





















































































































































































































































































































































































































































CHAPTER 12
HARDWARE PROVISIONS FOR FLOATING POINT MATH

The 80186 microprocessor family was designed for general-
purpose microprocessing. Inmost data controllerapplications,
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. Character-
istics of such applications include the following:

«  Numeric data vary over a wide range of values or include
non-integral values.

»  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 algorithms.

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

The 80186 family supports these needs by providing the nec-
essary hardware interfaces to either a numerics coprocessor
(the 8087) or anumerics coprocessor extension (the 80C187).

12.1 USING THE 80186/80188 WITH THE
8087 NUMERICS COPROCESSOR

Use of the 8087 numerics coprocessor with an 80186 or 80188
adds 68 floating-point instructions and eight 80-bit floating-
point registers to the basic architecture. An 8087 can increase
the math performance of an 80186/80188 system by 50to 100
times. The detailed operation of 80186(80188)/8087 hard-
ware and software is transparent to the system user.

12.1.1 OVERVIEW OF NUMERICS
COPROCESSING

The 80186 or 80188 interfaces to the 8087 through an 82188
Integrated Bus Controller (See Figure 119). Due to the 33
percent duty cycle restriction of the 8087 (specifically the
8087-1 speed selection) and clock input restrictions of the
82188, this combination is limited in speed to 8 MHz.

12-1

12.1.2 8087 INSTRUCTION SET

8087 instructions are divided into six functional groups: data
transfer, arithmetic, comparison, transcendental, constant, and
processor control. Typical 8087 instructions accept one or two
operands and produce a single result. Operands are most often
located in memory or the 8087 stack. The operands of some
instructions are predefined; forexample, FSQRT always takes
the square root of the number in the top stack element. Others
allow, orrequire, the programmertoexplicitly 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 80186 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.

12.1.2.1 DATA TRANSFER INSTRUCTIONS

These instructions move operands among elements of the 8087
register stack, and between stack top and memory. Any of the
sevendatatypescanbe converted to temporary real (see Section
12.1.3) 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 22.

12.1.2.2 ARITHMETIC INSTRUCTIONS

The 8087’s arithmetic instruction set (Table 23) provides a
wealth of variations on the basic add, subtract, multiply, and
divide operations, and a number of other useful functions.
These range from a simple 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 23 summarizes the available operation and operand
forms provided for basic arithmetic. In addition to the four
normal operations, two “reversed” instructions make subtrac-
tionanddivision*‘symmetrical’like addition and multiplication.
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Figure 119. 80186 (80188) — 82188-8087 Circuit Diagram

Thevariety of instructionand 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 tempo-
rary real, long real, short real, short integer, or word inte-
ger, with automatic type conversion to temporary real
performed by the 8087.
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12.1.2.3 COMPARISON INSTRUCTIONS

Each of these instructions (Table 24) analyzes the stack top
element, often in relationship to another operand, and reports
the result in the status word condition code. The basic opera-
tions are compare, test (compare with zero),and examine (report
tag, sign, and normalization).
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Table 22. Data Transfer Instructions

Table 23. Arithmetic Instructions

REAL TRANSFERS ADDITION
FLD Load real FADD Add real
FST Store real FADDP Add real and pop
FSTP Store real and pop FIADD Integer add
FXCH Exchange registers SUBTRACTION
INTEGER TRANSFERS FSUB Subtract real
FILD Integer load FSUBP Subtract real and pop
FIST Integer store FISUB Integer subtract
FISTP Integer store and pop FSUBR Subtract real reversed
PACKED DECIMAL TRANSFERS FSUBRP Subtract real reversed and pop
FISUBR [
FBLD Packed decimal (BCD) load SU nteger subtract reversed
FBSTP Packed decimal (BCD) store MULTIPLICATION
and pop FMUL Multiply real
FMULP Multiply real and pop
Table 24. Comparison Instructions FIMUL Integer multiply
FCOM Compare real DIVISION
FCOMP Compare real and pop FDIV Divide real
FCOMPP Compare real and pop twice FDIVP Divide real and pop
FICOM Integer compare FIDIV Integer divide
FICOMP |r|teger compare and pop FDIVR Divide real reversed
FTST Test FDIVRP Divide real reversed and pop
EXAM Examine FIDIVR Integer divide reversed
OTHER OPERATIONS
12.1.2.4 TRANSCENDENTAL FSQRT Square root
INSTRUCTIONS FSCALE Scale
FPREM Partial remainder
The instructfons in this category perform the time-cqnspming FRNDINT Round to integer
core calculations forcommon trigonometric, hyperbolic, inverse o
hyperbolic, logarithmic, and exponential functions. Prologue FXTRACT Extract exponent and significand
and epilogue software may be used to reduce arguments to the FABS Absolute value
range accepted by the instructions and to adjust the result to ECHS Change sign

correspond to the original arguments if necessary. The tran-
scendentals operate on the top one or two stack elements and
they return their results to the stack. Table 25 lists the transcen-
dental instructions.

Table 25. Transcendental Instructions

FPTAN Partial tangent
FPATAN Partial arctangent
F2XM1 2

FYL2X Y I092X
FYL2XP1 Y. Iogz(X+1)
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12.1.2.5 CONSTANT INSTRUCTIONS

Each of these instructions (Table 26) loads acommonly used
constant onto the stack. The values have full temporary real
precision (80 bits) and are accurate to approximately 19 deci-
maldigits. Since atemporary real constant occupies 10memory
bytes, the constant instructions, only two bytes long, save
memory space. These instructions simplify programming as
well.
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Table 26. Constant Instructions

FLDZ Load +0.1
FLD1 Load +1.0
FLDPI Load
FLDL2T Load Iog21 0
‘FLDL2E Load Iogze
FLDLG2 Load log 102
FLDLN2 Load log o2

12.1.2.6 PROCESSOR CONTROL
INSTRUCTIONS

Most of these instructions (Table 27) are not used in computa-
tions; they are provided principally for system-level activities.
These include initialization, exception handling and task

switching.

Table 27. Processor Control Instructions

FINIT/ENINIT
FDISI/FNDISI
FENI/FNENI
FLDCW
FSTCW/FNSTCW
FSTSW/FNSTCW
FCLEX/FNCLEX
FSTENV/FNSTENV
FLDENV
FSAVE/FNSAVE
FRSTOR
FINCSTP
FDECSTP

FFREE

FNOP

FWAIT

Initialize processor
Disable interrupts
Enable interrupts

Load control word
Store control word
Store status word

Clear exceptions

Store environment
Load environment
Save state

Restore state
Increment stack pointer
Decrement stack pointer
Free register

No operation

CPU wait

12.1.3 8087 DATATYPES

An 80186(80188)/8087 or 80C186/80C187 system supports

the following seven data types:

*  Word Integer - A signed binary numeric value contained
ina 16-bit word. All operations assume a2’s complement

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

* LongInteger- A signed binary numeric value contained in
a 64-bit quad word. All operations assume a 2’s comple-
ment representation.

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

«  Short Real - A signed, floating point numeric value con-
tained in a 32-bit format.

« Long Real - A signed, floating point numeric value con-
tained in a 64-bit format.

» Temporary Real - A signed, floating point numeric value
contained in an 80-bit format. Temporary real is the native
8087/80C187 format.

Figure 120 graphically represents these data types.

12.1.4 80186(80188)/8087 INTERFACE

The 8087 is comprised of two elements, a Control Unit and a
Numeric Execution Unit. The Numeric Execution Unit exe-
cutes all numeric instructions, while the Control Unit receives
and decodes instructions, reads and writes memory operands,
and executes coprocessor control instructions. These two ele-
ments operate independently of one another. This allows the
Control Unit to maintain synchronization with the 80186 or
80188 CPU while the Numeric Execution Unit is busy proc-
essing instructions.

The 8087 is referred to as a numerics coprocessor because it
operates synchronously with the host processor. The CPU’s
status lines (S0-S2) and queue status lines (QS0-QS1) allow
the 8087 to monitor and decode instructions in synchroniza-
tion and without any CPU overhead. The 8087 maintains its
own prefetch queue identical to the one in the 80186 or 80188.
‘When a numerics instruction is encountered, the 8087 proc-
esses them independently of the CPU (Figure 121).

No special configuration is necessary for the 8087 to deter-
mine whether the data bus is eight or sixteen bits; the 8087
examines the 80186/80188 BHE/S7 line at RESET to adjust
its queue length and external data path accordingly.
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Figure 120. 8087/80C187 Supported Data Types
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Figure 121, 8087 Coprocessor Operation
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12.1.5 80186(80188) BUS CYCLES DURING
NUMERICS COPROCESSING

The 8087 is an alternate bus master which directly performs all
coprocessor reads and writes to memory. When the Numeric
Execution Unit begins executing an instruction, it activates
the 8087 BUSY signal. This signal is used in conjunction with
the WAIT or FWAIT instruction to resynchronize both proc-
essors when the Numeric Execution Unit has completed its
current instruction.

The 82188 performs several functions necessary to integrate
the 8087 into an 80186 system. Most importantly, it translates
the 8087 REQUEST/GRANT protocol to the HOLD/HLDA
protocol required by the 80186. The 82188 reconstructs the
'RD and WR signals sacrificed by the 80186/80188 to provide
queue status signals. The 82188 also furnishes DEN, DT/R,
and auxiliary bus arbitration signals to integrate the 80186/
8087 into a larger microprocessor system.

The coprocessor must examine all instructions executed by
the host to recognize ESC instructions. When the host fetches
an instruction byte from its internal queue, the coprocessor
must also fetch an instruction byte.

The queue status state, fetch opcode byte, identifies when an
opcode byte is being examined by the host. At the same time,
the coprocessor will check if the byte fetched from its internal
instruction queue is an ESC opcode. If the instruction is not an
ESC, the coprocessor will ignore it. The queue status signals
for fetch subsequent byte and flush queue let the coprocessor
track the host’s queue without knowledge of the length and
function of host instructions and addressing modes.

A numeric instruction for the 8087 appears as an ESC instruc-
tion to the 80186 or 80188 CPU; both the CPU and the NPX
decode and execute the ESC instruction together. Only the
8087, however, recognizes the numeric instructions. The start
of a numeric operation begins when the CPU executes the
ESC instruction (the instruction may or may not identify a
memory operand).

The CPU does, however, distinguish between ESC instruc-
tions that refer to memory operands and those thatdo not. If the
instructions refers to a memory operand, the CPU calculates
theoperand’s address using any one of its available addressing
modes; and then performs a “dummy read” of the word at that
location. The address may fall anywhere within the 1 Mbyte
adddress space. This read cycle is normal except that the CPU
ignores the data it receives. If the ESC instruction does not
contain a memory reference (e.g., an 8087 stack operation),
the CPU simply proceeds to the next instruction.

An 8087 instruction has one of three memory reference op-
tions:
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To not reference memory.

To load an operand from memory into the 8087.

.

To store an operand from the 8087 into memory.

If the 8087 requires no memory reference, the Numeric Exe-
cution Unit simply executes its instruction. If the 8087 does re-
quire a memory reference, the control unit uses the “dummy
read” cycle initiated by the host CPU to capture and save the
address that the CPU places on the bus. If the instruction speci-
fies a register load, the Control Unit also captures the data
word when it becomes available on the local data bus. If the
8087 requires data longer than one word, the Control Unit im-
mediately obtains the bus from the CPU using the REQUEST/
GRANT protocol and reads in the rest of the information in
consecutive bus cycles. In a store operation, the Control Unit
captures and saves the store address as in aregister load opera-
tion, and ignores the data word that follows in the “dummy
read” cycle. When the 8087 is ready to perform the store, the
Control Unit obtains the bus from the CPU and writes the
operand starting at the specified address.

This parallel operation of the host and coprocessor is called
concurrent execution. Concurrent execution of instructions
requires less total time thansstrictly sequential execution. System
performance will be higher with concurrent execution of in-
structions between the host and coprocessor.

12.2 USING THE 80C186 WITH THE 80C187
NUMERICS PROCESSOR EXTENSION

The 80C186 supports floating point calculations by providing
the necessary hardware interface to the 80C187 numerics
processor extension.

12.2.1 OVERVIEW OF THE 80C187
NUMERICS PROCESSOR
EXTENSION

The 80C187 numerics processor extension provides anumber
of new or improved transcendental instructions and refine-
ments above and beyond the capabilities of the 8087. The
80C187 conforms to the most recent revision of IEEE stan-
dard 754.

The 80C186 interfaces directly to the 80C187 (see Figure
122). The 80C186 and 80C187 operate asynchronously, each
up to its maximum rated clock speed. CLKOUT from the
80C186 may be used as the 80C187 clock input-upto 12.5
MHz. The 80C188 cannot be used because the flow of op-
codes, instruction pointers, and data passes through 16-bitI/O
ports. The 80C186 must be in Enhanced Mode to communi-
cate with the 80C187.
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Figure 122.80C186/80C187 System Configuration

12.2.2 80C187 ADDITIONS TO
INSTRUCTION SET

The 80C187 adds several new instructions to the 8087 (see
Table 28). Other instructions allow operands overan extended
range, and a few instructions behave slightly differently in
conformarice with the IEEE standard.

Of particular interest are the new trigonometric instructions
which provide sine or cosine in one operation.

12.2.3 80C186/80C187 INTERFACE

In similar fashion to the 8087, the 80C187 is comprised of
three units: aFloating Point Unit, a Data Interface and Control
Unit, and a Bus Control Logic Unit: The Floating Point Unit
executes all numerics instructions under supervision of the
Data Interface and Control Unit, while the Bus Control Logic
Unit maintains handshaking and communications with the
host 80C186.

Table 28. 80C187 Additions to Instruction Set

Instruction Type Mnemonic Description
Arithmetic FPREM1 Partial Remainder (IEEE)
Comparison FUCOM Unordered Compare
FUCOMP Unordered Compare and Pop
FUCOMPP Unordered Compare and Pop Twice
Transcendental FCOS Cosine
FSIN Sine
FSINCOS Sine and Cosine
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The 80C187 is referred to as a numerics processor extension
because it operates as a slave device to the host 80C186. All
communicationbetween the 80C186and 80C187 occursthrough
the dedicated I/O ports shown in Table 29. When the 80C186
encounters a numerics opcode, it writes the opcode to the
80C187, which decodes the instruction and passes elementary
instruction information (Opcode Status) back to the 80C186.
Since the 80C187 is a slave processor, all loads and stores to
memory are performed by. the 80C186.

Please note that the 80C186 cannot process any numerics
(ESC) opcodes alone. If the 80C186 encounters a numerics
instruction (including the FINIT/FNINIT initialization instruc-
tion) and the 80C187 is not present, the operation of the 80C186
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 80C 187 socket is empty.

Add pull-up and pull-down resistors to various data and
control lines to force the 80C186 into predictable opera-
tion when the 80C187 socket is empty.

In Enhanced Mode, three of the mid-range memory chip se-
lectsareredefined as handshaking pins forthe 80C186/80C187
interface. Handshaking is managed by 80C186 microcode.
MCS?2 retains its same function as in Compatible Mode.
Additionally, the processor retains the wait state and READY
logic programmability for the entire mid-range block, even
though MCS0, MCST1, and MCS3 are no longer available as
outputs.

Table 29. Numerics Coprocessor I/O

Port Assignments
/0 Address | Read Definition |Write Definition
00F8H Status/Control Opcode
00FAH Data Data
00FCH reserved CS:IP, DS:EA
00FEH Opcode Status reserved
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12.2.4 80C186 BUS CYCLES WITH THE
80C187 NUMERICS PROCESSOR
EXTENSION

The 80C186 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 via the SRDY or ARDY pins.

Ifthe PCS address range is programmed to cover the NPX
port addresses, a PCS line goes active during each read or
write from the 80C186 to the 80C187. However, ordinary
reads and writes to those addresses do not activate NPS on
the 80C186.

DT/R and DEN function normally during NPX transfers.
Inabuffered system with the 80C187 residing on the local
bus, use NPS to qualify DEN to the bus transceivers.
Otherwise, contention between the NPX and the trans-
ceivers occurs on read cycles.

The 80C1861ocal busis available to the integrated periph-
erals during execution of numerics instructions when it is
not needed by the CPU. This means that DRAM refresh
cyclesand DMA cycles may be interspersed with accesses
to the 80C187.

The 80C186 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 originat-
ing from alternate masters (via the HOLD/HLDA proto-
col) can suspend numerics bus cycles for an indefinite
period.

The LOCK pin functions normally during numerics op-
erations. This means that LOCKed numerics instructions
can monopolize the bus for a very long time.
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APPENDIX A
DIFFERENCES BETWEEN THE 80186 FAMILY AND THE 8086/
8088

A.1 CPUPERFORMANCE

Because of 80186 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 + displacement + index) with a dedicated
hardware adder, which takes only four clock cycles in the
80186 family Bus Interface Unit, rather than with amicrocode
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 exe-
cute 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 80186 family processors
runbenchmark programs 1.2 - 2.6 times the performance level
of the (same speed) 8086/8088.

A.2 CLOCKING

The 80186 family employs an integrated clock generator which
provides a 50 percent 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:

« The 80186 family uses a crystal or external frequency
input that is twice the desired processor clock frequency.

» No oscillator output is available from an 80186 family
processor internal oscillator.

*  An 80186 family processor does not provide a clock out-
putatreduced frequency. However, a timer output may be
easily programmed for this purpose.

o Interfacing the 80186 family to devices needing a 33 per-
cent duty cycle clock (for example, the 8087) is possible,
but requires careful timing analysis.

A.3 LOCAL BUS CONTROLLER AND
CONTROL SIGNALS

In general, the output drivers on 80186 family products are
much larger than those of the 8086. This leads to larger sys-

tems 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. In the 68-pin package, an 80186 family
device has only two ground pins.

A.4 HOLD/HLDA VS. REQUEST/GRANT

The 80186 family uses a HOLD/HLDA protocol for bus arbi-
tration 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 STATUSINFORMATION

Three status signals are available on the 8086 but not on the
80186 family. They are S3,S4,and S5. Taken together, S3 and
S4 indicate the segment register from which the current physi-
cal address has been derived. S5 indicates the state of the
interrupt flip-flop. On 80186 family processors, these signals
will always be LOW.

Status signal S6 indicates whether the current bus cycle is
initiated by either the CPU or a DMA device. Subsequently, it
is always LOW on the 8086. On the 80186 family, it is LOW
whenever the current bus cycle is initiated by the CPU, and is
HIGH when the current bus cycle is initiated by the integrated
DMA Unit.

An 80186 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 de-
sired. Thesedifferences will manifest themselves in8086 systems
and 80186 family systems as follows:

e Many systems supporting both a system bus and a local
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 ALE signal goes active a clock phase earlier on the
80186 family than on the 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.



intel

DIFFERENCES BETWEEN THE 80186 FAMILY AND THE 8086/8088

The RD input must be tied LOW to provide queue status
outputs from the 80186 family processor (see Figure A-1).
When so strapped into Queue Status Mode, the ALE and
WR outputs provide queue status information. Notice that
queuestatus information s available one clock phase earlier
than from the 8086 (see Figure A-2).

80186
FAMILY
PROCESSOR
QS0 i
QS1 i

—

ALE
WR
RD

270288-001-129

Figure A-1. Generating Queue Status Information

ADDED INSTRUCTIONS:

The 80186 family executes PUSHA, POPA, INS, OUTS,
BOUND, ENTER, and LEAVE.

IMPROVED INSTRUCTIONS:

PUSH, IMUL, and SHIFTS/ROTATES may use immediate
operands on the 80186 family.

UNDEFINED OPCODES:

When the opcodes 63H, 64H, 65H, 66H, 67H, F1H, FEH
XX111XXXBand FFH XX111XXXB areexecuted, the 80186
family executes anillegal instruction exception, interrupt Type
6. The 8086 will ignore the opcode.

LY N T
CLKOUT d N |
186 FAMILY ' @ | X @ @ | @
| - A
/i /)
= = ST |

270288-001-130

NOTES: 1. 80186 family processor changes queue status off falling edge of CLKOUT.
2. 8086 changes queue status off rising edge of CLK.

Figure A-2. 80186 Family and 8086 Queue Status Generation

A.6 BUS UTILIZATION

Atypical instruction mix will require greater bus utilizationon
the 80186 family than on the 8086. The 80186 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 80186 family micro-
processor system than in an 8086 system.

A.7 INSTRUCTION EXECUTION

The following paragraphs explain the instruction execution
differences between the 8086 and the 80186.

OFH OPCODE:

‘When the opcode OFH is encountered, the 8086 will execute a
POP CS, while the 80186 family will execute an illegal in-
struction 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 0, while an 80186 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 segment underflow
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will also occur if a stack PUSH is executed and the stack
pointer contains the value 1.

SHIFT/ROTATE BY VALUE GREATER
THAN 31:

Before the 80186 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 exe-
cuting the LOCK prefix. An 80186 family processor does not
activate the LOCK signal until the processor is ready to begin
the data cycles associated with the LOCKed instruction.

On the 80186 or the 80188, back-to-back LOCKed instruc-
tions are not allowed. Insert at least six bytes of code (four
bytes for the 80188) between the end of the first LOCKed
instruction and the beginning of the second LOCKed instruc-
tion. This restriction does not apply to the 80C186/80C188.
However, between the bus cycles for the first instruction and
thebus cycles forthe second instruction, LOCK will notremain
active, and the processor can perform other bus activities.

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 pre-
fix), the other prefixes will not be reexecuted upon returning
from the interrupt. An 80186 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 instruc-
tion 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 opera-
tions) or if the absolute value of the quotient is greater than
7FH (for byte operations). The 80186 family expanded the
range of negative numbers allowed as a quotient by 1 to in-
clude 8000H and 80H. These numbers represent the most
negative numbers representable using 2’s complement arith-
metic (equaling -32768 and -128 in decimal, respectively).

ESC OPCODES:

An 80186 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 acoprocessor (ESCape)
instruction. The 8086 has no such provision.

On the 80186 and 80188, the initial state of the ET bit is
cleared, disabling the trap. On the 80C186, the initial state of
the ET bit is cleared in Enhanced Mode or set in Compatible
Mode. On the 80C188, the ET bit is not accessible to the user
and the ESCape Trap is always enabled, regardless of operat-
ing mode.

Execution of numerics opcodes proceeds differently in the
80C186 than in the 8086/8088 or 80186/80188. See Chapter
12 fordetails. The 80C188 cannot utilize anumerics processor
extensionatall. Whenmigrating 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 unexpected numerics (ESCape) opcodes.
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APPENDIX B
SYNCHRONIZATION OF EXTERNAL INPUTS

Many input signals to an 80186 family processor are asyn-
chronous, that is, a specified set up or hold time is not required
to ensure proper functioning of the device. Associated with
eachoftheseinputsisasynchronizer whichsamples this external
asynchronous signal, and synchronizes it to the internal clock.

B.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
setup 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 ifthe 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, typi-
cally much longer than the normal strobe to output delay time.
Figure B-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. Tosynchronize anasynchronoussignal,
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
requirements.

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 asynchronous transition will occur during
the sampling window will drop. Inaddition,however, a smaller
sampling window is also indicative of a faster resolution time
for an input transition which manages to fall within the sam-
pling window.

B-1

STROBE
SET-UP TIME |HOLD TIME

h.'

|
ACTUAL SAMPLING INSTANT

INVALID :’

INPUT
RESPONSE RESOLUTION TIME
e
VALID
INPUT

e ————— [
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Figure B-1.Valid and Invalid Latch Input
Transitions and Response

B.2 80186 FAMILY SYNCHRONIZERS

The 80186 family uses the two stage synchronization tech-
nique on TMR INO-1, DRQO-1, NMI, INT0-3, and HOLD
input lines. ARDY uses a slight modification (see Section
3.6). Forthe NMOS 80186, the sampling window of the latches
was designed to be in the tens of picoseconds, and should
allow operation of the synchronizers with a mean time be-
tween failures of over 30 years, assuming continuous opera-
tion.






Summary of Appendix C
Differences Among

Family Members







APPENDIX C
SUMMARY OF DIFFERENCES AMONG 80186 FAMILY MEMBERS

C.1 DIFFERENCES DUE TO DATA BUS
WIDTH

The 80188/80C188 is like the 80186/80C186 except it has an
8-bit external bus. It shares the same Execution Unit, timers,
peripheral control block, Interrupt Control Unit, Chip Select
Unit, and DMA Control Logic Unit. The differences between
the two caused by the narrower data bus are:

« The 80188/80C188 has a four byte prefetch queue, rather
than the six byte prefetch queue present on the 80186/
80C186. The reason is that the 80188/80C188 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 prefetch-
ing opcodes to be discarded during a jump.

e ADS8-ADI15 onthe 80186/80C186 are transformed to A8-
A15 on the 80188/80C188. Valid address information is
presentonthese lines throughout the buscycle of the 80188/
80C188. Valid address information is not guaranteed on
these lines during idle T-states.

« BHE/S7 is always defined HIGH by the 80188/80C188
since the upper half of the data bus is non-existent.

+ The DMA Control Unit on the 80188/80C188 only per-
forms byte transfers. The B/W bit in the DMA control
word is ignored.

+ Execution times for most data transfer instructions in-
creases because the BIU funnels the accesses 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 be-
tween the 80186/80C186 and 80188/80C188.

Another important point is that the 80188/80C188 is inter-
nally a 16-bit machine. This means that access to the inte-
grated peripheral registers of the 80188/80C188 will be done
in 16-bit pieces, not in 8-bit pieces. All internal peripheral
registers are still 16-bits wide, and only a single read or write
isrequired to access the registers. When a word access is made
to the internal registers, the BIU will run two bus cycles exter-
nally.

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

C.2 DIFFERENCES BETWEEN NMOS AND
CMOS DEVICES

There are two operating modes of the 80C186 and 80C188,
Compatible Mode and Enhanced Mode. In Compatible Mode,
the 80C186/80C188 will function identically to the 80186/
80188 with the following exceptions:

* Allnon-initialized registers in the peripheral control block
willresettoarandom value during power-up onthe 80C 186/
80C188. Non-initialized registers consist of those regis-
ters which are not used for control, i.e., address pointers,
max count, etc. For compatibility, all registers should be
programmed before being used on existing 80186/80188
applications as well as on new 80C186/80C188 applica-
tions.

* The ET (ESC Trap) bit in the relocation register has no
effect in Compatible Mode. If an ESCape opcode is exe-
cuted, the 80C186/80C 188 will always trap to an interrupt
vector Type 7. The 80C186/80C 188 does not support any
numerics operations when in Compatible Mode.

In Enhanced Mode, the 80C186/80C188 provides two addi-
tional features not found on the 80186/80188: power-save
operation, and the DRAM Refresh Unit.

Enhanced Mode is selected during RESET. The timing dia-
gram in Figure C-1 shows how the 80C186/80C188 samples
the TEST pin (TEST/BUSY in the 80C186) before and just
after RES inputis removed to determine if the device will enter
Enhanced Mode. Tying the RESET output pin back to the
TEST input pin will automatically force the processor into
Enhanced Mode.

‘When the 80C186 (but not the 80C188) is in Enhanced Mode,
three of the MCS chip select lines change functionality to
support the 80C187 Numerics Coprocessor Extension. The
remaining MCS functionality is illustrated in Figure C-2.

The 80C188 in Enhanced Mode functions similarly to the
80C186 except for numerics operation. It is not possible to
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Figure C-1. Enhanced Mode Enable Pin Timing
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Figure C-2. MCS2 Functionality During Enhanced Mode

interface anumerics coprocessor with the 80C188. Therefore,
none of the MCS pins change functionality when invoking
EnhancedMode. Further, any attempted executionof an ESCape
opcode will result in a trap to interrupt vector Type 7.

The external frequency input (EFI) requirements differ some-
whatbetween the NMOS 80186/80188 and the CMOS 80C186/

80C188. On the NMOS processors, it is possible to drive ei-
ther X1 (with X2 unconnected) or X2 (with X1 grounded).
Since the internal oscillator consists of an inverter from the X 1
pintothe X2 pin, overdriving the X2 pinon the CMOS devices
would result in excessive current draw. The correct configura-
tion for the CMOS processors is to drive X1 and leave X2
unconnected.
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ALABAMA

Arrow Electronics, Inc.
1015 Henderson Road
Huntsville 35805

Tel: (205) 837-6955
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4940 Research Drive
Huntsville 35805

Tel: (205) 837-7210

TWX: 810-726-2162

TWX: 810-726-2197

ARIZONA

‘tHamilton/Avnet Electronics
505 S. Madison Drive
Tempe 85281

Tel: (602) 231-5140

TWX: 910-950-0077

Hamilton/Avnet Electronics

Tel: (602) 961-6669
TWX: 910-950-0077

Arrow Electronics, Inc.

4134 E. Wood Strest
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
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10824 Hope Street
Cypress 90630

Tel: (714) 220-6300
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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 9212:

Tel: (619) 565-4300
TWX: 888-064

TArrow Electronics, Inc.
2961 Dow Avenue
Tustin 92680

Tel: (714) 838-5422
TWX: 910-595-2860

tAvnet Electronics

350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-6071
TWX: 910-595-1928

‘tHamilton/Avnet Electronics
1175 Bordeaux Drive
Sunnyvale 94086

Tel: (408) 743-3300

TWX: 910-339-9332

‘tHamilton/Avnet Electronics
4545 Rldgewew Avenue

San Diego 92123

Tel: (619) 571-7500

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

Chatsworth 91311
Tel: (818) 700-1161

Mi System T

Di

DOMESTIC DISTRIBUTORS

tHamilton Electro Sales
10950 W. Washington Bivd.
Culver City 2023

Tel: (213) 558-2458

TWX: 910-340-6364

Hamilton Electro Sales
13618 West 190th Street
Gardena 90248

Tel: (213) 217-6700

‘tHamilton/Avnet Electronics
3002 ‘G’ Street

Ontario 91761

Tel: (714) 989-9411

‘tAvnet Electronics
20501 Plummer
Chatsworth 91351
Tel: (213) 700-6271
TWX: 910-494-2207

tHamilton Electro Sales
3170 Pullman Street
Costa Mesa 92626

Tel: (714) 641-4150
TWX: 910-595-2638

‘tHamilton/Avnet Electronics
4103 Northgate Blvd.
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

TWX: 910-348-7140 or 7111

Wyle Distribution Group
11151 Sun Center Drive
Rancho Cordova 95670
Tel: (916) 638-5282

tWyle Distribution Group
9525 Chesapeake Drive
San Diego 92123

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

1tWyle Distribution Group
3000 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

Wyie Distribution Group
26677 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
8765 E. Orchard Road
Suite 708

Englewood 80111

Tel: (303) 740-1017

TWX: 910-935-0787

1Wyle Distribution Group
451 E. 124th Avenue
Thornton 80241

Tel: (303) 457-9953
TWX: 910-936-0770

Center

CONNECTICUT

tArrow Electroriics, Inc.
12 Beaumont Road
Wallingford 06492

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

Hamilton/Avnet Electronics
Commerce Industrial Park
Commerce Drive

Danbury 06810

Tel: (203) 797-2800

TWX: 710-456-9974

tPioneer Electronics
112 Main Street
Norwalk 06851

Tel: (203) 853-1515
TWX: 710-468-3373

FLORIDA

tArrow Electronics, Inc.

400 Fairway Drive

Suite 102

Deerfield Beach 33441

Tel: (305) 429-8200
510-955-9456

Arrow Electronics, Inc.
37 Skyline Drive

Suite 3101

Lake Marv 32746

Tel: (407) 323-0252
TWX: 510-959-6337

‘tHamilton/Avnet Electronics
6801 N.W. 15th Wa

Ft. Lauderdale 33309

Tel: (305) 971-2900

TWX: 510-956-3097

‘tHamilton/Avnet Electronics
3197 Tech Drive North

St. Petersburg 33702

Tel: (813) 576-3930

TWX: 810-863-0374

tHamilton/Avnet Electronics
6947 University Boulevard
Winter Park 32792

Tel: (305) 628-3888

TWX: 810-853-0322

tPioneer/Technologies Group, Inc.

337 S. Lake Bivd.
Alta Monte Spnngs 32701
Tel: (407) 834-9090
TWX: 810-853-0284

Pioneer/Technologies Group, Inc.
674 S. Military Trail

Deerfield Beach 33442

Tel: (305) 428

TWX: 510- 955 9853

GEORGIA

TArrow Electronics, Inc.

? 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 Northwoods 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 Systems Sales
1100 W. Thorndale
Itasca 60143

Tel: (312) 773-2300

tPioneer Electronics

1551 Carmen Drive

Elk Grove Vlllage 60007

Tel: (3 437-9680
TWX: 910-222-1834

INDIANA

tArrow Electronics, Inc.
2495 Directors Row, Suite H
Indianapolis 46241

Tel: (317) 243-9353

TWX: 810-341-3119

Ham;lton/AvBet Electronics

Tel: (317) 844-9333
TWX: 810-260-3966

tPioneer Electronics
6408 Castleplace Drive
Indianapolis 46250
Tel: (317) 849-7300
TWX: 810-260-1794

IOWA

Hamilton/Avnet Electronics
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

Hamilton/Avnet Electronics
1051 D. Newton Park
Lexington 40511

Tel: (606) 259-1475

MARYLAND

Arrow Electronics, Inc.
8300 Guilford Drive
Suite H, River Center
Columbia 21046

Tel: (301) 995-0003
TWX: 710-236-9005

Hamilton/Avnet Electronics
Hall Lane

Tel: (301) 995-3500
TWX: 710-862-1861

tMesa Technology Corp.
9720 Patuxent Woods Dr.
Columbia 21046

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

tPioneer/Technologies Group, Inc.

9100 Gaither Road

Gaithersburg 20877
Tel: (301) 921-0660
TWX: 710-828-0545

Arrow Electronics, Inc.
7524 Standish Place
Rockville 20855

Tel: 301-424-0244

MASSACHUSETTS

Arrow Electronics, Inc.

25 Upton Dr.

Wilmington 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
Lexington 02173
Tel: (617) 861-9200
TWX: 710-326-6617

MICHIGAN

Arrow Electronics, Inc.
755 Phoenix Drive
Ann r 48104

Tel: (313) 971-8220
TWX: 810-223-6020
Hamilton/Avnet Electronics
2215 2¢th Street S.E.
Space A5

Grand Rapids 49508
Tel: (616) 243-8805
TWX: 810-274-6921

Pioneer Electronics
4504 Broadmoor S.E.
Grand Rapids 49508
FAX: 616-698-1831

‘tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700

TWX: 810-282-8775

tPioneer/Michigan
13485 Stamford
Livonia 48150

Tel: (313) 525-1800
TWX: 810-242-3271

MINNESOTA

tArrow Electronics, lnc
5230 W. 73rd Stre

Edina 55435
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.

Tel: (314) 567-6888

TWX: 910-764-0882

THammon/Avnet Electronics
13743 Shoreline Court

Earth City 63045

Tel: (314) 344-1200

TWX: 910-762-0684

NEW HAMPSHIRE

tArrow Electronics, Inc.

3 Perimeter Road
Manchester 03103

Tel: (603) 668-6968

TWX: 710-220-1684
‘tHamitton/Avnet Electronics
444 E. Industrial Drive
Manchester 03103

Tel: (603) 624-9400

CG/SALE/101789
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NEW JERSEY

tArrow Electronics, Inc.
Four East Stow Road

Unif

Marllon 08053

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

fArrow Electronics
6 Century Drive
Parsipanny 07054
Tel: (201) 538-0900

‘tHamilton/Avnet Electromcs
1 Keystone Ave., Bldg. 3
Cherry Hill 08003

Tel: (609) 424-0110

TWX: 710-940-0262

tHamiiton/Avnet Electronics
10 Industrial
Fairfield 07006
Tel: (201) 575-5300
TWX: 710-734-4388

1MTI Systems Sales
37 Kulick Rd.
Fairfield 07006

Tel: (201) 227-5552

1Pioneer 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: (50 ) 292-3360
TWX: 910-989-1151

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

Tel: (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

‘tHamilton/Avnet Electronics
333 Metro Park

Rochester 14623

Tel: (716) 475-9130

TWX: 510-253-5470

‘tHamilton/Avnet Electronics
103 Twin Oaks Drive
Syracuse 13206

Tel: (315) 437-0288

TWX: 710-541-1560

1tMTI Systems Sales
38 Harbor Park Drive
Port Washington 11050
Tel: (516) 621-6200

tMi suter System Te

DOMESTIC DISTRIBUTORS (Contd.)

tPioneer Electronics
68 Corporate Drive
Binghamton 13904
Tel: (607) 722-9300
TWX: 510-252-0893

Pioneer Electronics
40 Oser Avenue

Hauppauge 11787
Tel: (516) 231-9200

tPioneer Elsc{ronics

60 Crossway Park Wi

Woodbury, Long Island 11797
Tel: (516) 921-

TWX: 510-221-; 2134

tPioneer Electronics
840 Fairport Park
Fairport 14450

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

NORTH CAROLINA

tArrow Electronics, Inc.
5240 Greensdairy Road
Raleigh 27604

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

‘tHamilton/Avnet Electronics
3510 Spring Forest Drive
Raleigh 27604

Tel: (919) 878-0819

TWX: 510-928-1836

Pioneer/Technologies Group, Inc.

9801 A Southern ine Bivd.

Charlotte 2821

Tel: (919) 527 8188
21-0366

OHIO
Arrow Electronics, Inc.

TWX: 810-459-1611

tArrow Electronics, Inc.
6238 Cochran Road
Solon 44139

Tel: (216) 248-3990
TWX: 810-427-9409

tHamilton/Avnet Electronics
954 Senate Drive

Dayton 45459

Tel: (513) 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 Bivd.
Westerville 43081

Tel: (614) 882-7004

tPioneer Electronics
4433 Int4erpomt Boulevard

Dayton 45424
Tel: (513) 236-9900
TWX: 810-459-1622

tPioneer Electronics
4800 E. 131st Street
Cleveland 44105
Tel: (216) 587-3600
TWX: 810-422-2211

OKLAHOMA

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

Tel: (918) 252-7537

Distributor Center

‘tHamilton/Avnet Electronics
12121 E. 51st St,, Suite 102A
Tulsa 74146

Tel: (918) 252-7297

OREGON

tAImac Electronics Corp.
1885 N.W. 168th Place
Beaverton 97005

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

‘tHamilton/Avnet Electronics
6024 S.W. Jean Road
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: (503) 640-6000

TWX: 910-460-2203

PENNSYLVANIA

Arrow Electronics, Inc.
650 Seco Road
Monroeville 15146
Tel: (412) 856-7000

Hamilton/Avnet Electronics
2 iberty Ave.
Pittsburgh 15238
Tel: (412) 281-4150

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

tPioneer/Technologies Group, Inc.

Delaware Vall
261 Glbralter Road

rsham 1
Tel (215) 674-4000
510-665-6778

TEXAS

TArrow Electronics, Inc.
3220 Commander Drive
Carroliton 75006

Tel: (214) 380-6464
TWX: 910-860-5377

tArrow Electronics, Inc.
10899 Kinghurst

Suite 100

Houston 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

g 75038
Tel (214) 550-6111
TWX: 910-860-5929

‘tHamilton/Avnet Electronics
4850 ngm Rd., Suite 190
Stafford 77

Tel: (713) 24&7733

TWX: 910-881-5523

1Pioneer Electronics
18260 Kramer
Austin 78758

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

1Pioneer Electronics
13710 Omega Road
Dallas 75234

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

tPioneer Electronics
5853 Point West Drive
Houston 77036

Tel: (713) 988-5555
TWX: 910-881-1606

Wyle Distribution Group
1810 Greenville Avenue
Richardson 75081

Tel: (214) 235-9953

UTAH

Arrow Electronics
1946 Parkway Bivd.
Salt Lake cuy 84119
Tel: (801) 973-6913

‘tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City 84119

Tel: (801) 972-2800

TWX: 910-925-4018

Wyle Distribution Group
1325 West 2200 South
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
‘tHamilton/Avnet Electronics
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
3005

-6600
TWX: 910-262-1193

Hamilton/Avnet Electronics
2975 Moorland Road
New Berlin 53151
Tel: (414) 784-4510
WX: 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 14!h Avenue N.E.
Calgary T:

Tel: (403) 272- 1021

BRITISH COLUMBIA

tHamilton/Avnet Electronics
105-2550 Boundary
Burmalay V5M 323
Tel: (604) 437-6667

Zentronics

108-11400 Bridgeport Road
Richmond V6X 172

Tel: (604) 273-6575

TWX: 04-5077-89

MANITOBA

Zentronics

60-1313 Border Unit 60
Winnipeg R3H 0X4
Tel: (204) 694-1957

ONTARIO

Arrow Electronics, Inc.
36 Antares Dr.
Nepean K2E 7W5
Tel: (613) 226-6903

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

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

Tel: (416) 277-0484

‘fHamilton/Avnet Electronics
190 Colonnade Road South
Nepean K2E 7L5

Tel: (613) 226-1700

TWX: 05-349-71

tZentronics

8 Tilbury Court
Brampton L6T 3T4
Tel: (416) 451-9600
TWX: 0A-976-78

1Zentronics
155 Colonnade Road
Unit 17

Nepean 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

. 05-25590

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

Quebec G2E 5R9

Tel: (418) 871-7500

FAX: 418-871-6816
Hamiiton/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
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DENMARK
el Denmark A/S
Glentevq 61, 3rd Floor
400 Copenhagen NV
Tel (45) (31) 19 80 33
TLX: 19567
FINLAND
Intel Finland OY
Ruosilantie 2
00390 Helsinki
TeI (358) o 544 644
FRANCE
Intel Corporation S.A.R.L.
1, Rue Edison-BP 303
78054 St. Quentin-en-Yvelines

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

EUROPEAN SALES OFFICES

WEST GERMANY

Intel Semiconductor GmbH*
Dornacher Strasse 1

8016 Feldkirchen bei Muenchen
Tel: (49) 089/90992-0

TLX: 5-23177

Intel Semiconductor GmbH
Hohenzollern Strasse

3000 Hannover 1

Tel: (49) 0511/344031

TLX: 9-23625

Intel Semiconductor GmbH
Abrahamw Lincoln Strasse 16-18

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

Intel Semiconductor GmbH
Zettachring 10A

7000 Stutigart 80
Tel: (49) 0711/7267-280
TLX: 7-254826

ISRAEL

Intel Semiconductor Ltd.*

Atidim Industrial Park-Neve Sharet
P.O. Box 43202

Tel-Aviv 61430

Tel: (972) 03-498080

TLX: 371215

ITALY

Intel Corporation Italia S.p.A.*
Milanofiori Palazzo E
20090

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

NETHERLANDS
Intel Semreogguctor BV.*

Postbus 84

3099 CC Rotterdam
Tel: (31) 10.407.11.11
TLX: 22283

NORWAY

Intel Norway A/S
Hvamveien 4-PO Box 92

201
Tek: (457')('?5') 842 420

SPAIN
Izntel Iberia S A

28010 M
Tek: @4) (1) (1) 308.25.52

SWEDEN
Intel Sweden A.B.*
24

171 na
Tel: (46) 8 734 01 00
TLX: 12261

SWITZERLAND

Intel Semiconductor A.G.
Zuerichstrasse

" 8185 Winkel-Rueti bei Zuerich

Tel: (41) 01/860 62 62
TLX: 825977

UNITED KINGDOM

Intel ation (UK, Ltd.*
Pipers Way

Swindon, Wiltshire SN3 1RJ
Tel: (44) (0793) 696000
TLX: 444447/8

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

s(a;her Eelﬁtromcs G.m.b.H.
enmu e 26

1120 Wien gaze

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

BELGIUM

Ineico Belgium S.A.

Av. des Croix de Guerre 94

1120 Bruxelles
skruisenlaan, 94

1120
Tel: (32) (02) 216 01 60
TLX: 64475 or 22090

DENMARK
ITT-Muitikomponent
Naverland 29

2600 Glostrup
Tel: (45) (0) 2 45 66 45
TLX: 33 355

FINLAND
QY Fintronic AB
Melkonkatu 244

Tel (353) (0) 6926022

FRANCE

Almex

Zone industrielle d’Antony

48, rue de I'Aubepine

BP 102

92164 Antony cedex

Tel (33) ™) %6 66 21 12
250067

Jermyn-G

60, rue des Gemeaux
Silic 580

94653 Rungis cedex
Tel: (33) .gG).’: 49784978

Tel: (33) (1) 47 90 62 40
TLX: 611448

*Field Application Location

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

92310 Sevres
Tel: (33) (1) 4534 7535
TLX: 204552

WEST GERMANY

ITALY

Intesi

Divisione ITT Industries GmbH
Viale Milanofiori

Palazzo E/5

20090 (M)
Tek (39) 02/624701
TLX: 311351

Lasi Elettronica S.p.A.

Stahigruberring 12
8000 Muenchen 82 \ZIO(I)estuMo TmBalsamo (M1)
Tel: (49) 089/42001-0 Tel: (39) 02/2440012
TLX: 522561 TLX: 352040
ITT Multikomponent GmbH Telcom S.r.l.
Postfach 1265 Via M. Civitali 75
ey S
Tel: (49) 07141/4879 X:
TLX: 7264472 X ulti ents
Jermyn GmbH Viale Milanofiori
Im Dach: Asg?o M)
6250 Umbuvg Tel: (39) 02/824701
Tel: (49) 1/508-0 TLX: 311351
TLX: 415257-0 Silverstar
Metrologie GmbH Via Dei Gracchi 20
Meglirhm?erstvasse 49 20146 Milano
8000 Muenchen 71 Tel: (39) 02/49961
Tel: (49) 089/78042-0 TLX: 332189
TLX: 5213189 NETHERLANDS
Proelectron Vertriebs GmbH
Max Strasse 1-3 Koning en Hartman Elektrotechniek
6072 Dreieich BV.
Tel: (49) 06 3
TLX: 417903 2627 AP Deitt
Tel: (31) (0) 15/609906
IRELAND TLX: 38250
Micro Marketing Ltd. NORWAY
g:::ageary Park Nordisk Elektronikk (Norge) A/S
o Postboks 123
Co. Dublin Smedsvmgsn 4
Tel: (21) (353) (01) 85 63 25 1364 Hval
TLX: 31584 Te| (47) (oz) 84 62 10
ISRAEL
Eastronics Ltd. PORTUGAL
11 Rozanis Street ATD Portugal LDA
P.O.B. Rua Dos Lusiados, 5 Sala B
Tel-Aviv 61392 1300 Lisboa
Tel: (972) 03-475151 Tel: (35) (1) 64 80 91
TLX: 33638 TLX: 61562

Ditram

Avenida Miguel Bombarda, 133
1000 Lisboa

Tel: (35) (1) 54 53 13

TLX: 14182

SPAIN

ATD Electronica, S.A.
Plaza Cludad de Viena, 6

28040 Madri
Tek: (24) (1)2344000

cmﬁSA el Angel, 21-3
le Migut

28010

Tel (34) (1) 419 09 57
Metrologca Iberica, S.A.
Ctra. de Fuencarral, n.80
28100 Alcobendas rid)
Tel: (34) (1) 653 86 11
SWEDEN

Nordisk Elektronik AB
Torshamnsgatan 39

Box 36

164 93 Kista
Tel: (46)05—034630
TLX: 1

SWITZERLAND

Industrade A.G.
Hertistrasse 31

8304 Walliselien

Tel: (41) (01) 8328111
TLX: 56788

TURKEY

EMPA Electronic
Lindwurmstrasse

8000 Muenchen 2

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

UNITED KINGDOM

Accent Electrol Componenls Ltd.
Jubilee House, Jubilee Road foa

Letchworth, Herts
Tel: (44) (0462) 686666
TLX: 826293

Bytech-Comway Systems
3 The Wenstem Ceﬁ

lestern
Bracknell RG12 1RW
Tel: (44)7£°0944) 55333
TLX: 847201

noaks
Kent TN14 S5EU
Tel: (44) (0732) 450144
TLX: 95142
MMD
Unit 8 Southview Park
Caversham
Readil

Berks%e RG4 0AF
Tel: (44) (0734) 481666
TLX: 846669

Rapid Silicon
Rapid House
Denmark Street

High be
Buckinghamshire HP11 2ER

Tel: (44) (0494) 442266
TLX: 837931

Repid Hbuse”
se
Rl Wycome
i
b uckinghamshire HP11 2ER
Tel (44) (0494) 450244
TLX: 837931
YUGOSLAVIA

H.R. Microelectranics Corp.
2005delaCruzBNd Ste. 223
Santa 95050

USA.

Tel: (1) (408) 988-0286

TLX: 387452

Raptdo Electronic Components

v;a C Beccaria, 8
34133 Trieste

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

Intel Australia Pty. Ltd.*
Spectrum Buildin,

200 Pacific 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: 55-11-287-5119

CHINA/HONG KONG

Intel PRC Corporation
15/F, Office 1, Citic Bldg.
Jian Guo Men Wai Street
Beijing, PRC

Tel: (19) 500-4850

TLX: 22947 INTEL CN
FAX: (1) 500-2953

Intel Semiconductor Ltd.*
10/F East Tower

Bond Center
Queensway, Central
Hong Kong

Tel: ( ) 8444

TLX: 63869 lSHLHK HX
FAX: (5) 8681-989

INDIA

Intel Asia Electronics, Inc.
4/2, Samrah Plaza
St Mark 's Road

galore 560001
Tel 011 91 -812-215065
9538452875 DCBY
FAX 091-812-215067

JAPAN

Intel Japan K.K.

5-6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

Tel: 0298—47 8511

TLX:
FAX: 029747 8450

Intel Japan K.K.*
Daiichi Mitsugi Bldg.
1-8889 Fuchu-cho
Fuchu-shi, Tokyo 183
Tel: 0423-60-7871
FAX: 0423-60-0315

lntel Japan KK.*
g umagaya
2-69 Hon-cho
Kumagaya shl Saitama 360
Tel: 0485-2 71
FAX: 0485-. 24 7518

Intel Japan K.K.*

Mitsui-Seimei Musashi-kosugi Bldg.
915 Shinmaruko, Nakahara-ku
Kawasaki-shi, Kanagawa 211

Tel: 044-733-7011

FAX: 044-733-7010

Intel Japan K.K.

Nihon Seimei Atsugi Bidg.
1-2-1 Asahi-machi
Atsug‘sh» Kanagawa 243

AX: 0462- 29378

Intel Japan K.K.*
Ryokuchi-Eki Bldg.

2-4-1 Terauchi
Toyonaka-: sh- Osaka 560
Tel: 06-863-1

FAX: 068631084

Intel Japan K.K.
Shinmaru Bldg.

1-5-1 Marunouchi
Chiyoda-ku, Tokyo 100
Tel: 03-201-3621

FAX: 03-201-6850

Intel Japan K.K.
reen 3

1-16-20 Nishiki

Naka- kgb Nagoya-shi

Aichi 4!
Tel: 052-204-1261
FAX: 052-204-1285

INTERNATIONAL SALES OFFICES

KOREA

Intel Tecnnolog&Asia. Ltd.
16th Floor, Li dg.

61 Yoido-dong, Youngdeungpo-Ku
Seoul 150 010

FAX: (2) 784-8096

SINGAPORE

Intel Singapore Technol

101 Th'o?ns%%r Road #21- 5/06
United Square

Singapore 1130

Tel: 250-7811

TLX: 39921 INTEL

FAX: 250-9256

TAIWAN

Intel Technology Far East Ltd.
8th Floor, No. 205

Bank Tower Bidg.

Tung Hua N. Road

Taipei

Tel: 886-2-716-9660

FAX: 886-2-717-2455

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

ARGENTINA

DAFSYS S.R.L.
Chacabuco, 90-6 PISO
1069-Buenos Aires
Tel: 54-1-334-7726
FAX: 54-1-334-1871

AUSTRALIA
Email Electronics

gdale, 3166
Tel: 011-61-3-544-8244
TLX: AA 30895

FAX: 011-61-3-543-8179

NSD-Australia

205 Middleborough Rd.
Box Hill, Vlmorla 128
Tel: 03 89009

FAX: 03 8990819

BRAZIL

Elebra Microelectronica S.A.
Rua Geraldo Flausina Gomes, 78

loor
04575 - Sao Paulo - S.P.
Tel: 55-11-534-9641
TLX: 55-11-54593/54591
FAX: 55-11-534-9424

CHILE

DIN Instrumems
Suecia 2:
Casnlla 6055 Correo 22

Santi
Tel: 2-225—6139
TLX: 240.846 RUD

CHINA/HONG KONG

Novel Precision Machi ., Ltd.
Flat D, 20 Kingsford Ind.

Ph‘lgse 1,26 wan Hei Street

N.T,

Kon
Tel %5 9223222
TWX: 39114 JINMI HX
FAX: 852-0-4261602

*Field Application Location

INDIA

Micronic Devices
Arun Complex

No. 65 D.V.G. Road
Basavanagudl

% 560 004

Tel: 011-91-812-600-631
011-91-812-611-365
: 9538458332 MDBG

Micronic Devices

No. 516 5th Floor
Swastik Chambers

Sion, Trombay Road
Chembur

Bombay 400 071

TLX: 9531 171447 MDEV

“Jicronic Devices
25/8 1st Floor
da Bazaar Marg

Tel: 011-91-11-5723509
011-91-11-589771

TLX: 031-63253 MDND IN

Micronic Devices

6-3-348/12A Dwarakapuri Colony

Hyderabad 500 482

Tel: 011-91-842-226748

S&S Corporation
1587 Kooser Road

San Jose, CA 95118
Tel: (408) 978 6216

TLX:

FAX: (408) 973—8635

JAPAN

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

ishu-shi 802
Tel: -511-6471
FAX: 093-551-7861

C. Itoh Techno—Suence Co., Ltd.
4-8-1 Dobashi, Miyamae-ku
Kawasaki-! shl. Kanagawa 213
Tel: 044-852-5121

FAX: 044-877-4268

Dia Semicon Systems, Inc.
Flower Hill Shinmachi Higashi-kan
1- o%(3‘9 S& inmachi, 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 Bl

1-12-22 Tsukm
Chuo-ku, Tokyo 104
Tel: 03-546-5011
FAX: 03-546-5044

KOREA
J-Tek Corporation

por:
6th Floor, Government Pension Bldg.

24-3 Yoido-dong
Youngdeungpo-ku

TLX:
FAX: 82-2-784-8391

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

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

MEXICO
$8B Electronics, Inc.

TLX:
FAX: (61

Dicopel S. 3
Tochtli 368 Fracc. Ind. San Antonio

Azcapotzaico

C.P. 02760-Mexico, D.F.
Tel: 52-5-661-3211

TLX: 177 3790 Dicome
FAX: 52-5-561-1279

PSI de Mexico

Francisco Villas Esq. Ajusto
Cuernavaca —Morelos — CEP 62130
Tel: 52-73-13-9412

FAX: 52-73-17-5333

NEW ZEALAND

Email Electronics

36 Olive Road

Penrose, Auckland
Tel: 011-64-9-591-155
FAX: 011-64-9-592-681
SINGAPORE

Electronic Resources Pte, Ltd.
17 Harvey Road #04-01
$isr:gapove 1336

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 C ation
5/F 587, erg Shen East Rd.
Taipei, R.O.

Tel: 886-2 501-8231

FAX: -2-505-6609

Sert
15/F 135, Section 2
Chien Juo North Rd.

LX: 28450
FAX: 58-2-572-3321
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ALABAMA

*Intel Corp.

5015 Bradford Dr., Suite 2
Huntsville 35805

Tel: (205) 830-4010

ALASKA

Intel Corp.
c/o Trans§laska Data Systems

300 Old
Fairbanks 99701-3120
Tel: (907) 452-4401

el Corp.
?5?5 TersAlaska Data Systems

Tel: (907%3522-1 776

ARIZONA
*Intel

85029
Tel: (602) 869-4980

*Intel Corp.

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

Tel: (602) 459-5010

CALIFORNIA

tintel
21515 Vanowen St,, Ste. 116
91308

Park
Tel: (818) 704-8500

*Intel Corp.

2250 E Imperlal Hwy., Ste. 218
El Segundo 90245

Tel: (213) 640-6040

*Intet Corp.
1900 Prairie City Rd.

Folsom 95630-9597
Tel: (916) 351-6143
1-800-468-3548

Intel Corp.

9665 Cheasapeake Dr., Suite 325
San Diego 92123-1326

Tel: (619) 292-8086

**Intel Corp.
400 N. Tustin Avenue
Suite 450

Santa Ana 92705

Tel: (714) 835-9642

CALIFORNIA
2700 San Tomas Expressway
Santa Clara 95051
Tel: (408) 970-1700
800-421

DOMESTIC SERVICE OFFICES

**fintel Corp.
San T¢

omas
2700 San Tomas Exp., 2nd Floor
Santa Clara 95051
Tel: (408) 986-8086

COLORADO

*Intel Corp.

650 S. Cherry St., Suite 915
Denver 80222

Tel: (303) 321-8086

CONNECTICUT

*Intel Corp.

301 Lee Farm Corporate Park
83 Wooster Heights Rd.
Danbury 06810

Tel: (203) 748-3130

FLORIDA

**Intel Corp.

6363 N.W. 6th Way, Ste. 100
Ft. Lauderdale 33309

Tel: (305) 771-0600

*Intel Corp.
5850 T.G. Lee Blvd., Ste. 340
Orlando 32822

Tel: (407) 2:

GEORGIA

*Intel Corp.

3280 Pointe Pkwy., Ste. 200
Norcross 30092

Tel: (404) 449-0541

HAWAII

*Intel Corp.

US.LS. C Signal Batt.

Bulldlng T-1521
Shafter Plats

Shafter 96856

ILLINOIS

**tintel Col

300 N. Manlngale Rd., Ste. 400
Schaumburg 60173

Tel: (312) 605-8031

INDIANA

*Intel Corp.

8777 Purdue Rd., Ste. 125
Indi is 46268

Tel: (317) 875-0623

CUSTOMER TRAINING

ILLINOIS

300 N. Mamngale Road
Suite 300
Schaumburggeowa
Tel: (708) 7 5700 -

KANSAS

intel
Tel: (913) 345.2727

MARYLAND

**$intel Corp.

10010 Junction Dr., Suite 200
Annapolis Junction 20701

Tel: (301) 206-2860

FAX: 301-206-3677

MASSACHUSETTS

**tintel Corp.

3 Carlisle Rd., 2nd Floor
Westford 01886

Tel: (508) 692-1060

MICHIGAN

*tintel Corp.

7071 Orchard Lake Rd., Ste. 100
West Bloomfield 48322

Tel: (313) 851-8905

MINNESOTA

*tintel Corp.

3500 W. 80th St., Suite 360
Bloomington 55431

Tel: (612) 835-6722

MISSOURI

.Lndig'gonnc Exp., Ste. 13
4203 Eaf ny te. 131
Earth Ci

Tel: (314) 291 1990

NEW JERSEY
**Intel Corp

VI
Eng Iewood Clnlfs 07632
Tel: (201) 567-0821

*Intel Corp.

Parkway 109 Office Center
328 Newman Springs Road
Red Bank 07701

Tel: (201) 747-2233

*Intel Corp.

280 Corporate Center

75 Livingston Ave., 1st Floor
Roseland

Tel: (201) 740-0111

MASSACHUSETTS

3 Carlisle Road, First Floor

Westford 01886

Tel: (301) 220-3380
1-800-328-0386

NEW YORK

*tintel Corp.

2950 Expressway Dr. South
Islandia 11722

Tel: (516) 231-3300

*Intel Corp.
W e Business Center
Bldg. , Route 9
Fishkill 12524

Tel: (314) 897-3860

NORTH CAROLINA

*Intel Corp.

5800 Executive Dr., Ste. 105
Charlotte 28212

Tel: (704) 568-8966

**Intel Corp.
2700 Wycliff Road
Suite 102

Raleigh 27607
Tel: (919) 781-8022
OHIO

**tIntel Corp.
3401 Park Center Dr., Ste. 220

Dayton 45414
Tel: (513) 890-5350

*tintel Corp.
25700 Science Park Dr., Ste. 100
Beachwood 44

Tel: (216) 464—2736

OREGON

Intel Corp.

15254 N.W. Greenbrier Parkway
Building B

Beaverton 97005

Tel: (503) 645-8051

*Intel Corp.

5200 N.E. Elam Young Parkway
Hillsboro 97123

Tel: (503) 681-8080

PENNSYLVANIA

*tintel Corp.

455 Pennsytvama Ave., Ste. 230
Fort Washington 1 9034

Tel: (215) 641-1000

tintel Corp.

400 Penn Center Bivd., Ste. 610
Pittsburgh 15235

Tel: (412) 823-4970

CENTERS

MARYLAND
10010 Junction Dr.
uite 200
Annapolis Junction 20701

apoll
Tel: (301) 206-2860
1-800-328-0386

Intel Corp.

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

PUERTO RICO

Intel Corp.

South Industrial Park
P.O. Box 910

Las Piedras 00671
Tel: (809) 733-8616

TEXAS

Intel Corp.
8815 Dyer St., Suite 225

El Paso 79904
Tel: (915) 751-0186
*Intel Corp.
313 E. Anderson Lane, Suite 314
Austin
Tel: (51 2) 4543628
**tintel Corp.
12000 Fotd Rd., Suite 401
Dallas 75234
Tel: (214) 241-8087
7558 SWeR eeway, Ste. 1490
.W. Fr , Ste.
Houston 77074
Tel: (713) 988-8086

UTAH

Intel Corp.

428 East 6400 South, Ste. 104
Murray 84107

Tel: (801) 263-8051

VIRGINIA

*Intel Corp.
1504 Santa Rosa Rd., Ste. 108
Richmond 23288
Tel: (804) 282-5668
WASHINGTON
*Intel Corp.

155 108th Avenue N.E., Ste. 386

Bell
Tel: (206) 453-8086

CANADA

ONTARIO
Intel Semiconductor of
Canada, Ltd.

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

Tel: (613) 829-9714

FAX: 613-820-5936

Intel Semiconductor of
Canada, Ltd.

190 Attwell Dr., Ste. 102
Rexdale MW

Tel: (416) 675-2105

FAX: 416-675-2438

SYSTEMS ENGINEERING MANAGERS OFFICES

MINNESOTA

Bloomin, 55431
Tel: (612) 8356722

1System Engineering locations
*Carry-in locations
**Carry-in/mail-in locations

NEW YORK

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

CG/SALE/101789



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 Saint-Quentin-en-Yvelines 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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