































































































































































































































































































































































































































































































































































































































































































































































































POWER MANAGEMENT UNIT

PDTMR
PIN

80C186EB

STRONG P-CHANNEL
PULLUP

0, EXCEPT WHEN LEAVING
POWERDOWN

7= Cro

EXIT_POWERDOWN

i _—

WEAK N-CHANNEL
PULLDOWN

} - T 0SC_OK

270830-001-97

Figure 12.7. Powerdown Timer Circuit
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POWER MANAGEMENT UNIT

IS USED

CLKIN
TOGGLES ONLY
WHEN AN EFI

/1

HALT CYCLE

CLKIN

OscouT

CLKOUT

CORE

CLOCK

PERIPHERAL
CLOCK

ENTER_POWERDOWN

2
ALE

AD19:0

270830-001-96

Figure 12.8. Entering Powerdown Mode
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OSCILLATOR UNSTABLE ACTIVE MODE RE-ENTERED

6 CLOCKS TO
CLKOUT ¢ ] — l’;léd_ll_(\:/SCTOR
] 1 ]
1 : | ]
]
CPU CORE 1
CLOCK !
} } 1
| | : :
I }
1, |
PERIPHERAL :
CLOCK 1
0 1 I
1
1

! ! 270830-001-99

Figure 12.9. Leaving Powerdown after NMI
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12.1.1.2.1 CALCULATION OF PDTMR CAPACITOR VALUE

The first step in determining the proper value for C, is to characterize the startup time for crystal
oscillator circuit being used. The simplest way to do this is with a storage oscilloscope. Be sure to
compensate for the loading effects of the scope probe on the oscillator circuit. Startup should be
characterized over the full range of operating voltages and temperatures.

Given the oscillator startup time, one can refer to the “Powerdown capacitor value vs. Oscillator
startup time” graph from the data sheet for the powerdown capacitor value. Typical values are in the
1uF range.

12.2 PROGRAMMING EXAMPLE

Example 1 shows the 80C186EB entering Idle Mode. The interrupts from the serial port and timers
have been unmasked. The serial port is connected to a keyboard controller. Whenever a byte is
received from the keyboard (a key has been touched) the 80C186EB will wake up to service the
interrupt. After taking action on the keystroke, the core will go back into Idle Mode.

The processing of the keystroke are not relevant to this example, and has been omitted.
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Example 1.

$modléb
namepmu_initialization_example

This file contains an example of initialization code for the
Power Management Unit on the 80C1A8LEB.

For this example~ the CPU core is placed in IDLE Mode while
waiting for serial input from an keyboard controller.

Timer interrupts will also be recognized.

After interrupt processing the core will return to IDLE Mode.

4% a0 a0 g a0 ge e g

It is assumed that all interrupt vectors and procedures have
been previously set up-.

ac ae

5 The PCB is at FFOOH in I/0 space.

IMASK EQU OFFO8H
PWRCON EQU OFFBA&H
code segment public

assume cs:code

idleproc near

mov dx. IMASK

mov ax+ 0005H 5 Enable Timer and SCU interrupts

out dx+ ax

mov dx+ PWRCON

mov ax~ 02H 5 Arm IDLE Mode

out dx ax

cli 5 Clear global interrupt mask.
in_idle: hlt 5 Enter IDLE Mode

jmp in_idle 5 After INT return to IDLE
idle endp
code ends

end
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CHAPTER 13
HARDWARE PROVISIONS FOR FLOATING POINT MATH

The 80C186EB microprocessor family was designed for general-purpose microprocessing. In most
data controller applications, the actual arithmetic performed on data values is fairly simple, while fast,
efficient data movement and control instructions are very important. However, some applications
require more powerful arithmetic instructions and more complex data types than provided by a
general purpose data processor. Characteristics of such applications include the following:

*  Numeric data vary over a wide range of values or include non-integral values.
e Algorithms produce very large or very small intermediate results.
«  Computations must be very precise, i.e., a large number of significant digits must be retained.

¢ Computations must be extremely reliable without undue dependence on programmed algo-
rithms.

¢ Opverall math performance exceeds the power provided by a general-purpose processor and
software alone.

The 80C186EB family supports these needs by providing the necessary hardware interface to the
80C187, Figure 13.2 and anumerics coprocessor extension. The 80C188EB does not support numer-
ics coprocessing.

13.1 80C187 INSTRUCTION SET

80C187 instructions are divided into six functional groups: data transfer, arithmetic, comparison,
transcendental, constant, and processor control. Typical 80C187 instructions accept one or two
operands and produce a single result. Operands are most often located in memory or the 80C187
stack. The operands of some instructions are predefined; for example, FSQRT always takes the
square root of the number in the top stack element. Others allow, or require, the programmer to
explicitly code the operand(s) along with the instruction mnemonic. Still others accept one explicit
operand and one implicit operand, usually the top stack element.

As with the basic 80C186EB family instruction set, there are two types of operands, source and
destination. Source operands are not altered by the instruction. Even when an instruction converts the
source operand from one format to another (e.g., real to integer), the conversion is actually performed
in an internal work area to avoid altering the source operand. A destination operand is distinguished
from a source operand because its contents may be altered when it receives the result of the operation;
that is, the destination is replaced by the result.

13-1



. ®
|nte| HARDWARE PROVISIONS FOR FLOATING POINT MATH

13.1.1 DATA TRANSFER INSTRUCTIONS

These instructions move operands among elements of the 80C187 register stack, and between stack
top and memory. Any of the seven data types can be converted to temporary real and loaded onto the
stack in a single operation; they can be stored to memory in the same manner. Data transfer instruction
are summarized in Table 13.1.

13.1.2 ARITHMETIC INSTRUCTIONS

The 80C187’s arithmetic instruction set (Table 13.2) provides a wealth of variations on the basic add,
subtract, multiply, and divide operations, and a number of other useful functions. These range from
asimple absolute value to a square root instruction that executes faster than ordinary division. Other
arithmetic instructions perform exact modulo division, round real numbers to integers, and scale
values by powers of two.

Table 13.2 summarizes the available operation and operand forms provided for basic arithmetic. In
addition to the four normal operations, two “reversed” instructions make subtraction and division
“symmetrical” like addition and multiplication. The variety of instruction and operand forms give the
programmer unusual flexibility:

¢ Operands may be located in registers or memory.
*  Results may be deposited in a choice of registers.

*  Operands may be a variety of data types, including temporary real, long real, short real, short
integer, or word integer, with automatic type conversion to temporary real performed by the
80C187. ‘

13.1.3 COMPARISON INSTRUCTIONS

Each of these instructions (Table 13.3) analyzes the stack top element, often in relationship to another
operand, and reports the result in the status word condition code. The basic operations are compare,
test (compare with zero), and examine (report tag, sign, and normalization).

13.1.4 TRANSCENDENTAL INSTRUCTIONS

The instructions in this category perform the time-consuming core calculations for common trigono-
metric, hyperbolic, inverse hyperbolic, logarithmic, and exponential functions. Prologue and epi-
logue software may be used toreduce arguments to the range accepted by the instructions and to adjust
the result to correspond to the original arguments if necessary. The transcendentals operate on the top
one or two stack elements and they return their results to the stack. Table 13.4 lists the transcendental
instructions.
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Table 13.1. Data Transfer Instructions
REAL TRANSFERS
FLD Load real
FST Store real
FSTP Store real and pop
FXCH Exchange registers
INTEGER TRANSFERS
FILD Integer load
FIST Integer store
FISTP Integer store and pop
PACKED DECIMAL TRANSFERS
FBLD Packed decimal (BCD) load
FBSTP Packed decimal (BCD) store
and pop

Table 13.3. Comparison Instructions

FCOM Compare real

FCOMP Compare real and pop

FCOMPP Compare real and pop twice

FICOM Integer compare

FICOMP Integer compare and pop

FTST Test

FXAM Examine

FUCOM Unordered compare

FUCOMP Unordered compare and pop

FUCOMPP| Unordered compare and pop
twice

Table 13.4. Transcendental Instructions

FPTAN Partial tangent

FPATAN Partial arctangent

F2XM1 2%

FyL2X Y « log,X

FYL2XP1 Y +log,(X+1)

FCOS Cosine

FSIN Sine

FSINCOS Sine and cosine

Table 13.2. Arithmetic Instructions

ADDITION
FADD Add real
FADDP Add real and pop
FIADD Integer add
SUBTRACTION
FSUB Subtract real
FSUBP Subtract real and pop
FISUB Integer subtract
FSUBR Subtract real reversed
FSUBRP Subtract real reversed and pop-
FISUBR Integer subtract reversed
MULTIPLICATION
FMUL Multiply real
FMULP Muitiply real and pop
FIMUL Integer multiply
DIVISION
FDIV Divide real
FDIVP Divide real and pop
FIDIV Integer divide
FDIVR Divide real reversed
FDIVRP Divide real reversed and pop
FIDIVR Integer divide reversed
OTHER OPERATIONS
FSQRT Square root
FSCALE Scale
FPREM Partial remainder
FRNDINT Round to integer
FXTRACT Extract exponent and significand
FABS Absolute value
FCHS Change sign
FPREMI Partial reminder (IEEE)

Table 13.5. Constant Instructions

FLDZ
FLD1
FLDPI
FLDL2T
FLDL2E
FLDLG2
FLDLN2

Load +0.1
Load +1.0
Load n
Load log,10
Load log,e
Load log, ;2
Load log 2
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13.1.5 CONSTANT INSTRUCTIONS

Each of these instructions (Table 13.5) loads a commonly used constant onto the stack. The values
have full temporary real precision (80 bits) and are accurate to approximately 19 decimal digits. Since
atemporary real constant occupies 10 memory bytes, the constant instructions, only two bytes long,
save memory space. These instructions simplify programming as well.

13.1.6 PROCESSOR CONTROL INSTRUCTIONS

Most of these instructions (Table 13.6) are not used in computations; they are provided principally for
system-level activities. These include initialization, exception handling and task switching.

Table 13.6. Processor Control Instructions

FINIT/FNINIT Initialize processor
FDISI/FNDISI Disable interrupts
FENI/FNENI Enable interrupts
FLDCW Load control word
FSTCW/FNSTCW Store control word
FSTSW/FNSTCW Store status word
FCLEX/FNCLEX Clear exceptions
FSTENV/FNSTENV | Store environment
FLDENV Load environment
FSAVE/FNSAVE Save state
FRSTOR Restore state
FINCSTP Increment stack pointer
FDECSTP Decrement stack pointer
FFREE Free register
FNOP No operation
FWAIT CPU wait
13.280C187 DATA TYPES

An 80C186EB/80C187 system supports the following seven data types:

*  Word Integer - A signed binary numeric value contained in a 16-bit word. All operations assume
a 2’s complement representation.

+  ShortInteger- A signed binary numeric value contained in a 32-bit double word. All operations
assume a 2’s complement representation.

*  Long Integer - A signed binary numeric value contained in a 64-bit quad word. All operations
assume a 2’s complement representation.

»  Packed Decimal - A signed numeric value contained in an 80-bit BCD format.

+  Short Real - A signed, floating point numeric value contained in a 32-bit format.
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¢ Long Real - A signed, floating point numeric value contained in a 64-bit format.

+  Temporary Real - A signed, floating point numeric value contained in an 80-bit format. Tempo-
rary real is the native 80C187 format.

Figure 13.1 graphically represents these data types.

~g——— |INCREASING SIGNIFICANCE

(Two's
WORD INTEGER |S| MAGNITUDE COMPLEMENT)
15 0
SHORT INTEGER |S MAGNITUDE gcmfemem)
31 0
LONG INTEGER |S MAGNITUDE mEEMENT)
63 0
PACKED DECIMAL |s| x MAGNITUDE
D17, D16, D15, D14, D13, D12, D11,D10, D9, D8, D7, D6, D5 ; D4, D3, D2, D1, DO
79 72 i ‘
BIASED
SHORT REAL S| LyponenT SIGNIFICAND
31 23 0
1A
BIASED
LONG REAL |s EXPONENT SIGNIFICAND
63 52 0
k 1A
BIASED
TEMPORARY REAL |S EXPONENT Tl SIGNIFICAND
79 64 634 0

270830-001-67

Figure 13.1, 80C187 Supported Data Types

13.3 USING THE 80C186EB WITH THE 80C187 NUMERICS PROCESSOR
EXTENSION

The 80C186EB supports floating point calculations by providing the necessary hardware interface to
the 80C187 numerics processor extension.
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AD 15:0

LATCH

ADDRESS 15:0

CMD1

CLOCK INPUT
UNDIVIDED

CKM CLOCK INPUT
= DIVIDED BY 2

NPS2 J

o ALE
80C186EB 80C187
RESET #1RESET
WR —=-| NPWR
RD —=|NPRD
NCS »1NPS1
TEST/BUSY | BUSY
ERROR | ERROR
PEREQ PEREQ
CLKOUT| CLK
EXTERNAL
OSCILLATOR
DATA 15:0
1X OR 2X 80C187
INTERNAL FREQUENCY

270830-001-68

Figure 13.2. 80C186EB/80C187 System Configuration

13.3.1 80C186EB/80C187 INTERFACE

The 80C186EB interfaces directly to the 80C187 (s'ee Figure 13.2). The 80C186EB and 80C187
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operate asynchronously, each up to its maximum rated clock speed. CLKOUT from the 80C186EB
may be used as the 80C187 clock input up to 12.5 MHz. The 80C188EB cannot be used because the
flow of opcodes, instruction pointers, and data passes through 16-bit I/O ports. '

The 80C187 is referred to as a numerics processor extension because it operates as a slave device to
the host 80C186EB. All communication between the 80C186EB and 80C187 occurs through the
dedicated I/O ports shown in Table 13.7. When the 80C186EB encounters a numerics opcode, it
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writes the opcode to the 80C187, which decodes the instruction and passes elementary instruction
information (Opcode Status) back to the 80C186EB. Since the 80C187 is a slave processor, all loads
and stores to memory are performed by the 80C186EB.

Please note that the 80C186EB cannot process any numerics (ESC) opcodes alone. If the 80C186EB

encounters a numerics instruction (including the FINIT/FNINIT initialization instruction) and the

80C187 is not present, the operation of the 80C186EB is indeterminate. In those applications where

the 80C187 is offered as an option, problems can be prevented in three ways:

¢ Remove all numerics (ESC) instructions, including any code which checks for the presence of
the NPX.

»  Use a jumper or switch setting to indicate the presence of the 80C187, and have the software
branch away from numerics instructions when the 80C187 socket is empty.

¢ Addpull-up and pull-down resistors to various data and control lines to force the 80C186EB into
predictable operation when the 80C187 socket is empty.

Table 13.7. Numerics Coprocessor I/O Port Assignments

/0O Address Read Definition | Write Definition
00F8H Status/Control Opcode
00FAH Data Data
00FCH reserved CS:IP, DS:EA
00FEH Opcode Status reserved

13.3.2 80C186EB BUS CYCLES WITH THE 80C187 NUMERICS PROCESSOR
EXTENSION

The 80C186EB performs bus cycles to the 80C187 numerics processor extension (NPX) exactly like
other I/O bus cycles. This fact has important implications:

¢ Operations to the 80C187 require external READY to be provided.

o If achip select address range is programmed to cover the NPX port addresses, chip select line
goes active during each read or write from the 80C186EB to the 80C187. However, ordinary
reads and writes to those addresses do not activate NCS on the 80C186EB. Overlapping chip
select ranges and the NPX port addresses is not recommended due to the hardware conflicts that
could result.

«  DT/R and DEN function normally during NPX transfers. In a buffered system with the 80C187
residing on the local bus, use NCS to qualify DEN to the bus transceivers. Otherwise, contention
between the NPX and the transceivers occurs on read cycles.

»  The 80C186EB local bus is available to the integrated peripherals during execution of numerics
instructions when it is not needed by the CPU. This means that DRAM refresh cycles may be
interspersed with accesses to the 80C187.
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«  The 80C186EB local bus is available to alternate bus masters during execution of numerics
instructions when it is not needed by the CPU. This means that bus cycles originating from
alternate masters (via the HOLD/HLDA protocol) can suspend numerics bus cycles for an
indefinite period.

+  The LOCK pin functions normally during numerics operations. This means that LOCKed nu-
merics instructions can monopolize the bus for a very long time.
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CHAPTER 14
ONCE™ MODE

ONCE™ mode (ON Circuit Emulation) provides the ability to 3-state all pins (except VCC and VSS)
of the 80C186EB for either emulation or testing purposes. An emulator or test probe can be placed
over an existing 80C186EB in ONCE™ mode and emulation or testing can be performed without
conflicts.

14.1 ENTERING ONCE™ MODE

ONCE™ mode (pronounced: aknce) is entered by driving A19 low while RESIN is asserted. All pins
immediately float. As soon as RESIN transitions from low to high, the ONCE™ request is latched and
the state of A19 is ignored. The 80C186EB has been effectively removed from the circuit.

14.2 LEAVING ONCE™ MODE

ONCE™ mode is terminated by a normal reset of the device without A19 being driven (it is left
floating).
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APPENDIX A
DIFFERENCES BETWEEN THE
80C186 MODULAR CORE FAMILY AND THE 8086/8088

A.1 CPU PERFORMANCE

Because of 80C186 Modular Core family hardware enhancements in both the Bus Interface Unit
and the Execution Unit, most instructions require fewer clock cycles to execute than on the 8086/
8088. Execution speed is gained by performing the effective address calculations (base + displace-
ment + index) with a dedicated hardware adder, which takes only four clock cycles in the 80C186
Modular Core family Bus Interface Unit, rather than with a microcode routine. These calculations are
three to six times faster than the 8086/8088 at the same frequency.

In addition, the execution speed of specific instructions was improved. All multiple-bit shift and
rotate instructions execute 1.5 to 2.5 times faster than the (same speed) 8086/8088. Multiply and
divide instructions execute three times faster. String move instructions run at bus bandwidth, about
twice the speed of the 8086/8088. Overall, the 80C186 Modular Core family processors run bench-
mark programs 1.2 - 2.6 times the performance level of the (same speed) 8086/8088.

A.2 CLOCKING

The 80C186 Modular Core family employs an integrated clock generator which provides a 50 per-
cent duty cycle CPU clock. This is different from the 8086 which utilizes an external clock generator
to provide a 33 percent (1/3 HIGH, 2/3 LOW) duty cycle CPU clock. The following points relate to
80186 clock generation:

e The 80C186 Modular Core family uses a crystal or external frequency input that is twice the
desired processor clock frequency.

* An 80C186 Modular Core family processor does not provide a clock output at reduced
frequency. However, a timer output may be easily programmed for this purpose.

A.3 LOCAL BUS CONTROLLER AND CONTROL SIGNALS

In general, the output drivers on 80C186 Modular Core family products are much larger than those
of the 8086. This leads to larger systems without as much need for bus buffering. It also means that
the designer should be more careful to provide adequate grounding and bypassing, since large drivers
are more apt to cause current transients.
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A.4 HOLD/HLDA VS. REQUEST/GRANT

The 80C186 Modular Core family uses a HOLD/HLDA protocol for bus arbitration rather than the
REQUEST/GRANT protocol used by the 8086 in max mode. This allows compatibility with newer
generation Intel bus master peripheral devices.

A.5 STATUS INFORMATION

Three status signals are available on the 8086 but not on the 80C186 Modular Core family. They are
S3, S4, and S5. Taken together, S3 and S4 indicate-the segment register from which the current
physical address has been derived. S5 indicates the state of the interrupt flip-flop. On 80C186
Modular Core family processors, these signals will always be LOW.

An 80C186 Modular Core family processor simultaneously provides both local bus control outputs
and status outputs for use with external Bus Controllers. This is different from the 8086 where the
local bus control outputs are sacrificed if status outputs are desired. These differences will manifest
themselves in 8086 systems and 80C186 Modular Core family systems as follows:

+  Many systems supporting both a system bus and alocal bus will not require two separate external
bus controllers. The bus control signals may be used to control the local bus while the status
signals are concurrently connected to the 82C88 Bus Controller to drive the control signals of the
system bus.

+  The ALEsignal goesactive aclock phase earlier on the 80C186 Modular Core fam11y thanonthe
8086 or 82C88. This minimizes address propagation time through the address latches, since
typically the delay time through these latches from valid inputs is less than the propagation delay
from the strobe input active.

A.6 BUS UTILIZATION

A typicalinstruction mix will require greater bus utilization on the 80C186 Modular Core family than
on the 8086. The 80C186 Modular Core family executes most instructions in fewer clock cycles,
requiring instructions from the queue at a faster rate. This also means that the effect of wait states is
more pronounced in an 80C186 Modular Core family microprocessor system than in an 8086 system.

A.7 INSTRUCTION EXECUTION

The following paragraphé explain the instruction execution differenceskbetween the 8086 and the
80186.
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ADDED INSTRUCTIONS:

The 80C186 Modular Core family executes PUSHA, POPA, INS, OUTS, BOUND, ENTER, and
LEAVE.

IMPROVED INSTRUCTIONS:

PUSH, IMUL, and SHIFTS/ROTATES may use immediate operands on the 80C186 Modular Core
family.

UNDEFINED OPCODES:

When the opcodes 63H, 64H, 65H, 66H, 67H, F1H, FEH XX 111XXXB and FFH XX111XXXB are
executed, the 80C186 Modular Core family executes an illegal instruction exception, interrupt Type
6. The 8086 will ignore the opcode.

OFH OPCODE:

When the opcode OFH is encountered, the 8086 will execute a POP CS, while the 80C186 Modular
Core family will execute an illegal instruction exception, interrupt Type 6.

WORD WRITE AT OFFSET FFFFH:

When a word write is performed at offset FFFFH in a segment, the 8086 will write one byte at
offset FFFFH, and the other at offset O, while an 80C186 Modular Core family processor will write
one byte at offset FFFFH, and the other at offset 10000H (one byte beyond the end of the segment).
One byte segmentunderflow will also occurif a stack PUSH is executed and the stack pointer contains
the value 1.

SHIFT/ROTATE BY VALUE GREATER THAN 31:

Before the 80C186 Modular Core family performs a shift or rotate by a value (either in the CL register,
or an immediate value) it ANDs the value with 1FH, limiting the number of bits rotated to less than
32. The 8086 does not limit the rotation count.

LOCK PREFIX:

The 8086 activates its LOCK signal immediately upon executing the LOCK prefix. An 80C186
Modular Core family processor does not activate the LOCK signal until the processor is ready to
begin the data cycles associated with the LOCKed instruction.
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INTERRUPTED STRING MOVE INSTRUCTIONS:

If an 8086 is interrupted during the execution of a repeated string move instruction, the return value
it will push on the stack will point to the last prefix instruction before the string move instruction. If
the instruction has more than one prefix (e.g., a segment override prefix in addition to the repeat
prefix), the other prefixes will not be reexecuted upon returning from the interrupt. An 80C186
Modular Core family processor will push an IP value pointing to the first prefix of the repeated
instruction (as long as prefixes are not repeated), allowing the string instruction to properly resume.

CONDITIONS CAUSING DIVIDE ERROR WITH AN INTEGER DIVIDE:

The 8086 will cause a divide error whenever the absolute value of the quotient is greater than 7FFFH
(for word operations) or if the absolute value of the quotient is greater than 7FH (for byte operations).
The 80C186 Modular Core family expanded the range of negative numbers allowed as a quotient by
1 toinclude 8000H and 80H. These numbers represent the most negative numbers representable using
2’s complement arithmetic (equaling -32768 and -128 in decimal, respectively).

ESC OPCODES:

An80C186 Modular Core family microprocessor has a bit (the ET bit) in the relocation register which
can be programmed to cause a Type 7 interrupt upon attempted execution of a coprocessor (ESCape)
instruction. The 8086 has no such provision.

Execution of numerics opcodes proceeds differently in the 80C186EB than in the 8086/8088 or
80186/80188. See Chapter 12 for details. The 80C188EB cannot utilize a numerics processor exten-
sion at all. When migrating from the 8086/8088 or 80186/80188 to the 80C186/80C188, the user
should be aware of these differences. In particular, it may be necessary to check software for unex-
pected numerics (ESCape) opcodes.
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APPENDIX B
SUMMARY OF DIFFERENCES BETWEEN
THE 80186, 80C186, AND 80C186EB
FAMILIES

The 80C186EB is the third member in a line of 80186 code compatible, high integration, embedded
microprocessors. There are differences between all members of the product line. The description of
these differences is handled in this Appendix on a functional block basis. The family matrix in figure
B-1 summarizes the family differences.

The original NMOS 80186 has only one major mode of operation. The 80C186, to remain pin and
software compatible with the 80186, has two. In Compatible Mode the 80C186 is a pin for pin re-
placement of the 80186 (with the exception of numerics co-processing capability). In Enhanced Mode
the user has access to two additional peripherals: the Refresh Control Unit, and the Power Save Unit.
Enhanced mode maps three of the chip select pins into numerics processor communications functions.
Mode selection is made only at reset.

The 80C186EB has only one mode. The on-board peripherals of the 80C186EB are different from the
80186 (and 80C186) and therefore a “compatible mode” is not necessary.
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B.1 CPU DIFFERENCES

FEATURE 80C186EB
COMPATIBLE| ENHANCED

ENHANCED 8086 INSTRUCTION SET

NMOS TECHNOLOGY

CHMOS Il

CHMOS IV (1MICRON)

DYNAMIC NON-MODULAR CORE

LOW-POWER STATIC MODULAR CORE

POWER SAVE (CLOCK DIVIDE) MODE

POWERDOWN AND IDLE MODES

QUEUE STATUS MODE

MULTIPLEXED 80C187 INTERFACE

DIRECT 80C187 INTERFACE

ONCE TEST MODE

INTERRUPT CONTROL UNIT

TIMER/CONTER UNIT

CHIP SELECT UNIT

DMA UNIT

SERIAL COMMUNICATIONS UNIT

REFRESH CONTROL UNIT

INPUT/OUTPUT PORT UNIT

: COMPATIBLE WITH _ IMPROVED
ORIGINAL 80186 VERSION

Figure B-1: Family Feature Matrix

B.1.1 INSTRUCTION SET

All three devices execute the same instruction set. There have been no additions or deletions to this
set sirice the original 80186. Any code written for an 80186/80C186/80C186EB will be fully portable
amongst family members. Peripheral register locations have been moved, however, on the
80C186EB (see below).

All family members are upward compatible with the 8086/8088 instruction set.
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B.1.2 SEMICONDUCTOR TECHNOLOGY DIFFERENCES

The 80186 is implemented in NMOS technology. As such, it dissipates more power and runs slower
than the more recent CMOS implementations. The 80186/188 is dynamic, which means the clock
must always be applied for the device to operate normally.

The 80C186 is implemented in CHMOS I11, a high performance CMOS technology. Like the 80186,
the 80C186 is dynamic. The 80C186 can run at up to twice the clock rate of the 80186.

The 80C186EB is implemented in CHMOS IV, a 1 micron CMOS technology. The 80C186EB is a
fully static device. The clock can be shut off without a loss of state (provided Vcc is maintained). The
new modular core was also designed to consume less power than an 80C186 operating at the same
frequency. These two features allow significant power savings over earlier 80186 family products.
The 80C186EB’s execution speed is equal to that of the 80C186.

B.1.3 QUEUE STATUS MODE

The 80186 and 80C186 families have an optional “queue status mode.” This mode is entered during
resetby tying RD low. In queue status mode, the ALE and WR pins changed functionality to indicate
the internal queue status.

Queue status mode was deleted from the 80C186EB.
B.1.4 NUMERICS INTERFACE

The 80186 does not directly support a numerics interface. The 80186 can be connected to an 8087
through an 82188.

The 80C186/80C188 in compatible mode does not support any numerics operations. The ET (Escape
Trap) bitin the relocation register has no effect in Compatible Mode; encountering an ESCape opcode
causes a type 7 interrupt to be executed.

The 80C186 in enhanced mode directly supports the 80C187 Numerics Processor Extension. The
MCS0,MCS1, and MCS3 chip select lines become the PEREQ, ERROR, and NPS pins respectively.
The ET bit controls whether numerics instructions are dispatched to the 80C187 or trapped for
emulation.

The 80C186EB directly supports the 80C187 with 3 dedicated pins, no pin multiplexing is used. The
ET bit on the 80C186EB functions the same as the ET bit on the 80C186 in enhanced mode. Some
packaging options for the 80C186EB delete the numerics pins.

B-3



intel APPENDIX B

B.1.5 TRANSCEIVER INTERFACE (DEN AND DT/R)

The timings for the transceiver interface pins (DEN and DT/R) on the 80C186EB family have been
improved to prevent bus contention.

B.1.6 READY INTERFACE

The 80186 and 80C186 family devices have two ready input pins: SRDY and ARDY. SRDY has to
be synchronized externally while ARDY is partially synchronized internally. The 80C186EB has
only one ready input, READY, which is functionally equivalent to ARDY.

B.2 CLOCK OSCILLATOR CIRCUITRY AND EXTERNAL FREQUENCY INPUT

The external frequency input (EFI) requirements differ somewhat between the NMOS 80186/80188
and the CMOS devices. On the NMOS device, it is possible to drive either X1 (with X2 unconnected)
or X2 (with X1 grounded). This is possible because of the nature of NMOS inverter pullups.

The only acceptable EFI configuration for the CMOS devices is todrive X1 andleave X2 unconnected.
These pins were renamed CLKIN and OSCOUT on the 80C186EB toreinforce this point. Driving X2
(OSCOUT) will overdrive the CMOS oscillator inverter and will, in time, render the clock circuitry
inoperable.

B.3 POWER CONSUMPTION MANAGEMENT MODES
The 80186 family and the 80C186 in compatible mode have no power management features.

The 80C186 in enhanced mode has a power save unit. This unit allows the user to conserve power by
dividing the internal CPU frequency by a programmable prescalar between 1 and 16. The minimum
internal CPU frequency is 500 KHz in any mode. Power save mode is entered by programming the
power-save register. Execution continues at the slowed clock rate.

The 80C186EB has two power management modes that make use of its static design: idle and
powerdown. Idle mode shuts off the CPU while leaving the peripheral set running. Any unmasked
interrupt, NMI, or reset will re-awaken the core. Refresh requests and HOLD requests will tempo-
rarily re-awaken the core for servicing. Powerdown mode shuts off all clocks and the external
oscillator. Power consumption is reduced to transistor leakage (typically in the microamp range).
Powerdown can only be exited via an NMI or reset. Both modes are entered by setting the corre-
sponding bit in the power control register and executing a HALT instruction.



intel APPENDIX B

B.4 INTERRUPT CONTROLLER

The 80186 and 80C186 family devices have a slave mode (formally RMX mode) which allows the
internal interrupt unit to become a slave to an external 8259. The 80C186EB does not have this mode.

The 80C186EB provides one extra external interrupt pin, INT4.

B.5 TIMER COUNTER UNIT

The timer counter unit operates identically in all members of the 80186/80C186/80C186EB family.
B.6 DMA UNIT

The 80186 and 80C186 families include a DMA unit. This unit is not available on the 80C186EB.
B.7 SERIAL COMMUNICATIONS UNIT

The 80C186EB includes a 2 channel serial communications unit. This peripheral is not on the 80186
or the 80C186 family.

B.8 CHIP SELECT UNIT

The 80186 and 80C186 family devices include a chip select unit capable of accessing up to 768K of
memory and up to 7 peripheral devices. A maximum of 3 wait states can be inserted in bus cycles
automatically. Chip select areas cannot overlap and they cannot be disabled by software.

The 80C186EB includes an enhanced chip select unit thatis not compatible with the 80186 chip select
unit. The enhanced chip select unit has a total of 10 channels that can be configured for any size region
of either memory or peripheral space. The channels can overlap and can be software enabled and
disabled. Up to 10 megabytes of physical memory can be accessed through software paging. Up to
fifteen wait states can be internally generated.

B.9 REFRESH CONTROL UNIT
The 80186 and 80C186 in compatible mode do not have a refresh control unit.

The 80C186/80C188 in enhanced mode has a refresh control unit capable of refreshing dynamic
RAMs with a row address of 9 bits or less.

The 80C186EB refresh control unit can refresh dynamic RAMs with row addresses of 12 bits or less.
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B.10 PERIPHERAL CONTROL BLOCK

The 80186 and 80C186 peripheral control blocks are completely compatible. The register locations
of some peripherals (i.e. the timers) have been moved on the 80C186EB family to allow functional
groups of registers to remain together. The change of register locations must be kept in mind when
porting code among family members.
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APPENDIX C
SUMMARY OF DIFFERENCES BETWEEN THE 80C186EB
AND THE 80C188EB

The 80C186EB and the 80C188EB have the same execution unit. The Bus Interface Unit, however,
differs between the two devices. The 80C188EB uses an 8-bit data bus to communicate with external
memories and peripherals, where the 80C186EB uses a 16-bit bus. The following list summarizes the
effects of the bus width difference:

»  The 80C188EB has a four byte prefetch queue, rather than the six byte prefetch queue presenton
the 80C186EB. The reason is that the 80C188EB fetches opcodes one byte at a time, requiring
more bus cycles to fill the queue. A smaller queue is required to prevent an inordinate number of
bus cycles being wasted by prefetching opcodes to be discarded during a jump.

¢ ADB8-ADIS on the 80C186EB are transformed to A8-A15 on the 80C188EB. Valid address
information is present on these lines throughout the bus cycle of the 80C188EB. Valid address
information is not guaranteed on these lines during idle T-states.

»  BHE on the 80C186EB is replaced by RFSH (refresh cycle running) on the 80C188EB. The
80C188EB has no high byte on the data bus.

»  Execution times for most data transfer instructions increases because the BIU funnels the ac-
cesses through a narrower data bus. The narrower bus also means that the prefetch queue will run
empty more often, causing the Execution Unit itself to be bus-limited. The execution time within
the processor, however, is not changed between the 80C186EB and 80C188EB.

Another important point is that the 80C188EB is internally a 16-bit machine. This means that access
to the integrated peripheral registers of the 80C188EB will be done in 16-bit words, not in 8-bit bytes.
When a word access is made to the internal registers, the BIU will run two bus cycles externally.

Access to the control block may also be done with byte operations. Internally the full 16 bits of the AX
register will be written, while only one bus cycle will be executed externally.

C-1






Synchronization  Appendix D




; ', o .




APPENDIX D
SYNCHRONIZATION OF EXTERNAL INPUTS

Many input signals to an 80C186EB family processor are asynchronous, that is, a specified set up or
hold time is not required to ensure proper functioning of the device. Associated with each of these
inputs is a synchronizer which samples this external asynchronous signal, and synchronizes it to the
internal clock.

D.1 WHY SYNCHRONIZERS ARE REQUIRED

Every data latch requires a certain set up and hold time in order to operate properly. At a certain
window within the specified set up and hold time, the part will actually try to latch the data. If the input
makes a transition within this window, the output will not attain a stable state within the given output
delay time. The actual size of this sampling window is typically much smaller than the window
specified by the data sheet; however, part to part variation could move the actual window around
within the specified window.

Even if the input to a data latch makes a transition while a data latch is attempting to latch this input,
the output of the latch will attain a stable state after a certain amount of time, typically much longer
than the normal strobe to output delay time. Figure D-1 shows a normal input to output strobed
transition and one in which the input signal makes a transition during the latch’s sample window. To
synchronize an asynchronous signal, all one needs to do is to sample the signal into one data latch long
enough for the output to stabilize, then latch it into a second data latch. The time between the first latch
strobe and the second latch strobe allows the first latch to attain a steady state. With the asynchronous
signal resolved in this way, the input signal at the second latch satisfies its setup and hold require-
ments.

STROBE
INPUT SET-UP TIME |HOLD TIME
|
ACTUAL SAMPLING INSTANT

270288-001-131

Figure D-1.Valid and Invalid Latch Input Transitions and Response
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Thus, the output of this second latch is a synchronous signal with respect to its strobe input.

A synchronization failure can occur if the synchronizer fails to resolve the asynchronous transition
within the time between the strobes of the two latches. The rate of failure is determined by the actual
size of the sampling window of the data latch, and by the amount of time between the strobe signals
of the two latches. Obviously, as the sampling window gets smaller, the number of times an asynchro-
nous transition will occur during the sampling window will drop. In addition, however, a smaller
sampling window is also indicative of a faster resolution time for an input transition which manages
to fall within the sampling window.

D.2 80C186EB FAMILY SYNCHRONIZERS

The 80C186EB family uses the two stage synchronization technique on T1IN, T2IN, P2.x, P1.x,
NMI, INTO-4, and HOLD input lines. READY uses a slight modification (see Section 3.6).
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Appendix E. Instruction Set Summary

POP = Poj
Memory
Register

$Segment register

XCHG = Exchange:
Register/memory with register

Register with accumulator

IN = Input from:
Fixed port
Variable port

OUT = Output to:

Fixed port

Variable port

XLAT = Translate byte to AL
LEA = Load EA to register
LDS = Load pointer to DS
LES = Load pointer to ES
LAHF = Load AH with flags
SAHF = Store AH into flags
PUSHF = Push flags
POPF=Pop flags

SEGMENT = Segment Override:
cs
ss
DS

[10001111] moedo00 ©m |
01011 reg
000 reg 111 (reg=01)

[1 00001 1w[ modreg /m
[T110010w] port
[1110011w] port

[1 0001 101] modreg m_|
[11000101] modreg Um | (mod11)
[11000100] modreg Um | (modw11)

10011100
10011101

00101110
00110110
00111110
00100110

an7

® © w N

LS SRR SR XY

Clock
FUNCTION FORMAT Cycles Comments
DATA TRANSFER
MOV = MOVE:
Register to Register/Memory [1000100w] modreg m | 2112
Register/memory to register [1 000101 w] modreg vm | 219
Immediate to register memory [11 0001 1w] md000 vm | data | dataifw=1 | 1213 8/16-bit
Immediate to register [To1 1w e | data [ dataifw=1"] 34 8/16-bit
Memory to accumulator [1o010000w] addr-low [ addr-high | 9
Accumulator to memory [1010001w] addr-low [ addr-high | 8
Register/memory to segment register | 1000111 0] mod 0 reg r/m | 2/9
Segment register to register/memory [10001100] modoreg ©m | 211
PUSH = Push:
Memory [11 1111 11] mod110 wm | 16
Register 10
Segment register

Shaded areas indicate instructions not available in iAPX 86, 88 microsystems.
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Appendix E. Instruction Set Summary (continued)

Clock

FUNCTION FORMAT Cycles Comments
ARITHMETIC : i
ADD = Add:
Reg/memory with register to either [000000dw [ modreg t/m | 310
Immediate to register/memory |1 00000 sw ] mod0 00 r/m [ data | dataifsw=01 | 4118
Immediate to accumulator [oo0o00010w | data [ dataifw=1__ | 34 8/16-bit
ADC = Add with carry:
Reg/memory with register to either [000100dw [ modreg m | 310
Immediate to register/memory 11 00000 sw | mod0 1 0 r/m | data | data if s w=01 4/16
Immediate to accumulator [ooot1o01ow ] data [ dataifw=1 | 34 8/16-bit
INC = Increment:
Register/memory |1 1T11111w | mod 00 0 r/m | 315
Register 3
SUB = Subtract:
Reg/memory and register to either |0 01010dw | mod reg r/m | 310

from regi y [1too0o000sw [ md1 01 um] data [ dataifsw=01 || 4116
Immediate from accumulator [oot1o0110w ] data [ dataifw=1 | 34 8/16-bit
SBB = Subtract with borrow:
Reg/memory and register to either |0 00110dw ] mod reg r/m | 3/10

from regi y [100000sw [md011 om] data [ dataitsw=01 || 4116
Immediate from accumulator [ooo1 110w | data [ dataifw=1___ | 34 8/16-bit
DEC=Decrement:
Register/memory [1T11 1111w [mdoo1 om] 35
Register 3
CMP=Compare:
Register/memory with register [o001 1101w [ modreg /m | 3110
Register with register/memory |0 011100w | mod reg r/m I 310

with regi y [1oo0000sw [mod1 11 oum] data [ dataitsw=01 || an0
Immediate with accumulator [0t 1110w | dam [ dataifw=1___ | 34 8/16-bit
NEG=Change sign [1111011w [ md011 om]| 3
AAR=ASCII adjust for add 8
DAA = Decimal adjust for add 4
AAS=ASCII adjust for subtract 7
DAS=Decimal adjust for subtract 4
MUL=Multiply (unsigned): [i111 011w [mdi00 ovm] )
Register-Byte 26-28
Register-Word 35-37
Memory-Byte 32-34
Memory-Word 41-43
IMUL=Integer multiply (signed): 111101 1w mod1 01 r/m |
Register-Byte 25-28
Register-Word : 34-37
Memory-Byte 31-34
Memory-Word 40-43

Shaded areas indicate instructions not available in iAPX 86,88 microsystems.
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Appendix E. Instruction Set Summary (continued)

Clock

FUNCTION FORMAT Cycles Comments
ARITHMETIC (Continued):
DIV=Divide (unsigned): 111101 1w mod1 10 ©/m
Register-Byte 29
Register-Word 38
Memory-Byte 35
Memory-Word 44
IDIV=Integer divide (signed): 1111011w] modli11 om |
Register-Byte 44-52
Register-Word 53-61
Memory-Byte 50-58
Memory-Word 59-67
AAM=ASCI! adjust for multiply |1 1010100 | 00001010 19
AAD=ASCII adjust for divide [11010101]00001010] 15
CBW=Convert byte to word 10011000 2
CWD=Convert word to double word 10011001 4
LOGIC
Shifi/Rotate Instructions:
Register/Memory by 1 | 1101000w | mod TTT r/m 2/15

[1101001w] md T om | 54n/174n

Register/Memory by CL

TIT  Instruction
000 ROL
001 ROR
010 RCL
011 RCR
100 SHL/SAL
101 SHR
111 SAR
AND = And:
Reg/memory and register to either [o01000dw ][ modreg om | 3/10
Immediate to register/memory [1too0o0000w] mdioo wm | data [ ataitw=1__|| 416
Immediate to accumulator [o010010w] data [ dataifws1__ | 3/4 8/16-bit
TEST=And function to flags, no result:
Register/memory and register I 1000010w ' mod reg r/m | 3/10
data and regi y [t1 1101 1w] mdooo wm | data [ dataifw=t || 40
Immediate data and accumulator [1o010100w] data [ dataifw=1 34 8/16-bit
OR=0r:
Reg/memory and register to either [0 00010dw | mod reg r/m ! 3/10
Immediate to register/memory | 1 000w l mod001 /m I data data if w=1 | 416
Immediate to accumulator | 0000110w | data | data if w=1 | 3/4 8/16-bit
XOR=Exclusive or:
Reg/memory and register to either | 001100dw i mod reg r/m I 3/10
Immediate to register/memory [1too0o0000w][ modit1o om | data [ dataitw=t || 416
Immediate to accumulator 0011010w] data [ dataifw=1__ | 3/4 8/16-bit
NOT=Invert register/memory 111101 1w [ mod0 10 r/m | 3
STRING MANIPULATION:
MOVS=Move byte/word 1010010w 14
CMPS=Compare byte/word 1010011w 22

=

SCAS=Scan byte/word

Shaded areas indicate instructions not available in iAPX 86,88 microsystems.
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Appendix E. Instruction Set Summary (continued)

Clock
FUNCTION FORMAT Cycles Comments
LODS=Load byts/wd to AL/AX 12
8T08=Stor byte/wd from AL/A 1010101 w 10

STRING MAnIPULATwNV(cnquulﬂ):
Repeated by count in CX

MOVS - Move string 11110010 ] 1 010010w 8+8n
CMPS - Compare string [1111001z [ 101001 1w 5+22n
SCAS - Scan string [1111001z [ 1010111w 5+15n
LODS - Load string [t1110010 [ 1010110w] 6+11n
$T08 - Store stri [11110100 0101001w 6400

CONTROL TRANSFER

CALL = Call:

Direct within segment 11101000 | disp-low [ disp-hour | 15

Register memory indirect within segment [11 111111 [ modo10 oum | 1319

Direct intersegment |1 0011010 L segment offset ‘] 23
R segment selector ]

Indirect intersegment [111 11111 ] mdot11 om | (modeit) 38

JMP=Unconditional jump:

Short/long [T1101011 ] disp-low ] 14

Direct within segment [T1101001 ] disp-low [ disphigh | 14

Register/memory indirect with segment |1 1111111 | mod1 00 rImJ 26

Direct intersegment [T1101010 ] segment offset | 14
[ segment selector |

Indirect intersegment 11111111 | mod1 01 r/m | (mod = 11) 1n7

RET = Return from CALL:

Within segment 16

With seg adding immed to SP [t1000010 datalow | datahigh | 18

Intersegment 22

Intersegment adding immediate to SP [T1o001010 ] datalow | data-high | 25

Shaded areas indicate instructions not available in iAPX 86,88 microsystems.
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Appendix E. Instruction Set Summary (continued)

Clock
FUNCTION FORMAT Cycles Comments
CONTROL TRANSFER (Continued):
JE/JZ = Jump on equal zero [o1 110100 ] disp | ns 1311 JMP
JL/INGE = Jump on less/not greaterorequal [0 1 111100 | disp | 413 4??»21’
JLE/ING = Jump on less or equal/notgreater [0 1 1 11110 | disp | 3 not taken
JB/INAE = Jump on below/not aboveorequal [ 0 1 110010 | disp ] N3
JBE/JNA = Jump on below or eq above [01110110 | disp ] 4n3
JP/IPE = Jump on parity/parlty even [01 111010 ] disp | 413
40 = Jump on overflow [o1 110000 ] disp | 43
J8 = Jump on sign [01111000 ] disp ] 4n3
JNE/INZ = Jump on not equal/not zero [o1 110101 ] disp | 43
JINL/JGE = Jump on not less/greaterorequal [0 1111101 | disp ] 413
JINLE/JG = Jump on not less or equal/greater [0 1 111 111 | disp | 43
JNB/JAE = Jump on not below/above orequal [0 1110011 | disp | ans
JNBE/JA = Jump on not below or [ot110111 [ disp ] 43
JINP/JPO = Jump on not par/par odd [0t 111011 ] disp | 413
JNO = Jump on not overflow [01 110001 ] disp | 413
JNS = Jump on not sign [o1 111001 ] disp ] 515
JCXZ = Jump on CX zero [11100011 ] disp | 6/16
LOOP = Loop CX times (11100010 ] disp | 6/16
LOOPZ/LOOPE = Loop while zero/equal [11100001 ] disp | 16 JMP taken/
LOOPNZ/LOOPNE = Loop while not zero/equal [ 1 1 1 0 0 0 0 0 | disp | 5 JMP not taken

INT = Interrupt:

Type specified EEEXEENERE type ] 47 if INT: taken/

Type3 11001100 45 "'t’::""‘
en

INTO = Interrupt on overflow l 11001110 T ] 48/4

IRET = Interrupt return 28

Shaded areas indicate instructions not available in iAPX 86,88 microsystems.
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Appendix E. Instruction Set Summary (continued)

Clock

FUNCTION FORMAT Cycles Comments
PROCESSOR CONTROL
CLC = Clear carry 2
CMC = Complement carry 2
STC = Set Carry 2
CLD = Clear direction 2
$TD = Set direction 2
OLI = Clear nterrupt 2
STI = Set interrupt 2
HLT = Halt 2
WAIT = Wait 6 iftest =0
LOCK = Bus lock prefix 2
ESC = Processor Extension Escape | 11011 TTT [ modLLL  ©/m ] 6

(TTT LLL are opcode to processor extension) -

Shaded areas indicate instructions not available in iAPX 86,88 microsystems.

FOOT NOTES

The Effective Address (EA) of the memory operand

is computed according to the mod and r/m fields:

if mod = 11 then r/m is treated as a REG field

if mod = 00 then DISP = 0*, disp-low and disp-high

are absent

if mod = 01 then DISP = disp-low sign-extended to

16-bits, disp-high is absent
if mod = 10 then DISP = disp-high:disp-low

if r/m = 000 then EA = (BX) + (SI) + DISP
if r/m = 001 then EA = (BX) + (DI) + DISP
if r/m = 010 then EA = (BP) + (SI) + DISP
if r/m = 011 then EA = (BP) + (DI) + DISP
if t/m = 100 then EA = (SI) + DISP

if r/m = 101 then EA = (DI) + DISP

if r/m = 110 then EA = (BP) + DISP*

if r/m = 111 then EA = (BX) + DISP

DISP follows 2nd byte of insturction (before data
if required)

*except if mod = 00 and r/m = 110 then EA = disp-high:disp-low.

SEGMENT OVERRIDE PREFIX
001rgllo0

E-6

reg is assigned according to the following:

reg

00
01
10
11

Segment
Register

ES
CS
SS
DS

REG is assigned according to the

following table:
16-Bit (w=1)

000'AX
001 CX
010 DX
011 BX
100 SP
101 BP
110 SI
111 DI

8-Bit (w=0)

000 AL
001 CL
010 DL
011 BL
100 AH
101 CH
110 DH
111 BH

The physical address of all operands
addressed by the BP register are com-
puted using the SS segment register. The
physical addresses of the destination
operands of the string primitive operation
(those addressed by the DI register) are
computed using the ES segment, which
may not be overriden.
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Appendix F. Machine Instruction Decoding Guide

2NDBYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT

) | MODREGRM | (DISP-LO),(DISP-HI)
1] W _ (DISP-LO).(DISP-HD
(DISP-LO),(DISP-HI)

_(DISP-LO)(DISP-HI)

ADD REG8/MEMS8,REG8
ADD = REGI6/MEMIGREGI6
ADD  REG8,REG8/MEMS
ADD | REGIGREGI6MEMIG
ADD AL, IMMEDS8
ADD AXIMMEDI6
PUSH

| DATAHI

(DISP-LO),(DISP-HI)
| (DISP-LO)DISP-HD |
(DISP-LO),(DISP-HI)
| (DISP-LO)DISP-HD |

DATAEES o

(DISP LO) (DISP HI)
. (DISP-LO),(DISP-HI
(DISP-LO),(DISP-HI)
(DISP-LO),(DISP-HD

. DATAHL

(DISP-LO),(DISP-HI)
Vi | (DISP-LO).DISPHD | SBE
(DISP-LO),(DISP-HI)
1| (DISP-LO)DISPHD |

(DISP-LO),(DISP-HI)
| (DISPLO)DISP-HD | AND REGI [6REGI
(DISP-LO),(DISP-HI) AND REG8 REG8/MEM8
| (DISPLOY.DISP-HD | AND REGISREGI6MEMIG

| DATAHI

(DISP-LO),(DISP-HI)
£ | (DISPLO)/(DISPHIY | SUB  RE
(DISP-LO),(DISP-HI)

i} (DISPLO)(DISPHE | SUB ¥

| DATAHL
(segment override prefix)

(DISP-LO),(DISP-HI)
 (DISP-LO)(DISP-HI)

REGS/MEMS REG8

F-1
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Appendix F. Machine Instruction Decoding Guide (continued)

1STBYTE
HEX BINARY
32 ] 0011 0010 | MOD REGR/M (DISP-LO),(DISP-HI) XOR REG8,REG8/MEMS8

2NDBYTE BYTES 34,56 ASM-86 INSTRUCTION FORMAT

- PUSH" SP -

PUSHA (186/8 ONLY)
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Appendix F. Machine Instruction Decoding Guide (continued)

1STBYTE
2ND BYTE A INSTR FORMAT

HEX | BINARY B BYTES 34,56 SM.-86 INSTRUCTION FO

64 | 0110 0100 )

0}
(not used)

SHORT-LABEL

JNB/JAE/ SHORT-LABEL

JBE/INA SHORT-LABEL

SHORT-LABEL

REG8/MEMS8,IMMEDS

MOD 001 R'M REG8/MEMS8,IMMEDS

MOD 011 R'M REG8/MEMS8,IMMEDS

MOD 101 R/M REG8/MEMS,IMMEDS

 MOD 111 R

MOD 000 R/M
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Appendix F. Machine Instruction Decoding Guide (continued)

ISTBYTE
HEX | BINARY

2NDBYTE BYTES 3,4,5,6

ASM-86 INSTRUCTION FORMAT

81 1000 0001 | MOD 010 R/M (DISP-LO),(DISP-HI),

82 | 1000 0010 | MODOIORM | (DISP-LO),(DISP-HI),

MOD 110 R'M
(DISP-LO),(DISP-HI),
DATA-SX

MOD 010 R'M (DISP-LO),(DISP-HI),
DATA-SX

(DISP-LO),(DISP-HI)

(DISP-LO),(DISP-HI)

(DISP-LO),(DISP-HI)

© ADC  REG16/MEM16,IMMED16

" ADC REG8/MEMS,IMMEDS

(not used)
ADD REG16/MEM16,]IMMEDS8

ADC REG16/MEM16,IMMEDS8

REG8/MEM8,REGS -

REG16/MEM16,SEGREG

'REG16,MEM16
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Appendix F. Machine Instruction Decoding Guide (continued)

BYTES 34,5,6

ASM-86 INSTRUCTION FORMAT

ISP-LO),(DISP-HI)

(DISP-LO),(DISP-HI)

DISP-LO DISP-HI,SEG-LO,
SEG-HI

B6 | 1011 0110 | DATA-8

Mov 16
REG16/MEMI16

not use
(not used)

FAR _PROC

DEST-STR8
E

DL,IMMEDS

MOV  DH,IMMEDS8
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Appendix F. Machine Instruction Decoding Guide (continued)

BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT

MOV  BH,IMMEDS8

DATA-LO

DATA-LO

MOD 100 R/M

MOD 001 RM

MOD 111 RM
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Appendix F. Machine Instruction Decoding Guide (continued)

1ST BYTE
HEX | BINARY 2ND BYTE BYTES 3,4,5,6 ASM-86 INSTRUCTION FORMAT
CD | 1100 1101 | DATA-8 INT IMMEDS

'MOD 001 RM

MOD 011 RM

REG8/MEMS,CL
2}
REG16,MEM16,CL
(DISP-LO),(DISP-HI) REG16,MEM16,CL

SOURCE-TABLE
MOD 111 R/M

LOOPE/ SHORT-LABEL
LOOPZ

AX,IMMEDS
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Appendix F. Machine Instructlon Decoding Guide (continued)

1STBYTE
YTE SM-86 INSTRUCTION FORMAT
HEX BINARY 2NDB BYTES 34,5,6 ASM-86 INS ONFO
E6 | 1110 0110 | DATA-8 ouT AL,IMMEDS

ISP-LO),
(DISP-LO),(DISP-HI)

(DISP-LO),(DISP-HI),
DATA-LO,DATA-HI

A0 ‘
MOD 010 R/M

10
MOD 110 RM

REGE/MEMS

REG16/MEM16,IMMED16

REG16/MEM16

(not used)

(not used)

F-8




intel APPENDIX F

Appendix F. Machine Instruction Decoding Guide (continued)

1STBYTE
BINARY
1111 1111 MOD 000 R'M (DISP-LO),(DISP-HI) INC MEM 16
""" MODOOIRM | (DISP-LO)MDISPHD | DEC MBMI6
MOD 010 R'M (DISP-LO),(DISP-HI) CALL REGI16/MEMI6(intra
_ MODOILRM | (DISP-LO)(DISP-HD | CALL MEMI6(intersegment)
MOD 100 R/'M (DISP-LO),(DISP-HI) JMP REG16/MEM16(intra)
_MODIOIRM | @ | IMP MEMI6(intersegment)
MOD 110 R/M (DISP-LO),(DISP-HI) PUSH MEMI6
 MOD1IIRM | '* | otusedy 0

2ND BYTE BYTES 34,5,6 ASM-86 INSTRUCTION FORMAT

1111 1111
1o
1111 1111
O}t i
1111 1111
oy iy

HEX
FF
FF
FF

FE
FF
FF
FE

F-9
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HI

d =direct

f = from CPU reg
i=immediate

ia = immed. to accum.

id = indirect

is = immed. byte, sign ext.
1=long ie. intersegment

r/m = EA is second byte
si = short intrasegment
st = segment register
t=to CPUreg

v = variable

w = word operation
z=2zero

LO
0 1 2 3 4 5 6 7 8 9 A B c D E F
o |app | apbp | app | app | ADD | ADD | PUsH| PoP | OR | OR | OR | OR | OR | OR |PUSH
b,fr/m | wfr/m| btr/m | witr/m | biia w,ia ES ES b.fr/m| w,fr/m | b,t,r/m | w,tr/m b,i w,i CS
1 | abc | abc | abc | abc | apc | abc | pusu| pop | sBB | sBB | sBB | sBB | sBB | sBB |PusH| PoP
b,f,r/m | w,fr/m| b,t,r/m | w,t,r/m b,i w,i SS SS b,f;r/m| w,f,r/m| b,t,r/m | w,t,r/m b,i w,i DS DS
2 | aND [ AND [ AND [ AND | AND | aND | sEG | suB | sus [ sus [ suB | sus | suB | sEG |
bofr/m | whrm| beom |weom | bi | wi | =ES | PAA | bgom| whem | btom| weem| vi | wi | =cs | P
3 | xor | xor | xor | xor | xor | xor | sEG Al ove | owp [ emp [ owe [emp | omp [ sEG |, o
bbem | whom| barm fwerm | bi | wi | =ss | AAA | bgom | wtem | btom | werm| bi | owi | =ps | A
4 [ mnc] mne] me | mne | ne | ne | ne | e | pec | pec | pEC | DEC | DEC | DEC | DEC | DEC
AXx | cx | bx | Bx | sp | BP | s pl | ax| cx | ox| Bx | sp | BP si DI
s | pusH| pusH | PusH | PusH [ PusH | PusH | pusH | PUsH [ pop | poP | Pop | PoP | POP | POP | POP | POP
ax | cx | bx | Bx | sp | BP | s pl | ax | cx | px| Bx | se | Bp | s DI
6 |BounD pusH| MuL | pusH| iMUL | INs | INs | ouTs | ouTs
PUSHA| POPA [y ¢ i wi | wi | bi bi b w b w
7 mo | B | e || es | mes | aneE/ A IEE R R A ES
o WNAE| JAE | 1z | Wz | mwa | 1a | S| ™ | we | wo | NGE| 6E | WG | G
8 |Immed | Immed | Immed | Immed | TEST | TEST | xcHG| xcHG | Mov | Mov | Mov | mov | Mov Mov | pop
by/m | we/m | br/m | isy/m | byr/m | w,e/m | by/m | wr/m | bfr/m| w,fr/m | btr/m | w,tr/m | sr,f,r/m LEA srtr/m) r/m
9 | xcHc | xcHe | xcHe | xcHG [ xcHG | xcHa | xcna| xcHa CALL
ax | ex I 'ox 'ex |'se | ae | st b1 | cBW | cwp | 715" | warr [pushF| PopF | sAHF | LAHF
A | mov | mov | mov | Mmov TEST | TEST
moAL | moaX| AL—m | aX—sm|MOVS | MOVs | cmps | cmps | (0| U7 | sTos | sTos | Lops | Lops | scas | scas
B | mov | mMov | Mmov | Mov | Mov | Mov | Mov | Mov | Mov | mMov | mov | mov | Mov | mov | mov | mov
i-AL | i~CL | i»DL | i~BL |i—~AH | i-»CH | i»DH| i»BH | i»aX | i»cx | i»DX| i-»BX | i»sP | i»BP | i-»sI | i»DL
c | snift | snife | RET. Mov | Mov RET. | RET | INT | INT
bi | wi | Gesp)| RET | LES | LDS | p;vm| wimm |ENTERJLEAVEL, ospy)l 1 | Type3| (any) | INTO | IRET
D | shift | shift | shife | shift esc | Esc | Bsc | Esc | Esc | Esc | Bsc | Esc
b w by | wy |AAM | AAD XLAT | 1 2 3 4 5 6 7
E  froomz| oorzs | | w0 |our | our fca| e [ ame [ avp | ™| | our | our
LooPNE | LooPE P b w b w d d | osia ] vo ] vw | ovb | vw
F REP Grpl | Grpl Grp2 | Grp2
LOCK Rep | 0 | mr e | BN R e | ste | | st | e | s | T OT
where:
modCm | 000 | oor | o010 | o1 100 o1 | 1o | 1
Immed ADD | OR | ADc | sBB AND suB | xor | cmp
Shift ROL | ROR | ReL | Rer | sHLsaL | sur | — | sar
Grp1 TEST | — | NoT | NEG Mo | muL| piv | piv
Grp2 INC | DEc | calL [caiL| mp P | PUSH | —
id Lid id Lid
b = byte operation m = memory
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APPENDIX H
MODAL PIN STATES

The term “modal pin state” refers to the state that a device pin is in while in a particular mode. There are
atotal of five states foran outputpin: driven high, drivenlow, active (toggling), float, or retain present state
(state the pin was in when the current mode was entered). Input pins may be either synchronous or
asynchronous. Synchronous pins must meet setup and hold times to guarantee proper device operation.
Asynchronous pins must meet setup and hold times to guarantee recognition. Appendix D covers
synchronization.

This Appendix includes a list of all 80C186EB/80C188EB pins. With each pin in a description of its
function, its type (input, output, or I/O), and its modal pin state. Table H-1 details the nomenclature used.

Table H-1. Pin Description Nomenclature

Symbol Description
| Input Only Pin
o Output Only Pin
I} Pin can be either input or output

- Pin “must be” connected as described

S(..) Synchronous. Input must meet setup and
hold times for proper operation. The pin is;
S(E) edge sensitive
A(L) level sensitive

A(..) Asynchronous. Input must meet setup and
hold only to guarantee recognition. The pin is;
A(E) edge sensitive
A(L) level sensitive

H(..) While the processor’s bus is in the Hold
Acknowledge state, the pin;

H(1) is driven to VCC

H(0) is driven to VSS

H(Z) floats

H(Q) remains active

H(X) retains current state

R(..) While RESIN is active, the pin;
R(1) is driven to VCC
R(0) is driven to VSS
R(2) floats

R(WH) weak pullup
R(WL) weak pulldown

P(..) While Idle or Powerdown Modes are active, the pin;
P(1) is driven to VCC

P(0) is drive to VSS

P(2) floats

P(Q) remains active (1)

P(X) retains current state

(1) Any pins that specify P(Q) are valid for Idle Mode. All Pins are P(X) for powerdown Mode.

H-1
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Appendix H. 80C186EB Pin Description

Name Modal State Type

Description

Vce
Vss

CLKIN

OoscouTt

CLKOUT

RESIN

RESOUT

PDTMR

NMI

TEST/BUSY

AD15:0

A18:16
A19/0ONCE

H(Q)
R(Q)
P(1)

H(Q)
R(Q)
P(1)

A(L)

S(L)
H(Z)
R(2)
P@)

H(Z)
R(W1)
P@2)

/[e]

110

/10

Power connections consist of four pins which must be shorted externally
to a Vcc board plane.

Ground connections consist of six pins which must be shorted externally
a Vss board plane.

CLocK INput is an input for a external clock. An external oscillator operat-
ing at two times the required 80C186EB operating frequency can be
connected to CLKIN. For crystal operation, CLKIN (along with OSCOUT)
are the crystal connections to an internal Pierce oscillator.

OSCillator OUTput is only used when using a crystal to generate the
external clock. OSCOUT (along with CLKIN) are the crystal connections
to an internal Pierce oscillator. This pin is not to be used as 2X clock
output for non-crystal applications (i.e. this pin is N.C. for non-crystal
applications).

CLocK OUTput provides a timing reference for inputs and outputs of the
processor, and is one-half the input clock (CLKIN) frequency. CLKOUT
has a 50% duty cycle and transitions every falling edge of CLKIN.

RESet IN causes the 80C186EB to immediately terminate any bus cycle
in progress and assume an initialized state. All pins will be driven to a
known state, and RESOUT will also be driven active. The rising edge
(low-to-high) transition synchronizes CLKOUT with CLKIN before the
80C186EB begins fetching opcodes at memory location OFFFFOH.

RESet OUTput that indicates the 80C186EB is currently in the reset
state. RESOUT will remain active as long as RESIN remains active.

Power-Down TIMeR pin (normally connected to an external capacitor)
that determines the amount of time the 80C186EB waits after an exit
from Powerdown before resuming normal operation. The duration of
time required will depend on the startup characteristics of the crystal
oscillator.

Non-Maskable Interrupt input causes a TYPE-2 interrubt to be serviced
by the CPU. NMlI is latched internally.

TEST is used during the execution of the WAIT instruction to suspend
CPU operation until the pin is sampled active (LOW). TEST is alternately
knows as BUSY when interfacing with an 80C187 numerics coprocessor.

These pins provide a multiplexed ADDRESS and DATA bus. During the
address phase of the bus cycle, address bits 0 through 15 are presented
on the bus and can be latched using ALE. 8- or 16-bit data information

is transferred during the data phase of the bus cycle.

These pins provide ADDRESS information during the address phase of
the bus cycle. Address bits 16 through 19 are presented on these pins
and can be latched using ALE. These pins are driven to a logic 0 during
the data phase of the bus cycle. During a processor reset (RESIN active),
A19/0ONCE is used to enable ONCE™ mode. A18:A16 must not be driven
low during reset or improper 80C186EB operation may result.
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Name Modal State Type Description
520 H(Z) O  Bus cycle Status are encoded on these pins to provide bus transaction
R(1) information. S2:0 are encoded as follows:
P@2)
S2 S1 S0 Bus Cycle Initiated
0 0 O Interrupt Acknowledge
0o 0 1 Read I/O
o 1 0 Write /O
o 1 1 Processor HALT
1 0 O Queue Instruction Fetch
1 0 1 Read Memory
1 1 0 Write Memory
1 1 1 Passive (no bus activity)
ALE H(0) O  Address Latch Enable output is used to strobe address information
R(0) into a transparent type latch during the address phase of the bus cycle.
P(0)
BHE H(2) O  Byte High Enable output to indicate that the bus cycle in progress is
“R(2) transferring data over the upper half of the data bus. BHE and AO have
P(X) the following logical encoding:
A0 BHE Encoding
0 0 Word transfer
0 1 Even Byte transfer
1 0 Odd Byte transfer
1 1 Refresh operation
RD H(Z) O  ReaD output signals that the accessed memory or I/O device should
R(2) drive data information onto the data bus.
P(1)
WR H(Z) O  WRite output signals that data available on the data bus are to written
R(2) into the accessed memory or I/O device.
P(1)
READY A(L) l READY input to signal the completion of a bus cycle. READY must be
S(L) active to terminate an 80C186EB bus cycle, unless it is ignored by
correctly programming the Chip-Select Unit.
DEN H(Z) O  Data ENable output to control the enable of bi-directional transceivers
R(1) when buffering an 80C186EB system. DEN is active only when data
P(1) is to be transferred on the bus.
DTR H(Z) O  Data Transmit/Receive output controls the direction of a bidirectional
R(Z) buffer when buffering an 80C186EB system. DT/R is only available
P(X) on the PLCC package (80C186EB).
LOCK H(Z) /O LOCK output indicates that the bus cycle in progress is not to be
R(W1) interrupted. The 80C186EB will not service other bus requests (such as
P(1) HOLD) while LOCK is active. This pin is configured as an weakly held

high input while RESIN is active and must not be driven low.
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Name Modal State Type Description

HOLD A(L) | HOL.D request input to signal that an external bus master wishes to gain ,
control of the local bus. The 80C186EB will relinquish control of the local
bus between instruction boundaries not conditioned by a LOCK prefix.

HLDA H(1) O HoLD Acknowledge output to indicate that the 80C186EB has relinquish

R(0) control of the local bus. When HLDA is asserted, the 80C186EB will
PQ) (or has) floated its’ data bus and control signals allowing another bus
master to drive the signals directly.

NCS H(1) O  Numerics Coprocessor Select output is generated when accessing

R(1) a numerics coprocessor. NCS is not provided on the S80C186EB.
P(1)

ERROR A(L) I - ERROR input that indicates the last numerics coprocessor operation
resulted in a exception condition. An interrupt TYPE 16 is generated if
ERROR is sampled active at the beginning of a numerics operation.
ERROR is not provided on the:S80C186EB.

PEREQ A(L) | CoProcessor REQuest signals that a data transfer betWeen an External
Numerics Coprocessor any Memory is pending. PEREQ is not provided
on the SB0C186EB.

ucs H(1) O  Upper Chip Select will go active whenever the address of a memory or

R(1) 1/0 bus cycle is within the address limitations programmed by the user.
P(1) After reset, UCS is configured to be active for memory accesses between
OFFCOO0H and OFFFFFH.
LCS H(1) O  Lower Chip Select will go active whenever the address of a memory or
R(1) 1/O bus cycle is within the address limitations programmed by the user.
P(1) LCS is inactive after a reset.

P1.0/GCS0 H(X)/H(1) O  These pins provide a multiplexed function. If enabled, each pin can

P1.1/GCS1 R(1) provide a Generic Chip Select output which will go active whenever

P1.2/GCS2 P(X)/P(1) the address of a memory or I/O bus cycle is within the address limitations

P1.3/GCS3 programmed by the user. When not programmed as a Chip-Select, each

P1.4/GCS4 pin may be used as a general purpose output Port. As an output port pin,

P1.5/GCS5 the value of the pin can be read internally.

P1.6/GCS6

P1.7/GCS7

TOOUT H(Q) O - Timer OUTput pins can be programmed to provide single clock or

T10UT R(0) continuous waveform generation, depending on the timer mode selected.

P(Q)

TOIN A(L) l Timer INput is used either as clock or control signals, depending on the

T1IN A(E) timer mode selected. .

INTO A(E,L) | Maskable INTerrupt input will cause a vector to a specific Type interrupt

INT1 routine. To allow interrupt expansion, INTO and/or INT1can be used with

INT4 INTAO and INTA1 to interface with an external slave controller. INT4 is

edge triggered only.
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Name Modal State Type

Description

INT2/INTAO A(E,L)/H(1)
INT3/INTA1 R(Z)/P(1)
P2.7 A(L)
P2.6 H(X)
R(@)
P(X)
CTS0__ AL
P2.4/CTS1
TXDO H(X)/H(Q)
P2.1/TXD1  R(1)
P(X)/P(Q)
RXDO AL)
P2.0/RXD1  R(2)
H(Q)
P(X)
P2.5/BCLKO A(L)/A(E)
P2.2/BCLK1
P2.3/SINT1 H(X)/H(Q)
R(0)
P(X)/P(Q)

110

/o

/10

These pins provide a multiplexed function. As inputs, they provide a mask-
able INTerrupt that will cause the CPU to vector to a specific Type
interrupt routine. As outputs, each is programmatically controlled to
provide an INTERRUPT ACKNOWLEDGE handshake signal to allow
interrupt expansion.

BI-DIRECTIONAL, open-drain Port pins.

Clear-To-Send input is used to prevent the transmission of serial data
on the TXD signal pin. CTS1 is multiplexed with an input only port
function.

Transmit Data output provides serial data information. TXD1 is
multiplexed with an output only Port function. During synchronous serial
communications, TXD will function as a clock output.

Receive Data input accepts serial data information. RXD1 is multiplexed
with an input only Port function. During synchronous serial
communications, RXD is bi-directional and will become an output for
transmission of data (TXD becomes the clock).

Baud CLocK input can be used as an alternate clock source for each of
the integrated serial channels. BCLKx is multiplexed with an input only
Port function, and cannot exceed a clock rate greater than 1/2 the
operating frequency of the 80C186EB.

Serial INTerrupt output will go active to indicate serial channel 1 requires
service. SINT is multiplexed with an output only Port function.
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4940 Research Drive
Huntsville 35805

Tel: (205) 837-7210

TWX: 810-726-2162

Pioneer/Technologies Group, Inc.

4825 Universi Squa
Huntsville 35805

Tel: (205) 837-9300
TWX: 810-726-2197

ARIZONA

‘tHamilton/Avnet Electronics
Madison Drive

Tempe 85281
Tel: (602) 231-5140
TWX: 910-950-0077

Hamilton/Avnet Electronics

910-950-0077

Arrow Electronics, Inc.
4134 E. Wood Street
Phoenix 85040

Tel: (602) 437-0750
TWX: 910-951-1550

Wyle Distribution Group

17855 N. Black Canyon Hwy.

Phoenix 85023
Tel: (602) 249-2232
TWX: 910-951-4282

CALIFORNIA

Arrow Electronics, Inc.
10824 Hope Street

Cypress 90630

Tel: (714) 220-6300
Arrow Electronics, Inc.
19748 Dearborn Street
Chatsworth 91311

Tel: (213) 701-7500
TWX: 910-493-2086

TArow Electronics, Inc.
521 Weddell Drive
Sunnyvale 94086

Tel: (408) 745-6600
TWX: 910-339-9371

Arrow Electronics, Inc.
9511 Rldgehaven Court
San Diego 92123

Tel: (619) 565-4800
TWX: 888-064

TArrow Electronics, Inc.
2961 Dow Avenue
Tustin 9.

Tel: (71 4) 838-5422
TWX: 910-595-2860

tAvnet Electronics

350 McCormick Avenue
Costa Mesa 9262
Tel: (714) 7546071
TWX: 910-595-1928

tHamilton/Avnet Electronics
1175 Bordeaux Drive
_?ulnnyvale

el:
TWX: 910-339-9332

tHamilton/Avnet Electronics
4545 Ridgeview Avenue
San Diego 92123

Tel: (619) 571-7500

TWX: 910-595-2638
‘tHamilton/Avnet Electronics
9650 Desoto Avenue

Chatsworth 91311
Tel: (818) 700-1161

System T

DOMESTIC DISTRIBUTORS

tHamilton Electro Sales
10950 W. as ngton Blvd

Culver City 20:

Tel: (213) 555-2458

TWX: 910-340-6364

Hamilton Electro Sales
1361B West 190th Street

Gardena 90248

Tel: (213) 217-6700
fHamInon/Avnet Electronics
3002 ‘G’ St

Ontario 91761
Tel: (714) 989-9411

tAvnet Electronics

Tel: (213) 700-6271
TWX: 910-494-2207

tHamilton Electro Sales
3170 Puliman Street

Costa Mesa 926!

Tel: (714) 641-4150

TWX: 910-595-2638
‘tHamilton/Avnet Electronics
4103 Northgate Bivd.
Sacramento 95834

Tel: (916) 920-3150

Wyle Distribution Group
124 Maryland Street

El Segundo 90254

Tel: (213) 322-8100

Wyle Distribution Group

7382 Lampson Ave.

Garden Grove 92641

Tel: (714) 891-1717
910-348-7140 or 7111

Wyle Distribution Group
1151 Sun Center Drive

Rancho Cordova 95670

Tel: (916) 638-5282

1Wyle Distribution Group
9525 Chesapeake Drive
San Diego 92123

Tel: (619) 565-9171
TWX: 910-335-1590

TWer Distribution Group
000 Bowers Avenue

Santa Clara 95051

Tel: (408) 727-2500

TWX: 910-338-0296

1Wyle Distribution Group

17872 Cowan Avenue

Irvine 92714

Tel: (714) 863-9953
TWX: 910-595-1572

Wyle Distribution Group
6677 W. Agoura Rd.

Calabasas 91302

Tel: (818) 880-9000

TWX: 372-0232

COLORADO

Arrow Electronics, Inc.
7060 South Tucson Way
Englewood 80112

Tel: (303) 790-4444

‘tHamilton/Avnet Electronics
765 E. Orchard Road
unte 708
Englewood 8011

el: (303) 740-1 017
TWX: 910-935-0787
tWyle Distribution Group
451 E. 124th Avenue
Thornton 80241
Tel: (303) 457-9953
TWX: 910-936-0770

CONNECTICUT
TArrow Electromcs Inc.
mont Road

Tel: (203) 265-7741
TWX: 710-476-0162

Center

Hamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danbury 06810

Tel: (203) 797-2800

TWX: 71 9974
tPioneer Electronics

112 Main Street

Norwalk 06851

Tel: (203 853- 1517.'5

FLORIDA

tArrow Electronics, Inc.
400 Fairway Drive
Suite 102

Deerfield Beach 33441

T 510.665-6406

Arrow Electronics, Inc.
37 Skyline Drive

Suite 3101

Lake Marv 32746

Tel: (407& 323- 0252

tPioneer Electronics
1551 Carmen Drive

Elk Grove Village 60007
Tel: (312) 437-

TWX: 910-222-1834

INDIANA

tArrow Electronics, Inc.

In?lgrglpoﬂm Row, Suite H
s 462:

Tel: (31 4@9@53

TWX: 81 1-3119

Hamilton/Avnet Electronics
485 Gradle Drive

Carmel 46032

Tel: (317) 844-9333

tPioneer Electronics
astleplace Drive

apolis 462
Tel Tel (317) 849-7300
810-260-1794

IOWA

tHamilton/Avnet El
6801 Sth W:

33309
Tel: (305) 971-2900
TWX: 510-956-3097

fHamnIton/Avnet Electronics
3197 Tech Drive North

St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374

‘tHamitton/Avnet Electronics
6947 University Boulevard
Winter Park 32792

Tel: (305) 628-3888
TWX: 810-853-0322

tPioneer/Te echnologles Group, Inc.

ﬁlﬁ i es rings 32701
lonte

Tel: (407) 834- psr&o
TWX: 810-853-0284

GEORGIA

tArrow Electronics, Inc.
31 55 Northwoods Parkway

uite
Norcross 30071

Tel: (404) 449-8252
TWX: 810-766-0439

tHamilton/Avnet Electronics
5825 D Peachtree Corners
Norcross 30092

Tel: (404) 447-7500

TWX: 810-766-0432

Pioneer/Technologies Group, inc.
3100 F Noﬂhwoﬁs Place

Norcross 30071
Tel: (404) 448-1711
TWX: 810-766-4515

ILLINOIS

Arrow Electronics, Inc.
1140 W. Thorndale
ltasca 60143

Tel: (312) 250-0500
TWX: 312-250-0916

‘tHamilton/Avnet Electronics
1130 Thorndale Avenue
Bensenville 60106

Tel: (312) 860-7780

TWX: 910-227-0060

MTI Sys19ms Sales
1100 W. Thorndale

ltasca 60143
Tel: (312) 773-2300

; El

915 33rd Avenue, S.W.
Cedar Rapids 52404
Tel: (319) 362-4757

KANSAS

Arrow Electronics

8208 Melrose Dr., Suite 210
Lenexa 66214

Tel: (913) 541-9542

‘tHamilton/Avnet Electronics
9219 Quivera Road
Overland Park 66215

Tel: (913) 888-8900

TWX: 910-743-0005

Pioneer/Tec Gr.
10551 Lockman Rd.

Lenexa 66215
Tel: (913) 492-0500
KENTUCKY

Hamll‘lonlAvnet Electronics
1 D. Newton Park

Lexun on 40511

Tel: (606) 2569-1475

MARYLAND

Arrow Electronics, Inc.
8300 Guilford Drive
Suite H, Rwer Center
Colum ia 21044

el: (301) 995-0003
TWX 710-236-9005
Hamilton/Avnet Electronics
6822 Oak Hall Lane
Columbia 21045
Tel: (301) 995-3500
TWX: 710-862-1861

tMesa Technology Corp.
9720 Patuxent Woods Dr.

Tel: (301) 290-8150
TWX: 710-828-9702

gPIoneer/T ‘echnologies Group, Inc.
1 !

00 Gaither Road

Arrow Electronics, Inc.
7524 Standish Place
Rockville 20855

Tel: 301-424-0244
MASSACHUSETTS
Arrow Electronics, inc.
25 Uy Dr.

vwlm?'ngnton 01887
Tel: (617) 935-5134

‘tHamilton/Avnet Electronics
10D Centennial Drive
Peabody 01960

Tel: (617) 531-7430

TWX: 710-393-0382

MTI Systems Sales
83 Cambridge St.
Burlington 01813

Pioneer Electronics
44 Hartwell Avenue
Lexi n 02173

Tel: (617) 861-9200
TWX: 710-326-6617

MICHIGAN

Arrow Electronics, Inc.
755 Phoenix Drive
Ann Arbor 48104

Tel: (313) 971-8220
TWX: 810-223-6020

Hamilton/Avnet Electronics
2215 20th Street S.E.
Space A5

Grand Rapids 49508

Tel: (616) 243-8805

TWX: 810-274-6921

Ploneer Elemromcs
dmoor S.E.
Gvand Raplds 49508
616-698-1831

‘THamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700

TWX: 810-282-8775
TPloneerIMIch:gan

13485 Stamfor

Livonia 48150

Tel: (313) 5251800
TWX: 810-242-3271

MINNESOTA

tArrow Electronics, inc.
5230 W. 73rd Street
Edina 554

Tel: (612) 830-1800
TWX: 910-576-3125

‘tHamilton/Avnet Electronics
12400 Whitewater Drive
Minnetonka 55434

Tel: (612) 932-0600

tPioneer Electronics
7625 Golden Triange Dr.
Suite G

Eden Prairi 55343

Tel: (612) 944-3355

MISSOURI

TArrow Electronics, Inc.
2380 Schuetz

St. Louis 63141

Tel: (314) 567-6888
TWX: 910-764-0882

‘tHamilton/Avnet Electronics
é%a Shoreline Court

Tel: (314) 344-1200
TWX: 910-762-0684

NEW HAMPSHIRE

tArrow Electronics, Inc.
3 Perimeter Road
Manchester 03103

Tel: (603)

TWX: 710-220-1684

tHamilton/Avnet Electronics
444 E. Industrial Drive
Manchester 03103

Tel: (603) 624-9400
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NEW JERSEY

TArrow Electronlcs. Inc
Four East Stow

Unit 11

Mariton 08053

Tel: (609) 596-8000
TWX: 710-897-0829

tArrow Electronics
6 Century Drive
Parsipanny 07054
Tel: (201) 538-0800

‘tHamilton/Avnet Electronles
1 Keystone Ave., Bldg. 36

Cherry Hill 08003

Tel: (609) 424-0110

TWX: 710-940-0262

‘tHamilton/Avnet Electronics
10 Industrial
Fairfield 07006
Tel: (201) 575-5300
TWX: -4388

gm Slyslems Sales
Fairfield 07006
Tel: (201) 227-5552

tPioneer Electronics
45 Route 46
Pinebrook 07058
Tel: (201) 575-3510
TWX: 710-734-4382-

NEW MEXICO

Alliance Electronics Inc.
11030 Cochiti S.E
Albuguerque 87123
Tel: (505) 292-3360
TWX: 910-989-1151

Hammon/Avnet Electronics
2524 Baylor Drive S.E.
Albuquerque 87106

l: (505) 765-1500
TWX 910-989-0614

NEW YORK

tArrow Electronics, Inc.
3375 Brighton Henrietta
Townline Rd.

Rochester 14623

Tel: (716) 275-0300
TWX: 510-253-4766

Arrow Electronics, Inc.
20 Oser Avenue
Hauppauge 11788
Tel: (516) 231-1000
TWX: 510-227-6623

Hamilton/Avnet
933 Motor Parkway
Hauppauge 11788
Tel: (516) 231-9800
TWX: 510-224-6166

‘él-slsamllton/Avnet Electronics
Rochester 14623

Tel: (716) 475-9130

TWX: 510-253-5470

DOMESTIC DISTRIBUTORS (Contd.)

Ploneer Electronics
40 Oser venue
Haup e 11787
Tel: ( 15) 3316200

tPioneer Electronics
Crosswa Park West
odbury, ung Island 11797
Tel (516) 921
TWX: 5§10-221-; 2184

tPioneer Electronics
840 Fairport Park
Fairport 14450

Tel: (716) 381-7070
TWX: 510-253-7001

NORTH CAROLINA

TArrow Electronics, Inc.
5240 Greensdairy Road
Ralelg 27604

Tel: (919) 876-3132
TWX: 510-928-1856

tHamilton/Avnet Electronics
3510 Sprln Forest Drive

Raleigh 2:

Tel: (919) 878 0819

TWX: 510-928-1836

5F;u:neer/'l‘ecl'mologles Group, Inc.

ulhem

Chariotte 28210
Tolo (9‘9) 527-8188
810-621-0366

ine Blvd

OHIO

Arrow Electronics, Inc.
7620 McEwen Road
Centerville 45459

Tel: (513) 435-5563
TWX: 810-459-1611

tArrow Electronics, Inc.
6238 Cochran Road

Solos
Tel (21 6) 243-3990
810-427-9409

{Hamilton/Avnet El

OREGON

tAimac Electronics Corp.
1885 N.W. 169th Place
Beaverton 97005

Tel: (503) 629-8090
TWX: 910-467-8746

fHamHton/Avnet Elearonlcs
6024 S.W. J load

Bldg. C, Suite. 10

Lake Oswego 97034
Tel: (503) 635-7848
TWX: 910-455-8179

Wyle Distribution Group
5250 N.E, Elam Young Parkway

Suite 600

Hillsboro 97124
Tel: (508% 640-6000
TWX: 910-460-2203

PENNSYLVANIA

Arrow Electronics, Inc.

650 Seco Road
Monroeville 15146

Tel: (412) 856-7000

Hamilton/Avnet Electronics
2800 Liberty Ave.
Pittsburgh 15238

Tel: (412) 281-4150

Pioneer Electronics
259 Kappa Drive
Pittsburgh 15238
Tel: (412) 782-2300
TWX: 710-795-3122

Delaware V:

261 Gibralter Road
Horsham 19044
Tel: (215) 674-4000
TWX: 510-665-6778

tPioneer/T echnologles Group, Inc.
alley

TEXAS

tArrow Electronics, Inc.
3220 Commander Drive

954 Senate Drive
Dayton 45459

Tel: (51 3) 439-6733
TWX: 810-450-2531

Hamilton/Avnet Electronics
4588 Emery Industrial Pkwy.
Warrensville Heights 44128
Tel: (216) 349-5100

TWX: 810-427-9452

‘tHamilton/Avnet Electronics
777 Brooksedge Blvd.
Westerville 43081

Tel: (614) 882-7004

tPioneer Electronics
4433 Interpomt Boulevard

Te?«(51 3&336—9900

1Pioneer Electronics
4800 E. 131st Street

1h El
103 Twin Oaks Drive
Syracuse 13206

Tel: (315) 437-0288
TWX: 710-541-1560
tMT! Systems Sales
38 Harbor Park Drive
Port Washington 11050
Tel: (516) 621-6200
tPioneer Electronics
68 Corporate Drive

TWX: 510-252-0893

d 441
Tek: (216) 67. 300
TWX: 810-422-2211

OKLAHOMA

Arrow Electronics, Inc.
1211 E. 51st St., Suite 101
Tulsa 74146

Tel: (918) 252-7537

‘tHamilton/Avnet Electronics

'1|'2I121 E. 5151 St., Suite 102A
ulsa

Tel: (91 8) 252 7297

fMicrocomputer System Technical Distributor Center

006
o Tel: 212) 380-6464
TWX: 910-860-5377

‘TArrow Electronics, Inc.
10899 Kinghurst

Suwe 100

Hou: 77099
Tel (713 530-4700
TWX: 910-880-4439

tArrow Electronics, Inc.
2227 W. Braker Lane
Austin 78758

Tel: (512) 835-4180
TWX: 910-874-1348

‘tHamilton/Avnet Electronics
1807 W. Braker Lane
Austin 78758

Tel: (512) 837-8911

TWX: 910-874-1319

‘tHamilton/Avnet Electronics
2111 W. Walnut Hill Lane
Irving 75038

Tel: (214) 550-6111

TWX: 910-860-5929

THamilton/Avnet Electronics
4850 erght Rd Suite 190

Stafford 77.
Tel: (71 3) 240-7733
TWX: 910-881-5523

tPioneer Electronics
18260 Kramer
Austin 78758

Tel: (512) 835-4000
TWX: 910-874-1323

1Pioneer Electronics
13710 Omega Road
D 75234

allas
Tel: (214) 386-7300
TWX: 910-850-5563

tPloneer Electronics
5853 Point West Drive
Houston 77036
Tel: (713) 988-5555
910-881-1606

le Distribution Group
\1~8};10 Greenville Avenue
Richardson 75081
Tel: (214) 235-9953

UTAH

Arrow Electronics

1s 946 Parkway Ivd9

Tel (801) 973-6913
‘tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City 84119

Tel: (801) 972-2800

TWX: 810-925-4018

Distribution Grou|
%yzlg West 2200 Sout p

Suite E
West Valley 84119
Tel: (801) 974-9953

WASHINGTON

tAlmac Electronics Corp.
14360 S.E. Eastgate Way
Bellevue 98007

Tel: (206) 643-9992
TWX: 910-444-2067

Arrow Electronics, Inc.
19540 68th Ave. South

Kent 98032
Tel: (206) 575-4420

BRITISH COLUMBIA
1 Hamlnon/Avnet Electronlcs

Borrealay V5M szs
Tel: (604) 437

Zentronics
108-11400 Bri epor( Road
Richmond VéX
Tel: (604) 273- 5575
TWX: 04-5077-89

MANITOBA

Zentronics

60-1313 Border Unit 60
WInnI R3H 0X4

Tel: ( 694-1957

ONTARIO

Arrow Electronics, Inc.
35Anta D

7W5
e (613) e

Arrow Electronics, Inc.
1093 Meyerside
Mississauga L5T 1M4

Tel: (416) 673-7769

TWX: 06-218213
tHamilton/Avnet Electronics
6845 Rexwood Road

Units 3-4-5

Mississauga L4T 1R2

Tel: (416) 677-7432
TWX: 610-492-8867

Harmilton/Avnet Electronics
6845 Rexwood Rd., Unit 6
Mississauga L4T 1R2

Tel: (416) 277-0484

tHamilton/Avnet Electronics
190 Colonnade Road South

Nepean K2E 7L5
Tel: (613) 226-1700
TWX: 05-349-71

tHamitton/Avnet El
14212 N.E. 21st Street
Bellevue 98005

Tel: (206) 643-3950
TWX: 910-443-2469

Wyle Distribution Group
15385 N.E. 90th Street
Redmond 98052

Tel: (206) 881-1150
WISCONSIN

Arrow Electronics, Inc.

200 N, Patrick Blvd., Ste. 100
Brookfield 53005

Tel: (414) 767-6600
TWX: 910-262-1193

Hamilton/Avnet Electronics
2975 Moorland Road

New Berlin 5315
Tel: (414) 784-4510
TWX: 910-262-1182

CANADA

ALBERTA

Hamilton/Avnet Electronics
2816 21st Street N.E.

Calgary T2E 623
Tel: (403) 230-3586
TWX: 03-827-642

Zentronics

Bay No. 1

3300 14th Avenue N.E.
Calgary T2A 6J4

Tel: (403) 272-1021

1

8 Tilbury Court
Brampton L6T 3T4
Tel: (416) 451-9600
TWX: 06-976-78

1Zent
:j 55 Colonnade Road

epean K2E 7K1
Tel: (613) 226-8840

Zentronics

60-1313 Border St.
Winnipeg R3H 014
Tel: (204) 694-7957

QUEBEC

tArrow Electronics Inc.

4050 Jean Talon Quest

Montreal H4P 1W1

Tel: (514) 735-5511
WX: 05-25590

Arrow Electronics, Inc.
500 Avenue St-Jean Baptiste
iite 280

Quebec G2E 5R9
Tel: (418) 871-7500
FAX: 418-871-6816

Hamilton/Avnet Electronics
2795 Halpern
$St. Laurent H2E 7K1
Tel: (514) 335-1000
TWX: 610-421-3731

Zentronics

817 McCaffrey

St. Laurent H4T 1M3
Tel: (514) 737-9700
TWX: 05-827-535



DENMARK

Intel Denmark A/S
Glentevej 61, 3rd Floor
2400 Copenhagen NV
Tel: (45) (31) 19 80 33
TLX: 19567

FINLAND

Intel Finland OY
Ruosilantie 2

00@90 H?;mkv
TLX
FRANCE

Intel Corporation S.A.R.L.
1, Rue Edison-BP 303
78054 St. Quentin-en-Yvelines

Cedex
Tel: (33) (1) 30 57 70 00
TLX: 699016

EUROPEAN SALES OFFICES

WEST GERMANY

Intel Semiconductor GmbH*
Dornacher Strasse 1

8016 Feldklrchenggei Muenchen

Tel: (49) 089/909
TLX: 523177

Intel Semiconductor GmbH
Hohenzollern Strasse 5
3000 Hannover 1

Tel: (49 0511/344081

Intel Semloonductor GmbH

Abraham Lincoln Strasse 16-18

6200 Wiesbaden
Tel: (49) 06121/7605-0
TLX: 4-186183

Intel Semiconductor GmbH
Zettachring 10A

7000 Stuttgart 80
Tel: (49) 0711/7287-280
TLX: 7-254826

ISRAEL

Intel Semiconductor Ltd.*
Atidim Industrial Park-Neve Sharet
; (I) Box 43202
ol-A
Tel (972) 3-548-3222

ITALY

Intel Corporation Italia S.p.A.*
Milanofiori Palazzo E

Milano
Tel: (39) (02) 89200950
TLX: 341286

NETHERLANDS

Intel Semiconductor B.V.*
ggstbus 84130

99 CC Rotterdam
Tel: (31) 10.407.11.11
TLX: 22283
NORWAY
Intel Norway A/S
Hvamveisn 4-P0 Box 92
.2r0'1 (487)k (6) 842 420

ol
TLX: 78018
SPAIN
Intel Iberia S.A.
Zu

rbaran, 28

28010 Madrid

Tel: (34) (1) 308.25.52
TLX: 46880

SWEDEN

Intel Sweden A.B.*
Dalvagen 24

171 36 Solna

Tel: (46) 8 734 01 00

TLX: 12261

SWITZERLAND

Intel Semiconductor A.G.
Zuerich:

8185 Winkel-Rueti bei Zuerich
Tel: (41) 01/860 62 62

TLX: 825977

UNITED KINGDOM

lntel Cory vrovahon (UK) Ltd.*

4 ndon, WIItshIreSNam.l
Tel: (44) (0793) 696000
TLX: 444447/8

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

Bacher Electronics G.m.b.H.
Rotenmuehlgasse 26

1120 Wien

Tel: (43) (0222) 83 56 46
TLX: 31532

BELGIUM

Inelco Belgium S.A.

Av. des Croix de Guerre 94
1120 Bruxelles

Oot kruisenlaan, 94
1120 Brussel

Tel: (32) ;02) 216 01 60
TLX: 64475 or 22090
DENMARK

ITT-Multikomponent
Naverland 29

2600 Glostrup

Tel: (45) (0) 2 45 66 45
TLX: 33 355

FINLAND

QY Fintronic AB
Metkonka‘lu 24A

00210
Tel (358) (0) 6926022
FRANCE

Alm

Zone industrielle d’Antony
48, rue de I'’Aubepine

BP 102

92164 Antony cedex
Tek: (335)031) 4666 21 12

Jermyn -Generim
60, rue des Gemeaux

Silic 80

94653 Ri cedex
Tel (33) (1 549 784978
Metrol

Tour d meres

Tel: (33) (l) 47 90 62 40
TLX: 611448

*Field Application Location

Tekelec-Airtronic
Cite des Bruyeres
Rue Carle Vernet - BP 2

92310 Sevres
Tel: (33) (2245 347535
TLX: 2045

WEST GERMANY

Electronic 2000 AG
Stahlgruberring 12
8000 Muenchen 82
Tel: (49) 089/42001-0
TLX: 522561

ITT Multikomponent GmbH
Postfach 1265

s
ingen
Tol: (49) 0714374879
TLX: 7264472

Jermyn GmbH
Im Dachsstueck 9

b (49) 06431/508-0
TLX: 4152570

Metrologie GmbH
Meglin erstrasse 49
800 ienchen 71
Tel (49) 089/78042-0

Pmelectron Vertriebs GmbH ;

Max Planck Strasse 1
6072 Dreieich

Tel: (49) 06103/30434-3
TLX: 417903

IRELAND

Micro Marketing Ltd.

Glenageary Office Park
Glenageary

Co. .
Tel (21) 353) (01) 85 63 25

ISRAEL

Eastronics Ltd.

11 Rozanis Street
P.O.B.

Tel-Aviv 61392
{_el (972) 03-475151

ITALY

Intesi

Dlvlslone ITT Industries GmbH
Viale Milanofiori

Palazzo E/5

20090 (M)

Tel: (39) 02/824701

TLX: 311351

Lasi Elettronica S.p.A.
V. le Fulvio Testi, 126
20092 Cinisello Balsamo (MI)
Tel: (39) 02/2440012
TLX: 35204

Telcom S.r.

Via M. Clvltall 75
20148 Milano

Tal: (39) 02/4049046

ulnoom onents
Vlale Milanofiori EIS
20090 Assago (MI)
Tel: (39) 02}%24701
TLX: 31 1351

Silvel

Via Del Graochl 20

20146 Milano

Tel: (39) 02/49961

TLX: 332189

NETHERLANDS

sa\n/\ing en Hartman Elektrotechniek
Energieweg 1

Tel: (31) (0) 15/609906
TLX:(382§O)

NORWAY

Nordisk Elektronikk (Norge) A/S
Postboks 123

Smedsvingen 4

1364 Hvalstad

Tel: (47) (02) 84 62 10

TLX: 77546

PORTUGAL

ATD Portugal LDA
l;lua Dos Lusiados, 5 Sala B

300 Li
Tel: (35) (1) 64 80 91
TLX: 61562

Ditram

Agenlda Miguel Bombarda, 133

1000 Lisboa
Tel (39 (1 5453 13
TLX: 14182

SPAIN

ATD Electronica, S.A.
Plaza Ciudad de Viena, 6
28040 Madrid

Tel (34) _w 234 40 00

ITI'—S
Calle Miguel Angel, 21-3

28010 Madi
Tek: (34) (1) 419 09 67

Metrologla Iberica, S.A.
Ctra. de Fuencarral, n.80
28100 Alcobendas (Madrld)
Tel: (34) (1) 653 86 11
SWEDEN

Nordisk Elektronik AB
Torshamnsgatan 39
Box 36

164 93 Kista
Tel: (46) 08-03 46 30
TLX: 105 47

SWITZERLAND

Industrade A.G.
Hemstrasse 31

8304 Wall

Tel (41) 581) 3328111

TURKEY

EMPA Electronic
Lindwurmstrasse 95A

8000 Muenchen 2
Tel: (49) 089/53 80 570
TLX: 528573

UNITED KINGDOM

Accent Electronic Components Ltd.

Jub«lee House, Jubilee Road
, Herts SG6 1TL
Tel (44) 0462) 686666

ech-Comway Systems
4he Western ésm’

Bracknell RG1 2 1RW
Tel: (44;2%344) 55333
TLX: 847201

Jermyn
Vestry Estate
Otford Road

Sevenoaks
Kent TN14 5|
Tel (44) $o732) 450144

Unlt 8 Southview Park
Caversham

Reading
Berkshire RG4 0AF
Tel: (44) gom) 481666

Rapid Silicon
Rapid House
Figh Wycomoe.

mi
\Bugoki hamshire HP11 2ER
Tel: (44 (0494) 442266
TLX: 837931

Rapld Systems

Rapid

3?'%"‘&%3"%“

Bt?ekm hamshire HP11 2ER
Tel: (44) (0494) 450244

TLX: 837931

YUGOSLAVIA

H.R. Microelectronics Corp.
2005 de la Cruz Bivd., Ste. 223
3ama Clara, CA 95050

Tel: (1) (408) 988-0286
;387452

Rapido Electronic Components

S.pa.
Via C. Beccaria, 8
34133 Trieste

ltalia
Tel: (39) 040/360555
TLX: 460461



AUSTRALIA

Intel Austrnlla ny Ltd.*
Spectrum

200 Paclﬂc H evel 6
Crows Nest, NSE, 2065
Tel: 612-957-2744

FAX: 612-923-2632

BRAZIL

Intel Semicondutores do Brazil LTDA
Av Paulista, 1159-CJS 404/405
01311 - Sao Paulo - S.P.
Tel: 55-11-287-5899
TLX: 3911153146 ISDB
FAX: 65-11-287-5119

CHINA/HONG KONG
Intel PRC Corporatlon

“15/F, Office 1, Citic Bld,

Jian Guo Men Wai Stvegt
Be|| ng,

: ( masm
TLX: 22047 INTEL CN
FAX: (1) 500-2953
Intel Semiconductor Ltd.*
10/F East Tower
Bond Center
Oueen;\:ay. Central

o
Tel: (852) 844-4555
FAX: (852) 868-1989

INTERNATIONAL SALES OFFICES

INDIA

Intel Asla Electronics, Inc.
4/2, Samrah Plaza

St. Mark’s Road
Ban%alore 560001

Tel: 011-91-812-215065
TLX: 9538452875 DCBY
FAX: 091-812-215067

JAPAN

Intel Japan K.

5-6 Tokodai, Tsukuba -shi
Ibaraki, 30026

Tel: 0298-47-8511

TLX: 3656-160

FAX: 0298-47-8450

Intel Ja&an KK*

Dallch itsugi Bldg.
uchu-eho

Fuchu -shi, T

Tel: 0423-60-71 71

FAX: 0423-60-0315

lg. Kumagaya

2-69 Hv.)n-ohgt;.l

Kumggg -shi, Saitama 360
Tel: 24-6871
FAX: 0485-24-7518

Intel J?a n K.K*

Mitsui-Seimei Musashi-kosugl Bidg.

915 Shinmaruko, Nakahara-|

Kawasaki-shi, Kanagawa 211

Tel: 044-733-7011

FAX: 044-733-7010

Intel Japan K.K.

Nihon Seimei Atsugl Bldg.

1‘51 As:lhll-(rg chi 243
ugi-s| nagawa

Tel: 8462 29-373

1
FAX: 0462-29-3781

'Rn;okJa%?Eg'gia
uchi- 9.
241 Terauchi

Te naka -shi, Osaka 560
Tel: 06-863-109
FAX: 06-863-1084

Intel Japan K.K.
Shinmaru Bldg.

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel: 03-201-3

FAX: 03-; 201-6850

Intel Jay nKK

Green

g‘;k6-2'? Nﬁhlkl ni
@a-ku, Nagoya-shi

Aichi 450 oy

Tel: 052-204-1261

FAX: 052-204-1285

KOREA

Intel Technol Asia, Ltd.
16th Floor, Life Bldg.
61 Voldo dong YYoungdeungpo-Ku

Seoul
Tel: (2 784-8136 8286, 8386
TLX:

12 INTELKO
FAX: (2) 784-8096
SINGAPORE

Intel S ore Technol Ltd.
l1J° hggnz%n Road #21- y/06

SIngapore 1 130
Tel: 250-7811

9 INTEL
FAX: 250-9256

TAIWAN

Intel Technology Far East Ltd.
8th Floor, No.

Bank Tower Bldg

Tung Hua N. Road

ipei
Tel: 886-2-716-9660
FAX: 886-2-717-2455

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

afsys S.R.L.
Chacabuco, 90-6 Piso
1069-Buenos Aires
Tel 54-1 -334—7726

AX: 54-1-334-1871

. AUSTRALIA

Email Electronics
16-17 Huma Street
Huntingdale, 3166
Tel: 01 1-3 544-8244

TLX:
FAX: 011-61-3-543-8179

NSD-Australia

205 Middleborough Rd.
Box Hill, Victoria 3128
Tel: 03 8900970

FAX: 03 8990819

BRAZIL

Elebra Microelectronica S.A.

Rua Geraldo Flausina Gomes, 78
7 Andar

04575 - Sao Paulo - S.P.

Tel: 55-11-534-9641

TLX: 55-11-54593/54591

FAX: 55-11-534-9424

CHINA/HONG KONG

Novel Precision Machinery Co., Ltd.

Flat D, 20 Kingsford Ind. Bidg.

Phase 1, 26 Kwal Hel Street
owloon

Hong Kong

Tsln?852% 422-3222
TWX: 39114 JINMI HX

FAX: (852) 426-1602

INDIA
Micronic Devices

Arun Complex
No. 65 D.V.G. Road

gu |
% 0 004
Tel: 11~91—812—600-631
011-91-812-611-365
: 9538458332 MDBG

*Field Application Location

Micronic Devices
No. 516 5th Floor
Swastik Chambers
Sion, Trombay Road
Chembur

Bombay 400 071
TLX: 9531 171447 MDEV

Micronic Devices
25/8, 1st Floor
Badnaglnd .“«" 4

er Nagar
New Delhi 110 Ogs'b
Tel: 011-91-11-5723509

011-91-11-589771

TLX: 031-63253 MDND IN

Mk:ronlc Devices
12A Dwarakapuri Colony

ad
"I"'eyl(1 011-91-842-226748

S&S Corporation
1587 Kooser Road
San Jose, CA 95118
Tel: (408) 975-6216

TLX: 820281
FAX: (408) 978-8635
JAPAN

Asahi Electronics Co. Ltd.
KMM Bldg. 2-14-1 Asano
Kokurakita-ku

Tel: 093-511-6471
FAX: 093-551-7861

C. ltoh Techno-Sdenee Co., Ltd.
4-8-1 Dobashi, M ku
Kawasaki-shi, Kanagawa 213
Tel: 044-852-51

FAX: 044—877—4268

Dia Semicon Systems, Inc.
Flower Hill Shinmachi ngashl i-kan
T-za-s 1Ss4nmach , Setagaya-ku

Tel: 03-439-1600
FAX: 03-439-1601

Okaya Koki

2-4-18 Sakae

Naka-ku, Nagoya-shi 460
Tel: 052-204-2916

FAX: 052-204-2901

Ryoyo Electro Corp.
Konwa Bldg.
1-12-22 Tsukiji
Chuo-ku, Tokyo 104
Tel: 03-546-5011
FAX: 03-546-5044
KOREA

J Tek Corporatlon

loor, Government Pension Bldg.

24-3 Yoido-don
Youl deungpo— u

Seoul

Tel: 82 2 7&0—80
TLX: 2! KODIGIT
FAX: 82 2-784-8391

Samsung Electronics
150 Taepyungro-2 KA
Chungku, Seoul 100-102
Tol: 82-2-751-3985

TLX: 27970 KORSST
FAX: 82-2-753-0967

MEXICO

SSB Electronics, Inc.

675 Palomar Street, Bldg 4, Suite A
Chula Vista, CA 9201

Tel: (619) sss 3253

TLX: 287751 CBALL UR

FAX: (619) 585-8322

Dicopel S.A.
Tochtli 368 Fracc. Ind. San Antonio
Azcapotzalco
CP. 02760-Mexloo, D.F.
e 52 5-561-3211
LX: 177 3790 Dicome
FAX 52-5-561-1279

PSIS.A.deC.V.

Fco. Villa esq. Ajusco s/n
Cuernavaca—Morelos
Tel: 52-73-13-9412

FAX: 52-73-17-5333

NEW ZEALAND
Email Electronics
36

FAX 011-64- 9-592-681

SINGAPORE

Electronic Resources Pte, Ltd.
1SI7 Harvey l;load #04-01
N, re
Tel: 2 gg
TWX: 56541 ERS
FAX: 2895327

SOUTH AFRICA

Electronic Building Elements

178 Erasmus Street (off Watermeyet Street)
Meyerspark, Pretoria, 0184

Tel: 011-2712-803-7680

FAX: 011-2712-803-8294

TAIWAN

Micro Electronics Col ratlon
§/F 587 Ming Shen East Rd.

Taipel , R.O.
Tel: 886-2-501-8231
FAX: 886-2-505-6609

15/ 1 , Section 2
Chien Juo North Rd
Taipei 10479, R.0.C.
Tel: (02) 5010055
FAX: (02) 5012521
02) 5058414

VENEZUELA

P. Benavides S.A.
Avilanes a Rio
Residencia Kamarata
Locales 4 AL 7

La Candelaria, Caracas
Tel: 58-2-574-6338

TLX: 28450
FAX: 58-2-572-3321



ALABAMA

*Intel 3
5015 Bradford Dr., Suite 2
Huntsville 35806

Tel: (205) 830-4010

ALASKA

Intel Corp.

clo TranaAlaska Data Systems
300 Old Steese Hwy.
Fairbanks 99701 -3120

Tel: (907) 452-4401

Intel

g:/é TransAlaska Data Systems
Anchor: 99507

Tel: (90 520-1776

ARIZONA

*Intel Corp.

11225 N. 26th Dr.

Suite D-214

Phoenix 85029

Tel: (602) 869-4980

*Intel Corp.

500 E. Fry Bivd., Suite M-15
Vista 85635

Sierra
Tel: (602) 459-5010

CALIFORNIA

tintel Corp.

21515 Vanowen St,, Ste. 116
Park 91303

Tel: (818) 704-8500

;2";(‘)' ECorp rial Hwy., Ste. 218
m| te.

EI ur\t!t‘z)e 90245

el: (213) 640-6040

*intel Corp.
1900 Prairie City Rd.

Folsom 95630-9597
Tel: 3916 351-6143
-3548

Intel Col

9665 cr:gsapeake Dr., Suite 325

$San D
Tel: (61 282 6086

**Intel Corp.

400 N. Tustin Avenue
Sulte 450

Santa Ana 92705

Tel: (714) 835-9642

**tintel Corp
San Te

2700 San Tomas Exp., 2nd Floor
95051

Santa Clara
Tel: (408) 986-8086

CALIFORNIA
2700 San Tomas Expressway
lara 95051

Santa Cl
Tel: 3408) 970-1700
21-0386

DOMESTIC SERVICE OFFICES

COLORADO

*Intel Corj

650 S. C e St., Suite 915
Denver 80:

Tel: (303) 321-8086

CONNECTICUT

*Intel Co;p

301 Lee Farm Corporate Park

83 Wooster Helgms Rd.

Danbury 06810

Tel: (203) 748-3130

FLORIDA

**Inte| Corp.

6363NW 6th Way, Ste. 100
t. Lauderdale 33309

Tel (305) 771-0600

*Intel Corp.

5850 T.G. Lee Bivd,, Ste. 340

Orlando 3282

Tel: (407) 24(»&000

GEORGIA

*Intel Corp.

3280 Pointe Pkwy., Ste. 200

Norcross 30092

Tel: (404) 449-0541

HAWAII
*Intel Corp.
U.S.1.8.C. Signal Batt.
suudlngn 21
Shafter Plats
Shaitof96856

ILLINOIS

**tIntel Corp.

300 N. Mai nggle Rd., Ste. 400
Schaumburg 60173

Tel: (708)

INDIANA

*Intel Corp.

I87d7l7 Pul rle Rd., Ste. 125
Indianapolis 46268

Tel: (317) 875-0623
KANSAS

'Intel Cody S it 140
ul 0

Overland

Tel: 913) 345 2727

MARYLAND

"'ﬂntol Col
10010 Junction Dr., Suite 200
Annagolls Junction 20701
206-2860

CUSTOMER TRAINING

ILLINOIS

MASSACHUSETTS
**tintel Corp.

3 Carlisle Rd., 2nd Floor
Westford 01886

Tel: (508) 692-1060
MICHIGAN

*tintel Corp.

7071 Omhrgrd Lake Rd., Ste. 100

West Bioomfield 48322
Tel: (313) 851-8905

MINNESOTA

*tintel 00&.

3500 W. St., Suite 360
Bloomlngton 55431

Tel: (612) 835-6722
MISSOURI

*Intel lm
42035& CItyExp Ste. 131

Earth C
Tel: (314] 291 19980

NEW JERSEY
"Intel Corp.
Sytvan ‘Avenue

Englewood Cliffs 07632
Tel: (201) 567-0821

'lmel Corr
09 Office Center

Tel: (201) 747-2233
.%O(I:orpmat Cent
e Center

75 Livingston Ave., 1st Floor
Roseland 07

Tel: (201) 740-0111

NEW YORK

*tintel Corp.

2950 Expressway Dr. South

islandia 11722
Tel: (516) 231-3300

'Intol Corg
usls;.:s Center

B
Fistiil 12524
Tel: (914) 897-3860

MASSACHUSETTS

3 Carlisle Road, First Fioor

Westford 01886

Tel: S301) 220-3380
-800-328-0386

NORTH CAROLINA

'Imel Corp.

Execuﬂve Dr., Ste. 105
Charlotte 282

Tel: (704) 566-8966

2700 Wyl Foad

§ihe 105"

Ralelgh 27607

Tel: (919) 781-8022

OHIO

*xg]

340"I-'t g'ark Snter Dr., Ste. 220
"I? : (513) 8;3-5350

*tintel

?:1: (216) 46:-427236
OREGON

Int
Building B

Beaverton 97005
Tel: (503) 645-8051

*|

5
Hillsboro 87123
Tel: (503) 681-8080

PENNSYLVANIA
*tintel Cory

455 Ponnsglvanla Ave., Ste. 230
19034

Fort Washington
Tel: (215) 641-1000

tintel Co

400 Penr:p CQntar Bivd., Ste. 610

Tel: (41 rg) 823-4970

el Corp.
1513 Cedar Cliff Dr.
Camp Hill 17011
Tel: (717) 761-0860
PUERTO RICO

Intel Corp.

South Industrial Park
P.O. Box 910

Las Pledras 00671
Tel: (809) 733-8616

CENTERS

MARYLAND
10010 Junction Dr,
Suite 200

An is Juncﬂon 20701
Tal 1)
&0@83

25700 Sclence Park Dr., Ste. 100
wood 441

ntel Corp.
15254 N.! W Greenbrier Parkway

200 N.E. Elam Young Parkway

TEXAS

Intel Corp.

8815 Dyer St., Suite 225
El Paso 79904

Tel: (915) 751-0186

*Intel Corp.
313 E. Anderson Lane, Suite 314

Austin 78

Tel: (512) 454-3628
**tintel Corp.

12000 Ford Rd., Suite 401

75234
e (214) 241-8087

*Intel Corp.

7322 SW Freeway, Ste. 1490
Houston 77074
Tel: (713) 988-8086

UTAH

Intel Corp.

428 East 6400 South, Ste. 104
Murr%sﬁ 07

Tel: (801) 263-8051

VIRGINIA

*Intel Corp.

1504 Santa Rosa Rd., Ste. 108
Richmond 23288

Tel: (804) 282-5668

WASHINGTON

*Intel Corp.

155 108"1 Avenue N.E., Ste. 386
e 98004

Bellevt
Tel: (206) 453-8086

CANADA

ONTARIO

Intel Semiconductor of
Canadea, Ltd.

2650 Queensview Dr., Ste. 250
Ottawa K2B 8H6

Tel (6133'5299714

Intel Semiconductor of
Canada, Ltd.

190 Attwell Dr., Ste. 102
Rexdale MGW 6H8

Tel: (416) 675-2105
FAX: 416-675-2438

SYSTEMS ENGINEERING MANAGERS OFFICES

MINNESOTA

Bloomington 55431
Tel: (612) 835-6722

1System Engineering locations

*Carry-in locations
**Carry-in/mall-in lccations

NEW YORK

2950 Expressway Dr., South
Islandia 11722
Tel: (506) 231-3300






UNITED STATES
Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

5.6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

FRANCE

Intel Corporation

1 Rue Edison, BP 303

78054 Sant-Quentin-en-Y velines Cedex

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.
Pipers Way

Swindon

Wiltshire, England SN3 1R]

WEST GERMANY
Intel Semiconductor GmbH

Dornacher Strasse 1
8016 Feldkirchen bei Muenchen

HONG KONG

Intel Semiconductor Ltd.
10/F East Tower

Bond Center
Queensway, Central

CANADA

Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500
Rexdale, Ontario MOW 6HS8
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