fly" without 
affecting counting in progress. Multiple Counter Latch 
Commands may be used to latch more than one Counter. 
Each -latched Counter's OL holds its count until it is read. 
Counter Latch Commands do not affect the programmed 
Mode of the Counter in any way. 

If a Counter is latched and then, some time later, latched 
again before the count is read, the second Counter Latch 
Command is ignored. The count read will be the count at 
the time the first Counter Latch Command was issued. 

With either method, the count must be read according to 
the programmed format; specifically, if the Counter is 
programmed for two byte counts, two bytes must be read. 
The two bytes do not have to be read one right after the 
other; read or write or programming operations of other 
Counters may be inserted between them. 

UM8254 

Another feature of the UM8254 is that reads and writes 
of the same Counter may be interleaved; for example, if 
the Counter· is programmed for two byte counts, the 
following sequence is valid. 

1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 
4. Write new most significant byte. 

If a Counter is programmed to read/write two-byte counts, 
th.e following precaution applies: A program must not 
transfer control between reading the first and second byte 
to another routine which also reads from that same 
Counter. Otherwise, an incorrect count will be read. 

Read-Back Command 

The read-back command allows the user to check the 
count value, programmed Mode, and current state of the 
OUT pin and Null Count flag of the selected counter(sl. 

The command is written into the Control Word Register 
and has the format shown in Figure 8. The command 
applies to the counters selected by setting their correspond­
ing bits 03, S2, 01 = 1. 

Ao, Ai = 11, CS = 0, RO = 1, WR = 0 

05 02 

11 111 COUNT I STATUS I CNT21 CNT1 1 CNTol 0 

05: 0 = Latch count of selected counter(s) 
0 4 : 0;= Latch status of selected counter(s) 
0 3 : 1 = Select counter 2 
O2 : 1 = Select counter 1 
0 1 : 1 = Select counter 0 
0 0 : Reserved for future expansion; must be 0 

Figure 8. Read-Back Command Format 

The read-back command may be used to latch mUltiple 
counter output latches (OLl by setting the COUNT bit 
05 = 0 and selecting the desired counter(s). This single 
command is functionally equivalent to several counter 
latch commands, one for each counter latched. Each 
counter's latched count is held until it is read (or the 
counter is reprogrammed). That counter is automatically 
unlatched when read, but other counters remain latched 
until they are read. If multiple count read-back commands 
are issued to the same counter without reading the count, 
all but the first are ignored; i.e., the count which will be 
read is the count at the time the first read-back command 
was issued. 

The read-back command maya Iso be used to latch status 
information of selected counter(s) by setting STATUS bit 
D4=0.· Status must be latched to be read; status of a 
counter is accessed by a read from that counter. 
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The counter status format is shown in Figure 9. Bits D5 
. through DO contain the counter's programmed Mode 
exactly as written in the last Mode Control Word. 
OUTPUT bit D7 contains the current state of the OUT pin. 
This allows the user to monitor the counter's OUtput via 
software, possibly eliminating some hardware from a 
system. 

I OUTPUT I ;OUULN\ I RWl I RWO I M21 Ml I MO I BCD I 
D7 lOut pin is 1 

o Out pin is 0 
D6 1 Null count 

o Count available for reading 
Ds -Do = Cou nter progra mmed mose 

(See Figure 7) 

Figure 9. Status Byte 

NULL COUNT bit D6 indicates when the last count 
written to the counter register (CR) has been loaded into 
the counting element (CEI. The exact time this happens 
depends on the Mode of the counter and is described in 
the Mode Definitions, but until the count is loaded into 
the counting element (CEl, it can't be read from the 
counter. If the count is l<;Itched or read before this time, 
the count value will not reflect the new count just written. 
The operation of Null Count is shown in Figure 10. 

Command 

0 7 0 6 05 0 4 D3 O2 0 1 Do 

UM8254 

This Action: Causes: 

A. Write to the control word register. (1) Null count = 1 

Null count = 1 B. Write to the count register (CR):(2) 

C. New count is loaded into CE (CR~CE): Null count = 0 

(1) 

(2) 

Only the counter specified by the control word will have 
its null count set to 1. Null count bits of other counters 
are unaffected. 

If the counter is programmed for two byte counts (least 
significant byte then most significant byte) null count 
goes to 1 when the second byte is written. 

Figure 10. Null Count Operation 

If mu Itiple status latch operations of the counter(s) are 
performed without reading the status, all but the first 
are ignored; i.e., the status that wi II be read is the_ status 
of the counter at the time the first status read-back 
command was issued. 

Both count and status of the selected counter(s) may be 
latched simultaneously by setting both COUNT and 
STATUS bits D5, D4 = O. This is folJnctionally the same 
as issuing two separate read-back commands at once, and 
the above discussions apply here also. Specifically, if 
multiple count and/or status read-back commands are 
issued to the same counter(s) without any intervening 
reads, all but the first are ignored. This is illustrated in 
Figure 11. 

Descriptions Results 

1 1 0 0 0 0 1 0 Read back count and status of Cou nt and status latched for 
Counter 0 Counter 0 

1 1 1 0 0 1 0 0 Read back stat u's of Counter 1 Status latched for Counter 1 

1 1 1 0 1 1 0 0 Read back status of Counters 2, 1 Status latched for Counter 2, 
but not Counter 1 

1 1 0 1 1 0 0 0 Read back count of Counter 2 Count latched for Counter 2 

1 1 0 0 0 1 0 0 Read back count and status of Count .Iatched for Counter 1, 
Counter 1 but not status 

1 1 1 0 0 0 1 a Read back status of Counter 1 Command ignored, status 
already latched for Counter 1 

Figure 11. Read-Back Command Example 
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If both count and status of a counter are latched, the 
first read operation of that counter will return .Iatched 
status, regardless of which was latched first. The next 
one or two reads (depending on whether the counter is 
programmed for one or two t\ .'+: sounts) return latched 
count. Subsequent reads return unla+ched count. 

CS RD WR Al Ao 

0 1 0 0 0 Write into Counter 0 

0 1 0 0 1 Write into Counter 1 

0 1 0 1 0 Write into Counter 2 

0 1 0 1 1 Write Control Word 

0 0 1 0 0 Read from Counter 0 

0 0 1 0 1 Read from Counter 1 

0 0 1 1 0 Read from Counter 2 

0 0 1 1 1 No-Operation (3-State) 

1 X X X X No-Operation (3-State) 

0 1 1 X X No-Operation (3-State) 

Figure 12. ReadlWrite Operations Summary 

Mode Defin itions 

The following are defined for use. in describing the 
operation of the UM8254. 

ClK pulse: a rising edge, then a falling edge, in that 
order, of a Counter's ClK input. 

trigger: a rising edge of a Counter's GATE input. 

Counter loading: the transfer of a count from the c::R 
to the CE (refer to the "Functional 
Description") 

MODE 0: Interrupt on Terminal Count 

Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially low, and will 
remain low until the Counter reaches zero. OUT then 
goes high and remains high until a new count or a new 
Mode 0 Control Word is written into the Counter. 

GATE = 1 enables counting; GATE = 0 disables counting. 
GATE has no effect on OUT. ' 

After the Control Word and initial count are written to a 
Counter, the initial count will be loaded on the next ClK 
pulse. This C lK pulse does not decrement the count, so 
for an initial count of N, OUT does not go high untill 
N + 1 ClK pulses after the initial count is written. 

If a new count is written to the Counter, it will be loaded 
on the next ClK pulse and counting will continue from 
the new count. If a two-byte count is written, the 
following happens: 

UM8254 

1) Writing the first byte disables counting. OUT is set 
low immediately (no clock pulse required). 

2) Writing the second byte allows the new count to be 
loaded on the next C l K pulse. 

This allows the counting sequence to by synchronized 
by software. Again, OUT does not go high until N + 1 
Cl K pulses after the new count of N is written. 

If an initial count is written while GATE=O, it will still be 
loaded on the next ClK pulse. When GATE goes high, 
QUT will go high N ClK pulses later; no ClK pulse is 
needed to load the Counter as th is has a Iready been done. 

cw = 10 LSB = 4,;-__________ _ 

WR~ 

ClK 

GATE. 

OUT ~L.. _______ ___' 

I N I N I N I N I ~ I ~ I ~ I ~ I g I ~~ I ~~ I 
CW = 10 lSB = 3 

WR ~---------------

ClK 

GATE 

OUT::-l r-
I N I N I N I N I ~ I ~ I .~ I 0 I I~ I ~~ I 

CW = 10 lSB = 3 lSB = 2 

WR 

ClK 

GATE 

OUT ::JI...-___ -:--___ .....Ir-
I N I N I N I N I 0 I ~ I 0 I ~ I 0 I ~ I ~~ I 

Note: THE FOLLOWING CONVENTIONS APPLY TO ALL MODE TIMING DIAGRAMS: 
1. COUNTERS ARE PROGRAMMED FDR BINARY (NOT BCDI COUNTING AND FOR 

READINGIWRITING LEAST SIGNIFICANT BYTE(LSBI ONLY 
2. THE COUNTER IS ALWAYS SELECTED (CS ALWAYS LDW) 
3. CW STANDS FOR "CONTROL WORD". CW=10 MEANS A CONTROL WORD OF 10. HEX 

IS WR ITTEN TO THE COUNTER. 
4. LSB STANDS FOR "LEAST SIGNIFICANT BYTE" OF COUNT. 
5. NUMBERS BELOW DIAGRAMS ARE COUNT VALUES. 

THE LOWER NUMBER IS THE LEAST SIGNIFICANT BYTE 
THE UPPER NUMBER IS THE MOST SIGNIFICANT BYTE. SINCE THE COUNTER IS 
PROGRAMMED TO READIWRITE LSB ONLY. THE MOST SIGNIFICANT BYTE CANNOT 
BE READ. 
N STANDS FOR AN UNDEFINED COUNT. 
VERTICAL LINES SHOW TRANSITIONS BETWEEN COUNT VALUES. 

Figure 13. Mode 0 
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MODE 1: Hardware Retriggerable One·Shot 

Out will be initially high. OUT will go Iowan the ClK 
pulse following a trigger to begin the one-shot pulse, 
and will remain low until the Counter reaches zero. OUT 
will then go high and remain high until the ClK pulse 
after the next trigger. 

After writing the Con.trol Word and initial count, the 
Counter is armed. A trigger results in loading the Counter 
and setting OUT Iowan the next ClK pulse, thus starting 
the one·shot pulse. An initial count of N will result in a 
one-shot pulse N Cl K cycles in duration. The one-shot 
is retriggerable, hence OUT will remain low for N ClK 
pulses after any trigger. The one-shot pulse can be repeated 
without rewriting the same count into the counter. GATE 
has no effect on OUT. 

If a new count is written to the Counter during a one-shot 
pulse, the current one-shot is not affected unless the 
Counter is retriggered. In that case, the Counter is loaded 
with the new count and the one-shot pulse continues until 
the new count expires. 

CW-12 lSB- 3 
WR~~----------------

I N I N I N I N I N I ~ I ~ I ~ I g I ~~ I ~ I ~ I 

CW=:12 lSB
K

3_------------

WRLJ1...J 

ClK 

GATE -------1n----1n----------
OUT 

:::.:J r 
INININININI~I~I~I~I~I Igi 
CW = 12 lSB = 2 lSB =4 

~-------
WR 

ClK 

OUT 

I 0 I 0 I FF I FF I 0 I 0 I 
1 0 FF FE 4 3 

Figure 14. Mode 1 

UM8254 

MODE 2: Rate Generator 

This Mode functions like a divide-by-N counter. It is 
typically used to generate a Real Time Clock interrupt. 
Out will initially be high. When the initial count has 
decremented to 1, OUT goes low for one ClK pulse. 
OUT then goes high again, the Counter reloads the initial 
count and the process is repeated. Mode 2 is periodic; 
the same sequence is repeated indefinitely. For an initial 
count of N, the sequence repeats every N ClK cycles. 

GATE = 1 enables counting; GATE = 0 disables counting. 
If GATE goes low during an output pulse, OUT is set high 
immediately. A trigger reloads the Counter with the 
initial count on the next ClK pulse; OUT goes low NClK 
pulses after the trigger. Thus the GATE input can be used 
to synchronize the Counter. 

After writing a Control Word and initia I count, the Counter 
will be loaded on the next ClK pulse. OUT goes low N 
ClK Pulses after the initial count is written. This allows 
the Counter to be synchronized by software also. 

CW=14 lSB-3 

WR~~---------------

ClK 

ATE 

OUT 

CW= 14 lSB =3 
WR~~---------------

ClK 

GATE LJ 
OUT =.:J 

CW = 14 lSB = 4 LSB = 5 r__------
WR 

ClK 

GATE 

OUT :.:..:::.J u 

Note: A GATE transition should not occur one clock 
prior to terminal count. 

Figure 15. Mode 2 
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Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new ·count but before the end of the current 
period, the Counter will be loaded with the new count 
on the next ClK pulse and counting will continue from 
the new count. Otherwise, the new count will be loaded 
at the end of the current counting cycle. In mode 2, a 
COUNT of 1 is illegal. 

MODE 3: Square Wave Mode 

Mode 3 is typically used for Baud rate generation. Mode 3 
is similar to Mode 2 except for the duty cycle of OUT. 
OUT will initially be high. When half the initial count 
has expired, OUT goes low for the remainder of the Count. 
Mode 3 is periodic; the sequence above is repeated 
indefinitely. An initial count of N results in a square wave 
with a period of N ClK cycles. 

GATE = 1 enables counting; GATE = 0 disables counting. 
If GATE goes low while OUT is low, OUT is set high 
immediately; no ClK pulse is required. A trigger reloads 
the Counter with the initial count on the next ClK pulse. 
Thus the GATE input can be used to synchron ize the 
Counter. 

After writing a Control Word and initial count, the Counter 
will be loaded on the next ClK pulse. This allows the 
Counter to be synchronized by software also. 

Writing a new count while counting does not affect the 
current counting sequence. If a trigger is received after 
writing a new count but before the end of the current 
half-cycle of the square wave, the Counter will be loaded 
with the new count on the next C l K pulse and counting 
will continue from the new count. Otherwise, the new 
count will be loaded at the end of the current half-cycle. 

Mode 3 is implemented as follows: 

Even counts: OUT is initiallY high. The initial count is 
loaded on one C lK pulse and then is decremented by 
two on succeeding ClK pulses. When the count expires 
OUT changes value and the Counter is reloaded. with the 
initial count. The above process is repeated indefinitely. 

Odd counts: OUT is initially high. The initial count 
minus one (an even number) is loaded on one ClK pulse 
and then is decremented by two on succeeding ClK pulses. 
One ClK pulse after the count expires, OUT goes low 
and the Counter is reloaded with the initial count minus 
one. Succeeding ClK pulses decrement the count by two. 
When the count expires, OUT goes high again and the 
Counter is reloaded with the initial count minus one. The 
above process is repeated indefinitely. So for odd counts, 
OUT willbe high for (N+1)/2 counts and low for (N-l )/2 
counts. 

UM8254 

CW"16 lSB=4 

WR~~--------------------

ClK 

GATE 

OUT 

ININ/ NINI~ I~ /~I~I~I~I~ I~ I~I~I 
CW = 16 lSB= 5 

WR~-----------------------

CW" 16' lSB =4 

WR~~--------------------

Note: A GATE transition should not occur one clock 

prior to terminal count. 

Figure 16. Mode 3 

MODE 4: Software Triggered Strobe 

OUT will be initially high. When the initial count expires, 
OUT will go low for one ClK pulse and then go high again. 
The counting sequence is "triggered" by writing the initial 
count.' 

GATE =0 1 enables counting; GATE =0 0 disables counting. 
GA TE has no effect on OUT. 

After writing a Control Word and initial count, the Counter 
will be loaded on the next ClK pulse, This ClK pulse 
does not decrement the count, so for an initial count of N, 
OUT does not strobe low until N+l ClK pulses after the 
initial count is written. 

If a new count is written during counting, it will be loaded 
on ~he next C lK pulse and counting will continue from the 
new count. If a two-byte count is written, the following 
happens: 

1) Writing the first byte has no effect on counting. 
2) Writing the second byte allows the new coun) to be 

loaded on the next ClK pulse. 

This allows the sequence to be "retri~lgered" by software. 
OUT strobes low N+l ClK pulses after the new count of 
N is written. 
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CW-18 lSB-3 ...... __________ _ 

WRWL.J 

ClK 

GATE 

OUT=:J U 
I N I N I N I N I ~ I g I ? I g I ~~ I ~~ I ~61 
CW=18 lSB=3 ...... __________ _ 

WRLJ--u 

ClK 

GATE 

-----------~ 

OUT:..-J U-
I N I N I N I N I gig I gig I ? I g I ~~ I 

lSB =2 --------
WR 

ClK 

GATE 

OUT=:J U-
I N I N I N I N I ~ I g I I g I ?I g I ~~ I 

Figure 17. Mode 4 

MODE 5: Hardware Triggered Strobe (Retriggerable) 

OUT will initially be high. Counting is triggered by a rising 
edge of GATE. When the initial count has expired, OUT 
will go low for one ClK pulse and then go high again. 

After writing the Control Word and initial count, the 
counter will not be loaded until the C lK pulse after a 
trigger. This C lK pu Ise does not decrement the count, 
so for an initial count of N, OUT does not strobe low 
until N+ 1 ClK pulses after a trigger. 

A trigger results in the Counter being loaded with the 

UM8254 

CW-1A lSB-3 
WR~----------------

ClK 

-------, n---------'rr..= GATE , , 

OUT 

I N I N I N I N I N I ~ I g I I g I ~~ I g I 

CW=lA lSB=~3------------__ 

WR """L.JLj 

ClK 

GATE -------- -1n:.:Jf\-- ---- -- ----

OUT:.::J ~ 

I N I N I N I N I N I N I gig I gig I? I g I ~~ I 
CW = lA lSB = 3 lSB = 5_--------

WR 

ClK 

GATE --------In----------'"\n-----

OUT=.J U 
I N I N I N I N I N I g I ~ I ? I g I~~ I~~ I ~ I ~ I 

Figure 18. Mode 5 

initial count on the next ClK pulse. The counting 
sequence is retr iggera ble. OUT wi II not strobe low for 
N+l ClK pulses after any trigger. GATE has no effect 
on OUT. 

If a new count is written during counting, the current 
counting sequence will not be affected. If a trigger occurs 
after the new count is written but before the current 
count expires, the Counter will be loaded with the new 
count on the next C L K pulse and counting wi IJ continue 
from there. 
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Signal Status Modes Low or Going Low Rising High 

0 Disables counting Enables counting 

1 -- 1) Initiates counting --
2) Resets output after next clock 

2 1) Disables counting Initiates counting Enables counting 
2) Sets output immed iately high 

3 1) Disables counting Initiates counting Enables counting 
2) Sets output immediately high 

4 Disables counting -- Enables counting 

5 -- Initiates counting --

Figure 19. Gate Pin Operations Summary 

Min Max 
Mode Count Count 

I 0 1 0 

1 1 0 

2 2 0 

3 2 0 

4 1 0 

5 1 0 

Note: 0 is equivalent to 2 16 for binary counting and 
104 for BCD counting. 

Figure 20. Minimum and Maximum Initial Counts 

Operation Common to All Modes 

Programming 

When a Control Word is written to a Counter, all Control 
logic is immediately reset and OUT goes to a known 
initial state; no ClK pulses are required for this. 

Gate 

The GATE input is always sampled on the rising edge of 
ClK. In Modes 0, 2, 3, and 4 the GATE input is level 
sensitive, and the logic level is sampled on the rising edge 
of ClK. In Modes 1,2,3, and 5 the GATE input is rising­
edge sensitive. I n these Modes, a rising edge of GATE 
(trigger) sets an edge-sensitive flip-flop in the Counter. 
This flip-flop is then sampled on the next rising edge of 
ClK; the flip-flop is'reset immediately after it is sampled. 
In this way, a trigger will be detected no matter when it 
occurs - a high logic level does not have to be maintained 
unti I the next risi ng edge of C l K. Note that in Modes 2 
and 3, the GATE input is both edge- and level- sensitive. 
In Modes 2 and 3, if a C lK source other than the system 
clock is used, GATE should be pulsed immediately 
following WR of a new count value. 

Counter 

New counts are loaded and Counters are decremented on 
the falling edge of ClK. 

The largest possible initial count is 0; this is equivalent to 
216 for binary counting and 104 for BCD counting. 

The Cou nter does not stop when it reaches zero. I n Modes 
0, 1, 4, and 5 the Counter "wraps around" to the highest 
count, either FFFF hex for binary counting or 9999 for 
BCD counting, and continues counting. Modes 2 and 3 
are periodic; the Counter reloads itself with the initial 
count and continues counting from there. 
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Features 

• iAPX86, iAPX88 compatible 

• MCS-80®, MCS-85® compatible 

• Eight-level priority controller 

• Expandable to 64 levels 

,. Programmable interrupt modes 

General Description 

The UM8259A Programmable Interrupt Controller handles 
up to eight vectored priority interrupts for the CPU, It 
is cascadable for up to 64 vectored priority interrupts 
without additional circuitry, Packaged in a 28-pin DIP, it 
uses NMOS technology and requires a single +5V supply. 
Circuitry is static, requiring no clock input. 

The UM8259A is designed to minimize the software and 

UM8259A 

• Individual request mask capability 
• Single +5V supply (no clocks) 
• 28-pin dual-in-line package 
• Available in EXPRESS 
• - Standard temperature range 

- Extended temperature range 

real time overhead in handling multi-level priority 
interrupts. It has several modes, permitting optimization 
for a variety of system requirements. 

The UM8259A is fully compatible with the Intel 8259A. 
Software originally written for the 8259A will operate 
the UM8259A in all 8259A equivalent modes. 

*iAPX86, iAPX88, MCS-80 and MCS-85 are all trademarks of Intel microsystem. 

Pin Configuration Block Diagram 

CS VCC DATA CONTROL LOGIC 
07- 0 0 BUS 

WR AO BUFFER 

RO INTA 

07 IR7 

D6 IR6 

D5 IR5 

IR4 Ri5 
IR1 D4 WR READ! 

D3 IR3 WRITE 
LOGIC 

D2 IR2 AO-

D1 IR1 IR6 

Cs IR7 

DO IRO 

CAS 0 INT 

CAS 1 SP/EN CAS 0 

GND CAS 2 
CAS 1 

CAS 2 
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Absolute Maximum Ratings* 

Ambient Temperature Under Bias ........ OoC 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 

D .. C. Characteristics 
(T A = O°C to 70°C, Vee = 5V ± 10%) 

Symbol Parameter Min. 

VIL Input Low Voltage -0.5 

VIH Input High Voltage 2.0* 

VOL Output Low Voltage 

VOH Output High Voltage 2.4 

VOH(lNT) 
I nterrupt Output High 3.5 
Voltage 2.4 

III I nput Load Current -10 
ILOL Output Leakage Current -10 

Icc Vee Supply Current 

I L1R I R I nput Load Current 

*Note: For Extended Temperature EXPRESS VIH = 2.3V. 

Capacitance 
(TA = 25°C; Vee = GND = OV) 

Symbol Parameter Min. 

CIN I nput Capacitance 

ClIO I/O Capacitance 

A.C. Characteristics 
(TA=OOCt070°C,Vee=5V ±10%) 

TIMING REQUIREMENTS 

Symbol Parameter 
TAHRL AO/CS' Setup to R D/I NT At 
THRAX AO/CS' Hold after RD/INTAt 
TRLRH AD Pulse Width 
TAHWL AO/CS' Setup to WRt 
TWHAX AO/CS" Hold after WRt 
TWLWH WR Pulse Width 
TDVWH Data Setup to WRt 
TWHDX Data Hold after Wfit 
TJLJH Interrupt Request Width (Low) 

Typ. 

TCVIAL Cascade Setup to Second or Third 
INTAt (Slave only) 
End of'RU to next liD 

TRHRL End of INTA to next INTAwithin 
an INTA sequence only 

TWHWL End ofWR to next WR 

UM8259A 

*Comments 

Stress above those listed under "Absolute Maximum 
Ratings" . may cause permanent damage to the device. 
These are stress ratings only. Functional operation of 
this device at these or any other conditions above those 
indicated in the operational sections of this specification 
is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 

Max. Units Conditions 
0.8 V 

Vee+ 0.5V V 
0.45 V 10L = 2.2mA 

V 10H = -400p.A 
V 10H = -100p.A 
V IOH = -400p.A 

+10 p.A OV VIN Vee 
+10 p,A O.45V VOUT Vee 
85 mA 

-300 p.A VIN =0 
10 p.A VIN = Vee 

Max. Unit Conditions 
10 pF fc = 1 MHZ 

20 pF Unmeasured pins returned to Vss 

Min. Max. Units Conditions 
0 ns 
0 ns 

235 ns 
0 ns 
0 ns 

290 ns 
240 ns 

0 ns 
100 ns See Note 1 

55 ns 

160 ns 

190 ns 
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A.C. Characteristics (Continued) 

Symbol Parameter Min. Max. Unit Conditionsl 

*TCHCL End of Command to next Command 500 ns 
(Not same command type) 

End of I NT A sequence to next 
INTA sequence. 

*Worst case timing for TCHCL In an actual microprocessor system IS tYPically much greater than 500 ns (I.e. 8085A = 1.6ps, 
8085A-2= 1 ps, 8086 = 1 ps, 8086-2 = 625 ns) 

Note: This is the low time required to clear the input latch in the edge triggered mode. 

Timing Responses 

Symbol Parameter 
TRLDV Data Valid from RD/INTAl-

TRHDZ Data Float after RD/INTAt 

TJHIH Interrupt Output Delay 

Cascade Valid from First INTA TIALCV 
(Master Only) 

TRLEL Enable Active from RDt or INTAt 

TRHEH Enable Inactive from RDt or INTAt 

TAHDV Data Valid from Stable Address 

TCVDV Cascade Valid to Valid Data 

A.C. Testing Input, Output Waveform 

INPUT/OUTPUT 

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 0.8V FOR A LOGIC "0." 

Waveforms 

WRITE 

WR ____________________ ~ 

CS --------" 
ADDRESS BUS 

AO ___________ ..J 

DATA BUS 

Min. Max. Units Conditions 
200 ns C of Data Bus = 100 pF 

10 100 ns C of Data Bus 

350 ns Max text C = 100 pF 
Min. test C = 15 pF 

565 ns C'NT = 100 pF 

125 ns CCASCADE= 100 pF 

150 ns 

200 ns 

300 ns 

A.C. Testing Load Circuit 

DEVICE 
UNDER ICL-,OOpF TEST 

-= 
CL = 100pF 
CL INCLUDES JIG CAPACITANCE 
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Waveforms (Continued) 

READ/INTA 

RD/INTA ;.,' ------"' TRLRH 

EN--------------~--, 

TRHAX CS-_---...... 
ADDRESS BUS 

AO------...J 

_~~~D-V _= ~ ... _____ T_RH_D_Z_J _____ _ 
DATA BUS-- - - - - - - - - - - - - - - - - - - ~ .1 

OTHER. TIMING 

RD 
INTA \ k= TAHAL --'K __ I 

WR 

\ k-TWHWL~ 
RD 

INTA 

\ CTCHCL1 
WR 

RD 
INTA 

WR __ I 
INTA SEQUENCE 

IR 

INT------

INTA ---------.... 

CO-2---------~--~~--~--~~------~--
I~-------:-.I TIALCV 

Notes: I nterrupt output must remain HI GH at least until leading eqge of first I NT A. 
1. Cycle 1 iniAPX86, iAPX88 systems, the Data Bus is not active. 
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Pin Description 

Symbol Pin No. Type Name and Functions 

Vee 28 I Supply: +5V Supply. 

GND 14 I Ground. 

CS 1 I Chip Select: A low on this pin enables RD and WR communication between the 
CPU and the UM8259A. I NT A functions are independent of CS. 

WR 2 I Write: A low on this pin when CS is low enables the UM8259A to accept command 
words from the CPU. 

RD 3 I Read: A low on this pin when CS is low enables the Um8259A to release status 
onto the data bus for the CPU. 

D7-DO 4-11 I/O Bidirectional Data Bus: Control, status and interrupt-vector information is 
transferred via this bus. 

CASo-CAS2 12,13,15 I/O Cascade Lines: The CAS lines form a private UM8259A bus to control a multiple 
UM8259A structure. These pins are outputs for a master UM8259A and inputs for 
a slave UM8259A. 

SP/EN 16 I/O Slave Program/Enable Buffer: This is a dual function pin. When in the Buffered 
Mode it can be used as an output to control buffer transceivers (EN), When not in 
the buffered mode it is used as an input to designate a master (SP = 1) of slave 
(SP = 0). 

INT 17 0 Interrupt: This pin goes high whenever a valid interrupt request is asserted. Itis 
used to interrupt the CPU, thus it is connected to the CPU's interrupt pin. 

IRo-IR7 18-25 I Interrupt Requests: Asynchronous inputs. An intarrupt request is executed by 
raising an I R input (low to high), and holding it high until it is acknowledged 
(Edge Triggered Model, or just by a high level on an IR input (Level Triggered 
Mode). 

INTA 26 I Interrupt Acknowledge: This pin is used to enable UM8259A interrupt-vector data 
onto the data bus by a sequence of interrupt acknowledge pu Ises issued by the 
CPU. 

Ao 27 I AO Address Line: This pin acts in conjunction with the CS, WR, and RD pins. It 
is used by the UM8259A to decipher various Command Words the CPU writes and 
status the CPU wishes to read. It is typically connected to the CPU AO address line 
(A 1 for iAPX 86, 88). 

Functional Description 

Interrupts in Microcomputer Systems 

Microcomputer system design requires that I/O devices such 
as keyboards, displays, sensors and other components 
receive servicing in an efficient manner so that large 
amounts of the total system tasks can be assumed by the 
microcomputer with little or no effect on throughput. 

the processor that it should complete whatever instruction 
that is currently being executed and fetch a new routine 
that will service the requesting device. Once this servicing 
is complete, however, the processor would resume exactly 
where it left off. 

The most common method of servicing such devices is the 
Polled approach. This is where the processor must test each 
device in sequence and in effect "ask" each one if it needs 
servicing. It is easy to see that a large portion of the main 
program is looping through this continuous polling cycle 
and that such a method would have a serious, detrimental 
effect on system throughput, thus limiting the tasks that 
could be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 

A more desirable method would be one that would allow 
the microprocessor to be executing its main program and 
only stop to service peripheral devices when it is told 
to do so by the device itself. In effect, the method would 
provide an external asynchronous input that would inform 

Th is method is ca lied I nterrupt. I t is easy to see that 
system throughput would drastically increase, and thus 
more task could be assumed by the microcomputer to 
further enhance its cost effectiveness. 

The Programmable Interrupt Controller (PIC) functions as 
an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests 
is of the highest importance (priority), ascertains whether 
the incoming request has a higher priority value than the 
level currently being serviced, and issues an interrupt to 
the CPU based on this determination. 
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Each peripheral device or structure usually has a special 
program or "routine" that is associated with its specific 
functional or . operationa I requirements; this is referred 
to as a "service routine". The PIC, after issuing an 
interrupt to the CPU, must somehow input information 
into the CPU that can "point" the Program Counter to the 
Service routine associated with the requesting device. 
This "pointer" is an address "in a vectoring table and will 
often be referred to, in this document, as vectoring data. 

The UM8259A 

The UM8259A is a devicespecifically designed for use in 
real time, interrupt driven microcomputer systems. It 
manages eight levels or requests and has built-in features 
for expandability to other UM8259A's (up to 64 levels). 
It is programmed by the system's software as an I/O 
peripheral. A selection of priority modes is available to 
the programmer so that the manner in which the requests 
are processed by the UM8259A can be configured to match 
his system requirements. The priority modes can be 
changed or reconfigured dynamically at any time during 
the main program. This means that the complete interrupt 
structure can be defined as required, based on the total 
system environment. 

Interrupt Request Register (lRR) and In-Service Register 
USR) 

The I nterrupts at the I R input lines are handled by two 
registers in cascade, the Interrupt Request Register (IRR) 
and the In-Service Register (ISR). ThelRR is used to store 
all the interrupt levels which are requesting service; and the 
ISR is used to store all the interrupt levels which are being 
serviced. 

Priority Resolver 

This logic block determines the priorities of the bits set in 
the I R R. The highest priority is selected and strobed into 
the corresponding bit of the ISR during INTA pulse. 

Interrupt Mask Register (lMR) 

The IMR stores the bits which mask the interrupt lines to 
be masked. The IMR operates on the IRR. Masking of 
a higher priority input will not affect the interrupt request 
lines of lower priority. 

INT (Interrupt) 

This output goes directly to the CPU interrupt input. The 
VOH level on this line is designed to be fully compatible 
with the 8080A, 8085A and 8086 input levels. 

UM8259A 

INTA (Interrupt Acknowledge) 

INTA pulses' will cause the UM8259A to release vectoring 
information onto the data bus. The format of this data 
depends on the system mode (J,tPM) of the UM8259A. 

Figure 1a. Polled Method 

Figure 1b. Interrupt Method 
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Data Bus Buffer 

This 3-state, bidirectional 8-bit buffer is used to interface 
the UM8259A to the system Data Bus. Control words 
and status information are transferred through the Data 
Bus Buffer. 

Read/Write Control Logic 

The function of this block is to accept OUT put commands 
from the CPU. It contains the Initialization Command 
Word (ICW) registers and Operation Command Word 
(OCW) registers which store the various control formats 
for device operation. This function block also allows 
the status of the UM8259A to be transferred onto the Data 
Bus. 

CS (Chip Select) 

A LOW on this input enables the UM8259A. No reading 
or writing of the chip will occur unless the device is 
selected. 

WR (Write) 

A LOW on this input enables the CPU to write control 
words (lCWs and OCWs) to the UM8259A. 

RD (Read) 

A LOW on this input enables the UM8259A to send the 
status of the interrupt Request Register (I R R). I n Service 
Register (ISR), the Interrupt Mask Register (IMR), or the 
Interrupt level onto the Data Bus. 

This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers, as well as reading the various status registers 
of the chip. This line can be tied directly to one of the 
address lines. 

The Cascade Buffer/Comparator 

This function block stores and compares the I Ds of all 
UM8259A's used in the system. The associated three 
I/O pins (CASO-2) are outputs when the UM8259A is used 
as a master and are inputs when the UM8259A is used as 
a slave. As a master, the UM8259A sends the I D of the 
interrupting slave device onto the CASO-2 lines. The 
slave thus selected will send its preprogrammed subroutine 

UM8259A 

address onto the Data Bus during the next one or two 
consecutive I NT A pu Ises. (See section "Cascading the 
UM8259A".) 

Figure 2a. UM8259A Block Diagram 

~ INTERNAL BUS 

Figure 2b. UM8259A Block Diagr.am 

IRO 
IRI 

IRI 

IR2 
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I nterruptSequence 

The powerful features of the UM8259A in a microcom­
puter system are its programmability and the interrupt 
routine addressing capability. The latter allows direct or 
indirect jumping to the specific interrupt routine requested 
without any polling of the i!1terrupting devices. The 
normal sequence of events during an interrupt depends on 
the type of CPU being used. 

The events occur as follows in an MCS-80/85 system: 

1. One of more of the INTERRUPT REQUEST lines 
(IR7-0) are raised high, setting the corresponding 
I RR bit(sl. 

2. The UM8259A evaluates these requests, and sends an 
I NT to the CPU, if appropriate. 

3. The CPU acknowledges the INTand responds with an 
INTA pulse. 

4. Upon receiving an I NT A from the CPU group, the 
highest priority ISRbit is set, and the corresponding 
IRR bit is reset. The UM8259A will also release a 
CALL instruction code (11001101) onto the 8-bit 
Data Bus through its 07 -0 pins. 

5. This CALL Instruction will initiate two more INTA 
pulses to be sent to the UM8259A from the CPU' 
group. 

6. These two INTA pulses allow the UM8259A to release 
its preprogrammed subroutine address onto the Data 
Bus. The lower 8-bit address is released at the first 
I NT A pulse and the higher 8-bit address is reli3ased 
at the second INTA pulse. 

7. This completes. the 3-byte CALL instruction released 
by the UM8259A. In the AEOI mode the ISR bit is 
reset at the end of the third INTA pulse.' Otherwise. 
the ISR bit remains set until an appropriate EOI 
command is issued at the end of the interrupt 
sequence. 

The events occurring in an iAPX 86 system are the same 
until step 4. 

4. Upon receiving an INTA !from the CPU group, the 
highest priority ISR bit is set and the corresponding 
I R R bit is reset. The UM8259A does not drive the 
Data Bus during this cycle. 

5. The iAPX 86/10 will initiate a second I NT A pulse. 
During this pulse, the UM8259A releases an 8-bit 
pointer onto the Data Bus where it is read by the CPU. 

6. This completes the interrupt cycle. In the AEOI 
mode the ISR bit is reset at the end of the second 
INTA pulse .. Otherwise, the ISR bit remains set until 
an appropriate EOI command is issued at the end of 
the interrupt subroutine. 

I f no interrupt request is present at step 4 of either 
sequence (i.e:, the request was too short in duration) the 
UM8259A 'will issue an interrupt level 7. Both the 

UM8259A 

vectoring bytes and the CAS lines will look like an interrupt 
level 7 was requested. 

Figure 2c. UM8259A Block Diagram 

Figure 3. UM8259A Interface to Standard 
System Bus 

IR, 

IR2 

IR4 

IRS 
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Interrupt Sequence Outputs 

MCS-80®, MCS-85® 

This sequence is timed by three I NT A pulses. During the 
first INTA pulse the CALL opcode is enabled onto the 
data bus. 

Content of First Interrupt 
Vector Byte 

07 06 05 04 03 02 01 00 

CALL CODE I 1 
~--------------------------~ 

o 0 1 0 1 

During the second INTA pulse the lower address of the 
appropriate service routine is enabled onto the data bus. 
When Interval=4 bits As-A7 are programmed, while Ao-A4 
are automatically inserted by the UM8259A. When 
Interval=8 only A6 and A7 are programmed, while Ao-As 
are automatically inserted. 

IR 
07 

7 A7 

6 A7 

5 A7 
4 A7 

3 I A7 

2 A7 

1 A7 

a A7 

IR 
07 

7 A7 

6 A7 

5 A7 
4 A7 

3 A7 

2 A7 

1 A7 

a A7 

Content of Second Interrupt 
Vector Byte 

Interval = 4 

06 05 04 03 02 
A6 A5 1 1 1 
A6 A5 1 1 a 

A6 A5 1 a 1 

A6 A5 1 a a 

A6 A5 a 1 1 

A6 A5 a 1 0 

A6 A5 a a 1 

A6 A5 a a a 

Interval = 8 

06 05 04 03 02 

A6 1 1 1 a 

A6 1 1 a a 

A6 1 a 1 a 

A6 1 a a a 

A6 a 1 1 a 

A6 a 1 a a 

A6 a a 1 a 

A6 a a a a 

01 00 
0 0 

a a 

a a 
a a 

a a 

a a 

a a 

a a 

01 00 
a a 

a a 

a a 
a a 

a a 

a a 

a a 

a a 

During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed as 
byte 2 of the initialization sequence (As-A1S ), is enabled 
onto the bus: 

Content of Third Interrupt 
Vector Byte 

07 D6 05 04 03 02· 01 00 

A 15 A 14 A 13 A 12 A 11 A TO I A9 I A8 

UM8259A 

iAPX 86, iAPX 88 

IAPX 86 mode is similar to MCS-80 mode except that only 
two interrupt Acknowledge cycles are issued by the 
processor and no CALL opcode is s.ent to the processor. 
The first interrupt acknowledge cycle is similar to that 
of MCS-8a, 85 systems in that the UM8259A uses it to 
internally freeze the state of the interrupts for priority 
resolution and as a master it issues the interrupt code on 
the cascade lines at the end of the INTA p'ulse. On this 
first cycle it does not issue any data to the processor and 
leaves its data bus buffers disabled. On the second 
interrupt acknowledge cycle in iAPX 86 mode the master 
(or slave if so programmed) will send a byte of data to the 
processor with the acknowledged interrupt code composed 
as follows (note the state of the ADI mode control is 
ignored and As -All are unused in iAPX 86 mode): 

IR7 
IR6 
IR5 
IR4 
IR3 
IR2 
IR1 
IRa 

Content of Interrupt Vector Byte 
for iAPX 86 System Mode . 

07 06 05 04 03 02 
T7 T6 T5 T4 T3 1 
T7 T6 T5 T4 T3 1 
T7 T6 T5 T4 'T3 1 
T7 T6 T5 T4 T3 1 
T7 T6 T5 T4 T3 0 
T7 T6 T5 T4 T3 0 
T7 T6 T5 T4 T3 a 
T7 T6 T5 T4 T3 a 

Programming theUM8259A 

01 DO 
1 1 
1 a 
a 1 
a a 
1 1 
1 a 
a 1 
a a 

The Um8259A accepts two types of command words 
generated by the CPU: 

1. Initialization Command Words (ICWs): Before normal 
operation can begin, each UM8259A in the system 
must be brought to a starting point - by a sequence 
of 2 to 4 bytes timed by WR pulses. 

2. Operation Command Words (OCWs): These are the 
command words which command the UM8259A to 
operate in variol':ls interrupt modes. These modes are: 

a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 

The OCWs can be written into the UM8259A anytime 
after initialization. 

Initialization Command Words (lCWs) 

General 

Whenever a command is issued with Aa=a and D4= 1, this 
is interpreted as Initialization Command Word 1 (ICW1). 
ICW1 starts the initialization sequence during which the 
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following automatically occur. 

a. The edge sense circuit i's reset, which means that 
following initialization, an interrupt request (I R) 
input must make a low-to-high transition to generate 
ani nterrupt. 

b. The I nterrupt Mask Register is cleared. 
c. I R7 input is assigned priority 7. 
d. Theslave mode address is set to 7. 
e. Special Mask Mode is cleared and Status Read is set 

to I·R R. 
f. If IC4=O, then all functions selected in ICW4 are set 

to zero. (Non-Buffered mode*, no Auto-EOI, MCS-80, 
85 system). 

*Note: Master/Slave in ICW4 is only used in the buffered 
mode. 

Initialization Command Words 1 and 2 (lCW1, ICW2) 

As-AlS: Page starting address of service routines. In an 
MCS 80/85 system, the 8 request levels will generate 
CALLs to 8 locations equally spaced in memory. These 
can be programmed to be spaced at intervals of 4 or 8 
memory Iqcations, thus the 8 routines will occupy a page 
of 32 or 64 bytes, respectively. 

The address, format is 2 bytes long (Ao-AlS). When the 
routine interval is 4, Ao-A4 are automatically inserted 
by the UM8259A. Whi Ie As -AlS are programmed 

NO (SIN.GL = 1) 

NO (iC4=O) 

UM8259A 

externally. When the routine interval is 8, Ao -As are 
automatically inserted by the UM8259A, while A6 -AlS are 
programmed externally. 

The 8-pyte interval will maintain compatibility with current 
software, while the 4-byte interval is best for a compact 
jump table. 

In an iAPX 86 system A 1S -An are inserted in the five most 
significant bits of the vectoring byte and the' UM8259A 
sets the three least significant bits according to the 
interrupt level. AlO-AS are ignored and ADI (Address 
interval) has no effect. 

LTIM: If LTIM=l, then the UM8259A will operate in 
the level interrupt mode. Edge detect logic on the 
interrupt inputs will be disabled. 

ADI: CALL address interval. ADI=l then interval =4; 
ADI =0 then interval=8. 

SNGL: Single. Means that this is the only UM8259A in 
the system. If SNGL=l no ICW3 will be issued. 

IC4: If this bit is set.:.... ICW4 has to be read. If ICW4 
is not needed, set IC4=0. 

Initialization Command Word 3 (lCW3) 

This word is read only when there is more than one 
UM8259A in the system and cascading is used, in which 
case SNGL=O. It will load the 8-bit slave register. The 
functions of this register are: 

Figure 4, Initialization Sequence 
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ICW' 

AO D7 D6 DS D4 D3 D2 DJ DO 

, ICW4 NEEDED 
0= NO ICW4 NEEDED 

, = SINGLE 
0= CASCADE MODE 

CALL ADDRESS INTERVAL 
, = INTERVAL OF 4 
0= INTERVAL OF 8 

, = LEVEL TRIGGERED MODE 
0= EDGE TRIGGERED MODE 

A7·AS OF INTERRUPT 
VECTOR ADDRESS 

(MCS·80/85 MODE ONL V) 

AO D7 D6 DS D4 D3 D2 D\ DO 

AWAS OF INTERRUPT 
VECTOR ADDRESS 

(MCSBO/85 MODE) 
T7-T3 OF INTERRUPT 

ICW3 (MASTER DEVICE) VECTOR ADDRESS 
(S086/8088 MODE) 

AO D7 D6 DS D4 D3 D2 D\ DO 

, = IR INPUT MAS A SLAVE 
0= IR INPUT DOES NOT HAVE 

A SLAVE 

ICW3 (SLAVE DEVICE) 

AO D7 D6 DS D4 D3 D2 D\ DO 

I 1 I 0 I 0 I 0 I 0 I 0 IID2 IID\ liDO I 

ICW4 

1 , 2 3 4 5 6 7 

0 1 0 1 0 1 o , 
o 0 1 1 o 0 , 1 

o 0 o 0 , , , , 

, = 8086/8088 MODE 
0= MCS·80/S5 MODE 

, AUTO EOI 
0= NORMAL EO( 

§if3-NON BUFFERED MODE 
1 0 -BUFFERED MODE/SLAVE 
1 1 -BUFFERED MODE/MASTER 

Note,: SLAVE ID IS EQUAL TO THE CORRESPONDING 
MASTER IR INPUT. 

, = SPECIAL FU LL V NESTED 

'------------t 0 = ~g~~PEC(AL FULLV 
NESTED MODE 

Figure 5. Initialization Command Word Format 
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a. In the master mode (either when SP=1, or in buffered 
mode when M/S=1 in ICW4) a "1" is set for each slave in 
the system. The master then will release byte 1 of the 
call sequence (for MCS-80/85 system) and will enable 
the-corresponding slave to release bytes 2 and 3 -(for 
iAPX 86 only byte 2) through the cascade lines. 

b. In the slave mode (either when- SP=O, or if BUF=1 and 
M/S=O in ICW4) bits 2-0 identify the slave. The slave 
compares its cascade input with these bits and, if they 
are equal, bytes 2 and 3 of the call sequence (or just 
byte 2 for iAPX 86 are released by it on the Data Bus_ 

Initialization Command Word 4 (lCW4) 

SFNM: If SFNM=1 the special fully nested mode is 
programmed. 

BUF: If BUF=l the buffered mode is programmed. In 
buffered mode SP IE N becomes an enab Ie output 
and the master/slave determination is by MIS. 

MIS: If buffered mode is selected: M/S=1 means the 
UM8259A is programmed to be a master, M/S=O 
means the UM8259A is programmed to be a slave. 
If BUF=O, M/S has no function. 

AEOI: If AEOI=1 the automatic end of interrupt mode 
is programmed. 

J,tPM: Microprocessor mode: J,tPM =0 sets the UM8259A 
for MCS-80, 85 system operation, J,tPM = 1 sets the 
UM8259A for iAPX 86 system operation. 

Operation Command Words (OCWs) 

After the Initialization Command Words (ICWs) are 
programmed into the UM8259A, the chip is ready to 
accept interrupt requests at its input lines. However, during 
the UM8259A operation, a selection of algorithms can 
command the UM8259A to operate in various modes 
through the Operation Command Words (OCWs). 

OCW1 
AO 07 .06 05 04 03 02 01 00 

1 M7 M5 M5 M4 M3 M2 M1 MO 

OCW2 

0 R SL EOI 0 0 L2 L1 LO 

OCW3 

0 0 ESMM SMM 0 1 P RR RIS 

Operation Control Word 1 (OCW1) 

OCW1 sets and clears the mask bits in the interrupt Mask 
Register (IMRI. M7-MO represent the eight mask bits. 
M=1 indicates the channel is masked (inhibited), M=O 
indicates the channel is enabled. 

UM8259A 

Operation Control Word 2 (OCW2) 

R, SL, EOI - These three bits control the Rotate and End 
of Interrupt modes and combinations of the two. A chart 
of these- combinations can be found on the Operation 
Command Word Format. 

L2 I L1 , Lo - These bits determine the interrupt level acted 
upon when the SL bit is active. 

Operation Control Word 3 (OCW3) 

ESMM - Enable Special Mask Mode. When this bit is set 
to 1 it enab les the SMM b it to set or reset the Specia I 
Mask Mode. When ESMM=O the SMM bit becomes a 
"don't care". 

SMM - Special Mask Mode. If ESMM=1 and SMM=1the 
UM8259A will enter Special Mask Mode. If ESMM=1 
and SMM=O the UM8259A will revert to normal mask 
mode. When ESMM=O, SMM has no effect. 

Fully Nested Mode 

This mode is entered after initialization unless another 
mode is programmed. The interrupt requests are ordered 
in priority form 0 through 7 (0 highest). When an interrupt 
is acknowledged the highest priority request is determined 
and its vector placed on the bus. Additiona Ily, a bit of the 
Interrupt Service register (ISO-7) is set. This bit remains 
set unti I the microprocessor issues an End of Interrupt 
(EOI) command immediately before returning from the 
service routine, or if AEO I (Automatic End of Interrupt) 
bit is set, until the trailing edge of the last INTA. While 
the IS b it is set, a II further interrupts of the sa me or lower 
priority are inhibited, while higher levels will generate an 
interrupt (which will be acknowledged only if the micro­
processor internal interrupt enable flip-flop has been 
re-enabled through software). 

After the initialization sequence, I RO has the highest 
priority and I R7 the lowest. Priorities can be changed, 
as will be explained, in the rotating priority mode. 

End cif Interrupt (EO!) 

The In Service (IS) bit can be reset either automatically 
following the trailing edge of the last in sequence INTA 
pulse (when AEOI bit in ICW1 is set) or by a command 
word that must be issued to the U M8259A before returni ng 
from a service routine (EOI command). An Eol command 
must be issued twice if in the Cascade mode, once for 
the master and once for the corresponding slave. 

Tnere are two forms of EOI command: Specific and 
Non-Specific. When the UM8259A is operated in modes 
which preserve the fully nested structure, it can determine 
which IS bit to reset on EOI. When a Non-Specific EOI 
command is issued the UM8259A will automatically reset 
the highest IS bit of those that are set, since in the fully 
nested mode the highest IS level was necessarily the last 
level acknowledged and service. A non-specific EO I can 
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OCW, 

DO 

1 0 R 1 SL I EOI I 0 I o I L2 I Ll 1 Lo J 
IR LEVEL TO BE 

ACTED UPON 

0 , 2 3 4 5 6 7 

0 , 0 , 0 , 0 , 
0 0 , , 0 0 , , 
0 0 0 0 , , , , 

J r 
1 ~ 
0 0 , NON-SPECIFIC EOI COMMAND } ENO OF INTERRUPT 
0 , , SPECIFIC EOI COMMAND , 0 , ROTATE ON NON-SPECIFIC EOI COMMAND } , 0 0 ROTATE IN AUTOMATIC EOI MODE (SET) AUTOMATIC ROTATION 

0 0 0 ROTATE IN AUTOMATIC EOI MODE (CLEARI , , , "ROTATE ON SPECIFIC EOI COMMAND } SPECIFIC ROTATION , , 0 "SET PRIORITY COMMAND 

0 , 0 NO OPERATION 

"LO-L2 ARE USED 

OCW3 

AO D7 D6 DS D4 D3 DO 

1 0 1 0 }SMM I SMM I 0 I ,1 P 1 RR 1 RIS J 

l READ REGISTER COMMAND 

0 I , 0 , 
0 I 0 , , 

READ READ 
IR REG IS REG 

NO ACTION ON NEXT ON NEXT 
RD PULSE RD PULSE 

, = POLL COMMAND 
0= NO POLL COMMAND 

SPECIAL MASK MODE 

0 1 , 0 , 
0 1 0 , , 

RESET SET 
NO ACTION SPECIAL SPECIAL 

MASK MASK 

Figure 6. Operation Command Word Format 
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be issued with OCW2 (EOI=l, SL=O, R=O). 

When a mode is used which may disturb the fully nested 
structure, the UM8259A may no longer be able to 
determine the last level acknowledged. In this case a 
Specific End of Interrupt must be issued which includes 
as part of the command the IS I~vel to be reset. A specific 
EOI can be issued with OCW2 (EOI=l, SL=l, R=O, and 
LO- L2 is the binary level of the IS bit to be reset). 

It shou Id be noted that an IS b it that is masked by an 
IMR bit will not be cleared by a non-specific EOI if the 
UM8259A is in the Special Mask Mode. 

Automatic End of Interrupt (AEOn Mode 

If AEOI=l in ICW4, then the UM8259A will operate in 
AEO I mode continuously until reprogrammed by ICW4. In 
this mode the UM8259A will automatically perform a 
non-specific EOI operation at the trailing edge of the last 
interrupt acknowledge pulse (third pulse in MCS-80/85, 
second in iAPX 86). Note that from a system standpoint, 
this mode should be used only when a nested multilevel 
interrupt structure is not required' within a single 
UM8259A. 

The AEO I mode can only be used in a master UM8259A 
and not a slave. 

Automatic Rotation (Equal Priority Devices) 

In some applications there are a number of interrupting 
devices of equal pNority. In this mode a device, after 
being service, r~ceives the lowest priority, so a device 
requesting an interrupt will have to wait, in the worst case 
until each of 7 other devices are serviced at most once. 
For example, if the priority and "in service" status is: 

Before Rotate (I R4 the highest priority requiring service) 

IS7 1S6 ISS 1S4 1S3 IS2 IS1 ISO 

"IS" Status o o o 0 o ° I 
Lowest Priority Highest Priority 

Priority Status 7 6 5 4 3 2 ° I 
After Rotate (I R4 was servided, all other priorities rotated 
correspondingly) 

IS7 1S6 1S5 1S4 IS3 IS2 IS1 ISOs 

"'IS" Status o O' 0 o 0 o ° I 
Highest Priority Lowest Priority 

Priority Status 2 0 7 6 5 4 

There are two ways to accomplish Automatic Rotation 
using OCW2, the Rotation on Non-Specific EO I Command 
(R=l, SL=O, EOI=l) and the Rotate in Automatic EOI 
Mode which is set by (R=l, SL=O, EOI=O) and cleared by 
(R=O, SL=O, EOI=Ol. 

UM8259A 

Specific Rotation (Specific Priority) 

The programmer can change priorities by programming 
the bottom priority and thus fixing all other priorities; 
Le., if ~ R5 is programmed as the bottom priority device, 
then I R6 will have the highest one. 

The Set Priority command is issued in OCW2 where: 
R = 1, S L = 1; LO -L2 is the binary priority level code of 
the bottom priority device. 

Observe that in this mode internal status is updated by 
software control during OCW2. However, it is independent 
of the End of Interrupt (EO I) command (also executed by 
OCW2l. Priority changes can be executed during an EOI 
command by using the Rotate on Specific EOI command 
in OCW2 (R=l, SL=l, EOI=1 and LO-L2=IR level to 
receive bottom priority). 

Interrupt Masks 

Each Interrupt Request input can be masked individually 
by the Interrupt Mask Register (IMR) programmed through 
OCW1. Each bit in the I MR masks one interrupt 
channel if it is set (1). Bit 0 masks IRO, Bit 1 masks IR1 
and so forth. Masking an I R channel does not affect the 
other channels operation. 

Special Mask Mode 

Some applications may require an interrupt service routine 
to dynamically alter the system priority structure during 
its execution under software control. For example, the 
routine may wish to inhibit lower priority requests for a 
portion of its execution but enable some of them for 
another portion. 

The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did not 
reset its IS bit (i.e., while executing a service routine), the 
UM8259A would have inhibited all lower priority requests 
with no easy way for the routine to enable them. 

That is where the Special Mask Mode comes in. In the 
special Mask Mode, when a mask bit is set in OCW1, it 
inhibits further interrupts at that level and enables 
interrupts from all other levels (lower as well as higher) 
that are not masked. 

Thus, any interrupts may be selectively enabled by loading 
the mask register. 

The special Mask Mode is set by OCW3 where: SSMM,l, 
SMM=l, and cleared where SSMM=l, SMM=O. 

Poll Command 

I n this mode the I NT output is not used or the micro­
processor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is achieved 
by software using a Poll command. 
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The Poll command is issued by setting P="1" in OCW3. 
The UM8259A treats the next RD pulse to the UM8259A 
(i.e., RD=O, CS=O as an interrupt acknowledge, sets the 
appropriate IS bit if there is a request, and reads the 
priority level. Interrupt is frozen from WR to RD. 

The word enabled onto the data bus during RD is: 

07 06 05 04 03 02 01 DO 

I 1 W2 W1 WO 

WO-W2: Binary code of the highest priority level 
requesting service. 

I: Equal to a "1:' if there is an interrupt. 

This mode is useful if there is a routine command common 
to several levels so that the INTA sequence is not needed 
(saves ROM space). Another application is to use the poll 
mode to expand the number of priority levels to more 
than 64. 

UM8259A 

Reading the 8259A Status 

The input status of several internal registers can be read to 
update the user information on the system. The following 
registers can be read via OCW3 (I R Rand ISR or OCW1 
[IMR]). 

I nterrupt Request Register (I R R): 8-bit register which 
contains the levels requesting an interrupt to be 
acknowledged. The highest request level is reset from the 
I R R when an interrupt is acknowledged. (Not affected 
by IMR.). 

In-Service Register, (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt Command is issued. 

Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 

LTIM BIT 
0= EDGE 

1 = LEVEL 

TO OTHER PRIORITY CELLS 

EDGE 
SENSE 
LATCH 1-+++---*---+--IsET ISR 

IR 

{ INTA~ MCS-80,85 . 
MODE 

FREEZE 

I~ 
II: 
II: 

iA~~~~. _. _. __ . { 
INTAn 

FREEZE ~~---

Cl « 
LU 
II: 

Notes; 
1. MASTER CLEAR ACTIVE ONLY DURING ICW1 
2. FREEZE/IS ACTIVE DURING INTA/AND POLLSEOUENCES ONLY 
3. TRUTH TABLE FOR D-LATCH 

C 

1 
o 

OPERATION 

FOLLOW 
HOLD 

Figure 7. Priority Cell-Simplified Logic Diagram 
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The IRR can be read when, prior to the RD puls~, a Read 
Register Command is issued with OCW3 (R R=1 , R IS=O.). 

The I SR can be read when, prior to the R D pulse, a Read 
Register Command is issued with OCW3 (RR=1, R IS=1). 

There is no need to write an OCW3 before every status 
read operation, as long as the status read corresponds 
with the previous one; i.e., the UM8259A "remembers" 
whether the I R R or ISR has been previously selected by 
the OCW3. This is not true when poll is used. 

After initialization the UM8259A is set to I R R. 

For reading the IMR, no OCW3 is needed. The output 
data bus will contain the IMR whenever RD is active and 
AO=1 (OCW1). 

Polling overrides status read when P=1, RR=1 in OCW3. 

Edge and Level Triggered Modes 

This mode is programmed using bit 3 in ICW1. 

If L TIM='O', an interrupt request will be recognized by a 
low to high transition on an I R input. The I R input can 
remain high without generating another interrupt. 

If L TIM='1', an interrupt request will be recognized by 
a 'high' level on IR Input, and there is no need for an 
edge detection. The interrupt request must be removed 
before the EO I command is issued or the CPU interrupt 
is enabled to prevent a second interrupt from occurring. 

IR 

INT 

INTA 

LATCH 
ARMED 

EARLIEST IR 
CAN BE REMOVED 

UM8~9A 

The priority cell diagram shows a conceptual circuit of the 
level sensitive and edge sensitive input circuitry of the 
UM8259A Be sure to note that the request latch is a 
transparent D type latch. 

In both the edge and level triggered modes the IR inputs 
must remain high until after the falling edge of the first 
INTA. If the IR input goes low before this time a 
DEFAULT IR7 will occur when the CPU acknowledges 
the interrupt. This can be a useful safeguard for detecting 
interrupts caused by spurious noise glitches on the I R 
inputs. To implement this feature the I R7 routine is used 
for "clean up" simply executing a return instruction, 
thus ignoring the interrupt. If I R7 is needed for other 
purposes a default I R7 can still be ~etected by reading the 
ISR. A normal IR7 interrupt will set the corresponding 
ISR bit, a default I R7 won't. If a default I R7 routine 
occurs during a normal IR7 routine, however, the ISR will 
rema inset. In th is case it is necessary to keep track of 
whether or not the I R7 routine was previously entered. If 
another IR7 occurs it is a default. 

The Special Fully Nested Mode 

This mode will be used in the case of a big system where 
cascading is used, and the priority has to be conserved 
within each slave. In this case the fully nested mode will 
be programmed to the master (using ICW41. This mode is 
similar to the normal nested mode with the following 
exceptions: 

8086/8088 8080/8085 

8086/8088 

LATCH* 
*EDGE TRIGGERED MODE ONLY ARMED 

Figure 8. IR Triggering Timing Requirements 
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a. When an interrupt request from a certain slave is in 
service this slave is not locked out from the master's 
priority logic and further interrupt requests from higher 
priority IR's within the slave will be recognized by the 
master and will initiate interrupts to the processor. (In 
the normal nested mode a slave is masked out when its 
request is in service and no higher requests from the 
sameslave can be serviced.) 

b. When exiting the Interrupt Service routine the software· 
has to check whether the interrupt serviced was the only 
one from that slave. This is done by sending a non­
specific End of Interrupt (EOI) command to the slave 
and then reading its In-Service register and checking for 
zero. If it is empty, a non-specific EOI can be sent to 
the master too. If not, no EOI should be sent. 

Buffered Mode 

When the UMS259A is used in a large system where bus 
driving buffers are required on the data bus and the 
cascading mode is used, there exists the problem of 
enabling buffers. 

The buffered mode will structure the UMS259A to send an 
enable signal on SP/EN to enable the buffers. In this mode, 
whenever the UMS259A's data bus outputs are enabled, 
the SP/EN output becomes active. 

This modification forces the use of software programming 
to determine whether the UM8259A is a master or a slave. 
Bit 3 in ICW4 programs the buffered mode, and bit 2 in 
ICW4 determines whether it is a master or a slave. 

UMB259A 

Cascade Mode 

The UMS259A can be easily interconnected in a system of 
one master with up to eight slaves to handle up to 64 
priority levels. 

The master controls the slaves through the 3 line cascade 
bus. The cascade bus acts like chip selects to the slaves 
during the I NTA sequence. 

In a cascade configuration, the slave interrupt outputs 
are connected to the master interrupt request inputs. 
When a slave request line is activated and afterwards 
acknowledged, the master will enable the corresponding 
slave to release the device routine address during bytes 
2 and 3 of INTA. (Byte 2 only for 8086/S0SS)' 

The cascade bus lines are normally low and will contain 
the slave address code from the trailing edge of the first 
INTA pulse to the -trailing edge of the third pulse. Each 
UM8259A in the system must follow a separate initializa­
tion sequence and can be programmed to work in a 
different mode. An EO I command must be issued twice: 
once for the master and once for the corresponding slave. 
An address decoder is required to activate the Chip Select 
(CS) input of each UMS259A. . 

The cascade lines of the Master UMS259A are activated 
only for slave inputs, non slave inputs leave the cascade 
line inactive (low). 

------_._--

~ ADDRESS BUS liB) ~ =rI------·-·------=ri 
\ CONTROL BUS \ r-Tl-----------i·--I·-----Ilr----·-·----l1 INT REQ 

\ DATA BUS (8) ~ 
. L ;> L L ~ 

-- - - -- -- - f--- - - r- ---
-- -- -- - ---- - r-- -------
-- - - - -- - -- r--

,,\'7 " '7 r--- ""I '"II ",,; ""7 .1::>' ) 0 
CS AO 00·7 INTA INT 

f+-··l 
CS AO 00·7 INTA INT "IT AO 00·7 TI\IIA INT 

CAS 0 -- CAS 0 CAS 0 

UM8259A I UM8259A UM8259A 
SLAVE A CAS 1 I-t SLAVE B CAS 1 CAS 1 MASTER 

j j n-l CAS 2 CAS 2 

SP/EN 7 6 5 4 ~/E-N ., 6 5 4 3 2 1 0 rsP/EN· M7 M6 M5 M4 M3 M2 Ml MO 

J IIII o~ 1 111[11! "11, tIl , I ! I 7 6 5 4 7 5 4 

INTERRUPT REQUESTS 

Figure 9. Cascading the UM8259A 

7-185 



eUMC 
UM82C6818 

~=;:=::;==;;;=== Real Time Clock fll Plus RAM (RTC) 

Features 

• Internal time base and oscillator 
• Counts seconds, minutes, and hours of the day 
• Counts days of the week, date, month, and year 
• 3V to 6V operation 
• Time base input options: 4.194304 MHz, 1.048576 MHz, 

or 32.768 kHz 
• Time base osci lIator for parallel resonant crystals 
• Binary or BCD representation of time, calendar, and 

alarm 
• 12 or 24-hour clock with AM and PM in 12-hour mode 
• automatic end of month recognition 
• automatic leap year compensation 
• Multiplexed bus for pin efficiency 

General Description 

The UM82C6818 Real-Time Clock plus RAM is fabricated 
in high performance CMOS process to interface with 1 MHz 
processor buses. It combines three unique features: a 

Pin Configuration Block Diagram 

• Interfaced with software as 64 RAM locations 
- 14 bytes of clock and control registers 
- 50 bytes of general purpose RAM 

• Status bit indicates data integrity 
• Bus compatible interrupt signals (IRQ) 
• Three interrupts are separately software maskable and 

testable 
Time-of-day alarm, once-per-second to once-per-day 

- Period ic rates from 30 .51ls to 500 ms 
- End-of-clock update cycle 

• Programmable square-wave output signal 
• Clock output may be used as microprocessor clock input 

- At ti me base frequency +1 or +4 

complete time-of-day clock with alarm and one hundred 
year calendar, a programmable periodic interrupt and 
square-wave generator, and 50 bytes of static RAM. 
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Feature 

• Microprocessor compatible (8-bit data bus) 
• Milliseconds through month counters 
• 56 bits of RAM with comparator to compare the real 

time counter to the RAM data 
• 2 INTERRUPT OUTPUTS with 8 possible interrupt 

signals 
• Single +5V power supply 

General Description 

The UM82C8167A is a Si-gate CMOS LSI used as a real 
time clock in micro system. This product includes an 
addressable real time counter, 56 bits of static RAM and 
two interrupt outputs. User can disable the chip from the 

Pin Configuration Block Diagram 

cs VDD 

AD POWER DOWN 

WR D7 

RDY D6 

AO D5 

A1 D4 

A2 D3 Os 
AD 

A3 D2 R5Y 

A4 D1 WR 
POWER DOWN 

OSC1 DO 

STANDBY INTERRUPT 
D1 

OSC2 OUTPUT 
D2 

Vss INTERRUPT OUTPUT D4 

D5 

UM82C8167A 

Real Time Clock (RTC) 

• POWE R DOWN input that disables all inputs and 
outputs except for one of the interrupts 

• Status bit to indicate rollover during a read 
• 32,768 Hz crystal oscillator 
• Four-year calendar (no leap year) 

• 24-hour clock 
• 24 pin dual-in-line package 

rest of the system for standby low power operation by 
using of a POWER DOWN inpLIt. With an on chip 
oscillation circuit, it can generate the 32,768 Hz time 
base. 
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UM82450 / UM825 0 

-============ Asynchronous Communication fl~ Element (ACE) 

Feature 

• Adds or deletes standard asynchronous communication 
bits (Start, Stop, and Parity) to or from serial data 
stream 

• Full double buffering eliminates need for precise 
synchronization 

• Independently controlled transmit, receive, line status, 
and data set interrupts ( 

• Programmable baud rate generator allows division of 
any input clock by 1 to (2 16 - 1) and generates the 
internal 16x clock 

• I ndependent receiver clock input 
• Modem control functions (CTS, RTS, DSR, DTR, RI, 

and carrier detect) 
• Single +5 volt power supply 

General Description 

UM82450 and UM8250 are programmable Asynchronous 
Communication Element (ACE) chips fabricated with 
Si -Gate NMOS process. The UM82450 is an improved 
specification version of the UM8250. These two products 
perform serial-to-parallel conversion on data characters 
received from the CPU. The CPU can read the complete 

Pin Configuration 

DO 

01 

02 
03 

04 

05 

06 

07 

RCLK 

SIN 

SOUT 

CSO 

CS1 

CS2 

BAUOOUT 

XTAL1 

XTAL2 

OOSTR 

DOSTR 

VSS 

• Fully programmable serial-interface characteristics 
5-,6-,7-, or 8-Bit characters 

- Even, Odd, or No-Parity bit generation and detection 
...;.. 1-,1 %-, or 2-Stop bit generation 
- Baud rate generation (DC to 56K baud) 

• False start bit detection 
• Complete status reporting capabilities 
• Easily interfaces to most popular microprocessors 
• Line break generation and detection 
• Internal diagnostic capabilities 

- Loopback controls for communications link fault 
isolation 

- Break, parity, overrun, framing error simulation 
• Full prioritized interrupt system controls 

status of the ACE at any time during the functional 
operation. They also includes a programmable baud rate 
generator that is capable of dividing the timing reference 
clock input by divisors of 1 to (2 16 - 1), and producing 
a 16x clock for driving the internal transmitter logic. 

VCC 

AT 
RLSO 

OSR 

CTS 

MR 

OUT1 

OTR 

RTS 

OUT2 

INTRPT 

NC 

AO 

A1 

A2 

ADS 

CSOUT 

OOIS 

DISTR 

OISTR 
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Block Diagram 

D7.DO ~ 

AO 

A1 
A2 

---
)-CSO 

CS 
CS 
AD 

1_ 
2_ 

S--R_ 

MR 

DIST 

DIST 
DOST 

DOST 

R_ 
R_ 

R-

S-

T-

DDI 

CSOU 
XTAL 

XTAL 

1-

2-

INTERNAL 

DATA 
DATA BUS 

BUS 
BUFFER ~ ,---

~ 
rV 

~ 
r-V 

SELECT 
& =; CONTROL 

LOGIC 

~ 
-v' 

=> 
~ 
~ 

IV' 

~ 

'-----

RECEIVER A 
BUFFER V 

REGISTER 
~ 

LINE 
CONTROL 
REGISTER 

t---

DIVISOR 
LATCH (LS) 

DIVISOR 
LATCH (MS) 

LINE 
STATUS 

REGISTER 

TRANSMITTER 
HOL DING 
REGISTER 

MODEM 
CONTROL 
REGISTER 

MODEM A 

STATUS 
REGISTER " 

INTERRUPT ~ ENABLE 
~ REGISTER 

INTERRUPT A 

ID 
REGISTER '" 
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BAUD 
GENERATOR 

...J\" 
/ 
~ 

..,J\ 

) 
v 

INTERRUPT 
CONTROL 

LOGIC 

J J 

UM82450/ UM8250 

RECEIVER 
SHIFT 

REGISTER 

~ECEIVER 
TIMING 

& 
CONTROL 

TRANSMITTER 
TIMING 

& 
CONTROL 

TRANSMITTER 
SHIFT 

REGISTER 

MODEM 
CONTROL 

LOGIC 
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I---R CLK 

-

r----
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I--
I--
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BAUDOUT 

SOUT 

RTS 
CTS 
DIR 

DSR 
RLSD 
AT 
OUT1 

OUT2 

INTRPT 
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We at UMC are continually look ing for more effective 
ways to provide protection for MOS devices. Present 
configurations of protective devices are the result of years, 
of research and review of field problems. 

Even though the oxide breakdown may be far beyond the 
voltage levels encountered in normal operatio'n, excessive 
voltages may cause permanent damage. We recognize 
that it is not 100 percent effective despite 'our evolving 
the best designed protective device possible. 

A large number of failed returns have been due to misap­
plication of biases. In particular, forward bias conditions 
cause excessive current through the protective devices, 
which in turn will vaporize metal lines to the inputs. 
Careful inspection of the device data sheets and proper 
pin designation should help reduce this failure mode. 

Gate ruptures caused by static discharge .have also ac­
counted for a large per-centage of device failures in cus­
tomers' manufacturing areas. Precautions should be taken 
to minimize the possibility of static charges which occur 
during handling and assembly of MOS circuits. 

The following guidelines for handling MOS are offered to 
assist our customers in reducing the hazards which may 
be detrimental to MOS circuits. Precautions listed herein 
are used at UMC. 

A. Cover all benches~used for assembly or test of MOS cir­
cuits with conductive sheets. Warning: Never expose an 
operator directly to a hard electrical ground. Forsafety 
reasons, the operator must have a resistace of at least 
100K Ohms between himself and hard electrical ground. 

B. Have grounding plates on door and/or floor of all 
entrances to work areas. This must be contacted by 
people entering the area. 

C. Wear conductive straps inside and outside of em­
ployees' shoes so that body charges are grounded 
when entering work area. 

D. Wear Anti-static neutralized smocks to eliminate 
the possibility of static charges being generated by 
friction of normal wear. The two types available 
are Dupont anti-static nylon and Dupont neutralized 
65 percent polyester/35 percent cotton. 

E. Wear cotton gloves while handling parts. Nylon gloves 
and rubber finger cots are not allowed. 

F. To help reduce generation of static voltages, humidity 
is controlled at a minimum of 35 percent. 

GUIDE TO MOS HANDLING 

G. Transport all parts in conductive trays. Do not use 
plastic containers. Store axial leaded parts in conduc­
tive foam, e.g. Velofoam #7611. 

H. All equipment used in the assembly area must be 
thoroughly grounded. Attention should be given 
to equipment that may be inductively coupled and 
generate stray voltages. Soldering irons must have 
grounded tips. Grounding must also be provided 
for solder posts, reflow soldering equipment, etc. 

I. It is advisable to place a grounding clip across the finger 
of the ~oard to ground all leads and line on the board 
during assembly of I Cs to printed circuit boards. 

J. Use of carpets is discouraged in work areas, but in 
other areas, carpets may be treated with anti -static 
solution to reduce static generation. 

K. Handle MOS parts on condu'ctive surfaces and the 
handler must touch the conductive surface first before 
touching the parts. 

l. Furthermore, no power should be applied to the socket 
or board when the MOS device is being inserted. This 
permits any static' charge accumulated on the MOS , 
device to be safely removed before power is applied. 

M. Do not handle MOS leads by their leads unless ab-
solutely necessary. Handle MOS devices by their 
packages as much as possible. 

N. In general, materials prone to static charge accumula­
tion should not come in contact with MOS devices. 

Observe these precautions even when an MOS device is 
suspected of being defective. The real cause of failure 
cannot be accurately determined if the device is damaged~ 
because of static charge build-up. 

IMPORTANT REMINDER: EVEN THE MOST ELAB­
ORATE PHYSICAL PREVENTION TECHNIQUES WILL 
NOT ELIMINATE DEVICE FAI LURE IF PERSONNE L 
ARE NOT FULLY TRAINED IN PROPER HANDLING 
OF MOS DEVICES. 

For further information, please contact Quality Assurancel 
Reliability Department. 
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<DUMC 
============ QUALITY/ RELIABILITY 
Quality Assurance Operations: 

It is the policy of UMC to design, manufacture, and deliver 
products that not only meet our specified standards, but 
also satisfy oyr customer standards. To this end, Quality 
Assurance at UMC has the authority to exercise control 
of quality over every phase of the design and .manufacturing 
process. 

Each step in the production process has clear I ines of 
responsibility allowing each employee to identify his task 
in relation to the overall quality program. Customer 
feedback is an important phase in the Quality Assurance 
System: it serves as a barometer of our progress and makes 
us strive to provide products with meet our customers' 
requirements and needs. 

Reliability Program: 

The key to establishing a new product, process or package, 
or to changing an existing one, is meeting the regid quali­
fication requirements. Qualification must be run and 
approved by the appropriate reliability department before 
any revenue shipment may be made. The reliability goals 
which have been set during the concept stage must be 

demonstrated by the qualification. Controlling product 
quality and reliability is a complex task requiring a high 
degree of integration, organizational involvement and 
use of specialized disciplines. 

Design control through part selection and application, 
design rules, circuit analysis, derating requirements and 
environmenta,1 and reliability qualification testing. 

Procured material quality through a rigorous supplier 
selection, qualification and monitoring process. Our com­
puterized control system automatically assures procure­
ment only from selected and approved sources. The 
right for any supplier to be on the approved 'Iist must be 
earned! 

Product quality level monitoring and control through our 
automated reporting and analysis systems, and improve­
ment through a corrective action system including imposi­
tions of extensive product failure free burn-in require­
ments. But the final measure of outgoing quality is our 
continuous product sampling program, where a significant 
percentage of finished products is subjected to a "customer 
audit". Only products which meet the stipulated qulity 
levels may ship. 

Reliability qualification testing procedure shall be in accordance with Table 1,2 and 3. 

Table 1. Die Related Qualification Procedure 

Mil·Std·883C Industrial Grade 
Test UMC Spec. Conditions 

Method Condo Ceramic PKG Plastic PKG 

Subgroup 1 LTPD 5% LTPD 7% 
A. Operating Life 1005 - 24-205-01 T A = 125°C 1000 HRS 1000HRS 

1015 3 LOTS 3 LOTS 

LTPD 5% LTPD 7% 
B. Bias Life 1005 - 24-205-01 TA = 125°C 1000HRS 1000HRS 

1015 3 LOTS 3 LOTS 

Subgroup 2 -65°C-25°C-150°C LTPD 15% LTPD 15% 
A. Temperature 1010 C 24-210-01 10Min. 5Max. 10Min. 

Cycling 200 Cycles 1 LOT 1 LOT 

B. Storage Life LTPD 5% LTPD 7% 
1008 - 24-208-01 TA = 150°C 1000HRS 1000HRS 

1 LOT 1 LOT 

Subgroup 3 LTPD 15% LTPD 15% 
ESD 3015 - 24-415-01 T A = 25°C 

1 LOT 1 LOT 
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(t)UMC QUALITY / RELIABILITY 
Table 2. Package Related Qualification Procedure 

Mil-Std-883C Industrial Grade 
Test UMC Spec. Conditions 

Method Cond. Ceramic PKG Plastic PKG 

Subgroup 1 3 Derices 3 Derices 
Physical 2016 - 24-316-01 -
Dimension Accept 0 Accept 0 

Subgroup 2 6 Leads Each Beut LTPD 15% LTPD 15% 
Lead Fatigue 2004 B2 24-304-01 Through 3 Cycles 

with 80z Force Accept 0 Accept 0 

Subgroup 3 _65° to 150°C LTPD 15% LTPD 15% 
A. Thermal Shock 1011 C 24-211-01 100 Cycles 100 Cycles 

5Min.5Min. 3 Lots 3 Lots 

B. Moisture 85°C/85% R.H. LTPD 5% LTPD 7% 
Resistance 1004 - 24-204-01 1000HRS 10.00HRS 

with Bias 1 Lot 1 Lot 

C. Pressure Cooker 121°C LTPD 15% 
- - 24-204-02 15 PSIG N/A 216HRS 

100% R.H. 3 Lots 

Subgroup 4 35°C LTPD 15% LTPD 15% 
Salt Atmosphere 1009 A 24-209-01 5% NACL 

24HRS 1 Lot 1 Lot 

Subgroup 5 LTPD 15% 
A. Seal 1014 - 24-214-01 As Applicable N/A 

Fine, Gross Accept 0 

B. Constant Plane Yl Only 
Acceleration 2001 E 24-301-01 20,000 G LTPD 15% N/A 

t196,000 M/Sec2) 

Subgroup 6 
Bond Strength 201" C(or) D 24-311-01 - LTPD 10% LTPD 10% 

Table 3. Lot Related Qualification Procedure 

Mil-Std-883C Industrial Grade 
Test uMc Spec. Conditions 

Method Condo Ceramic PKG Plastic PKG 

Subgroup 1 . 
Physical 2016 - 24-316-01 - 3 Devices 3 Devices 
Dimensions Accept 0 Accept 0 

Subgroup 2 
A. Resistance to 5 Devices 5 Devices 

Solvents (Mark ing 2015 - 24-315-01 Per Specification Accept 0 Accept 0 
Durability) 1 Lot 1 Lot 

B. Internal Failure Criteria 
Visual and 2014 - 24-314-01 From Design and 2 Devices 
Mechanical Construction Accept 0 N/A 

R egu irements 

C. Bond Strength 
Thermocompress io n 2011 C(or) D 24-311-01 - LTPD 10% LTPD W% 
Ultrasonic Wedge Accept 0 Accept 0 

Subgroup 3 Soldering LTPD 15% LTPD 15% 
Solderability 2003 - 24-303-01 Temperature Accept 0 Accept 0 

245°C+(-)5°C 3 Lots 3 Lots 
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QUALITY / RELIABILITY 

Quality Conformance Inspection: 

After initial product process evaluations are succe'ssfully 
compI Elted, regular testing of volume production is per­
formed on a 100% basis so that test specifications are 
met in all respects. Additionally, production lots are 
sampled and life and stress tested periodically. 

on request. This includes access to long term life and 
reliability histories. 

I 

Date frorr, reliability tests is made avaliable to customers 

Quality conformace inspection shall be in accordance 
with Table 4. Inspection lots failing to. meet quality 
conformance inspection for a given product assurance 
level shall be rejected. 

Table 4. Quality Conformance Inspection 

Mil·Std·883C Industrial Grade 
Test UMC Spec. Conditions 

Method Cond. Ceramic PKG Plastic PKG 

Production Sort 100% 100% 
1. Die I Qspection 2010 B 24-310-01 

Q. C. Audit AQLO.65% AQLO.65% 

2: Wire Pull 2011 C(orlD 24-311-01 Q. C. Audit LTPD 10% LTPD 10% 

3. Stab Bake Screen 1008 C 24-208-01 48HRS 150°C 100% 100% 

4. Temp. Cycle Screen 1010 C 24-210-01 10 Cycles As Required As Requered 

121°C 15 PSIG LTPD 15% 
5. Pressure Cooker - - 24-204-03 100% R.H. N/A 216HRS 

6. Fine Leak 1014 A 24-214-01 - LTPD 7% N/A 

7. Gross Leak 1014 C 24-214-02 - LTPD 7% N/A 

8. Const Acceler 2001 E 24-301-01 Yl Only LTPD 7% N/A 

Per Test Procedure Production Sort 100% 100% 
9. Electrical Test - - Functional and 

D. C. Parametric Q. C. Audit AQLO.25% AQLO.25% 

10. Sampling 125°C LTPD 5% LTPD 7% 
Burn- in 1015 - 24-215-01' 48 Hrs by Lot by Lot 

11. Delectrical Test . Per Test Procedure Production Sort 100% 100% 
(Post Burn-in) - - Functional and 

D. C. Parametric Q. C. Audit AOL 0.25% AQLO.25% 

12. Electrical Test Per Test Procedure Production Sort 100% 100% 
(Temp. Extremes) - - Functional and 

D. C. Parametric O. C. Audit AQLO.25% AQLO.25% 

13. Ext. Visual/ 
Marking 2009 - 24-309-01 O. C. Audit AQLO.65% AQLO.65% 

14. Solderability 2003 - 24-303-01 Q. C. Audit LTPD 15% LTPD 15% 

15. Operating Life 1005 - 24·205-01 125°C LTPD 5% LTPD 7% 
(or) HTRB 1015 - 24-205-02 1000 Hrs 

16. Burn-in 1015 - 24-215-01 125°C 48 Hrs As Required As Required 
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========== PACKAGING INFORMATION 

Plastic DIP 
8 Lead 

Plastic DIP 
18 Lead 

8 7 6 5 

10.2(0.400) max. 

6.35 ± 0.26 

(0.250 r 0.010) 

f 
-.l:.08 (0.200) max. 

t 
f 

0.51 (0.020) max. 

2.54 (0.100) 

18 17 16 

0 
2 3 

15 14 13 

4 5 6 

23.37 (0.920) 
22.73 (0,895) 

12 

7 

1.65(0.065) 2.79(0.1101 
1.14 (0.045) 2.29 (0.090) 

11 10 l' 
0 

6.6 (0.261) 
6.1 (0.241) 

8 9 

0.51 (0.020) min. 

0.53 (0.021) 
0.38 (0.015) 
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Cl)UMC PACKAGING INFORMATION 

Plastic DIP 
20 Lead 

o o 6.6 (0.261) 
6.1 (0.241) 

'-_____ 25.91 (1.020) 

Plastic DIP 
24 Lead 

3.43 (0.135) 
3.05 (0.120) 

25.27 (0.995) 

1.65 (0.065) 
1.14 (0.045) 

o 

32.00 ( 1.260) 
31.50 (1.240) 

0.51 (0.020) min. 

0.53 (0.021) 
0.38 (0.015) 

o 14.22 (0.560) 
13.72 (0.540) 

0.51 (0.216) max. 

2.16 (0.085) 1.65 (0.065) 2.79 (0.110) 0.53 (0.021) 
1.65 (0.065) 1.14 (0.045) 2.29 (0.090) 0.38 (0.015) 
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(l)UMC 

Plastic DIP 
28 Lead 

3.43 (0.135) 
3.05 (0.120) 

Plastic DIP 
40 Lead 

o 

37.0 (1.480) 
36.5 (1.460) 

o 

2.16 (0.085) 1.65 (0.065) 2.79 (0.110) 0.53 (0.021) 
1.65 (0.065) 1.14 (0.045) 2.29 (0.090) 0.38 (0.015) 

PACKAGING INFORMATION 

14.22 (0.560) 
13.72 (0.540) 

13 - t) 1: 

T 

17.65 (0.695) 
15.24 (0.600) 

o o 14.22 (0.560) 
13.72 (0.540) 

3.43 (0.135) 
3.05 (0.120) 

2.16 (0.085) 1.65 (0.065) 
1.65 (0.065) 1.14 (0.045) 

51.5 (2.080) 
51.0 (2.050) 

2.79 (0.110) 
2.29 (0.090) 

0.53 (0.021) 
0.38 (0.015) 
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======= REPRESENTATIVES/ DISTRIBUTORS 
U.S.A. Headquarters 

NMC CorpOration 
3054 Scott Blvd., 
Santa Clara, California 95054 
Tel: 408-727-9239 
TLX: 172730 NMC SNTA 
·FAX: 408-9700548 

U.S.A. Representatives 

Colorado/Utah/Wyoming/I nd iana 

WESCOM Marketing 
4891 I ndependence Street 
Wheatridge, Colorado 80033 
Tel: 303-422-8957 
TWX: 6277-6659 

WESCOM Marketing 
2330 S. Main Street # 5 
Salt Lake City, Utah 84115 
Tel: 801-466-9594 

Florida 

CBC Electronics 
3000 University Rd. 
Coral Springs, Florida 33065 
Tel: 305-755-1111 

CBC Electro-nics 
217 Wilma Street 
Suite F. 
Longwood, Florida 32750 
Tel: 305-831-5380 

CBC Electronics 
1864 Oak Street 
Clearwater, Florida 33520 
Tel: 813-535-7057 

lIIinois/Wisconsin 

KMA Sales 
5105 Tollview Road, Suite #275 
Rolling Meadows, Illinois 60008 
Tel: 312-398-5300 
TWX: 910687-0263 

Maine/New Hampshire/Vermont/Massachusetts/ 
Connecticut/Rhode Island 

The Orion Group 
607 North Avenue 
Wakefield, Massachusetts 01880 
Tel: 617-245-5220 
TWX: 5106010667 

The Orion Group 
27 Meriden Avenue 
Southington, Connecticut 06489 
Tel: 203-621-8371 

Mississippi/Tennessee/Georgia/ Alabama 

K & E Assoc iates 
3313 Memorial Pkwy 
Huntsville, Alabama 35801 
Tel: 205-883-9720 
TW X: 6289-6665 

K & E Associates 
7796 Peachtree I nd Blvd. 
Doraville, Georgia 30360 
Tel: 404-448-7025 
TWX: 910 380-6643 

North California 

GNH 
1101 San Antonio Rd. 
Suite 400 
Mountain View, California 94043 
Tel: 415-961-6740 

Sacramento 
Les McElwain 
207 New York Branch Rd. # E 
Jackson, California 95642 
Tel: 209-223-3691 

Pennsylvania/New Jersey/Delaware 

CMS Marketing 
70 Limekiln Pike 
Glenside, Pennsylvania 19038 
Tel: 215-885-5106 

South California 

Plustronics, Inc. 
5000 Birch Street 
West Tower, Su ite 3000 
Newport Beach, California 92660 
Tel: 714-476-3619 
TlX: 910596-1510 
FAX: 714752-2160 

Plustronics, Inc. 
15303 Ventura Blvd. 
Suite 700 
Sherman Oaks, Cal ifornia 91403 
Tel: 818 995-8908 
TWX: 910 596-1510 
FAX: 714752-2160 
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Texas/ Arizona/Oklahoma/Louisiana 

Blackburn Associates 
2077 N. Collins 
Suite 201 
Richardson, Texas 750BO 
Tel: 214-783-2200' 
TWX: 910-333-7487 

U.S.A. Distributors 

Arizona/New Mexico 

Prime Industries (F) 
4300 N. Miller 
Suite 121 
Scottsdale, Arizona 85251 
Tel: 602-946-9977 
TWX: 140258 

Colorado/Utah/lndiana/Wyoming 

Beta Wintronic (F) 
4935 Allison Street 
Arvada, Colorado 80002 
Tel: 303-431-7161 

Beta Wintronic (F) 
2330 S. Main 
Suite #8 
Salt Lake City, Utah 8411 5 
Tel: 801-483-1882 

Florida 

INTERTEC Components (F) 
762 Big Tree Drive 
longwood, Florida 32750 
Tel: 305-834-7777 
TWX: 503793 

I lIinoislWisconsin/Minnesota 

GBl Goold (F) 
610 Bonnie Street 
Elk Grove Village, Illinois 60007 
Tel: 312-593-3220 

GBl Goold (F) 
3 Kuniholm Drive 
Holliston, Minnesota 01746 
Tel: 617-429-8154 

Advent Electronics (F) 
7110-16N. lyndon Street 
Rosemont, Illinois 60018 
Tel: 312-297-6200 
TWX: 910-233-2477 

REPRESENTA TIVES / DISTRIBUTORS 
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Canada 

COMPONETICS 
3540 Ashby 
St. laurent, Quebec 
Canada H4R 2Cl 
Tel: 514-334-1464 
TWX: 05-824012 

Maine/N8W Hampshire/Vermol"!t/Massachusetts/ 
Connecticut/Rhode Island 

AVED Electronics, Inc. (F) 
200 Business Park Dr. 
Andover, Massachusetts 0181 0 
Tel: 617-657-8310 

Michigan 

lSI Marketing (NF) 
37450 Enterprise Ct. 
Farmington Hills, Michigan 48018 
Tel: 313-553-7800 
T lX: 4320041 

North California 

Cypress Electronics (F) 
2586 Seaboard Avenue 
San Jose, California 95131 
Tel: 408-945-8400 

Pacesetter Electronics, Inc. (NF) 
543 Weddell Drive 
Sunnyvale, California 94089 
Tel: 408-734-5470 
TWX: 910-339-9559 

Ohio 

TElEVOX (NF) 
2593 lance Drive 
Dayton, Ohio 45409 
Tel: 513-294-4499 

Pennsylvania/New Jersey/Maryland 

General Radio Supply Co. (F) 
600 Penn Street 
Camden, New Jersey 08102 
Tel: 609-964-8560 



South California 

Pacesetter Electronics, Inc. (F) 
5417 E. La Palma Avenue 
Anaheim, California 92807 
Tel: 714-777-4711 
TWX: 559175 

Cypress Electronics (NF) 
6230 Descanso Street 
Buena Park, California 90620 
Tel: 714-521-5230 

European Area Representatives 

Germany 

Manhattan Skyline GmbH 
Ferdinand-Abt-Strabe 3 
6270 Idstein/Ts, W. Germany 
Tel: 06126/2090 & 06126/2099 
FAX: 06126/7526 
TLX: 4182247 MSKL D 

Schukat Electronic 
Krischerstrabe 27, D-4019, Manheim 
Tel: 02173-50005 
TLX: 8515732SELE D 
FAX: 2173-56681 

Endrich Bauelemente Vertriebs-GMBH 
Matzinger Str. 43, P. O. Box 340 
D-7270 Nagold, W. Germany 
Tel: 07452-2868 
TLX: 765946 ENDRI D 
FAX: 7452-1470 

England 

Katakana Ltd. 
Manhattan House, Bridge Rd., Maidenhead, 
Berkshire, England 
Tel: (0628) 75041 
TLX: 847898 MANSKY G 
FAX: 628-782812 

Sweden 

TOPCOMP Elektronik 
S-163 81, Stockholm 
Tel: (08) 7574175 
TLX: 13691 TOPCMP S 
FAX: 08-7526034 

Holland 

ELI NCOM Elektronische Componenten 
Costerkade 33,9503 HP, Stadskanaal 
Tel: 05990-14830 
TLX: 53378 E LIN N L 

REPRESENTA TIVES / DISTRIBUTORS 

Canada 

FERRO Technique (NF) 
695 Montee de Liesse 
Montreal, Quebec 
Canada -H4T 1 P9 
Tel: 514-341-3450 

TWX: 05-824853 

Space Electronics (NF) 
5651 Ferrier Street 
Montreal, Quebec 
Canada H4P 191 

Switzerland 

ICCM Electronics AG 
Vulkanstrasse 120, CH-8048, Zurich 
Tel: 01643744/01620500 
TLX: 822101 ICM CH 
FAX: 1-641070 

Italy 

ESCO Italiana S. P. A. 
20099 Milano-Sesto Sam Giovanni (MI) 
Via Modena, 1, Italy 
Tel: (02) 2409241/2409251 
TLX: 322383 ESCOM I 
FAX: 2-2409255 

France 

ASIA MOS 
29, Rue Ledru- Rollin 92150 Suresnes, 
France 
Tel: 1-42041213 
TLX: OMT 613890F 
FAX: 1-42046937 

Spain 

.VENCO Electronica S. A. 
Galileo 249, Barcelona 28 
Tel: 3309751,3309197 
TLX: 98266 VNCE E 

Denmark 

Aeg -Telefu nken 
Roskildevej 8-10,2620 Albertslund 
Tel: (02) 648522 
TLX: 33122 ELAEG DK 
FAX: 2-648522 

Others 

A'ustria 

E K LAMA Schaltanlagenbau Ges M.B. H. 
A-1170 Wien, Sautergasse 18 
Tel: 0222/453546 / 
TLX: 131849 EKLAM A 
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Belgium 

INE LCO Belgium SA/NV 
Avenue Des Croix de Guerre, 94 
1120 Bruxelles 
Tel: (02) 2160160 
TLX: 64475 INELCO B 
FAX: 2-2166150 

South Africa 

PROMI LECT (Pty.) Ltd. 
P. O. Box 56310 Pinegowrie 2123 
Tel: (011) 7891400/5 
T LX: 420452 SA 

India 

PERMEDIA Associates 
14, Dream Land House, 1/18-B, Asaf Ali Rd. 
New Delhi-ll 0002 India 
Tel: 277747,263939 
TLX: 3162136 PASS IN 

Australia 

RI FA Pty. Ltd. 
202 Bell Street, Preston, Vic. 3072 
P. O. Box 95, Preston, Vic. 3072 
Tel: 4801211 
TLX: RIFMEL A31001 
FAX: 3-4804052 

Argentina 

ELKO SRL 
AvBelgrano 1661,1093-BuenosAires 
Tel: 40-897152813607,45-35591101 
TLX: 17561 E LKO AR 

Asian Area Representatives 

Hong Kong 

Component Supplies Limited 
Rm. 507, Block A, 5/F, Hunghom Commercial 
Centre, 37 -39, Ma Tau Wai Rd., Hunghom 
Kowloon, Hong Kong 
Tel: 3-657171 
TLX: 39933 CSLHK HX 
FAX: 3-7243459 

S. A. S. E nterpr ise Co. 
Rm. 603, Tower B, Hunghom Comm. Centre 
39, Ma Tau Wai Rd., Hunghom, Kowloon, Hong Kong 
Tel: 3-620271-5 
TLX: 40019 SASEC HX 

Idealand Electronics Ltd. 
702 Castle Peak Rd., Hop Hing Ind. Bldg. 
9/F, Block D, Lai Chi Kok, Kowloon, Hong Kong 
Tel: 3-7443516-9 
TLX: 37155 IDEA HX 
FAX: 3-7441354 

REPRESENTA TIVES / DISTRIBUTORS 

Korea 

Kortronics Enterprise 
Rm. 307, 9-Dong, B-Block, #604-1 
Guro-Dong, Guro-Gu, Seoul, Korea 
Tel: 6345497/6351043 
TLX: KORTRON K26759 

Dongjin Trading Co., Ltd. 
Suite 401, Kukje Bldg., 89-22 Nonhyun-Dong 
Kangnam- Ku, Seoul 135, Korea 
TLX: K27658 DOJICO 

Japan 

Rectronics Corp. 
Usuda Bldg 3F 1 -38-8 
Yoyogi Shibuya-ku, 
Tokyo 151 
Tel: (03) 3752601 
FAX: 81-3-375-2639 

Singapore & Malaysia 

SINTRONIC Company 
996 Bendemeer Rd., #06-03, Kallang Basin Ind 
Estate, Singapore 1233 
Tel: 2943815 
TLX: KUMARS RS24337 

Taiwan 

Golden Device Electronics Co., Ltd. 
10/F, #120, Sec. 2, Chung-Hsiao E. Rd. 
Taipei, Taiwan, R.O.C. 
Tel: (02) 3216192-5 
TLX: 13508 GDNDEV 

Bright Up Industries Co., Ltd. 
12/F -8, # 142, Sec. 4, Chung Hsiao E. Rd. 
Taipei, Taiwan, R.O.C. 
Tel: (02) 7732194-8 
TLX: 24878 SALENTUP 

Taitron Enterprise Co., Ltd. 
Rm. 5, 7/F, #103, Chung Cheng 4th Rd. 
Kaohsiung, Taiwan, R.O.C. 
Tel: (07) 2812221,2814204 
TLX: 28085 TAITRON 

Comright Enterprise Co., Ltd. 
5/F, #8, Lane 80, Chung Cheng 3rd Rd. 
Kaohsiung, Taiwan, R.O.C. 
Tel: (07) 2828806 
TLX: 19250 SONEX 

MIC Supplies Corp. 
3F, 135 Sec. 2, Chien Kuo N. Rd., 
Taipei, Taiwan, R.O.C. 
Tel: (02) 501-0055 
TLX: 23756 SERTEK 
FAX: (02) 501-2521 
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r- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --, 
I I 
I I 

I'm interested In receiving more information on the following 
products. Please put me on your mailing fist. 

o 8-Bit Microprocessors 
o 4-Bit Single Chip Microcomputers 
D 8-Bit Single Chip Microcomputers 
D CRT Contro1ler Family 
D Floppy Disk Controller/Data Separator 

Family 
D Keyboard Encoder 
o Peripheral ICs 

D Data Communication ICs 
o NMOS ROMs 
D NMOS/CMOS RAMs 
D MOS Telephone, Products 
D CMOS Gate Arrays 
D CMOS Standard Cell Customer 

Design 
D MOS/CMOS Customer Design 

Name ____________ Title _____________ _ 

Company ___________ Mail/Stop ____________ _ 

Street ____________ Phone ____________ _ 

City ____________ State ______ Zip ______ _ 
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