











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8086/8088 SOFTWARE DEVELOPMENT PACKAGE

1S1S-41 PLIM-86 RELOCATABLE | _ USER | SDK.86
TEXT EDITOR SOURCE OBJECT MODULE ’-_ SYSTEM
LINK86
— AND 11 OH8eé —1— iSBC 86/12
Locse
I1SIS-I ASM86 RELOCATABLE J - |CE-86 L uUPM
TEXT EDITOR SOURCE OBJECT MODULE C

ASM80/85
SOURCE

CONV8é
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8086/8088 SOFTWARE DEVELOPMENT PACKAGE

SPECIFICATIONS

Operating Environment
Required Hardware
Intellec Microcomputer Development System

— MDS-800, MDS-888
— Series 11 MDS-220 or MDS-230
64K Bytes of RAM Memory

Dual Diskette Drives

— Single or Double* Density

System Console

— CRT or Hardcopy Interactive Device
Optional Hardware

Universal PROM Programmer
Line Printer*
ICE-86™*

Required Software
ISIS-Il Diskette Operating System
— Single or Double* Density

*Recommended

Documentation Package

PL/M-86 Programming Manual (9800466)

I1S1S-1l PL/M-86 Compiler Operator's Manual (9800478)

MCS-86 User's Manual (9800722)

MCS-86 Software Development Utilities Operating
Instructions for ISIS-1l Users (9800639)

MCS-86 Macro Assembly Language Reference Manual
(9800640)

MCS-86 Macro Assembler Operating Instructions for
ISIS-1l Users (980064 1)

MCS-86 Assembly Language Converter Operating
Instructions for ISIS-Il Users (9800642)

Universal PROM Programmer User's Manual
(9800819A)

Flexible Diskettes
— Single and Double* Density

ORDERING INFORMATION

Part Number Description

MDS-311 8086/8088 Software Development
Package

Also available in the following development support
packages:

Part Number Description

SP86A-KIT SP86A Support Package (for Intellec
Model 800)

Includes ICE-86 In-Circuit Emulator
(MDS-86-ICE) and 8086/8088 Software
Development Package (MDS-311)

SP86B Support Package (for Series ll)

Includes ICE-86 In-Circuit Emulator
(MDS-86-ICE), 8086/8088 Software
Development Package (MDS-311),
and Series |l Expansion Chassis
(MDS-201)

SP86B-KIT
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8089 ASSEMBLER SUPPORT PACKAGE

8089 I/0 processor program generation Includes software development utilities
on the Intellec Microcomputer to facilitate 8089 design.
Development System. —LINK86: Combines 8086 or 8088 object

modules with 8089 object
modules and resolves

. . external references.
Relocatable object module compatible

i i . —LOC86: Assigns absolute memory
with the 8086 and 8088 Microprocessors addresses to 8089 object
modules.
—OH86: Converts 8086/8088/8089
Supports 8089-based addressing modes object code to symbolic
with a structure facility that enables easy hexadecimal format.
access to based data. —UPM86: A PROM programming aid

which has been updated to
support PROM programming
for 8086, 8088 and 8089

Fully detailed set of error messages. applications.

The 8089 Assembler Support Package extends Intellec microcomputer development system support to the 8089 i/O
Processor. The assembler translates 8089 assembly language source instructions into appropriate machine opera-
tion codes. The 8089 Assembler Support Package allows the programmer to fully utilize the capabilities of the 8089 1/0O
Processor.

i
i
i
i
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8089 ASSEMBLER SUPPORT PACKAGE

FUNCTIONAL DESCRIPTION

The 8089 Assembler Support Package contains the 8089
assembler (ASM89) as well as LINK86 and LOC86—
relocation and linkage utilities, OH86—8086/8088/8089
object code to hexadecimal converter, and UPM86—
PROM programming software updated to program object
code in the 8086 formats. ASM89 translates symbolic
8089 assembly language instructions into the appro-
priate machine operation codes. The ability to refer to
program addresses with symbolic names eliminates the
errors of hand translation and makes it easier to modify
programs when adding or deleting instructions.

ASMB89 provides relocatable object module compat-
ibility with the 8086 and 8088 microprocessors. This
object module compatibility, along with the 8086/8088
relocation and linkage utilities, facilitates the designing
of the 8089 into an 8086 or 8088 system.

ASM89 fully supports the based addressing modes of
the 8089. A structure facility in the assembler provides
easy access to based data. The structure facility allows
the user to define a template that enables accessing of
based data symbolically.

A sample assembly listing is shown in table 1.

5889 wiSEMBLER PAGE 1

TSIS-11 8889 ASSENBLER vi @ ASSEWBLY OF MODULE CONSOL
08JECT WODULE PLACED IN :FB:COKSOL.0BY
ASSEMBLER [NVOKED BY ASHE9 CONSOL SRC

CONSOLE  SEGNENT
© INITIALIZE 8275 CRT AKD 8279 KEYBOARD COMTROLLERS

1
2
3
.
S CONTROL STRUC
6 8275 PORTS
i PARAMETER PORT
]
9 sTat?s: bs 1 i STWTUS/COMMAND PORT
18
11 8279 PORTS
12 WULLB2: ©S 3
1  STATUS/COMMAKD PORT
14 CONTROL ENDS
15

i SET PORT BRSE RODRESS
: INITIALIZE 8275

16 MOVI  Ga,4BEEK
17 MOVBI (GA) STAT?S.8

18 MOVBI (GA) PARA7S,4FH
19 MOVBI [GR) PARA7S.ED3H

@918 @Adc B8 ¢A 28 MOVBI (GA) PARA7S.6HH
9814 @aec @8 19 21 KWOVBI (GA) PARAZS.13H
2818 @Adc 26 98 23 MOVEI (GA) STAT?9.8 ©INITIALIZE 8279
e81C  @A4c @6 38 24 WOVBI (GA) STAT?9.3@K
23
2828 26 CONSOLE ENDS
27
28 END
8889 ASSEWBLER page 2

SYNBOL TABLE

CONTROL

"
sTAT?79

ASSENBLY COMPLETE, WO ERRORS FOUND

Table 1. Sample 8089 Assembly Listing

SPECIFICATIONS
Operating Environment

Required Hardware

Intellec Microcomputer Development System
—MDS-800, MDS-888

—Series || Models 220 or 230

64K Bytes of RAM Memory

Minimum One Diskette Drive

—Single or Double* Density

System Console

—CRT or Hardcopy Interactive Device

Optional Hardware

Universal PROM Programmer*
Line Printer*

Required Software
ISIS-1I Diskette Operating System
—Single or Double* Density

Documentation Package
8089 Assembler User's Guide (9800938)
8089 Assembler Pocket Reference (9800936)

MCS-86 Software Development Utilities
Operating Instructions for ISIS-Il User’'s (9800639)

MCS-86 Absolute Object File Formats (9800821)
Universal PROM Programmer User’'s Manual (9800819)

Flexible Diskettes

—Single and Double* Density *Recommended

ORDERING INFORMATION:

Part Number
MDS-312

Description
8089 Assembler Support Package
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ICE-86™
8086 IN-CIRCUIT EMULATOR

Hardware in-circuit emulation
Full symbolic debugging

Breakpoints to halt emulation on a wide
variety of conditions

Comprehensive trace of program execu-
tion, both conditional and unconditional

Disassembly of trace or memory from
object code into assembler mnemonics

2K bytes of high speed ICE-86 mapped
memory

Software debugging with or without user
system

Handles full 1 megabyte addressability of
8086

Compound commands

Command macros

The ICE-86 module provides In-Circuit Emulation for the 8086 microprocessor and the iSBC 86/12 Single Board Com-
puter. It includes three circuit boards which reside in Intellec® Microcomputer Development Systems. A cable and
buffer box connect the Intellec system to the user system by replacing the user’'s 8086. Powerful Intellec debug func-
tions are thus extended into the user system. Using the ICE-86 module, the designer can execute prototype software
in continuous or single-step mode and can substitute blocks of Intellec system memory for user equivalents. Break-
points allow the user to stop emulation on user-specified conditions, and the trace capability gives a detailed history
of the program execution prior to the break. All user access to the prototype system software may be done symbolically

by referring to the source program variables and labels.




ICE-86™

INTEGRATED HARDWARE/SOFTWARE
DEVELOPMENT

The ICE-86 emulator allows hardware and software
development to proceed interactively. This is more ef-
fective than the traditional method of independent hard-
ware and software development followed by system in-
tegration. With the ICE-86 module, prototype hardware
can be added to the system as it is designed. Software
and hardware testing occurs while the product is being
developed.

Conceptually, the ICE-86 emulator assists three stages
of development:

1. It can be operated without being connected to the
user’s system, so ICE-86 debugging capabilities can
be used to facilitate program development before any
of the user’s hardware is available.

2. Integration of software and hardware can begin when
any functional element of the user system hardware
is connected to the 8086 socket. Through ICE-86
mapping capabilities, Intellec memory, ICE memory,
or diskette memory can be substituted for missing
prototype memory. Time-critical program modules
are debugged before hardware implementation by us-
ing the 2K-bytes of high-speed ICE-resident memory.
As each section of the user’s hardware is completed,
it is added to the prototype. Thus each section of the
hardware and software is ‘“system” tested as it
becomes available.

3. When the user’s prototype is complete, it is tested
with the final version of the user system software.
The ICE-86 module is then used for real time emula-
tion of the 8086 to debug the system as a completed
unit.

Thus the ICE-86 module provides the user with the abil-
ity to debug a prototype or production system at any
stage in its development without introducing
extraneous hardware or software test tools.

SYMBOLIC DEBUGGING

Symbols and PL/M statement numbers may be
substituted for numeric values in any of the ICE-86 com-
mands. This allows the user to make symbolic refer-
ences to /O ports, memory addresses, and data in the
user program. Thus the user need not remember the ad-
dresses of variables or program subroutines.

Symbols can be used to reference variables, proce-
dures, program labels, and source statements. A vari-
able can be displayed or changed by referring to it by
name rather than by its absolute location in memory.
Using symbols for statement labels, program labels, and
procedure names simplifies both tracing and breakpoint
setting. Disassembly of a section of code from either
trace or program memory into its assembly mnemonics
is readily accomplished.

Furthermore, each symbol may have associated with it
one of the data types BYTE, WORD, INTEGER,
SINTEGER (for short, 8-bit integer) or POINTER. Thus
the user need not remember the type of a source pro-
gram variable when examining or modifying it. For
example, the command “!VAR” displays the value in
memory of variable VAR in a format appropriate to its
type, while the command “!VAR=!VAR+ 1” increments
the value of the variable.

The user symbol table generated along with the object
file during a PL/M-86 compilation or an ASM-86
assembly is loaded into memory along with the user pro-
gram which is to be emulated. The user may add to this
symbol table any additional symbolic values for memory
addresses, constants, or variables that are found useful
during system debugging.

The ICE-86 module provides access through symbolic
definition to all of the 8086 registers and flags. The
READY, NMI, TEST, HOLD, RESET, INTR, and MN/MX
pins of the 8086 can also be read. Symbolic references
to key ICE-86 emulation information are also provided.

PLUG INTO
BUFFER BOX USER
8086 SOCKET
Y-CABLE l:;ABLE

r—-——-——-"--""""""—""—"¥"—"——g=__— s |
| o - T-CABLE |
| | [ | !
| | FIRMWARE
| I | CONTROLLER TRACE BOARD ”‘C%'g:'g)""“ |
I | wreee | BOARD I

| HOST | T l |
: : | AUXILLIARY CONNECTOR :
1| [ I
L e o o INTELLEC |

Figure 1. ICE-86 Block Diagram
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ICE-86™

A typical ICE-86 development configuration. It is based on a Model 230 Development System, which also includes a

Double Density Diskette Operating System and a Model 201 Expansion Chassis (which holds the ICE-86 emulator). The
ICE-86 module is shown connected to a user prototype system, in this case an SDK-86.

MACROS AND COMPOUND COMMANDS

The ICE-86 module provides a programmable diagnostic
facility which allows the user to tailor its operation us-
ing macro commands and compound commands.

A macro is a set of ICE-86 commands which is given a
single name. Thus, a sequence of commands which is
executed frequently may be invoked simply by typing in
a single command. The user first defines the macro by
entering the entire sequence of commands which he
wants to execute. He then names the macro and stores
it for future use. He executes the macro by typing its
name and passing up to ten parameters to the com-
mands in the macro. Macros may be saved on a disk file
for use in subsequent debugging sessions.

Compound commands provide conditional execution of
commands(IF), and execution of commands until a con-
dition is met or until they have been executed a
specified number of times (COUNT, REPEAT).

Compound commands and macros may be nested any
number of times.

MEMORY MAPPING

Memory for the user system can be resident in the user

system or “borrowed”” from the Intellec System through

ICE-86’s mapping capability.

The ICE-86 emulator allows the memory which is ad-

dressed by the 8086 to be mapped in 1K-byte blocks to:

1. Physical memory in the user’s system,

2. Either of two 1K-byte blocks of ICE-86 high speed
memory,

3. Intellec memory,

4. A random-access diskette file.

The user can also designate a block of memory as non-
existent. The ICE-86 module issues an error message
when any such “guarded” memory is addressed by the
user program.

Command Description

GO Initializes emulation and allows the
user to specify the starting point
and breakpoints. Example:
GO FROM .START TILL .DELAY
EXECUTED
where START and DELAY are state-
ment labels.

STEP Allows the user to single-step
through the program.

Table 1. Summary of ICE-86 Emulation Commands

OPERATION MODES

The ICE-86 software is a RAM-based program that pro-
vides the user with easy-to-use commands for initiating
emulation, defining breakpoints, controlling trace data
collection, and displaying and controlling system
parameters. ICE-86 commands are configured with a
broad range of modifiers which provide the user with
maximum flexibility in describing the operation to be
performed.

Emulation

Emulation commands to the ICE-86 emulator control the
process of setting up, running and halting an emulation
of the user’s 8086. Breakpoints and tracepoints enable
ICE-86 to halt emulation and provide a detailed trace of
execution in any part of the user’s program. A summary
of the emulation commands is shown in Table 1.

Breakpoints — The ICE-86 module has two breakpoint
registers that allow the user to halt emulation when a
specified condition is met. The breakpoint registers may
be set up for execution or non-execution breaking. An
execution breakpoint consists of a single address
which causes a break whenever the 8086 executes from
its queue an instruction byte which was obtained from
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ICE-86™

the address. A non-execution breakpoint causes an
emulation break when a specified condition other than
an instruction execution occurs. A non-execution break-
point condition, using one or both breakpoint registers,
may be specified by any one of or a combination of:

1. A set of address values. Break on a set of address
values has three valuable features:

a. Break on a single address.

b. The ability to set any number of breakpoints within
a limited range (1024 bytes maximum) of memory.

c. The ability to break in an unlimited range. Execu-
tion is halted on any memory access to an address
greater than (or less than) any 20-bit breakpoint ad-
dress.

2. A particular status of the 8086 bus (one or more of:
memory or I/O read or write, instruction fetch, halt, or
interrupt acknowledge).

3. A set of data values (features comparable to break on
a set of address values, explained in point one).

4. A segment register (break occurs when the register is
used in an effective address calculation).

An external breakpoint match output for user access is
provided on the buffer box. This allows synchronization
of other test equipment when a break occurs.

Tracepoints — The ICE-86 module has two tracepoint
registers which establish match conditions to condi-
tionally start and stop trace collection. The trace infor-
mation is gathered at least twice per bus cycle, first
when the address signals are valid and second when the
data signals are valid. If the 8086 execution queue is
otherwise active, additional frames of trace are col-
lected.

Each trace frame contains the 20 address/data lines and
detailed information on the status of the 8086. The trace
memory can store 1,023 frames, or an average of about
300 bus cycles, providing ample data for determining
how the 8086 was reacting prior to emulation break. The
trace memory contains the last 1,023 frames of trace
data collected, even if this spans several separate
emulations. The user has the option of displaying each
frame of the trace data or displaying by instruction in ac-
tual ASM-86 Assembler mnemonics. Unless the user
chooses to disable trace, the trace information is
always available after an emulation.

Interrogation and Utility

Interrogation and utility commands give the user con-
venient access to detailed information about the user
program and the state of the 8086 that is useful in
debugging hardware and software. Changes can be
made in both memory and the 8086 registers, flags, in-
put pins, and 1/0 ports. Commands are also provided for
various utility operations such as loading and saving
program files, defining symbols and macros, displaying
trace data, setting up the memory map, and returning
control to ISIS-Il. A summary of the basic interrogation
and utility commands is shown in Table 2.

Memory/Register Commands

Display or change the contents of:

¢ Memory

* 8086 Registers

* 8086 Status flags

* 8086 Input pins

* 8086 I/0 ports

¢ |CE-86 Pseudo-Registers (e.g. emulation timer)

Memory Mapping Commands
Display, declare, set, or reset the ICE-86 memory mapping.
Symbol Manipulation Commands

Display any or all symbols, program modules, and program
line numbers and their associated values (locations in
memory).

Set the domain (choose the particular program module) for
the line numbers.

Define new symbols as they are needed in debugging.

Remove any or all symbols, modules, and program
statements.

Change the value of any symbol.
TYPE

Assign or change the type of any symbol in the symbol table.
ASM

Disassemble user program memory into ASM-86 Assembler
mnemonics.

PRINT

Display the specified portion of the trace memory.
LOAD

Fetch user symbol table and object code from the input file.
SAVE

Send user symbol table and object code to the output file.
LsT

Send a copy of all output (including prompts, input line
echos, and error messages) to the chosen output device (e.g.
disk, printer) as well as the console.

EVALUATE

Display the value of an expression in binary, octal, decimal,
hexadecimal, and ASCII.

SUFFIX/BASE

Establish the default base for numeric values in input
text/output display (binary, octal, decimal, or hexadecimal).
CLOCK

Select the internal (ICE-86 provided, for stand-alone mode
only) or an external (user-provided) system clock.

RWTIMEOUT

Allows the user to time out READ/WRITE command signals
based on the time taken by the 8086 to access Intellec
memory or diskette memory.

ENABLE/DISABLE RDY

Enable or disable logical AND of ICE-86 Ready with the user
Ready signal for accessing Intellec memory, ICE memory, or
diskette memory.

Table 2. Summary of Basic ICE-86 Interrogation and
Utility Commands
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ICE-86™

DIFFERENCES BETWEEN ICE-86 DC CHARACTERISTICS OF ICE-86
EMULATION AND THE 8086 USER CABLE
MICROPROCESSOR 1. Output Low Voltages [Vq (Max)=0.4V]
lov (Min)

The ICE-86 module emulates the actual operation of the ADO-AD15 8 mA
8086 microprocessor with the following exceptions: (24 mA @ 0.5V)
* The ICE-86 module will not respond to a user system A16/S3-A19/S7, BRE/S7, RD, 8 mA

NMI or RESET signal when it is out of emulation. LOCK, Qs0,QS1,50,51,52, (16 mA @ 0.5V)
* Trapis ignored in single step mode and on the first in- WR, MIIO, DT/R, DEN, ALE,

struction step of an emulation. INTA
* The MIN/MAX line, which chooses the “minimum” or HLDA 7mA

“maximum” configuration of the 8086, must not MATCHO OR MATCH1 (on

change dynamically in the user system. buffer box) 16 mA

* In the “minimum” mode, the user HOLD signal must 2. Output High Voltages [Voy (Min) = 2.4V]

remain active until HLDA is output by the ICE-86 lon(Min)
emulator. ADO-AD15 “2mA
¢ The RQ/GT lines in the “maximum’ configuration are A16/S3-A19/S7. BHE/S?, RD, ~1mA
not supported. __WC—K, Qso, Qs1, 50, 51, 52,
N, AL
The speed of run emulation by the ICE-86 module :A%Mﬁ?_biwn' DEN, ALE,
depends on where the user has mapped his memory. As !
the user prototype progresses to include memory, MATCHO OR MATCH1 (on
emulation becomes real time. buffer box) —-0.8 mA
3. Input Low Voltages [V, (Max)=0.8V]
he (Max)
ADO-AD15 -0.2mA
Memo
Maboed ¥ - NMI, CLK —0.4mA
pped To Estimated Speed READY 0.8 mA
UserSystem | 100% of real time*, up to 4 MHz INTR, HOLD, TEST, RESET —1.4mA
clock MN/MX (0.1 uf to GND) -3.3mA
ICE 2 wait states per 8086-controlled 4. Input High Voltages [V|4(Min) = 2.0V]
bus cycle hi(Max)
Intellec Approximately 0.02% of real time ADO-AD15 80 uA
at 4 MHz clock NMI, CLK 20 LA
Diskette b READY _ 40 uA
INTR, HOLD, TEST, RESET —-0.4mA
*100% of real time is emulation at the user system clock rate with MN/MX (0.1 uF to GND) —1.1mA
no wait states. ’ '
**The emulation speed from diskette is comparable to Intellec 5. RQ/GTO, RQ/GT1 are pulled up to + 5V through a 5.6K
memory, but emulation must wait when a new page is accessed ohm res'istor No current is taken from user circuit at
on the diskette. N
VCC pin.

B-169



ICE-86™

SPECIFICATIONS

ICE-86 Operating Environment

Required Hardware

Intellec microcomputer development system with:

1. Three adjacent slots for the ICE-86 module (Series |l
requires Model 201 Expansion Chassis.)

2. 64K bytes of Intellec memory. If user prototype pro-
gram memory is desired, additional memory above
the basic 64K is required.

System console

Intellec diskette operating system

ICE-86 module

Required Software

System monitor

ISIS-Il, version 3.4 or subsequent
ICE-86 software

Equipment Supplied

Printed circuit boards (3)

Interface cable and emulation buffer module
Operator’s manual

ICE-86 software, diskette-based

Emulation Clock

User system clock up to 4 MHz or 2 MHz ICE-86 internal
clock in stand-alone mode

Physical Characteristics

Printed Circuit Boards

Width: 12.00 in (30.48 cm)

Height: 6.75 in (17.15 cm)

Depth: 0.50 in (1.27 cm)

Packaged Weight: 9.00 Ib (4.10 kg)

Electrical Characteristics

DC Power

Voo = +5V +5% - 1%

lcc = 15A maximum; 11A typical

VDD =+12V 5%

Ipp =120 mA maximum; 80 mA typical

Vgg = — 10V 5% or — 12V +5% (optional)
Igg =15 mA maximum; 12 mA typical

Environmental Characteristics
Operating Temperature: 0° to 40°C

Operating Humidity: Up to 95% relative humidity with-
out condensation.

ORDERING INFORMATION

Part Number
MDS-86-ICE

Description
8086 CPU in-circuit emulator
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iSBC 86/12A
SINGLE BOARD COMPUTER

8086 16 bit HMOS microprocessor
central processor unit

32K-bytes of dual-port read/write
memory expandable on-board to 64K-
bytes with on-board refresh

Sockets for up to 16K-bytes of read only
memory expandable on-board to 32K-
bytes

System memory expandable to
1 megabyte

24 programmable parallel 1/0 lines with
sockets for interchangeable line drivers
and terminators

Programmable synchronous/
asynchronous RS232C compatible serial
interface with software selectable baud
rates

Two programmable 16-bit BCD or binary
timers/event counters

9 levels of vectored interrupt control,
expandable to 65 levels

Auxiliary power bus and power fail
interrupt control logic for read/write
memory battery backup

MULTIBUS interface for multimaster
configurations and system expansion

Compatible with iSBC 80 family single
board computers, memory, digital and
analog 1/0, and peripheral controlier
boards

The iSBC 86/12A Single Board Computer is a member of Intel's complete line of OEM microcomputer systems which take
full advantage of Intel's LS| technology to provide economical self-contained computer based solutions for OEM
applications. The iSBC 86/12A board is a complete computer system on a single 6.75 x 12.00-inch printed circuit
card. The CPU, system clock, read/write memory, nonvolatile read only memory, I/0O ports and drivers, serial
communications interface, priority interrupt logic and programmable timers, all reside on the board. Full MULTIBUS
interface logic is included to offer compatibility with the Intel OEM Microcomputer Systems family of Single Board
Computers, expansion memory options, digital and analog I/0O expansion boards and peripheral controllers.
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iSBC 86/12A™

FUNCTIONAL DESCRIPTION

Central Processing Unit

The central processor for the iISBC 86/12A board is Intel's
8086, a powerful 16-bit HMOS device. The 225 sq. mil
chip contains 29,000 transistors and has a clock rate of
5MHz. The architecture includes four (4) 16-bit byte
addressable data registers, two (2) 16-bit memory base
pointer registers and two (2) 16-bit index registers, all
accessed by a total of 24 operand addressing modes for
complex data handling and very flexible memory
addressing.

Instruction Set — The 8086 instruction repertoire includes
variable length instruction format (including double
operand instructions), 8-bit and 16-bit signed and
unsigned arithmetic operators for binary, BCD and
unpacked ASCII data, and iterative word and byte string
manipulation functions. The instruction set of the 8086 is
a superset of the 8080A/8085A family and with available
software tools, programs written for the 8080A/8085A can
be easily converted and run on the 8086 processor.

Architectural Features — A 6-byte instruction queue
provides pre-fetching of sequential instructions and can
reduce the 1.2usec minimum instruction cycle to 400 nsec
for queued instructions. The stack oriented architecture
facilitates nested subroutines and co-routines, reentrant
code and powerful interrupt handling. The memory

expansion capabilities offer a 1 megabyte addressing
range. The dynamic relocation scheme allows ease in
segmentation of pure procedure and data for efficient
memory utilization. Four segment registers (code, stack,
data, extra) contain program loaded offset values which
are used to map 16-bit addresses to 20-bit addresses.
Each register maps 64K-bytes at a time and activation of a
specific register is controlled explicitly by program
control and is also selected implicitly by specific functions
and instructions.

Bus Structure

The iSBC 86/12A microcomputer has three buses: an
internal bus for communicating with on-board memory
and I/0 options, the MULTIBUS system bus for referenc-
ing additional memory and /O options, and the dual-port
bus which allows access to RAM from the on-board CPU
and the MULTIBUS system bus. Local (on-board)
accesses do not require MULTIBUS communication,
making the system bus available for use by other
MULTIBUS masters (i.e. DMA devices and other single
board computers transferring to additional system
memory). This feature allows true parallel processingina
multiprocessor environment. In addition, the MULTIBUS
interface can be used for system expansion through the
use of other 8- and 16-bit iISBC computers, memory and
1/O expansion boards.
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Figure 1. iSBC 86/12A Single Board Computer Block Diagram
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RAM Capabilities

The iSBC 86/12A microcomputer contains 32K bytes of
dynamic read/write memory using 16K-bit 2117 RAMs. In
addition, the on-board RAM complement may be ex-
panded to 64K bytes with the iSBC 300 32K-byte RAM
expansion module. Power for the on-board RAM and
refresh circuitry may be optionally provided on an aux-
iliary power bus, and memory protect logic is included
for RAM battery backup requirements. The iSBC 86/12A
board contains a dual port controller which allows
access to the on-board RAM (32K bytes or 64K bytes
when the iSBC 300 module is included with the iSBC
86/12A board) from the iSBC 86/12A CPU and from any
other MULTIBUS master via the system bus. The dual
port controller allows 8- and 16-bit accesses from the
MULTIBUS system bus, and the on-board CPU transfers
data to RAM over a 16-bit data path. Priorities have been
established such that memory refresh is guaranteed by
the on-board refresh logic and that the on-board CPU
has priority over MULTIBUS system bus requests for
access to RAM. The dual port controller includes in-
dependent addressing logic for RAM access from the
on-board CPU and from the MULTIBUS system bus. The
on-board CPU will always access RAM starting at loca-
tion 00000y. Address jumpers allow on-board RAM to be
located starting on any 8K-byte boundary within a 1
megabyte address range for accesses from the MULTI-
BUS system bus. In conjunction with this feature, the
iSBC 86/12A microcomputer has the ability to protect
on-board memory from MULTIBUS access to any contig-
uous 8K-byte segments (or 16K-byte segments with
iSBC 300 module). These features allow muitiprocessor
systems to establish local memory for each processor
and shared system (MULTIBUS) memory configurations
where the total system memory size (including local on-
board memory) can exceed 1 megabyte without address-
ing conflicts.

EPROM/ROM Capabilities

Four sockets are provided for up to 16K-bytes of
nonvolatile read only memory on the iSBC 86/12A
board. EPROM/ROM may be added in 2K-byte incre-
ments up to a maximum of 4K-bytes by using Intel 2758

electrically programmable ROMs (EPROMs); in 4K-byte
increments up to 8K bytes by using Intel 2716 EPROMs
or Intel 2316E masked ROMSs; or in 8K-byte increments
up to 16K bytes by using Intel 2732 EPROMs or 2332A
ROMs. On-board EPROM/ROM is accessed via 16-bit
data paths. On-board EPROM/ROM capacity may be ex-
panded to 32K bytes with the addition of the iSBC 340
16K-byte EPROM expansion module. It provides an addi-
tional four sockets for Intel 2732 EPROMs or intel 2332A
ROMs. With user modification of the iSBC 86/12A’s on-
board memory and MULTIBUS address decode, Intel
2758 and 2716 EPROMs or 2316E ROMs may be option-
ally supported. System memory size is easily expanded
by the addition of MULTIBUS system bus compatible
memory boards available in the iISBC product family.

Parallel 1/0 Interface

The iSBC 86/12A single board computer contains 24
programmable parallel I/O lines implemented using the
Intel 8255A Programmable Peripheral Interface. The
system software is used to configure the I/O lines in any
combination of unidirectional input/output and bidirec-
tional ports indicated in Table 1. Therefore, the /O
interface may be customized to meet specific peripheral
requirements. In order to take full advantage of the large
number of possible I/O configurations, sockets are
provided for interchangeable I/O line drivers and
terminators. Hence, the flexibility of the I/0 interface is
further enhanced by the capability of selecting the
appropriate combination of optional line drivers and
terminators to provide the required sink current, polarity,
and drive/termination characteristics for each applica-
tion. The 24 programmable |/O lines and signal ground
lines are brought out to a 50-pin edge connector that
mates with flat, woven, or round cable.

Serial I/0

A programmable communications interface using the
Intel 8251A Universal Synchronous/Asynchronous
Receiver/Transmitter (USART) is contained on the iSBC
86/12A board. A software selectable baud rate generator
provides the USART with all common communication

Mode of Operation
Unidirectional
Lines C
Port @ty) Input Output Bidirectional Control
Latched & Latched &
Latched Strobed Latched Strobed
1 8 X X X X X
2 8 X X X X
4 X X X!
4 X X X!
Note
1. Part of port 3 must be used as a control port when either port 1 or port 2 are used as a latched and strobed input or a latched and strobed output
port or port 1 is used as a bidirectional port.

Table 1. Input/Output Port Modes of Operation
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frequencies. The USART can be programmed by the
system software to select the desired asynchronous or
synchronous serial data transmission technique (includ-
ing IBM Bi-Sync). The mode of operation (i.e., synchro-
nous or asynchronous), data format, control character
format, parity, and baud rate are all under program
control. The 8251A provides full duplex, double buffered
transmit and receive capability. Parity, overrun, and
framing error detection are all incorporated in the
USART. The RS232C compatible interface on each
board, in conjunction with the USART, provides a direct
interface to RS232C compatible terminals, cassettes, and
asynchronous and synchronous modems. The RS232C
command lines, serial data lines, and signal ground line
are brought out to a 26 pin edge connector that mates with
RS232C compatible flat or round cable. The iSBC 530
Teletypewriter Adapter provides an optically isolated
interface for those systems requiring a 20 mA current
loop. TheiSBC 530 unit may be usedto interface the iSBC
86/12A board to teletypewriters or other 20 mA current
loop equipment.

Programmable Timers

The iSBC 86/12A board provides three independent, fully
programmable 16-bit interval timers/event counters
utilizing the Intel 8253 Programmable Interval Timer.
Each counter is capable of operating in either BCD or
binary modes. Two of these timers/counters are available
to the systems designer to generate accurate time
intervals under software control. Routing for the outputs
and gate/trigger inputs of two of these counters is jumper
selectable. The outputs may be independently routed to
the 8259A Programmable Interrupt Controller and to the
1/0 line drivers associated with the 8255A Programmable
Peripheral Interface, or may be routed as inputs to the
8255A chip. The gate/trigger inputs may be routed to 1/0
terminators associated with the 8255A or as output
connections from the 8255A. The third interval timer in
the 8253 provides the programmable baud rate generator
for the iISBC 86/12A board RS232C USART serial port. In
utilizing the iSBC 86/12A board the systems designer
simply configures, via software, each timerindependently
to meet system requirements. Whenever a given time
delay or count is needed, software commands to the
programmable timers/event counters select the desired
function. Seven functions are available, as shown in
Table 2. The contents of each counter may be read atany
time during system operation with simple read operations
for event counting applications, and special commands
are included so that the contents can be read “on the fly”.

MULTIBUS System Bus and
Multimaster Capabilities

The MULTIBUS system bus features asynchronous data
transfers for the accommodation of devices with various
transfer rates while maintaining maximum throughput.
Twenty address lines and sixteen separate data lines
eliminate the need for address/data multiplexing/demul-
tiplexing logic used in other systems, and allow for data
transfer rates up to 5 megawords/sec. A failsafe timer is
included in the iSBC 86/12A board which can be used to
generate an interrupt if an addressed device does not
respond within 6 msec.

Function Operation

Interrupt on When terminal count is reached,
terminal count | an interrupt request is generated.
This function is extremely useful
for generation of real-time clocks.

Programmable | Output goes low upon receipt of
one-shot an external trigger edge or soft-
ware command and returns high
when terminal count is reached.
This function is retriggerable.

Rate Divide by N counter. The output
generator will go low for one input clock
cycle, and the period from one low
going pulse to the next is N times
the input clock period.

Output will remain high until one-
half the count has been completed,
and go low for the other half of
the count.

Square-wave
rate generator

Software Output remains high until soft-
triggered ware loads count (N). N counts af-
strobe ter count is loaded, output goes
low for one input clock period.
Hardware Output goes low for one clock
triggered period N counts after rising edge
strobe counter trigger input. The counter

is retriggerable.

On a jumper selectable basis, the
clock input becomes an input
from the external system. CPU
may read the number of events
occurring after the counting “win-
dow” has been enabled or an
interrupt may be generated after N

Event counter

events occur in the system.

Table 2. Programmable Timer Functions

Multimaster Capabilities — The iSBC 86/12A board is a
full computer on a single board with resources capable of
supporting a great variety of OEM system requirements.
For those applications requiring additional processing
capacity and the benefits of multiprocessing (i.e., several
CPUs and/or controllers logically sharing system tasks
through communication over the system bus), the iSBC
86/12A board provides full MULTIBUS arbitration control
logic. This control logic allows up to three iSBC 86/12A
boards or other bus masters, including iSBC 80 family
MULTIBUS compatible 8-bit single board computers, to
share the system bus in serial (daisy chain) priority
fashion and up to 16 masters to share the MULTIBUS
system bus with the addition of an external priority
network. The MULTIBUS arbitration logic operates
synchronously with a MULTIBUS clock (provided by the
iSBC 86/12A board or optionally provided directly from
the MULTIBUS) while data is transferred via a handshake
between the master and slave modules. This allows
different speed controllers to share resources on the same
bus, and transfers via the bus proceed asynchronously.
Thus, transfer speed is dependent on transmitting and
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receiving devices only. This design prevents slow master
modules from being handicapped in their attempts to gain
control of the bus, but does not restrict the speed at which
faster modules can transfer data via the same bus. The
most obvious applications for the master-slave capabili-
ties of the bus are multiprocessor configurations, high
speed peripheral control, but are by no means limited to
these three.

Interrupt Capablity

The iSBC 86/12A board provides 9 vectored interrupt
levels. The highest level is the NMI (Non-maskable
Interrupt) line which is directly tied to the 8086 CPU. This
interrupt cannot be inhibited by software and is typically
used for signalling catastrophic events (i.e., power
failure). On servicing this interrupt, program control will
be implicitly transferred through location 00008y The
Intel 8259A Programmable Interrupt Controlier (PIC)
provides vectoring for the next eight interrupt levels. As
shown in Table 3, a selection of four priority processing
modes is available to the systems designer for use in
designing request processing configurations to match
system requirements. Operating mode and priority
assignments may be reconfigured dynamically via
software at any time during system operation. The PIC
accepts interrupt requests from the programmable
parallel and serial 1/0 interfaces, the programmable
timers, the system bus, or directly from peripheral
equipment. The PIC then determines which of the
incoming requests is of the highest priority, determines
whether this request is of higher priority than the level
currently being serviced, and, if appropriate, issues an
interrupt to the CPU. Any combination of interrupt levels
may be masked, via software, by storing a single byte in
the interrupt mask register of the PIC. The PIC generates
a unique memory address for each interrupt level. These
addresses are equally spaced at 4 byte intervals. This
32-byte block may begin at any 32-byte boundary in the
lowest 1K-bytes of memory,” and contains unique
instruction pointers and code segment offset values (for
expanded memory operation) for each interrupt level.
After acknowledging an interrupt and obtaining a device
identifier byte from the 8259A PIC, the CPU will store its
status flags on the stack and execute an indirect CALL
instruction through the vector location (derived from the
device identifier) to the interrupt service routine. In
systems requiring additional interrupt levels, slave 8259A
PIC’s may be interfaced via the MULTIBUS system bus,
to generate additional vector addresses, yielding a total
of 65 unique interrupt levels.

Interrupt Request Generation — Interrupt requests may
originate from 17 sources. Two jumper selectable
interrupt requests can be automatically generated by the
programmable peripheral interface when a byte of

*Note: The first 32 vector locations are reserved by Intel
for dedicated vectors. Users who wish to maintain
compatibility with present and future Intel products
should, not use these locations for user-defined vector
addresses.

Mode Operation

Fully nested Interrupt request line priorities

fixed at 0 as highest, 7 as lowest.

Equal priority. Each level, after
receiving service, becomes the
lowest priority level until next in-
terrupt occurs.

Auto-rotating

Specific System software assigns lowest

priority priority level. Priority of all other
levels based in sequence numeri-
cally on this assignment.

Polled System software examines priori-

ty-encoded system interrupt status
via interrupt status register.

Table 3. Programmable Interrupt Modes

information is ready to be transferred to the CPU (i.e.,
input buffer is full) or a byte of information has been
transferred to a peripheral device (i.e., output buffer is
empty). Two jumper selectable interrupt requests can be
automatically generated by the USART when a character
is ready to be transferred to the CPU (i.e., receive channel
buffer is full, or a character is ready to be transmitted (i.e.,
transmit channel data buffer is empty). A jumper
selectable request can be generated by each of the
programmable timers. An additional interrupt request
line may be jumpered directly from the parallel I/0 driver
terminator section. Eight prioritized interrupt request
lines allow the iSBC 86/12A board to recognize and
service interrupts originating from peripheral boards
interfaced via the MULTIBUS system bus. The MULTI-
BUS fail safe timer also can be selected as an interrupt
source.

Power-Fail Control

Control logic is also included to accept a power-fail
interrupt in conjunction with the AC-low signal from the
iSBC 635 and iSBC 640 Power Supply or equivalent.

Expansion Capabilities

Memory and 1/O capacity may be expanded and
additional functions added using Intel MULTIBUS
compatible expansion boards. Memory may be expanded
by adding user specified combinations of RAM boards,
EPROM boards, or combination boards. Input/output
capacity may be increased by adding digital I/0 and
analog 1/O expansion boards. Mass storage capability
may be achieved by adding single or double density
diskette controllers, or hard disk controllers. Modular
expandable backplanes and cardcages are available to
support multiboard systems.

Note: Certain system restrictions may be incurred by the
inclusion of some of the iSBC 80 family optionsinaniSBC
86/12A system. Consult the Intel OEM Microcomputer
System Configuration Guide for specific data.
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System Development Capabilities

The development cycle of iSBC 86/12A products can be
significantly reduced by using the Intellec® series
microcomputer development systems. The Assembler,
Locating Linker, Library Manager, Text Editor and system
monitor are all supported by the ISIS-II disk based
operating system. A minimum of 64K-bytes of RAM is
needed in the Intellec system to support program
development for the iSBC 86/12A board. To facilitate
conversion of 8080A/8085A assembly language programs
to un on the iSBC 86/12A board CONV-86 is available
under the ISIS-Il operating system.

In-Circuit Emulator — ICE-86 in-circuit emulator provides
the necessary link between the software development
environment provided by the Intellec system and the
“target” iSBC 86/12A execution system. In addition to
providing the mechanism for loading executable code and
data into the iSBC 86/12A board, ICE-86 in-circuit
emulator provides a sophisticated command set to assist
in debugging software and final integration of the user

hardware and software. ICE-86 in-circuit emulator
maximizes the use of available development resources by
allowing Intellec resident resources (e.g., memory and
peripherals) to be accessed by software running on the
target iISBC 86/12A system. In addition, software can be
executed without an iSBC 86/12A execution vehicle, in 2K
bytes of RAM resident in the ICE-86 system itself. Sym-
bolic references to instruction and data locations can be
made through ICE-86 in-circuit emulator to aliow the user
to reference memory locations with assigned names.

PL/M-86 — Intel's high level programming language,
PL/M-86, is also available as an Intellec Microcomputer
Development System option. PL/M-86 provides the
capability to program in a natural, algorithmic language
and eliminates the need to manage register usage or
allocate memory. PL/M-86 programs can be written in a
much shorter time than assembly language programs for a
given application. PL/M-86 includes byte and word,
integer, pointer and floating point (32-bit) data types and
also includes conditional compilation and macro features.

SPECIFICATIONS

Word Size
Instruction — 8, 16, 24, or 32 bits
Data — 8, 16 bits

Cycle Time
Basic Instruction Cycle — 1.2usec
— 400 nsec (assumes
instruction in the queue)

Note:
Basic instruction cycle is defined as the fastest instruction time (i.e.,
two clock cycles)

Memory Capacity

On-Board Read Only Memory — 16K bytes (sockets
only); expandable to 32K bytes with iSBC 340 EPROM/
ROM expansion module.

On-Board RAM — 32K bytes; expandable to 64K bytes
with iSBC 300 RAM expansion module.

Off-Board Expansion — Up to 1 megabyte in user
specified combinations of RAM, ROM, and EPROM.

Note:
Read only memory may be added in 2K, 4K, or 8K-byte increments.

Memory Addressing

On-Board EPROM/ROM — FF000-FFFFFy (using 2758
EPROMs), FE000-FFFFFy (using 2716 EPROMSs or 2316
ROMs); FC000-FFFFFy (using 2732 EPROMs or 2332A
ROMs); F8000-FFFFFy (with iSBC 340 EPROM option
and four additional 2732 EPROMS).

On-Board RAM — 32K bytes of dual port RAM. Option-
ally expandable to 64K bytes with iSBC 300 RAM option.

CPU Access — 32K bytes: 00000-07FFFy; 64K bytes:
00000-0FFFF.

MULTIBUS Access — Jumper selectable for any 8K-byte
boundary, but not crossing a 128K-byte boundary. Ac-
cess for 8K, 16K, 24K or 32K (16K, 32K, 48K, 64K with
iSBC 300 option) bytes may be selected for on-board
CPU use only.

1/0 Capacity
Parallel — 24 programmable lines using one 8255A.
Serial — 1 programmable line using one 8251A.
1/0 Addressing
On-Board Programmable /0
8255A USART
Port
1 2 3 Control Data Control
Address C8 [ CA |CC CE D8 or DA or
DC DE

Serial Communications Characteristics
Synchronous — 5—8 bit characters; internal or exter-
nal character synchronization; automatic sync insertion.
Asynchronous — 5—8 bit characters; break character
generation; 1, 1%2, or 2 stop bits; false start bit
detection.

Baud Rates
Freq y (kH2) Baud Rate (Hz)
(S re S ) Synch Asy
+ 16 =~ 64
153.6 - 9600 2400
76.8 —_ 4800 1200
38.4 38400 2400 600
19.2 19200 1200 300
9.6 9600 600 150
4.8 4800 300 7%
24 2400 150 -
1.76 1760 110 -
Note: :

Frequency selected by |/O write of appropriate 16-bit frequency factor
to baud rate register (8253 Timer 2).
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Interrupts
Addresses for 8259A Registers (Hex notation 1/0O ad-
dress space)
CO or C4 Write: Initialization Command Word 1 (ICW1)
and Operation Control Words 2 and 3
(OCW2 and OCWQ)
Read: Status and Poll Registers

C20orC6 Write: ICW2, ICW3, ICW4, OCW1 (Mask
Register)
Read: OCW1 (Mask Register)
Note:

Several registers have the same physical address; sequence of access
and one data bit of control word determine which register will respond.

Interrupt Levels — 8086 CPU includes a non-maskable
Interrupt (NMI) and a maskable interrupt (INTR). NMI
interrupt is provided for catastrophic events such as
power failure. NMI vector address is 00008. INTR interrupt
is driven by on-board 8259A PIC, which provides 8-bit
identifier of interrupting device to CPU. CPU multiplies
identifier by four to derive vector address. Jumpers select
interrupts from 17 sources without necessity of external
hardware. PIC may be programmed to accommodate
edge-sensitive or level-sensitive inputs.

Timers

Register Addresses (Hex notation, 1/0 address space)
Do Timer O

D2 Timer 1

D4 Timer 2

D6 Control register

Note:

Timer counts are loaded as two sequential output operations to same
address as given.

Input Frequencies

Reference: 2.46 MHz +0.1% (0.041 us period, nominal);
1.23 MHz *£0.1% (0.81 us period, nominal); or 153.60
kHz +0.1% (6.51 us period nominal).

Note:
Above frequencies are user selectable.

Event Rate: 2.46 MHz max
Output Frequencies/Timing Intervals

Single Timer/Counter Dual Timer!Counter

Function (Two Timers Cascaded)
Min Max Min Max
Real-time 163 us 427.1 ms 326 s 466.50 min
interrupt
Programmable 1.63 us 427.1 ms 326 s 466.50 min
one-shot
Rate generator 2.342 Hz 613.5 kHz | 0.000036 Hz | 306.8 kHz

Square-wave 2.342 Hz
rate generator
Software
triggered
strobe
Hardware
triggered
strobe

Event —
counter

613.5 kHz | 0.000036 Hz | 306.8 kHz

1.63 us 4271 ms 326 s 466.50 min

1.63 us 4271 ms 326 s 466.50 min

2.46 MHz — —

Interfaces

MULTIBUS — All signals TTL compatible

Parallel /0 — All signals TTL compatible

Interrupt Requests — All TTL compatible

Timer — All signals TTL compatible

Serial /0 — RS232C compatible, data set configuration

System Clock (8086 CPU)
5.00 MHz = 0.1%

Auxiliary Power

An auxiliary power bus is provided to allow separate
power to RAM for systems requiring battery backup of
read/write memory. Selection of this auxiliary RAM
power bus is made via jumpers on the board.

Connectors
Interface Pins Centers Mating Connectors
(qty) (in)
Bus 86 0.156 VIKING 3KH43/9AMK 12
Parallel 1/0 50 0.1 3M 3415-000
Serial 1/0 26 0.1 3M 3462-000

Memory Protect

An active low TTL compatible memory protect signal is
brought out on the auxiliary connector which, when
asserted, disables read/write access to RAM memory
on the board. This input is provided for the protection
of RAM contents during system power down sequences.

Line Drivers and Terminators

1/0 Drivers — The following line drivers are all compatible
with the 1/0 driver sockets on the iSBC 86/12A board.

Driver Characteristic Sink Current (mA)
7438 1,0C 48
7437 | 48
7432 NI 16
7426 1,0C 16
7409 NI,0C 16
7408 NI 16
7403 1,0C 16
7400 1 16
Note:

| = inverting; NI = non-inverting; OC = open collector.

Port 1 of the 8255A has 20 mA totem-pole bidirectional
drivers and 1 kQterminators.

110 Terminators — 2209Q/330qdivider or 1 ke pullup
220)/3300) (iSBC 901 OPTION)

220Q
+5V VWA
3302
_L O
1K Q (iSBC 902 OPTION)
1kQ
+5V VWA O
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Bus Drivers

Function Characteristic Sink Current (mA)
Data Tri-state 50
Address Tri-state 50
Commands Tri-state 32

Physical Characteristics
Width — 12.00 in. (30.48 cm)
Height — 6.75in. (17.15 cm)
Depth — 0.70 in. (1.78 cm)
Weight — 19 oz. (539 gm)

Electrical Characteristics
DC Power Requirements

Environmental Characteristics
Operating Temperature — 0°C to 55°C
Relative Humidity — to 90% (without condensation)

Reference Manual
9803074-01 — iSBC 896/12A Single Board Computer
Hardware Reference Manual (NOT SUPPLIED)

Reference manuals are shipped with each product only if
designated SUPPLIED (see above). Manuals may be
ordered from any Intel Literature Department, 3065
Bowers Avenue, Santa Clara, California 95051.

Current Requirements
Configu- |Vgc = +5V|Vpp = +12V|Vgg = —5V|Vapa = — 12V
ration +5% (max)| 5% (max) | 5% (max)| =5% (max)

Without

EPROM! 5.2A 350 mA — 40 mA
RAM Only3 390 mA 40 mA 1.0 mA —
With

. — 14 A

iSBC 5304 5.2A 450 mA 0m
With 4K

EPROMS 5.5A 350 mA — 40 mA
(using 2758) [

With 8K

ROMS 6.1A 350 mA — 40 mA
(using 2316E)

With 8K

EPROMS5 5.5A 350 mA — 40 mA
(using 2716)

With 16K

ROMS (using 5.4A 350 mA — 40 mA
27320r2332A) B
Notes:

-

1/0 terminators.

[N

drivers and 1/0 terminators.
3. RAM chips powered via auxiliary power bus.

>

connector.

o

. Does not include power required for optional ROM/EPROM, 1/0

Does not include power for optional ROM/EPROM, 1/0 drivers, and
1/0 terminators. Power for iSBC 530 is supplied via serial port

Includes power required for four ROM/EPROM chips, and 1/0

terminators installed for 16 1/0 lines; all terminator inputs low.

. Does not include power for optional ROM/EPROM, 1/0O drivers, and

ORDERING INFORMATION

Part Number

SBC 86/12A

Description

Single Board Computer
with 32K bytes RAM

Intel Corporation
3065 Bowers-Avenue

Santa Clara, California 95051

Tel: (408) 987-8088**
TWX: 910-338-0026
TELEX: 34-6372
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iSBC 957
INTELLEC - iSBC 86/12A INTERFACE
AND EXECUTION PACKAGE

Establishes communication between the
iSBC 86/12A and the Intellec Develop-
ment Systems to aid in MCS-86™ soft-
ware development

Allows full speed execution of MCS-86™
programs

Includes EPROM resident system monitor
for iISBC 86/12A

Allows Intellvec ISIS-1I files to be trans-
ferred between iSBC 86/12A and Intellec
Microcomputer Development System

Offers “Virtual Terminal” capability which
permits the Intellec console to access the
iSBC 86/12A Monitor

Provides powerful console commands for
software debug

Allows access to all iSBC 86/12A memory,
registers, flags and 1/O ports

Includes all necessary hardware, soft-
ware and documentation

The iSBC 957 Intellec-iSBC 86/12A Interface and Execution Package contains all the necessary hardware, software
cables and documentation required to interface an iSBC 86/12A Single Board Computer to an Intellec Microcomputer
Development System for software development and full speed execution.




iSBC 957™

FUNCTIONAL DESCRIPTION

Overview

The iSBC 957 Intellec-iSBC 86/12A Interface and Execu-
tion Package extends the software development capa-
bilities of the Intellec Microcomputer Development Sys-
tems to the iISBC 86/12 and iSBC 86/12A Single Board
Computers. It allows - software modules developed
under the Intellec resident ISIS-Il Operating Systems to
be down loaded to the iSBC 86/12A for full-speed execu-
tion and debug. In addition, the iSBC 957 allows seg-
ments of iISBC 86/12A memory to be saved on floppy
disk files. Special communication software allows
transparent access to the powerful debug commands in
the iSBC 86/12A monitor from the Intellec console ter-
minal.

Software Capabilities

The software included in the iSBC 957 package consists
of the iSBC 86/12A monitor residing on four Intel
EPROMSs which are inserted into sockets on the iSBC
86/12A board. A diskette is also included which contains
the Intellec resident communications software that
links the iSBC 86/12A with the Intellec Microcomputer
Developmient System. The EPROM resident software
creates ain execution environment in which object mod-
ules may be loaded into the iSBC 86/12A memory, exe-
cuted at full speed, modified if necessary and saved on
the Intellec system floppy disk. The monitor provides
the ability to execute selected program segments with
breakpoints or by single stepping, examine and modify
registers and memory, perform port /O, move a block of
memory, compare blocks of memory, search for a word/

PARALLEL
LOAD CABLE

PROM
PORT /

PARALLEL II0
PORT

SERIAL IO
PORT

A10 A1l A12 A13

INTELLEC (SEE NOTE)

MDS 800

SYSTEM

ToRs232.C Vd )
/ TERMINAL iSBC 86/12 /
OR iSBC 86/12A /
(O \\n’ f
OEM RS232.C
\ CABLE
iSBC 530
TTY ADAPTER
TTY
CABLE
Figure 1a. Intellec MDS-800 Series System Using RS232-C Compatible Terminal
SERIAL
110 PORT
PARALLEL
INTELLEC LOAD CABLE
MDS 800
SYSTEM

Note: A10,A12, A13 — Insert Terminator Pack (supplied)
A11 — Insert Status Adapter Ass'y (supplied)

- TOTTY

iSBC 86/12
OR iSBC 86/12A

OEM RS232-C
CABLE

CABLE

Figure 1b. Intellec MDS-800 Series System with TTY Terminal
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byte value, and perform hex arithmetic. In addition, the
monitor provides for the recognition of interrupts via a
user-defined table. The program on the diskette con-
tains communication software which passes appropri-
ate console commands to the iSBC 86/12A resident
monitor and also interfaces with the ISIS-Il operating
system to transfer files between the development sys-
tem diskettes and the iISBC 86/12A.

System Interfacing

The physical interface between the Intellec Microcom-
puter Development System and the iSBC 86/12A is
accomplished with cables supplied with the iSBC 957
package. The cabling arrangement varies depending on
whether the system is a member of the Intellec MDS-800
family or one of the Intellec Series Il family.

Intellec MDS-800 Interface — In the case of the Intellec
MDS-800 family, cables connect the serial I/0 port of the

iSBC 86/12A to the available serial port on the Intellec
system (if the TTY port is used for the iSBC 86/12A inter-
face, the iISBC 530 TTY adapter is inserted into the line).
(See Figure 1.) This serial port implements the commu-
nication link from the Intellec console terminal to the
iSBC 86/12A resident monitor via the Intellec based
communication software and is used to pass com-
mands to the iSBC 86/12A. Additionally, a cable is run
from the Universal PROM Programmer (UPP) port on the
Intellec system to the parallel 1/0 port on the iSBC
86/12A. The necessary terminators/line drivers and a
status adapter assembly are also included to complete
this parallel interface on the iSBC 86/12A. This inter-
connection is used for transferring the 1SIS-I1 disk files
between the development system and the iSBC 86/12A.

Inteliec Series Il Interface — For Intellec Series |l Devel-
opment Systems the connection between it and the
iSBC 86/12A is accomplished with a single serial line in-

SERIA

SERIAL 110

L PORT

PORT #1

INTELLEC
SERIES Il
MODEL 210

USE AVAILABLE PORT

<— iSBC 86112 OR
iSBC 86/12A

SERIAL
PORT #2

OEM RS232.C
CABLE

\

RS232.C
CABLE

INTELLEC SERIES Il
MODEL 220, 230

N

/
/ SERIAL 10
[ PORT
/ SERIAL PORT #1 \\
iSBC 86/12 OR
iSBC 86/12A

OEM RS232.C
CABLE

S~ Rs232.C
CABLE

Figure 2b. Intellec Series Models 220, 230
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terconnecting the iISBC 86/12A serial port with an avail-
able serial port on the Intellec system. All communica-
tion including command and data transfer occurs over
this serial line. Development systems based on the In-
tellec Model 210 can use either one of.the two available
serial ports. (See Figure 2a.) On Models 220 and 230,
Serial Port 1 is specified. (See Figure 2b.)

Intellec Environment

An Intellec Microcomputer Development System to be
used in conjunction with the iISBC 957 package and an
iSBC 86/12A must have the following necessary func-
tionality to support program development and storage:

1. Intellec Development System with 64K bytes of RAM.

2. Console CRT or TTY terminal.

3. Intellec MDS-DDS Dual Double Density Diskette
Drive and ISIS-Il Operating System or Intellec MDS-
2DS Dual Single Density Diskette Drive and ISIS-I|
Operating System.

4. User-selected language translators.

Note: The Intellec Series Il Model 230 Microcomputer Development
System and the Intellec MDS-888 Microcomputer Development Center

contain all necessary hardware and operating system software to be
used with the iISBC 957 package and the iSBC 86/12A.

Execution Environment

A full capability iSBC 86/12A execution environment

should include the following components for effective

utilization: ‘

1. An iSBC 86/12A Single Board Computer.

2. An iSBC 957 Intellec-iSBC 86/12A Interface and Exe-
cution Package.

3. An iSBC 655 or iSBC 660 System Chassis for power
and MULTIBUS expansion.

4. One or more iSBC 032, 048, or 064 RAM boards for
programs requiring more than 32K bytes of RAM.

Note: The iSBC 86/12A cannot be mounted in the Intellec system and re-
quires a separate operating environment.

Additional memory boards, analog and digital /O
boards, and peripheral controllers can be included in the
iSBC 660 System Chassis with the iSBC 86/12A to allow
the execution environment to be equivalent to the ex-
pected final product configuration.

SPECIFICATIONS

Hardware

Cables

(1) OEM RS232-C cable — Mates with serial I/0 port on
iSBC 86/12A

(1) RS232-C port cable — Mates with RS232-C port on
Intellec system

(1) TTY port cable — Mates with TTY port on Intellec
system

(1) Parallel load cable — Mates with UPP port on In-
tellec system and parallel /O port on iSBC 86/12A
(only used on Intellec MDS-800 series systems)

All cables allow separation of Intellec system and iSBC

86/12A of up to 6 feet.

/O Drivers and Terminators

(1) 7437 48 mA open collector drivers

(4) iSBC 901 2200/3302 terminator packs

(4) iSBC 902 1 kQ terminator packs

Drivers and terminators needed when parallel load cable

is required

Interface Adapters

(1) iSBC 530 TTY adapter — Used when serial I/O line
connects with TTY port on Intellec system

(1) Parallel port status adapter — Mounts on iSBC
86/12A when parallel load cable is required

Miscellaneous — Attachment screws for

mounted connectors

Intellec

Software
(4) EPROMSs with iSBC 86/12A system monitor

(1) Single density floppy diskette with iSBC 86/12A ISIS-
Il communication software

(1) Double density floppy diskette with iSBC 86/12A
ISIS-Il communication software

System Monitor
Addresses: RAM: 00000-00180y; ROM: FE0O00-FFFFy

Commands
Basic Commands
N (Next) Single stepped program execution
G (Go) Program start with optional breakpoints
S (Substitute) Examine and modify memory
X  (Examine) Examine and modify registers
D (Display) Display blocks of memory
M  (Move) Moves (duplicates) blocks of memory
C (Compare) Compare two blocks of memory
F  (Find) Searches for byte/word value
H (Hex Arithmetic) Performs hexadecimal add and subtract
| (Port Input) Reads an I/0 port
O (Port Output) Writes to an 1/0 port
R (Read Tape) Reads and loads paper tape object file
W  (Write Tape) Writes memory block to paper tape
Intellec Mode Commands
L (Load File) Loads ISIS-II file to iSBC 86/12A
T (Transfer File) Writes memory block to ISIS-I file
E (Exit) Return to ISIS (Basic Command Mode)

Transfer Rates

Intellec MDS-800 Family
Serial transfer: 110 baud

Parallel transfer: 1K bytes/sec

Intellec Series Il Family
Serial transfer: Determined by system console (up to
9600 baud)
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Reference Manuals
9800645 — iSBC 86/12 Hardware Reference Manual
9803074-01 — iSBC 86/12A Hardware Reference Manual

9800743 — iSBC 957 Intellec-iSBC 86/12 Interface and
Execution Package User’s Guide

9800640 — 8086 Assembly Language Manual

ORDERING INFORMATION

Part Number Description

SBC 957 Intellec-iSBC 86/12A Interfacing and
Execution Package
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iISBC 300 32K-BYTE RAM EXPANSION MODULE
iSBC 340 16K-BYTE EPROM/ROM EXPANSION MODULE

On-board memory expansion for iSBC On-board memory expansion eliminates
86/12A Single Board Computer MULTIBUS system bus latency and

iSBC 300 module provides 32K bytes of ~ Increases system throughput
dual port dynamic RAM and plugs directly
into the iSBC 86/12A board

iSBC 340 module provides sockets for up

to 16K bytes of additional EPROM/ROM

and plugs directly into the iSBC 86/12A Simple, reliable mechanical and electrical
board interconnection

Low power requirements

The iSBC 300 32K-byte RAM expansion module and the iSBC 340 16K-byte EPROM/ROM expansion module provide
simple, low cost expansion of the memory complement available on the iSBC 86/12A single board computer. Each
module utilized individually or together can double the iSBC 86/12A board’s on-board RAM and EPROM memory
capacity. The iSBC 300 32K-byte RAM expansion module and the iSBC 340 16K-byte EPROM/ROM expansion module
options for the iSBC 86/12A board offer system designers a new level of flexibility in defining and implementing intel®
single board computer systems. These options allow the systems designer to double the memory complement of an
iSBC 86/12A board with a minimum of system implications. Because they expand the memory configuration on-board,
they can be accessed as quickly as the existing iSBC 86/12A memory by eliminating the need for accessing the addi-
tional memory via the MULTIBUS system bus. With the iSBC 86/12A board mounted in the top slot of an iISBC 604 or
iSBC 614 cardcage, sufficient clearance exists for mounting both the iSBC 300 and/or the iSBC 340 expansion module
option(s). If the iISBC 86/12A board is inserted into some other slot, the combination of boards will physically (but not
electrically) occupy two cardcage slots. Incremental power required by the options is minimal; for instance, only 305
mW is needed for the iSBC 300 RAM expansion module.
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FUNCTIONAL DESCRIPTION

iSBC 300 32K-Byte Expansion Module

The iSBC 300 board measures 7.75” by 2.35” and mounts
above the RAM area on the iSBC 86/12A single board
computer. It expands the iSBC 86/12A board's on-board
dual port RAM capacity from 32K bytes to 64K bytes.
The iSBC 300 module contains sixteen 16K-byte dynam-
ic RAM devices, sockets for the Intel® 8202 Dynamic
RAM Controller and memory interface latching. To in-
stall the iSBC 300 module, the latches and controller
from the iSBC 86/12A board are removed and inserted
into the sockets on the iISBC 300 module. The add-on
board is then mounted onto the iSBC 86/12A board. Pins
extending from the controller's and latches’ sockets
mate with the devices’ sockets underneath (see Figure
1). Additional pins mate to supply power and other sig-
nals to complete the electrical interface. The module is
then secured at three additional points with nylon hard-
ware to insure the mechanical security of the assembly.

To complete the installation, two socketed PROMs are
replaced on the iSBC 86/12A board with those supplied
with the iSBC 300 kit. These are the on-board memory
and MULTIBUS address decode PROMs which allow the
iSBC 86/12A board logic to recognize its expanded
on-board memory complement.

iSBC 340 16K-Byte Expansion Module

The iSBC 340 module expands the iSBC 86/12A Single
Board Computer’'s on-board EPROM capacity from 16K
bytes to 32K bytes. It measures 3.3" by 2.8” and consists
of a PC board with six 24-pin special sockets. Two of the
sockets have extended pins which mate with two of the
EPROM sockets on the iSBC 86/12A board. Two of the
EPROMs which would have been inserted on the iSBC
86/12A board are then reinserted in the iSBC 340
module. Additional pins also mate for bringing chip
selects for the remaining EPROM devices (see Figure 2).
The mechanical interface is similar to that used on the
iSBC 300 RAM module and consists of two additional
mounting holes and the necessary mounting hardware.

The iSBC 340 module supports Intel® 2732 EPROM or
2332A ROMs as supplied by Intel. One section of the
iSBC 86/12A on-board memory and MULTIBUS address
decode PROMs (the same decode PROMs mentioned
for the iISBC 300 module) is already preprogrammed to
support the iSBC 340 module with Intel® 2732
EPROMs. This section is selected through the EPROM
configuration switches on the iSBC 86/12A board. The
iSBC 340 board can optionally be configured by the user
to support Intel® 2758 or 2716 EPROMs or 2316E ROMs
by programming new iSBC 86/12A decode PROMs to
support these devices. Necessary documentation and
PROM map listings are in the iSBC 86/12A Harware
Reference Manual (order number 9803074-01).

DYNAMIC
RAM CONTROLLER
(FROM iSBC 86/12A)

iSBC 86/12A

REPLACEMENT
MEMORY ADDRESS
DECODE PROMS
(SUPPLIED WITH
iSBC 300 OPTION)

MEMORY LATCHES
(FROM iSBC 86/12A)

iSBC 300
OPTION

NYLON MOUNTING HARDWARE
(3 PLACES)
(SUPPLIED WITH iSBC 300 OPTION)

Figure 1. Installation of iSBC 300 RAM Expansion Module on iSBC 86/12A Single Board Computer
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SPECIFICATIONS

Word Size
8 or 16 bits (16-bit data paths)

Memory Size
iSBC 300 Module — 32,768 bytes of RAM
iSBC 340 Module — 16,384 bytes (max) of EPROM/ROM

Access Time

iSBC 300 Module — Read: 1 usec, write: 1.2 usec
iSBC 340 Module — Standard EPROMs (450 nsec): 1
usec, fast EPROMSs (350 or 390 nsec): 800 nsec

Interface

The interface for the iISBC 300 and iSBC 340 module op-
tions is designed only for Intel’s iSBC 86/12A Single
Board Computer.

Memory Addressing

On-board RAM
CPU Access
ISBC 86/12A board only (32K bytes) — 00000-07FFFH.
iSBC 86/12A board + iSBC 300 module (64K bytes) —
00000-0FFFFH.
MULTIBUS Access — Jumper selectable for any 8K-
byte boundary, but not crossing a 128K-byte boundary.

On-board EPROM/ROM
iSBC 86/12A board only (16K-bytes max.) — FF000-
FFFFFH (using 2758 EPROMs); FEO0O-FFFFFH (using
2316E ROMs or 2716 EPROMs); and FCO00-FFFFFH
(using 2332A ROMs or 2732 EPROMS).

iSBC 86/12A board + iSBC 340 module (32K-bytes
max.) — FE000-FFFFFH (using 2758 EPROMSs); FC000-
FFFFFH (using 2316E ROMs or 2716 EPROMs); F8000-
FFFFFH (using 2332A ROMs or 2732 EPROMs).

On-board EPROM/ROM is not accessible via the
MULTIBUS interface.

Auxiliary Power/Memory Protection

The low power memory protection option included on
the iSBC 86/12A boards supports the iSBC 300 RAM
module.

“Local Only” Memory Protection ,

The iSBC 86/12A Single Board Computer support

dedication of on-board RAM for on-board CPU access
only in 8K, 16K, 24K, or 32K-byte segements. Installation
of the iISBC 300 option allows protection of 16K, 32K, 48K,
or 64K-byte segments.

Physical Characteristics

iSBC 300 iSBC 340
Width 5.75" 3.3"
Length 2.35" 2.8"
Height of iISBC 86/12A .
plus mounted option 78 718
Weight 13 oz. 5 oz.

*Includes EPROM/ROM’s

All necessary mounting hardware (nylon, screws,
spacers, nuts) are supplied with each kit.

iSBC 340
OPTION

NYLON HARDWARE
(SUPPLIED WITH OPTION)

iSBC 86/12A

Figure 2. Installation of iSBC 340 EPROM/ROM Option on iSBC 86/12A Single Board Computer
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Electrical Characteristics Environmental Characteristics
Operating Temperature — 0° to +55°C
Relative Humidity — to 90% (without condensation)

Reference Manuals

DC power requirements:

Voltage iSBC 300 iSBC 340 All necessary documentation for the iSBC 300 module
+5 5% 1mA 120 mA’ and iSBC 340 module is included in the iSBC 86/12A
+12 £5% 24 mA - Hardware Reference Manual; order #9803074-01. (NOT
-12 +5% 1 mA — SUPPLIED)

Manuals may be ordered from any Intel sales representa-
Note: tive distributor office or from Intel Literature Department,
1. Loaded with Intel 2732 EPROMs. 3065 Bowers Avenue, Santa Clara, CA 95051.

ORDERING INFORMATION

Part Number Description

SBC 300 32K-byte RAM Expansion Module
SBC 340 16K-byte EPROM Expansion Module

B-187



intel
SDK-86
MCS-86 SYSTEM DESIGN KIT

Complete single board microcomputer Interactive LED display and keyboard
system including CPU, memory, and 1/0

Wire wrap area for custom interfaces
Easy to assemble kit form

Extensive system monitor software in
High performance 8086 16-bit CPU ROM

Interfaces directly with TTY or CRT Comprehensive design library included

The SDK-86 MCS-86 System Design Kit is a complete single board 8086 microcomputer system in kit form. it contains
all necessary components to complete construction of the kit, including LED display, keyboard, resistors, caps, crys-
tal, and miscellaneous hardware. Included are preprogrammed ROMs containing a system monitor for general soft-
ware utilities and system diagnostics. The complete kit includes an 8-digit LED display and a mnemonic 24-key key-
board for direct insertion, examination, and execution of a user's program. In addition, it can be directly interfaced
with a teletype terminal, CRT terminal, or the serial port of an Intellec system. The SDK-86 is a high performance proto
type system with designed-in flexibility for simple interface to the user's application.
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FUNCTIONAL DESCRIPTION

The SDK-86 is a complete MCS-86 microcomputer sys-
tem on a single board, in kit form. It contains all neces-
sary components to build a useful, functional system.
Such items as resistors, caps, and sockets are included:.
Assembly time varies from 4 to 10 hours, depending on
the skill of the user. The SDK-86 functional block dia-
gram is shown in Figure 1.

8086 Processor

The SDK-86 is designed around Intel’s 8086 microproc-
essor. The Intel 8086 is a new generation, high perform-
ance microprocessor implemented in N-channel, deple-
tion load, silicon gate technology (HMOS), and pack-
aged in a 40-pin CerDIP package. The processor
features attributes of both 8-bit and 16-bit micro-
processors in that it addresses memory as a sequence
of 8-bit bytes, but has a 16-bit wide physical path to
memory for high performance. Additional features of
the 8086 include the following:

* Direct addressing capability to one megabyte of
memory

Assembly language compatibility with 8080/8085

14 word x 16-bit register set with symmetrical oper-
ations

24 operand addressing modes

Bit, byte, word, and block operations

8 and 16-byte signed and unsigned arithmetic in
binary or decimal mode, including multiply and divide
5 MHz clock rate

MULTIBUS compatible system interface

A block diagram of the 8086 microprocessor is shown in
Figure 2.

System Monitor

A compact but powerful system monitor is supplied
with the SDK-86 to provide general software utilities and
system diagnostics. It comes in preprogrammed read
only memories (ROMs).

Communications Interface

The SDK-86 communicates with the outside world
through either the on-board light emitting diode (LED)
display/keyboard combination or the user’s TTY or CRT
terminal (jumper selectable), or by means of a special
mode in which an Intellec development system
transports finished programs to and from the SDK-86.
Memory may be easily expanded by simply soldering in
additional devices in locations provided for this pur-
pose. A large area of the board (22 square inches) is laid
out as general purpose wire-wrap for the user’s custom
interfaces.

Assembly

Only a few simple tools are required for assembly: sol-
dering iron, cutters, screwdriver, etc. The SDK-86
assembly manual contains step-by-step instructions for
easy assembly with a minimum of mistakes. Once cor-
struction is complete, the user connects his kit to a
power supply and the SDK-86 is ready to go. The monitor
starts immediately upon power-on or reset.

Commands — Keyboard mode commands, serial port
commands, and Intellec slave mode commands are
summarized in Table 1, Table 2, and Table 3, respec-
tively. The SDK-86 keyboard is shown in Figure 3.

TRANSCEIVER

CLK GEN
8284

DRIVER

{
CONTROL

LINES
CONNECTOR

LATCHES

0

T

ADDRESS
BUS EXPANSION

<> <=

PROM RAM DECODE 110 DECODE CONNECTOR
3 DECODE LOGIC LoGIC Loaic
0
: | T
s /Mt u_= - - B TRANS-
cPu CEIVERS
I TR R Ll
: EXPANSION
RBDIDISP
PROM PROM RAM RAM 110 PoRTs[ 110 PORTS| | cTALR CONNECTOR
2316E 2316E 2142x2 | 2142x2 8255 | 8255 82795
EXPANSION| EXPANSION| | [EXPANSION|EXPANSION
SOCKET | SOCKET SOCKETS | SOCKETS

BAUD RATE R
GENERATOR

TTY or RS232

o
SCAN SCAN

DIGIT [SEGMENT
DRIVER DRIVER

KEYBOARD BBBB BBHBI

LED DISPLAY

Figure 1. SDK-86 System Design Kit Functional Block Diagram
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Documentation

In addition to detailed information on using the moni-
tors, the SDK-86 user's manual provides circuit dia-
grams, a monitor listing, and a description of how the
system works. The complete design library for the
SDK-86 is shown in Figure 4 and listed in the specifica-
tions section under Reference Manuals.

EXECUTION UNIT BUS INTERFACE UNIT

RELOCATION
REGISTER FILE
SEGMENT
REGISTERS

REGISTER FILE

DATA,
POINTER, AND
INDEX REGS
(8 WORDS)

AND
INSTRUCTION
POINTER
(5 WORDS)

Figure 4. SDK-86 Design Library

|—- 8HES;

16817 ALU —_I> Awse
AgS3

BUS «1* ADi5-ADq
FLAGS INTERFACE H
UNIT

Command Operation

I Reset Starts monitor.
INTA,RD,WR

3
:"> - Go Allows user to execute user
—_i{>°"“"’""‘“ program, and causes it to halt
<L at predetermined program
stop. Useful for debugging.

6-BYTE

e Single step Allows user to execute user
program one instruction at a

R time. Useful for debugging.
sest = Substitute Allows user to examine and
r— [ tock memory modify memory locations in

o P — _—_"_‘z ) asoas: byte or word mode.

HOLD——] Z(>s_;s_.,s_o Examine Allows user to examine and
HLDA=— register modify 8086 register contents.
Block move Allows user to relocate pro-

CLK RESET READY MN/MX Vcc
GND

Figure 2. 8086 Microprocessor Block Diagram

Input or output

gram and data portions in
memory.

Allows direct control of
SDK-86 1/0 facilities in byte or
mode.

SYSTM c D
+ 8 9 A B
wics owosfll nss B /s

4 5 6 7
. E 18/sP display of memory information larger
than amount visible on ter-
o 1 N 3 minal’s CRT display.
EB/AX [ ER/BX [l GO/CS @ ST/DX Punch/read Allows user to transmit fin-
paper tape ished programs into and out of

SDK-86 via TTY paper tape
punch.

Table 1. Keyboard

Mode Commands

Command

Operation

Dump memory

Start/continue

Allows user to print or display
large blocks of memory infor-
mation in hex format than
amount visible on terminal’'s
CRT display.

Allows user to display blocks

Figure 3. SDK-86 Keyboard

Table 2. Serial Mode Commands
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8086 INSTRUCTION SET.

Table 4 contains a summary of processor instructions
used for the 8086 microprocessor.

Mnemonic and | . Mnemonic and ,
Description nstruction Code Description Instruction Code
Data Transfer
MOV = Meve: 76543210 78543210 78543210 76543210 CMP - Compare: 78543210 76543210 78543210 70843210
Register/memory to/from register [ 1000 10d w[mod reg c/m Register/memory and register 00171100 w ] mod g oim
Immediate to register/memory 110001 1w ms000 r/m da data tw-1 ] | inmediate with register/memory (1000005 w moat 11 r/m daa | datadtswe01]
Immediate to register 1011w reg data _dataitw 1 | Immediate with accumulator 0011110w data dataif w1 _|
Memory 1o accumulator 1010000w addr-low addr-high ARS-ASCII adjust for subtract 00111111
Accumulator to memory 1010001 w addr-low addr-high DAS-Decimal adjust for subtract 00101111
Register/memory 1o segment register [ 1000 1110 [mod0reg r/m MUL-Multply (unsigned) 111101 1w medloo rm
Segment register 10 register/memory (10001100 [modOreg r/m IMUL-Integer multiply (signed) 111101 1w |mod101 t/m
PUSH - Push: AAM:ASCIl adyust for multiply 11010100 00001010
Register/memory T 11177 [med 110 rim ] DIV-Divide (unsigned) 111101 1w [mod110 r/m
Register 01010 reg 10IV - Integer divide (signed) 111101 1w |modt 11 r/im
Segment register 200 e 110 AAD-ASCI} adyust for dwide 11010101]00001010
CBW-Convert byte to word 10011000
POP - Pep: CWD-Convert word to double word (10011001
Register/memory 10001111 [moa000 m |
Register 01011 reg
Segment register 000reg 111
XCHE = Exchange: .
Register/memory with register Logic
Register with accumulator NOT -Invert 1111011 w[md010 /m
SHL/SAL -Shift logical/anthmetic left [ 110100 v w [mod100 /m
IN = input SHR-Shilt logical right 110100vw|mod101 r/m
Fixed port SAR=Shift arithmetic right 110100vw[mod111 r/m
Variable port ROL-Rotate left 110100vw|[mod000 r/m
ROA-Rotate right 110100vw[mod001 r/m
0UT = Output RCL-Rotate through carry flag left 110100vw|mod010 r/m
Fixed port 111001 1w port ] RCR-Rotate through carry right 110100v w|[mod0 11 r/m
Variable port 11101 11w
XLAT=Translate byte to AL 11010111 AND - And:
LEA=Load EA to register 10001101 [mod reg r/m Reg /memory and register to either 001000d w[mod reg r/m
1D8-Load pointer to DS 11000101 [mod reg /m Immediate to register/memory 1000000w [mod100 r/m data data if w=1
LES-Load pointer to ES 11000100 |mod reg r/m Immediate to accumulator 0010010w data
LANF-Load AH with flags 10011111
SANF -Store AH into flags 0011110 TEST = And function to flags. no result:
PUBNE-Push flags 0011100 Register/memory and register 1000010w[mog reg o/m
POPE-Pop flags TTEERLE] Immediate data and register/memory [1 1110 11w [mod000 ¢/m data | dataw-1 |
Immediate data and accumulator 1010100w data data it w=1_|
OR - Or:
Reg /memory and register to either [0 000 10d w [mod reg _r/m
Arithmetic Immediate to register/memory 1000000w [mod0 01 r/m data | caaitwsl |
ADD - Ade: Immediate to accumulator 0000110w data dataifw=1_|
Reg./memory with register to either [0 0000 0d w|mod reg r/m XOR - Exclusive or:
Immediate to register/memory 100000sw|[mod000 /m data | datail sw01] | Req /memory and register to either [0 011000 w [mod reg r/m
Immediate to 0000010w data data it w-1_] Immediate to register/memory 1000000w [mod110 o/m data | dataifwsl |
ADC - Add with carry: Immediate to 0011010w data data if w=1
Reg./memory with register to either [000100d w|mod reg r/m '
Immediate to register/memory 1000005 w[mod010 r/m data_ | dataif sw=01
Immediate to accumulator 0001010w data dataif w1 |
INC = Incrament: String Manipulation
Register/memory 111111 1w mod000 r/m | REP-Repeat EEEITER:
Register 1000 reg MOVS = Move byte/word 1010010w
AM-ASCI adjust for add 9110111 CMPS = Compare bytelword 701001 1w
OAA=Decimal adjust for add 0100111 SCAB = Scan bytsiword TITEEET
$UB - Subtract: LODS = Load byte/wd to AUAX [1010110w
Reg./memory and register to either [0 0 10 10d w[mod reg c/m ST0S = Stor bytelwd frm AUA [ 1010101 w
Immediate from register/memory 100000sw|mod101 r/m 5 data | datait sw=01]
Immediate from 0010110w data vata it w=1_|
888 = Subtract with berrew
Reg./memory and register to either [000 1100 w[mod reg_r/m
Immediate from register/memory  |100000 sw mod0 11 r/m data | caniswor] | Control Transfer
Immediate from 0001110w dat Gata w1 | CALL - Cai:
Direct within segment 11101000 disp-low disp-high |
DEC - Decrment: Indirect within segment 11111111 mod010 o/m
Register/memory 1111111 w|[mod001 r/im ] Direct intersegment 10011010 offset-low offset-high |
Register 01001 reg seg-low seghigh |
NEG=Change sign 1111011 w|mod011 r/m | Indirect G111 [medot1 om

continued
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Mnemonic and | ion Cod Mnemonic and .
Description nstruction Code Description Instruction Code
JMP = Uncenditional Jump: 76543210 76543210 78543210 76543210 768543210
Direct within segment 11101001 disp-low asp-high | JNS-Jump on not sign 01111001 disp
Direct within segment-short 11101011 disp LOOP Loop CX times 11100010 disp
indirect within segment 11111111|mod 100 r/m LOOPZ/LOOPE-Loop while zero/equal |1 1100001 disp
Direct intersegment 11101010 offset-low offsetigh ] LOOPNZ/LOPHE-Laop while not 11100000 aisp
seg-low seghigh | JCXZ-Jump on CX zero 11100011 disp
Indirect intersegment 11111111 mod 101 r/m
RET = Return from CALL:
INT  Interrupt
Within segment 11000011
Within seg adding immed to SP 11000010 Gaalow | daamgh | Tyve specihied 11001101 yee ]
Intersegment 11001011 Type 3 11001100
INTO:=interrupt on overflow 11001110
Intersegment. adding immediate to SP{1 1001010 data-low datahigh | IRET -Interrupt return TTTTEER]
JE/4Z=Jump on equal/zero 01110100 disp
Jl.ull!-du.v:g‘on less/not greater 01111100 Top
JL[/J“;JI.J:\g’on less or equal/not 01111110 Gisp
JB/JMAE=Jump on below/not above
O Processor Gontrol
ot abovi i CLC-Clear carry 11111000
JP/JPE=Jump on parity/parity even [0 1111010 disp CMC Complement carry 11110100
J0=Jump on overfiow 01110000 disp STC Set carry 11111001
48=Jump on sign 01111000 disp CL Clear direction 11111100
JME/INZ=Jump on not equal/not zero [0 1110101 disp $TD-Set direction 11111101
JNL/JBE-Jump on not less /greater
or equal 01111101 disp CL)=Clear interrupt 11111010
m‘”‘;{mg,"" notless or equal/ o7y 4y 191 disp ST Set interrupt [EEEEEE
.lll/u(;fuzslon not below/above [y 10011 disp HLT Halt 11110100
JNBE/JA=Jump On not below or 01110111 disp WAIT Wait 10011011
JNP/JPO-Jump on not par/par odd 01111011 disp ESC Escape {to external device) 1101 1x x xmod xxx r/m —I
JN0-Jump on not overflow 01110001 aisp LOCK Bus lock prefix 11110000

Notes

AL = 8-bit accumulator

AX = 16-bit accumulator

CX = Count register

DS = Data segment

ES = Extra segment

Above/below refers to unsigned value.

Greater = more positive;

Less = less positive (more negative) signed values

if d=1 then “to” reg; if d=0 then “from" reg

if w = 1 then word instruction; if w = 0 then byte instruction

it 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
it 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

10 then EA = (BP) + (SI) + DISP

if r/m = 011 then EA = (BP) + (DI) + DISP

if r/m = 100 then EA = (SI) + DISP

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

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

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

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

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

it s:w =01 then 16 bits of immediate data form the operand
it s:w =11 then an immediate data byte is sign extended to

form the 16-bit operand
if v=0then “‘count’” =1; if v=0 then "‘count’ in (CL)
x=don’t care
if v=0then “count’" =1:if v=1 then "‘count’" in (CL) register
2 is used for string primitives for comparison with ZF FLAG

SEGMENT OVERRIDE PREFIX

001 reg 110

REG is assigned according to the following table

16-Bit (w = 1) B-Bit (w =0) Segment
000 AX 000 AL 00 ES
001 CX 001 CL 01 CS
010 DX 010 DL 10 SS
011 BX 011 BL 1 DS
100 SP 100 AH
101 BP 101 CH
10 SI 110 DH
11 Dt 11 BH

Instructions which reference the flag register file as a 16-bit object use the symbol FLAGS to
represent the file

FLAGS = X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF)

Mnemonics © Intel, 1978

Table 4. 8086 Instruction Set Summary

SPECIFICATIONS

Central Processor
CPU — 8086-4

Note
May be operated at 2.5 MHz or 5 MHz, jumper selectable, for use with
8086.

Memory

ROM — 8K bytes 2316/2716
RAM — 2K bytes (expandable to 4K bytes) 2142

Addressing
ROM — FEO000-FFFFF

RAM — 0-7FF (800-FFF available with additional
2142's)

Note
The wire-wrap area of the SDK-86 PC board may be used for additional
custom memory expansion.

Input/Output

Parallel — 48 lines (two 8255A’s)

Serial — RS232 or current loop (8251A)

Baud Rate — selectable from 110 to 4800 baud
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Interfaces

Bus — All signals TTL compatible

Parallel /0 — All signals TTL compatible
Serial /O — 20 mA currenit loop TTY or RS232
Note

The user has access to all bus signals which enable him to design cus-

tom system expansions into the kit's wire-wrap area.

Interrupts (256 vectored)

Maskable
Non-maskable
TRAP

DMA

Hold Request — Jumper selectable. TTL compatible
input.

Software

System Moni%ior — Preprogrammed 2716 or 2316 ROMs
Addresses -- FEQ00-FFFFF

Monitor /0. — Keyboard/display or TTY or CRT (serial
1/10)

Physical Characteristics
Width -— 13.5 in. (34.3 cm)
Height — 12 in. (30.5 cm)

Depth — 1.75 in. (4.45 cm)
Weight — approx. 24 oz. (3.3 kg)

Electrical Characteristics

DC Power Requirement
(Power supply not included in kit)

Voltage Current
Vee5V £5% 3.5A
VTTY-12V+10% 0.3A
' (VTTY required only if teletype is connected)

Environmental Characteristics
Operating Temperature — 0-50°C

Reference Manuals

9800697A — SDK-86 MCS-86 System Design Kit
Assembly Manual

9800722 — MCS-86 User’'s Manual

9800640A — 8086 Assembly Language Programming
Manual

8086 Assembly Language Reference Card

Reference manuals are shipped with each product only
if designated SUPPLIED (see above). Manuals may be
ordered from any Intel sales representative, distributor
office or from Intel Literature Department, 3065 Bowers
Avenue, Santa Clara, California 95051.

ORDERING INFORMATION

Part Number
SDK-86

Description
MCS-86 system design kit
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SDK-C86

MCS-86" SYSTEM DESIGN KIT
SOFTWARE AND CABLE INTERFACE TO
INTELLEC® DEVELOPMENT SYSTEM

B Provides the Software and Hardware m Enhances and Extends the Power and
Communications Link Between an Usefulness of the SDK-86
Intellec® Development System and the m Allows the SDK-86 to Become an
SDK-86 Execution Vehicle for ISIS-II

B Intellec® System Files can be Accessed Developed 8086 Object Code Using
and Down loaded to the SDK-86 . the MDS-311 Software Cross
Resident Memory Development Package

m Data in SDK-86 Memory can be m All SDK-86 Serial Port Mode
Uploaded and Saved in Intellec® Commands Become Available at
System Files Console of the Intellec® System

The SDK-C86 product provides the software and hardware link for using the SDK-86 monitor in conjunction with an
Intellec® Development System while adding features of data transfer between SDK-86 memory and Intellec® System files.
The user may enter programs and data into the SDK-86 and then save them on a diskette. Also, programs and data may be
created on the Intellec® System using the MDS-311 cross development software package, then loaded into the SDK-86 for
testing and checkout. This provides a real time execution environment of the SDK-86 as a peripheral to the Intellec®
System.
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HARDWARE

There are two-serial ports on the Intellec® System back
panel, TTY and CRT. Assuming that one of the ports is
used for the Intellec® console, the SDK-C86 cable can
plug into the unused port. The SDK-86 is jumper
selectable to accept either the CRT (RS232) or TTY (20mA
current loop) signals.

The edge connector on the SDK-86 has the MULTIBUS™
form factor. No signals are connected to the fingers
except the power supply traces. Therefore, the SDK-86
can plug directly into the Intellec® motherboard to obtain
power while using the SDK-C86 cable as the communi-
cation link.

SOFTWARE

Two programs must be invoked to operate in the SDK-86
slave mode. One program runs on the SDK-86, and
another runs in any ISIS-Il environment that includes a
diskette drive.

The serial I/O monitor is installed on the SDK-86 and
operates as though it was talking to a terminal. The
software in the Intellec® allows the Intellec®, with a
console device, to behave as if it were a terminal to the
SDK-86.

The SDK-CB86 software program in the Intellec reads the
console input device, then passes the character to the
SDK-86 through the serial port. It also receives the
characters from the SDK-86 and displays them at the
console output device. Besides the basic transfer
function, this program also recognizes and performs the
Upload and Download functions.

COMMAND MODES

e Transparent: In this mode, the SDK-C86 software
passes all characters through without any processing.
All the commands of the SDK-86 monitor (except paper
tape commands) are available and will function in
exactly the same manner as if the terminal were
attached directly to the serial port of the SDK-86.

Upload/Download: In this mode the SDK-C86 software,
in the Intellec®, recognizes the mnemonic for Upload or
Download from the terminal. It “transiates” the
Download command to an R (Read hexadecimal tape)
command and the Upload command to a W (Write
hexadecimal tape). The R and W commands are then
passed on to the SDK-86 monitor. Using these paper
tape commands allows for a checksummed transfer of
data between the Intellec® and the SDK-86 memory.

COMMAND SUMMARY

L]

Reset — starts the SDK-86 monitor.

Execute with Breakpoint (G) — Allows you to exe-
cute a user program and cause it to halt at a predeter-
mined program step — useful for debugging.

Single Step (N) — allows you to execute a user program
one instruction at a time — useful for debugging.

Substitute Memory (S, SW) — allows you to examine
and modify memory locations in byte or word mode.

Examine Register (X) — allows you to examine and
modify the 8086's register contents.

Block Move (M) — allows you to relocate program and
data portions in memory.

Input or Output (I, IW, O, OW) —allows direct control of
the SDK-86's 1/0O facilities in byte or word mode.

Display Memory (D) — allows you to print or display
large blocks of memory information in HEX format.

Load (L) — allows you to load hex format object files
into SDK-86 memory from an Intellec.

Transfer (T) — allows you to save contents of SDK-86
memory in a hex format object file in the Intellec.

7 —

SERIAL
PORTS CABLE
SERIAL

PORT

INTELLEC®
DEVELOPMENT
SYSTEM
L2027
ML2L7L7/2L780
LILIETLIITLEIETET
g 77 7 4

CRTOR TTY

©)

SDK-86

DISKETTE

SDK-86/Intellec® Slave Mode Configuration
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3065 Bowers Avenue

Santa Clara, California 95051
Tel: (408) 987-8080

TWX: 910-338-0026
TELEX: 34-6372

ALABAMA

+tHamilton/Avnet Electronics
4692 Commercial Drive N.W.
Huntsville 35805

Tel: (205) 837-7210

Pioneer

1207 Putman Drive NW
Huntsville 35805

Tel: (205) 837-9033

TWX: 810-726-2197

ARIZONA

tHamilton/Avnet Electronics
2615 South 21st Street
Phoenix 85034

Tel: (602) 275-7851
tLiberty/Arizona

8155 N. 24th Avenue
Phoenix 85021

Tel: (602) 249-2232

TWX: 910-951-4282

CALIFORNIA

tAvnet Electronics

350 McCormick Avenue
Costa Mesa 92626

Tel: (714) 754-6111
Hamilton/Avnet

1175 Bordeaux Dr.
Sunnyvale 94086

Tel: (408) 743-3300

TWX: 910-339-9332
+Hamilton/Avnet Electronics
8917 Complex Drive

San Diego 92123

Tel: (714) 279-2421

TWX: 910-335-1216
Hamilton/Avnet

10912 W. Washington Blvd.
Culver Citv 90230

Tel: (213) 558-2809 (2665)
TWX: 910-340-6364 or 7073
tHamilton Electro Sales
10912 W. Washington Boulevard
Culver City 90230

Tel: (213) 558-2121

tLiberty Electronics

124 Maryland Street

El Segundo 90245

Tel: (213) 322-3826

TWX: 910-348-7140 or 7111
tLiberty/San Diego

9525 Chesapeake Dr,

San Diego 92123

Tel: (714) 565-9171

TWX: 910-335-1590

tElmar Electronics

3000 Bowers Avenue

Santa Clara 95052

Tel: (408) 727-2500

TWX: 910-338-0451 or 0296
Hamilton/Avnet Electronics
17312 Eastman Street
Irvine 92714

Tel: (714) 979-6864

COLORADO
+Elmar/Denver

6777 E. 50th Avenue
Commerce City 80022
Tel: (303) 287-9611
TWX: 910-931-0510
tHamilton/Avnet Electronics
5921 No, Broadway
Denver 80216

Tel: (303) 534-1212
TWX: 910-931-0510

CONNECTICUT

tCramer/Connecticut
P.O. Box 5003

12 Beaumont Road
Wallingford 06492
Tel: (203) 265-7741
TWX: 710-476-0162
tHamilton/Avnet Electronics
643 Danbury Road
Georaetown 06829
Tel: (203 762-0361
tHarvey Electronics
112 Main Street
Norwalk 06851

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

FLORIDA

Arrow Electronics

1001 N.W. 62nd Street
Suite 108

Ft. Lauderdale 33309
Tel: (305) 776-7790
Arrow Electronics

115 Palm Bay Road, NW
Suite 10, Bldg. 200

Palm Bay 32905

Tel: (305) 725-1480

TWX: 510-959-6337
tHamilton/Avnet Electronics
6800 Northwest 20th Ave.
Ft. Lauderdale 33309
Tel: (305) 971-2900
TWX: 510-955-3097
+Pioneer

6220 S. Orange Blossom Trail
Suite 412

Orlando 32809

Tel: (305) 859-3600
TWX: 810-850-0177
Hamilton/Avnet

3197 Tech, Drive N,

St. Petersburg 33702
Tel: (813) 576-3930

TWX: 810-863-0374

GEORGIA

Arrow Electronics

3406 Oak Cliff Road
Doraville 30340

Tel: (404) 455-4054

TWX: 810-757-4213
tHamilton/Avnet Electronics
6700 I-85 Access Road, #11
Norcross 30071

Tel: (404) 448-0800

ILLINOIS

Arrow Electronics
492 Lunt Avenue
P.O. Box 94248
Schaumburg 60193
Tel: (312) 593-8230
TWX: 910-222-1807
tHamilton/Avnet Electronics
3901 No. 25th Ave.
Schiller Park 60176
Tel: (312) 678-6310
TWX: 910-227-0060
Pioneer/Chicago
1511 Carmen Drive
Elk Grove 60006
Tel: (312) 437-9680
TWX: 910-222-1834

INDIANA

tPioneer/Indiana

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

KANSAS

tHamilton/Avnet Electronics
9219 Quivira Road

Overland Park 66215

Tel: (913) 888-8900

MARYLAND
tHamilton Avnet
P.O. Box 647,

BWI Airport

7235 Standard Drive
Hanover 21076

Tel: (301) 796-5684
TWX: 710-862-1861
tPioneer/Washington
9100 Gaither Road
Gaithersburg 20760
Tel: (301) 948-0710
TWX: 710-828-0545

MASSACHUSETTS
tCramer Electronics Inc.
85 Wells Avenue

Newton 02159

Tel: (617) 969-7700

U.S. AND CANADIAN DISTRIBUTORS

August 1979

MASSACHUSETTS (continued)
tHamilton/Avnet Electronics
100 East Commerce Way
Woburn 01801

Tel: (617) 273-7500

MICHIGAN

tArrow Electronics
3921 Varsity Road

Ann Arbor 48140

Tel: (313) 971-8220
TWX: 810-223-6020
tPioneer/Michigan
13485 Stamford
Livonia 48150

Tel: (313) 525-1800
TWX: 810-242-3271
tHamilton/Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700
TWX: 810-242-8775

MINNESOTA

tindustrial Components
5280 West 74th Street
Minneapolis 55435

Tel: (612) 831-2666
TWX: 910-576-3153
Arrow Electronics

5251 73rd Street

Edina 55435

Tel: (612) 835-7811
TWX: 910-576-2726
tHamilton/Avnet Electronics
7449 Cahill Road
Edina 55435

Tel: (612) 941-3801
TWX: 910-576-2720

MISSOURI

tHamilton/Avnet Electronics
396 Brookes Drive
Hazelwood 63042

Tel: (314) 731-1144

TWX: 910-762-0606

NEW JERSEY
Arrow/Philadelphia
Pleasant Valley
Moorestown 08057
Tel: (201) 239-0800
TWX: 710-897-0829
Arrow Electronics
285 Midland Avenue
Saddlebrook 07662
Tel: (201) 797-5800
TWX: 710-988-2206
Hamilton/Avnet

10 Industrial
Fairfield 07006

Tel: (201) 575-3390
TWX: 710-734-4338
tHarvey Electronics
45 Route 46
Pinebrook 07058
Tel: (201) 227-1262
TWX: 710-734-4382
tHamilton/Avnet Electronics
113 Gaither Drive
East Gate Industrial Park
Mt. Laurel 08057
Tel: (609) 424-0100
TWX: 710-897-1405

NEW MEXICO

tAlliance Electronics Inc.
11721 Central Ave.
Albuquerque 87123

Tel: (505) 292-3360

TWX: 910-989-1151
tHamilton/Avnet Electronics
2524 Baylor Drive, S.E.
Albuquerque 87119

Tel: (505) 765-1500

tMicrocomputer System Technical Demonstrator Centers
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3065 Bowers Avenue

Santa Clara, California 95051
Tel: (408) 987-8080

TWX: 910-338-0026
TELEX: 34-6372

NEW YORK

Harvey Electronics

P.O. Box 1208
Binghampton 13902

Tel: (607) 748-8211
TWX: 510-252-0893
Arrow Electronics

900 Broad Hollow Road
Farmingdale 11735

Tel: (516) 694-6800
TWX: 510-224-6494
+Cramer/Rochester
3000 South Winton Road
Rochester 14623

Tel: (716) 275-0300
TWX: 910-338-0026
tHamilton/Avnet Electronics
167 Clay Road
Rochester 14623

Tel: (716) 442-7820
TWX: 910-340-6364
tCramer/Syracuse

7705 Maltlage Drive
Liverpool 13088

Tel: (315) 652-1000
TWX: 710-545-0230
Arrow Electronics

399 Conklin Street
Farmingdale 11735

Tel: (516) 694-6800
TWX: 510-224-6494
‘tHamilton/Avnet Electronics
16 Corporate Circle

E. Syracuse 13057

Tel: (315) 437-2641
tHamilton/Avnet Electronics
70 State Street
Westbury, L.I. 11590

Tel: (516) 333-5413
TWX: 510-252-0893
tHarvey Electronics

60 Crossways Park West
Woodbury 11797

Tel: (516) 921-8700
TWX: 510-221-2184

NORTH CAROLINA
Pioneer/Carolina
106 Industrial Ave,
Greensboro 27406
Tel: (919) 273-4441
TWX: 510-925-1114
tHamilton/Avnet Electronics
2803 Industrial Drive
Raleigh 27609

Tel: (919) 829-8030
Arrow Electronics
P.O. Box 989
Kernersville 27284
Tel: (919) 996-2039
TWX: 510-922-4765

OHIO

Arrow Electronics
3100 Plainfield Road
Kettering 45432

Tel: (513) 253-9176
TWX: 810-459-1611
Arrow Electronics
6238 Cochran Rd.
Solon 44139

Tel: (216) 248-3990
tHamilton/Avnet Electronics
954 Senate Drive
Dayton 45459

Tel: (513) 433-0610
TWX: 910-340-2531
tPioneer/Dayton
1900 Troy Street
Dayton 45404

Tel: (513) 236-9900
TWX: 810-459-1622
Arrow Electronics
10 Knollcrest Dr.
Reading 44139

Tel: (513) 761-5432
TWX: 810-461-2670
tPioneer/Cleveland
4800 E. 131st Street
Cleveland 44105
Tel: (216) 587-3600
TWX: 810-422-2210

OHIO (continued)
tHamilton/Avnet Electronics
4588 Emory Industrial Parkway
Warrensville Heights 44128
Tel: (216) 831-3500

OKLAHOMA

tComponents Specialties, Inc.
7920 E. 40th Street

Tulsa 74145

Tel: (918) 664-2820

TWX: 910-845-2215

OREGON

tAlmac/Stroum Electronics
8022 S.W. Nimbos, Bldg. 7
Beaverton 97005

Tel: (503) 641-9070

PENNSYLVANIA

Pioneer/Pittsburgh

560 Alpha Drive
Pittsburgh 15238

Tel: (412) 782-2300
TWX: 710-795-3122
Pioneer/Delaware Valley
141 Gibraltar Road
Horsham 19044

Tel: (215) 674-4000
TWX: 510-665-6778

TENNESSEE

Arrow Electronics
6900 Office Park Circle
Knoxville 37919

Tel: (615) 588-5836

TEXAS

Component Specialties Inc.
8222 Jamestown Drive

Suite 115

Austin 78758

Tel: (512) 837-8922

TWX: 910-874-1320
tHamilton/Avnet Electronics
4445 Sigma Road

Dallas 75240

Tel: (214) 661-8661

TWX: 910-860-5371
tHamilton/Avnet Electronics
3939 Ann Arbor

Houston 77063

Tel: (713) 780-1771
tComponent Specialties, Inc.
10807 Shady Trail, Suite 101
Dallas 75220

Tel: (214) 357-6511

TWX: 910-861-4999
tComponent Specialties, Inc.
8585 Commerce Park Drive, Suite 590
Houston 77036

Tel: (713) 771-7237

TWX: 910-881-2422

Arrow Electronics

13715 Gamma Road

Dallas 75234

Tel: (214) 661-9300

TWX: 910-861-5495

UTAH

tHamilton/Avnet Electronics
1585 West 2100 South

Salt Lake City, 84119

Tel: (801) 972-2800

WASHINGTON
tHamilton/Avnet Electronics
14212 N.E, 21st

Bellevue 98005

Tel: (206) 746-8750
tAlmac/Stroum Electronics
5811 Sixth Ave. South
Seattle 98108

Tel: (206) 763-2300

TWX: 910-444-2067

U.S. AND CANADIAN DISTRIBUTORS
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WASHINGTON (continued)
tLiberty Electronics

1750 132nd Avenue NE
Bellevue 98005

Tel: (206) 453-8300

TWX: 910-443-2526

WISCONSIN

Arrow Electronics
434 W, Rausson Avenue
Oak Creek 53154
Tel: (414) 764-6600
TWX: 910-338-0026
tHamilton/Avnet
2975 Moorland Road
New Berlin 53151
Tel: (414) 784-4510
TWX: 910-262-1182

CANADA

ALBERTA

tL. A, Varah Ltd.
4742 14th Street N.E.
Calgary T2E 6L7
Tel: (403) 230-1235
TWX: 018-258-97
BRITISH COLUMBIA
tL.A. Varah Ltd.
2077 Alberta Street
Vancouver V5Y 1C4
Tel: (604) 873-3211
TWX: 610-929-1068
Zentronics

8325 Fraser Street
Vancouver V5X 3X8
Tel: (604) 325-3292
TWX: 04-5077-89

MANITOBA

L. A. Varah

1-1832 King Edward Street
Winnipeg R2R ON1

Tel: (204) 633-6190

TWX: 07-55-365

ONTARIO

tL.A, Varah, Ltd.

505 Kenora Avenue
Hamilton L8E-3P2

Tel: (416) 561-9311

TWX: 061-8349
tHamilton/Avnet Electronics
3688 Nashua Drive, Units G & H
Mississauga L4V IM5

Tel: (416) 677-7432

TWX: 610-492-8860
tHamilton/Avnet Electronics
1735 Courtwood Cresc.
Ottawa K2C 3J2

Tel: (613) 226-1700
tZentronics

141 Catherine Street
Ottawa, Ontario K2P 1C3
Tel: (613) 238-6411

TWX: 053-3636

tZentronics

1355 Meyerside Drive
Mississauga, Ontario L5T IC9
Tel: (416) 676-9000

Telex: 06-983-657

QUEBEC
tHamilton/Avnet Electronics
2670 Paulus Street
St. Laurent H4S 1G2
Tel: (514) 331-3731
TWX: 610-421-3731
Zentronics

5010 Pare Street
Montreal H4P 1P3
Tel: (514) 735-5361
TWX: 05-827-535

tMicrocomputer System Technical Demonstrator Centers
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3065 Bowers Avenue

Santa Clara, California 95051
Tel: (408) 987-8080

TWX: 910-338-0026

TELEX: 34-6372

ALABAMA

Intel Corp.

3322 S. Parkway, Ste. 71
Holiday Office Center
Huntsville 35802

Tel: (205) 883-2430
Glen White Associates
3502 9th Avenue
Huntsville 35805

Tel: (205) 533-5272
tPen-Tech Associates, Inc.
Holiday Office Center
3322 S. Memorial Pkwy.
Huntsville 35801

Tel: (205) 533-0080

ARIZONA

Intel Corp.

8650 N. 35th Avenue, Suite 101
Phoenix 85021

Tel: (602) 242-7205

BFA
4426 North Saddle Bag Trail
Scottsdale 85251

Tel: (602) 994-5400

CALIFORN!A

Intel C

7670 Opporlumty Rd.
Suite

San Diego 92111
Tel: (714) 266 3563
Intel Cory

1651 Eas( 4th Street
Suite 105

Santa Ana 92701

Tel: (714) 835-9642
TWX: 910-595-1114
Intel Corp.*

15335 Mornson
Suite

Sherman Oaks 91403
(213) 986-9510
TWX: 910-495-2045
Intel Corp.*

3375 Scott Blvd.
Santa Clara 95051
Tel: (408) 987-8086
TWX: 910-338-9279
TWX: 910-338-0255
Earle Associates, Inc.
4617 Ruffner Street
Suite 202

San Diego 92111
Tel: (714) 278-5441

Mac-I

2576 Shattuck Ave.
Suite 4B

Berkeley 94704

Tel: (415) 843-7625
Mac-|

P.O. Box 1420
Cupertino 95014

Tel: (408) 257-9880
Mac-|

P.O. Box 8763
Fountain Valley 92708
Tel: (714) 839-3341
Mac-|

20121 Ventura Blvd., Suite 240E
Woodland Hills 91364
Tel: (213) 347-5900

COLORADO

Intel Corp.”

6000 East Evans Ave.
Bldg. 1, Suite 260

Denver 80222

Tel: (303) 758-8086

TWX: 910-931-2289
tWestek Data Products, Inc.
27972 Meadow Drive

P.O. Box 1355

Evergreen 80439

Tel: (303) 674 5255

Westek Data Products, Inc.

302
Tel: (303) 449 2620
CONNECTICUT
Intel Corp.
Peacock Alley
1 Padanaram Road, Suite 146
Danbury 06810
Tel: (203) 792-8366
TWX: 710-456-1199

FLORIDA

Intel Corp.

1001 N. W 62nd Street, Suite 406
Ft. Lauderdale 33309

Tel: (305) 771-0600

TWX: 510-956-9407

intel Corp.

5151 Adanson Street, Suite 203
Orlando 32804

Tel: (305) 628-2393

TWX: 810-853-9219

tPen-Tech Associates, Inc.

201 S.E. 15th Terrace, Suite F
Deerfield Beach 33441

Tel: (305) 421-4989

FLORIDA (cont.)

tPen-Tech Associates, Inc.

111 So. Maitland Ave., Suite 202
Maitland 32751

Tel: (305) 645-3444

GEORGIA

tPen-Tech Associates, Inc.
Suite 305 C

2101 Powers Ferry Road
Atlanta 30339

Tel: (404) 955-0293

ILLINOIS

Intel Corp.*

900 Jorie Boulevard
Suite 220

Oakbrook 60521
Tel: (312) 325-9510
TWX: 910-651-5881
First Rep Company
9400-9420 W. Foster Avenue
Chicago 60656

Tel: (312) 992-0830

INDIANA

Electro Reps Inc.

941 E. 86th Stree( Suite 101
Indianapolis 4624 40
Tel: (317) 255-4147
TWX: 810-341-3217
Electro Reps Inc.
3601 Hobson Rd.
Suite 106

Ft. Wayne 46815
Tel: (219) 483-0518

IOWA

Technical Representatives, Inc.
St. Andrews Building

1930 St. Andrews Drive N.E.
Cedar Rapids 52405

Tel: (319) 393-5510

KANSAS

Intel Corp.

9393 W. 110th St,, Ste. 265
Overland Park 66210

Tel: (913) 642-8080

Technical Representatives, Inc.
8245 Nieman Road, Suite 114
Lenexa 66214

Tel: (913) 888-0212, 3, & 4
TWX: 910-749-6412

KENTUCKY

tLowry & Associates, Inc.
3351 Commodo re
Lexington 4

Tel: (606) 269 5329

MARYLAND

Intel Corp.*

7257 Parkway Drive

Hanover 21076

Tel: (301) 796-7500

TWX: 710-862-1944

Glen White Associates

57 W. Timonium Road, Suite 307

Timonium 21093

Tel: (301) 252-6360

iMesa Inc.

11900 Parklawn Drive

Rockyille 20852

Tel: Wash. (301) 881-8430
Balto. (301) 792-0021

MASSACHUSETTS

Intel Corp.*

27 Industrial Ave.
Chelmsford 01824

Tel: (617) 667-8126

TWX: 710-343-6333
tComputer Marketing, Inc.
257 Crescent Street
Waltham 02154

Tel: (617) 894-7000

MICHIGAN

Intel Corp.*

26500 Northwestern Hwy.
Suite 401

Southfield 48075

Tel: (313) 353-0920

TWX: 910-420-1212
TELEX: 231143

fLowry & Associates, Inc.
135 W. North Street

Suite 4

Brighton 48116

Tel: (313) 227-7067

MINNESOTA

Intel Corp.

8200 Normandale Avenue

Suite 422

Bloomington 55437

Tel: (612) 835-6722

TWX: 910- 576 2867

tDytek Norti

1821 Umvevsn(y Ave.
3N

St
Tel: (512) 645 5816

MISSOURI

Technical Representatives, Inc.
320 Brookes Drive, Suite 104
Hazelwood 63042

Tel: (314) 731-5200

TWX: 810-762-0618
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NEW JERSEY PENNSYLVANIA (cont)
Intel Corp.* iLowry & Associates, inc.
1 Metroplaza Office Bldg Seven Parkway Center
505 Thornall St. Suite 455

Edison 08817 Pittsburgh 15520

Tel: (201) 494-5040
TWX: 710-480-6238

NEW MEXICO

Tel: (412) 922-5110
+Q.E.D. Electronics
300 N. Yovk Road

v Hatbo

BFA Corporation

P.0. Box 1237 Tel (215) 674 9600
Las Cruces 88001 TENNESSEE

Tel: (505) 523-0601 Glen White Associates

TWX: 910-983-0543 Rt. 712, Norwood S/D
BFA Corporation Jonesboro 37659
3705 Westerfield, N.E. Tel: (615) 477-8850
Albuguerque 87111 Glen White Associates

Tel: (505) 292-1212 2523 Howard Road

TWX: 910-989-1157 Germantown 38138

NEW YORK Tel: (301) 754-048.3

Intel Corp.* Glen White Associates

350 Vanderbiit Motor Pkwy. 6446 Ridge Lake Road

Suite 402 Hixon 37343

Hauppauge 11787 Tel: (615) 842-7799

Tel: (516) 231-3300

TWX: 510-227-6236 X eor

Intel Corp. 2925 L. El J Freeway

80 Washington St. Suite 17

Poughkeepsie 12601 Dallas 75234

Tel: (314) 473-2303 Tel: (214) 241-9521

TWX: 510 248-0060 TWX: 910-860-5487

Intel Corj Intel Corp.*

2255 Lyell Avenue 6776 S.W. Freeway

Lower Floor East Suite Suite 5§50

Rochester 14606 Houston 77074

Tel: (716) 328-7340 Tel: (713) 784-3400

TWX: 510-253-3841 Mycrosystems Marketing Inc.
tMeasurement Technology, Inc. 13777 N. Central Expressway
159 Nolmem Boulevard Suite 405

Great Neck Dallas 75243

Tel: (516) 482 3500 Tel: (214) 238-7157
T-Squared TWX: 910-867-4763

4054 Newcourt Avenue Mycrosystems Marketing Inc.
Syracuse 13206 6610 Harwin Avenue, Suite 125
Tel: (315) 463-8592 Houston 77036

TWX: 710-541-0554 Tel: (713) 783-2900
T-Squared Mycrosystems Marketing Inc.
2 E. Main Koger Executive Center
Victor 14564 Suite 207

Tel: (716) 924-9101 San Antonio 78228

TWX: 510-254-8542 Tel: (512) 735-5073

NORTH CAROLINA VIRGINIA

tPen-Tech Associates, Inc. Glen White Associates

1202 Eastchester Dr. P.0O. Box 1104

Highpoint 27260 Lynchburg 24505

Tel: (919) 883-9125
Glen White Associates

Tel: (804) 384-6920
Glen White Associates

4021 Barrett Dr. Rt. 51, Box 322
Suite 12 Colonial Beach 22443
Raleigh 27609 Tel: (804) 224-4871
Tel: (919) 787-7016

WASHINGTON
ﬁ\:‘elloCu o Intel Corp.

. Cal s Office P:

8312 North Main Street |56?;p1u16?n ;\cvee ;rk Bleg. 3
Dayton 45415 Bellevue 98005
Tel: (513) 890-5350 Tel: (206) 453-8086
TWX: 810-450-2528 E.5./Chase Co.
Intei Corp.” P.O. Box 80903
Chagrin-Brainard Bldg. #201 Seattle 98108
28001 Chagrin Bivd. Tel: (206) 762-4824
Cleveland 44122 TWX: 810-444-2298

Tel: (216) 464-2736

Lowry & Associates, Inc. ‘I”:slcémsm

24200 Chagrin Blvd. ntel Corp.

Suite 320 4369 S. Howell Ave,
Cleveland 44122 Milwaukee 53207
Tel: (216) 464-8113 Tel: (414) 747-0789

tLowry & Associates, Inc.

1524 Marsetta Drive

Dayton 45432 CANADA

Tel: (513) 429-9040 Intel Semiconductor Corp.*
tLowry & Associates, Inc. Suite 233, Bell Mews

1050 Freeway Dr., N, 39 Highway 7, Bells Corners
Suite 209 Ottawa, Ontario K2H 8R2
Columbus 43229 Tel: (613) 829-9714
Tel: (614) 436-2051 TELEX: 053-4115
Intel Semiconductor Corp.

ORECON 6205 Airport Rd,
10700 SW, Beaverton Bldg. B. Suite 205
Hilsdale Highway Mississauga, Ontario

uite A )

Tel: (503) 641-8086

ES/Chase Company 15 Grenfell Crescent

48095 sw 1447m §t. Ottawa, Ontario K2G 0G3
eaverton 9700! Tel: (613) 226-2365

Tel: (503) 641-4111 TELEX: 053-4585

Muitilek, Inc.*

PENNSVLVANIA Multilek, Inc.

Intel Cor oronto

275 Commerce Dr. Tel: (416) 245-4622
200 Office Center Multilek, Inc.
Suite 300 Montreal

]
Fort Washington 19034 Tel: (514) 481-1350
Tel: (215) 542-9444

TWX: 510-661-2077

*Field application location
iThese representatives do not offer Intel Components,
only boards and systems.



- | I®
3065 Bowers Avenu

e
Sama CIam, Camomia 95051

9'0-338 0026
TELEX 34-6372

EUROPEAN MARKETING OFFICES

BELGIUM
Intel Corporation, S.A.
Rue du Moulin & Pnpler 51

oite 1
B 'I|SD Brussels
Tel: (02) 660 30 10
TELEX: 24814

DENMARK

Intel Denmark A/S*
Lyngbyvej 32 2nd Floor
DK-2100 Copenhagen East
Tel: (01) 18 20 00

TELEX: 19567

ORIENT MARKETING OFFICE
JAPAN

Intel Japan K.K.*

Flower Hil- -Shinmachi East Bidg.
1-23-9, Shinmachi, Setagaya-ku
Tokyo 15

Tel: (03) 426-9261

TELEX:

781-28426

HONG KONG

Intel Trading Corporation
99-105 Des Voeux Rd., Central
18F, Unit B

Hong Kong

ENGLANI

Intel Corporation (U.K.) Ltd."

Broadfield House

4 Between Towns Road

Cawley, Oxford OX4 3NB
(O%Ei 77 14 31

TEL

Intel corporahun (UK) L,

5 Hospital Stre

Nantwich, cnesnue CW5 5RE

Te! (02 0) 6

FINLA

Intel Sweden AB
P.0.Box 17
Senmeri‘l;uiu‘ 3

-0040
Helsinki, Finland
Tel: 358 0/55 85 kil
TELEX: 1233

FRANCI
Intel COrporauon, S.ARL*
5 Place de la Balance
silic 223
94528 Rungis Cedex
Tel: (01) 687 22 21
TELEX: 27047!

GERMANY

Intel Semiconductor GmbH*
Seidistrasse 27

8000 Muenchen 2

Tel: (089) 55 81 41

TELEX: 523 177

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES

AUSTRALIA
A.J.F. Systems & Components

PTY. 3
44 Prospect Rd.
Prospect
South Australia 5082
Tel: 269-1244

LEX: 82635

A.J.F. Systems & Components
29 Devlin St.
W,

AJ F. Syslems & Components

310 Oueen S( Melbourne,
vm«ona

TRLEk amt0

Warburion Frank (Sycney) Pty. Lid
199 Parcamatia R

Auburn, NSW, 5114

Tel: 648-1711, 648-1381

TELEX: WARFRAN AA 22265
Warburton Franki Industries
(Malbuume) Ply td.

220 Park St

South Melbourne Victoria 3205

YELEX: WARFRAN AA 31370
Wtrhl"lon Franki, Pty. Ltd,
322 Grange Road, Kldman Park
Soum Ausmlu 502t

-7333

TELEXT WARFRAN AA 92008
Warburton Franki (Perth Py, Lid.
98-102 Belgravia St., Belm

Waestern Australia 6104

Tel: 356-7000

TELEX: WARFRAN AR 82908
Warburton Franki (Brisbane) Pty. Ltd.
13 Chester St., Fortitude Valley
Queensland 4006

TELEX: WARFRAN AA 41052
Warburton O'Donnell Limited
Corporate Headquaners

372 Eastern Valley Wi

Chatswood, New South Wales 2067
Tel: 407-3261

TELEX: AA 21299

AUSTRIA
Bacher Elektronische Geraste GmbH
Rotenmulgasse 26
enna
Tel: (0222) 83 63 96
TELEX: (01) 1532
fekirsch Elektronik Goraste GmbH
Lichtensteinstiasso

Tel (222) 347546
TELEX: 74759

BELGIUM

Inelco Belgium S.A.

Avenue Val Duchesse, 3

B-1160 Brussels

Tel: (02) 660 00 12

TELEX: 25441

BRAZIL

Icotron S.A.

05‘ ID-AV Mullnql 3850
An

:lvlﬂuba-Slo Paulo

TELEX: (01') 2221CO BR

lo(-ml'l::gll Compuler Machines
Apan- o Aereo 27599

TELEX: 43439
DENMARK

Lyngso Kamponanl A/S
Ostmarke

DK-Zm Sobovg

Tel: (01) 67 00 77
TELEX: 22990

DENMARK (cont)

Scandinavian Semiconductor

Supply A/S

Nannasgade 18
DK:2200 Copenhagen N

Tel (01) 8

TeSaar

FINLAND

Oy Fintronic AB

Loennrotinkatu 35D

SF 00180

Helsinki 18
Tel: (80) 601155
TELEX: 123107

FRANCE
C

3 Charles Frerot
$4260 Gon
Tel: 581 00 20/581 04.69
TELEX: 200 485 F
Metrologie

a Tour d'Asniére:

£ Rvonus Laorentely
92606-Asnieres

Teol: 791 44 44

TELEX: 611 448 F
Tekelec Airtronic*

Cite des Bruyeres

Rue Carle Vernet

Tekelec Airtronic
69 Rue Bataille
69008 Lyon
Tel: (78)-74-37-40
Tekelec Airtronic
12 Rue Gabriel Faure
35000 Rennes
Tel: (99)-50-62-35
Tekelec Airtronic
Alles des Lilas

3100 Aix en Provence
TN a0
Tekelec Airtronic
4 Rue Fischart
67000 Strasbourg
Tel: (88)-61-06-43
Tekelec Airtronic
281 Route d'Espagne
31076 Toulouse
Tel: (61)-40-24-90/40-38-77

ANY
Alfred Neye Enatechnlk GmbH
Schillerstrasse 1.
D-2085 Qulckborn»Hambulg
Tel: (04106) 612
TELEX: 02- 13590
Electronic 2000 Vertriebs GmbH
Neumarkter Strasse
D-8000 Muenchen 80
TOI (089) 434061

srmyn GmbH
Postfach 1180

D-6277 Kamberg
Tel: (06434) 231
TELEX: 484426

Kontron Elektronik Gmbh
Breslauerstrasse 2
8057 Echting B
D-8000 Miinchen
Tel: (89) 319.011
TELEX: 522122

HONG KONG
Schmidt & Co.
28/F Wing on Center
Connaught Road

jong Kong
Tel: 5-455-644
TELEX: 74766 Schm Hx
INDIA
Micro Electronics Internationat
10-2-289/11
Shantin

Hyderat 6500026
CABLE: MELECTRO-HYDERBAD

‘GERMANY (cont)
Intel Semiconductor GmbH
Abraham Lincoln Strasse 30

iesbaden

Tel: (06121) 74855

LEX: 04186183
intel Semiconducxor GmbH
Wernerstrasse 6
P.O
7012
Tel: (0711) 5800&2
TELEX: 7

Intel Semconductov GmbH
Hlndanburuav Slrasse 28/29

3000 H.

Tel: (0511) 852051

TELEX: 923625

ISRAEL

Intel Semiconductor Ltd.*
Box 2404

Haifa

Tel: 972/452 4261

TELEX: 92246511

ITALY
Intel Corporation Italia, s.p.a.

TELEX: 311271

ISRAEL
Eastronics Ltd.*
1 Rolams Slveel
Box 39300
Tel Avnv 61390
TELEX' 33538

Eladra 3S S.P. A *
Vlale Elvel

Tsl (02] 3493041

Eledva S S

Via Paolo Galdano 141D
10137 Tori

TEL: (on) 30 97 097-3097 114
TELEX: 2

Eledra 35 S.P A.

Via Zaccherini Alvisi 6

40100 Bologna

Tel. (051) 307781

Eledra 35 S.P.A.

Via Giuseppe Valmaranz 63
00139 Rome, Itai

Tel: (06) 81 27 290 - 81 27 324
TELEX: 612051

JAPAN

Tokyo Electron Labs, Inc.
No. 1 Higashikata-Machi
Midori-Ku, Vokonama 226
Tel: (045) 471-8811

TELEX: 781- 4773

Ryoyo Elsclnc Corp.
Konwa Bl

1:12-22, Tsukm 1-Chome
Chuo-Ku, Tokyo 104

Tel: (03) 543-7711

Nippon Micro Computer Co. Ltd.
Mutsumi Bldg. 4-5-21 Kojimachi
Chiyoda-ku, Tokyo 102

Tel: (03) 230-0041

Asahi Electronics Co. Ltd.
KMM Bldg Room 407
2-14-1 Asano, Koku

Kita-Ku, Kvlokyushu cny 802
Tel: (093) 511-6471

TELEX: AECKY 712616

KOREA

Koram Digital

Room 411 Ahtl Bldg.

49-4 2-GA Hoehyun-Dong
Chung-Ku Seoul

Tol: 23-8123

TELEX: HANSINT K23542
Leewood International, Inc.
C.P.0. Box 4046

Chut
Tel 25
CABLE: “LEEWOOD" Seoul

NETHERLANDS

Nether. Comp. Sys. BV
Turfstekerstraat 63
Aalsmeer 1431 GD
Tel: (2977) 28855
TELEX: 14622

Kornig & Hanman
Kopavw
z 244 EN Den Haag

Tel: (70) 210.101

TELEX: 31528

NEW ZEALAND

W. K. McLean Ltd.

103-5 Felton Mathew Avenue
Glenn Innes, Auckland, 6
Tel: 587-037

TELEX: NZ2763 KOSFY
NORWAY

Nbrdlsk Elek\mmk (Norge) A/S
Mustad:

02
Tel: (02) 55 24 85
TELEX: 16963

PORTUGAL

m
Componentes E Electronica LDA
tv Miguel Bombarda, 133

vs) 545313

INTERNATIONAL SALES AND MARKETING OFFICES
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NETHERLANDS

Intel Semiconductor Nederland B.V.
Cometongebouw

Westblaak 106

3012 Km Rotterdam

Tel: (10) 149122
TELEX: 22283

NORWAY

Intel Norway A/S
P.O, Box 158
N-2040

Kiofta, Norway
Tel: 47 2/981068
TELEX: 18018

swi

Intel Sweden AB*
Box 20092
Enighetsvagen, 5
5-16120 Bromma
Sweden

Tel: (08) 98 53 90
TELEX: 12261
SWITZERLAND

Intel Semiconductor AG
Forchastrasse

CH 8032 Zurich

Tel: 00-31-1-55 45 02
TELEX: 557 89 ich ch

SINGAPORE
General Enginesrs Assaciates
Blk 3, 1003-1008, 10th Floo
P.S.A Multi-Storey Comptex
Telok Blangah/Pasir Panjang
Singapore

Tel: 271-3
LA Sp—

SOUTH AFRICA

Electronic Building Elements
Pine Square

18th Street

Hazelwood, Pretoria

Tel: (12) 789 221

TELEX: 30181SA

SPAIN

Interface*

Ronda Sen Pedro 22
Barcelon, o

Tol- 301 7

TELEX: 51506 IFCE E
Interfac

Av: Generalisimo 51 9
E-Madrid 16

Tel: 456 3151
Interface

Calle Bailen 9

Appt. 7

ilbao
Tel: 4/415-0893
ITT SESA
Miguet Angel 16
Mad

Tel: 4'
TELEX: 27707/2748'

SWEDEN

Nordisk Electronik AB
Sandhamnsgatan 71
$-102 54 Stockholm
Tel: (08) 635040
TELEX: 10547

SWITZERLAND

Industrade AG
emsenstrasse

Postcheck 80 - 21190

TELEX 56788

TAIWAN

Taiwan Automation Co.”
2nd Floor

224 Nanking East Road
$0ction 3

Tel: 771
TELEX: 11942 TAIAUTO

UNITED KINGDOM

G.E.C. Semiconductors Ltd.
East Lane

North Wembley

Middlesex HAS 7f

Tal (01) 904 9303/908-41'1

Jumyn Indusmes
Vestry Estate
Sevanoaks, Kent
Tel: (0732) 501.44
TELEX: 85142
Sintrom Electronics Lia.
Arkuright R

ing, asrkshne RG2 0LS
Tt (0734) 85:
TELEX: 347395
Rapid Recall, L
& ono e ind.Park
Woburn Green
Bucks, England
Tel: (6285) 270.72
TELEX: 849439

VENEZUELA
Componentes y Circuitos
Electronicos TTLCA C.A,

YELEX 21705 TELETIPOS

*Field Application Location
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