






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































8086/8088 SOFTWARE DEVELOPMENT PACKAGE 

Converts an 8086/8088 absOlute object 
module to symbolic hexadecimal format 

Facilitates preparing a file for later 
loading by a symbolic hexadecimal 
loader, such as the ISBC Monitor or 
Universal PROM Mapper 

OH86 

Converts an absolute module to a more 
readable format that can be displayed 
on a CRT or printed for debugging 

The OH86 command converts an 8086/8088 absolute object module to the hexadecimal format. This conversion may 
be necessary to format a module for later loading by a hexadecimal loader such as the iSSC 86/12 monitor or Universal 
Prom Mapper. The conversion may also be made to put the module In a more readable format that can be displayed or 
printed. 

The module to be converted must be In absolute format; the output from LOC86 is in absolute format. 

LlB86 is a library manager program 
which allows you to: 

Create specially formatted files to 
contain libraries of object modules 

Maintain these libraries by adding or 
deleting modules 

Print a listing of the modules and 
public symbols in a library file 

LlB86 

Libraries can be used as input to LlNK86 
which will automatically link modules 
from the library that satisfy external 
references in the modules being linked 

Abbreviated control syntax 

Libraries aid in the Job of building programs. The library manager program, L1S86, creates and maintains flies contain· 
ing object modules. The operation of L1S86 is controlled by commands to indicate which operation L1S86 is to per· 
form. The commands are: 

CREATE - creates an empty library file 
ADD - adds object modules to a library file 
DELETE - deletes modules from a library file 
LIST - lists the module directory of library files 
EXIT - terminates the L1S86 program and returns control to ISIS·II 
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8086/8088 SOFTWARE DEVELOPMENT PACKAGE 

ISIS·II t- PLlM·86 f--8- ~,~" .. " USER SDK·86 TEXT EDITOR SOURCE COMPILER OBJECT MODULE SYSTEM 

LINK86 
I- AND I- OH86 iSBC 86112 

LOC86 

ISIS·II r-- ASM66 
ASM66 RELOCATABLE ICE·66 UPM TEXT EDITOR SOURCE OBJECT MODULE 

ASM80/85 
CONVa6 SOURCE 
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8086/8088 SOFTWARE DEVELOPMENT PACKAGE 

SPECIFICATIONS 

Operating Environment 
Required Hardware 

InteHec Microcomputer Development System 

- MDS-800, MDS-888 
- Series II 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-II Diskette Operating System 

- Single or Double· Density 

·Recommended 

ORDERING INFORMATION 

Part Number Description 
MDS-311 808618088 Software Development 

Package 

Also available in the following development support 
packages: 

Part Number Description 
SP86A-KIT 

SP86B-KIT 

SP86A Support Package (for Intellec 
Model 800) 

Includes ICE-86 In-Circuit Emulator 
(MDS-86-ICE) and 808618088 Software 
Development Package (MDS-311) 

SP86B Support Package (for Series II) 

Includes ICE-86 In-Circuit Emulator 
(MDS-86-ICE), 808618088 Software 
Development Package (MDS-311), 
and Series II Expansion Chassis 
(MDS-201) 
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Documentation Package 

PlIM-86 Programming Manual (9800466) 
ISIS-II PlIM-86 Compiler Operator's Manual (9800478) 
MCS-86 User's Manual (9800722) 
MCS-86 Software Development Utilities Operating 

Instructions for ISIS-II Users (9800639) 
MCS-86 Macro Assembly Language Reference Manual 

(9800640) 
MCS-86 Macro Assembler Operating Instructions for 

ISIS-II Users (9800641) 
MCS-86 Assembly Language Converter Operating 

Instructions for ISIS-II Users (9800642) 
Universal PROM Programmer User's Manual 

(9800819A) 

Flexible Diskettes 

- Single and Double· Oensity 



inter 
8089 ASSEMBLER SUPPORT PACKAGE 

8089 1/0 processor program generation 
on the Intellec Microcomputer 
Development System. 

Relocatable object module compatible 
with the 8086 and 8088 Microprocessors. 

Supports 8089-based addressing modes 
with a structure facility that enables easy 
access to based data. 

Fully detailed set of error messages. 

Includes software development utilities 
to facilitate 8089 design. 

-LlNK86: Combines 8086 or 8088 object 
modules with 8089 object 
modules and resolves 
external references. 

-LOC86: Assigns absolute memory 
addresses to 8089 object 
modules. 

-OH86: Converts 8086/8088/8089 
object code to symbolic 
hexadecimal format. 

-UPM86: A PROM programming aid 
which has been updated to 
support PROM programming 
for 8086, 8088 and 8089 
applications. 

The 8089 Assembler Support Package extends Intellec microcomputer development system support to the 8089 ilO 
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 80891/0 
Processor. 
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8089 ASSEMBLER SUPPORT PACKAGE 

FUNCTIONAL DESCRIPTION 

The 8089 Assembler Support Package contains the 8089 
assembler (ASM89) as well as LlNK86 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 tranSI.ation and makes it easier to modify 
programs when adding or deleting instructions. 

ASM89 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. 

SPECIFICATIONS 

Operating Environment 

Required Hardware 

Intellec Microcomputer Development System 

-MDS-8oo, MDS-888 

-Series II 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" 

ORDERING INFORMATION: 

Part Number 
MDS-312 

Description 
8089 Assembler Support Package 

A sample assembly listing is shown in table 1. 

18)1-11 "" II$UMllU VII IUIU.LV OF MODULE COHSOL 
a.JEer MODULE "LUlD IN ,n,CONSOL o.~ 
USU'LU [nOICED IV UIIU CQNUl.$RC 

1 CONSOLE SEGMENT . 
3 , IHITULI~E U~$ ,U ~IIO e27f kUlllliIU (al!TROLLERS . 
5 CONTROL 
, ; aus POATS .... .U, 

11.2 

? PARU5' os I ,PARilMUn pon 
8 "lIUII, OS I 
, ST/IIT?5, OS I ; sro,TuSlCa""IiINO PUT 

" g ~u~~~:: PO:!S 3 lin 
'11' ".7 13 STAT?" os I ; ST~TUS!CO""/IIHD PORT 

I4CONTROj,. ENDS 

" .... 11311141 
.114 JUC U II 

U NOVI G/II.41II11 , SET POtT SASE RODItESS 
17 110"1' IGAI iUPS.. ; INITIAliZE 8275 
18 MOYaIICA1PItiI1I75,4FH 
19 MOVIIIGII] '1I/lA7S.I0311 :::~ :::~:::~ 

1111 Ilut II U 2B MD'I8IIGIilIPAIIA75.'AII 
11101 IUt II" 21 "01181 I Glil I P~I!A75. I illi 

" 1111 IUt u .. U MOYIIIC'" Sf1IITH,1 ; INITULIZE U7t 
"It 1114t 16 31 24 "OYIIIGAI STIIT7',UH .. 

26 COHSOLE ENDS 

" .. 
OEFHVIILllf TYPE .......... -_ .. 

, IIII m COHSOLf · IIII m COHUOL · .1'1 '" HULLII 

" IIU m HULLII , 1 .. 1 m PII.,.15 · I .. a '" SUT7S 

" II .. '" STnn 

Table 1. Sample 8089 Assembly Lisling 

Required Software 

ISIS-II 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-II User's (9800639) 

MCS-86 Absolute Object File Formats (9800821) 

Universal PROM Programmer User's Manual (9800819) 

Flexible Diskettes 
-Single and Double" Density • Recommended 
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ICE·86lM 

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 

lhe 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 Intelle~ Microcomputer Development Systems. A cable and 
buffer box connect the Intellec system to the user system by replacing the user's 8086. Powerfullntellec 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. 
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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 PLIM 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 110 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= !VAFf+ 1" increments 
the value of the variable. 

The user symbol table generated along with the object 
file during a PUM-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 
USER 
8088 SOCKET 

r------------- ------------------------ --, 1.-____ ., T·CABLE I 
I I I I 
I I I I 
I I I I 
I I IN~~~TEC I : 
I I I I 
I I I 
I I I I I L ____ .....l I 
L ______________________________ ....!N~L~CJ 

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

A typical ICE-88 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·88 emulator). The 
ICE·88 module Is shown connected to a user prototype system, In this case an SDK·88. 

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-B6 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(lF), and execution of commands until a con­
dition is met or until they have been executed a 
specified number of times (COUNT, REPEAn. 

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 BOB6 to be mapped in 1 K-byte blocks to: 

1. Physical memory in the user's system, 

2. Either of two 1 K-byte blocks of ICE-B6 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·B6 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 spt;;cify 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-B6 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-B6 emulator control the 
process of setting up, running and halting an emulation 
of the user's 8OB6. Breakpoints and tracepoints enable 
ICE·B6 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-B6 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 BOB6 executes from 
its queue an instruction byte which was obtained from 
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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 anyone 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 rar,ge. 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 110 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 addressldata 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 I/O ports. Commands are also provided for 
various utility operations such as loading and saving 
program files, defining symbols and macros, displaying 
trace data, selling up the memory map, and returning 
control to ISIS-II. 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/O ports 
• ICE·B6 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. 

LIST 

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·a6 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. 

ENABLEIDISABLE ROY 

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

Table 2. Summary of Basic ICE·S6 Interrogation and 
Utility Commands 
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DIFFERENCES BETWEEN ICE·86 
EMULATION AND THE 8086 
MICROPROCESSOR 

The ICE·86 module emulates the actual operation of the 
8086 microprocessor with the following exceptions: 

o The ICE·86 module will not respond to a user system 
NMI or RESET signal when it Is out of emulation. 

o Trap is ignored in single step mode and on the first in· 
struction step of an emulation. 

o The MIN/MAX line, which chooses the "minimum" or 
"maximum" configuration of the 8086, must not 
change dynamically in the user system. 

o In the "minimum" mode, the user HOLD signal must 
remain active until HLDA Is output by the ICE·86 
emulator. 

o The RO/GT lines in the "maximum" configuration are 
not supported. 

The speed of run emulation by the ICE·86 module 
depends on where the user has mapped his memory. As 
the user prototype progresses to include memory, 
emulation becomes real time. 

Memory 
Mapped To Estimated Speed 

User System 100% of real time*, up to 4 MHz 
clock 

ICE 2 wait states per 8086·controlled 
bus cycle 

Intellec Approximately 0.02% of real time 
at 4 MHz clock 

Diskette ** 

"100% of real time Is emulation at the user system clock rate with 
no walt states. 

""The emulation speed from diskette is comparable to Inteliec 
memory, but emulation must walt when a new page is accessed 
on the diskette. 

DC CHARACTERISTICS OF ICE·86 
USER CABLE 
1. Output Low Voltages [VoLlMax)= O.4y] 

IOL(Mln) 

ADO·AD15 8mA 
(24 mA @ 0.5V) 

8mA A16/S3·A19/S7, SHE/57, RD, 
LOCK, 050, 051, SO, 51, 52, 
WR, M/iO, DT/R, DEN, ALE, 
INTA 

(16 mA @ 0.5V) 

HLDA 

MATCHO OR MATCH1 (on 
buffer box) 

7mA 

16 mA 

2. Output High Voltages [YOH (Min) = 2.4VJ 
IOH(Mln) 

ADO·AD15 -2mA 

A16/S3·A19/S7, SHE/57, RD, -1 mA 
LOCK, 050, 051, SO, 51, 52, 
WR, M/iO, DT/R, DEN, ALE, 
INTA, HLDA 

MATCHO OR MATCH1 (on 
buffer box) - 0.8 mA 

3. Input Low Voltages [YIL(Max) = O.By] 

ADO·AD15 
NMI, CLK 
READY 
INTR, HOLD, TEST, RESET 
MN/MX (0.1I-'f to GND) 

4. Input High Voltages [VIH(Mln)= 2.0VJ 

ADO·AD15 
NMI, CLK 
READY 
INTR, HOLD, TEST, RESET 
MN/MX (0.1I-'F to GND) 

IlL (Max) 

-0.2 mA 
-0.4 mA 
-0.8 mA 
-1.4mA 
-3.3 mA 

IIH(Max) 

80l-'A 
20,..A 
40l-'A 

-0.4 mA 
-1.1 mA 

5. RO/GTO, RO/GT1 are pulled up to + 5V through a 5.6K 
ohm resistor. No current is taken from user circuit at 
Vee pin. 
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SPECIFICATIONS 

ICE·86 Operating Environment 
Required Hardware 
Intellec microcomputer development system with: 
1. Three. adjacent slots for the ICE-86 module (Series II 

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 dis~ette operating system 
ICE·86 module 

Required Software 
System monitor 
ISIS·II, 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 

ORDERING INFORMATION 

Part. Number Description 
MDS·86-ICE 8086 CPU in-circuit emulator 

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

Physlc~1 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) 

Elec.trical Characteristics 
DC Power 

Vcc = +5V +5% -1% 
Icc = 15A maximum; llA typical 
Voo = + 12V ±5% 
100 = 120 mA maximum; 80 mA typical 
Vss = -10V ± 5% or -12V ± 5% (optional) 
Iss = 15 mA maximum; 12 mA typical 

Environmental Characteristics 
Operating Temperature: O· to 40·C 
Operating Humidity: Up to 95% relative humidity with­
out condensation. 
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iSBC 86/12A 
SINGLE BOARD COMPUTER 

808616 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 1 
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 110, and peripheral controller 
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 LSI 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/O ports and drivers, serial 
communications interface, priority interrupt logic and programmable timers, all reside on the board. Full MUL TIBUS 
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/O expansion boards and peripheral controllers. 
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FUNCTIONAL DESCRIPTION 

Central Processing Unit 
The central processor for the iSSC 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, SCD and 
unpacked ASCII data, and iterative word and byte string 
manipulation functions. The instruction set of the 8086 is 
a superset of the 8080Al8085A family and with available 
software tools, programs written for the 8080Al8085A 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 1.2!"sec 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 iSSC 86/12A microcomputer has three buses: an 
internal bus for communicating with on-board memory 
and 110 options, the MUL TISUS system bus for referenc­
ing additional memory and 1/0 options, and the dual-port 
bus which allows access to RAM from the on-board CPU 
and the MUL TISUS system bus. Local (on-board) 
accesses do not require MUL TISUS communication, 
making the system bus available for use by other 
MUL TISUS masters (i.e. DMA devices and other single 
board computers transferring to additional system 
memory). This feature allows true parallel processing in a 
multiprocessor environment. In addition, the MUL TISUS 
interface can be used for system expansion through the 
use of other 8- and 16-bit iSSC computers, memory and 
1/0 expansion boards. 

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 MULTI BUS master via the system bus. The dual 
port controller allows 8- and 16-bit accesses from the 
MUL TIBUS 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 MUL TIBUS 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 OOOOOH' 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 MUL TI­
BUS system bus. In conjunction with this feature, the 
iSBC 86/12A microcomputer has the ability to protect 
on-board memory from MUL TIBUS access to any contig­
uous 8K-byte segments (or 16K-byte segments with 
iSBC 300 module). These features allow multiprocessor 
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 ROMs; 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 MUL TIBUS 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 MULTI BUS system bus compatible 
memory boards available in the iSBC product family. 

Parallel I/O 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 I/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/O 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 I/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/O 
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 

Port 
Lines 

Input Output Bidirectional Control 
(qty) 

Latched & Latched & 
Latched Latched 

Strobed Strobed 

1 8 X X X X X 

2 8 X X X X 

3 4 X X X1 

4 X X X1 

~O~~rt 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. The iSBC 530 unit may be used to 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 
I/O 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 I/O 
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 iSBC 86/12A board RS232C USART serial port. In 
utilizing the iSBC 86/12A board the systems deSigner 
simply configures, via software, each timer independently 
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 at any 
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". 

MUL TIBUS System Bus and 
Multimaster Capabilities 
The MUL TIBUS system bus features asynchronous data 
transfers for the accommodation of devices with v.arious 
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 

Interrupt on 
terminal count 

Programmable 
one-shot 

Rate 
generator 

Square-wave 
rate generator 

Software 
triggered 
strobe 

Hardware 
triggered 
strobe 

Event counter 

Operation 

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

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

Divide by N counter. The output 
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. 

Output remains high until soft­
ware loads count (N). N counts af­
ter count is loaded, output goes 
low for one input clock period. 

Output goes low for one clock 
period N counts after rising edge 
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 
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 
MUL TIBUS 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 MUL TIBUS 
system bus with the addition of an external priority 
network. The MUL TIBUS arbitration logic operates 
synchronously with a MUL TIBUS clock (provided by the 
iSBC 86/12A board or optionally provided directly from 
the MUL TIBUS) 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 desigf'l 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 8086CPU. 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 00008H. The 
Intel 8259A Programmable Interrupt Controller (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 I/O 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 MUL TIBUS 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 Ii rst 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. 

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

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/O 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 MUL TIBUS system bus. The MUL TI­
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-Iow Signal from the 
iSBC 635 and iSBC 640 Power Supply or equivalent. 

Expansion Capabilities 

Memory and I/O capacity may be expanded and 
additional functions added using Intel MUL TlBUS 
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/O and 
analog I/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 multi board systems. 

Note: Certain system restrictions may be incurred by the 
inclusion of some of the iSBC 80 family options in an iSBC 
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-II 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 

SPECIFICATIONS 

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

Cycle Time 
Basic Instruction Cycle 

Note: 

1.2l1 sec 
400 nsec (assumes 
instruction in the queue) 

Basic instruction cycle is defined as the fastest instruction time (Le., 
two clock cycles) 

Memory Capacity 
On-Board Read Only Memory - 16K bytes (sockets 
only); expandable to 32K bytes with iSBC 340 EPROMI 
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 - FFOOO-FFFFFH (using 2758 
EPROMs); FEOOO-FFFFFH (using 2716 EPROMs or 2316 
ROMs); FCOOO-FFFFFH (using 2732 EPROMs or 2332A 
ROMs); F8000-FFFFFH (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: 00000-07FFFH; 64K bytes: 
OOOOO-OFFFFH· 

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 iSBC 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 allow 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. PLlM-86 programs can be written in a 
much shorter time than assembly language programs for a 
given application. PLlM-86 includes byte and word, 
integer, pointer and floating point (32-bit) data types and 
also includes conditional compilation and macro features. 

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 110 

Port 
8255A 

1 I 2 I 3 I Control 

Address C81 CA I CC I CE 

USART 

Data I Control 

08 or I 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 V2, or 2 stop bits; false start bit 
detection. 

Baud Rates 

Frequency (kHz) Baud Rate (Hz) 

(Software Selectable) Synchronous Asynchronpus 

+ 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 75 
2.4 2400 150 -
1.76 1760 110 -

Note: 
Frequency selected by 110 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 I/O ad· 
dress space) 

CO or C4 Write: Initialization Command Word 1 (ICW1) 
and Operation Control Words 2 and 3 
(OCW2 and OCW3) 

Read: Status and Poll Registers 

C2 or C6 Write: ICW2, ICW3, ICW4, OCWI (Mask 
Register) 

Read: OCWI (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, I/O address space) 

DO Timer 0 
D2 Timer 1 
D4 Timer 2 
D6 Control register 

Note: 
Timer counts are loaded as two sequential output operations to same 
address 85 given. 

Input Frequencies 
Reference: 2.46 MHz ± 0.1 % (0.041I-'s period, nominal); 
1.23 MHz ±0.1% (0.81 I-'s period, nominal); or 153.60 
kHz ±0.1% (6.51I-'s 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 1.63f1s 427.1 ms 3.26 S 466.50 min 
interrupt 

Programmable 1.63 ~s 427.1 ms 3.26 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 613.5 kHz 0.000036 Hz 306.8 kHz 
rate generator 

Software 1.63 flS 427.1 ms 3.26 S 466.50 min 
triggered 
strobe 

Hardware 1.63 fls 427.1 ms 3.26 S 466.50 min 
triggered 
strobe 

Event - 2.46 MHz - -
counter 

Interfaces 
MULTIBUS - All signals TTL compatible 
Parallel I/O - All signals TTL compatible 
Interrupt Requests - All TTL compatible 
Timer - All signals TTL compatible 
Serial I/O - 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 3KH43/9AMK12 

Parallel 110 50 0.1 3M 3415·000 

Serial 110 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 110 driver sockets on the iSBC 86/12A board. 

Driver Characteristic Sink Current (mA) 

7438 I,OC 48 
7437 I 48 
7432 NI 16 
7426 I,OC 16 
7409 NI,OC 16 
7408 NI 16 
7403 I,OC 16 
7400 I 16 

Note: 
I ;;; inverting; NI = non-inverting; DC = open collector. 

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

I/O Terminators - 220Q/330Qdivider or 1 kQ piJllup 

220n/330n (Isac 901 OPTION) 

220Q 

+5V--------~~ __ ----~ 

1: 

1 K n (Isac 902 OPTION) 

1 kQ 
+5V--------~~ ____________ ___ 
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Bus Drivers 

Function Characteristic Sink Current (rnA) 

Data Trl-state 
Address Tri-state 
Commands Tri-state 

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

Electrical Characteristics 
DC Power Requirements 

CUrrent Requirements 

Configu- VCC = + 5V VOO = + 12V VBB = -5V 
ration ±S% (max) ±5% (max) ±S% (max) 

Without 5.2A 350 mA -
EPROM' 

RAM Only3 390 mA 40 mA 1.0 mA 

With 
5.2A 450 mA -

iSSC 530. 

With4K 
EPROM5 5.5A 350 mA -
(using 2758) 

With8K 
ROM5 6.1A 350 mA -
(using 2316E) 

With 8K 
EPROM5 5.5A 350 mA -
(using 2716) 

With 16K 
ROM5 (using 5.4A 350 mA -
2732or2332A) 

Notes: 

50 
50 
32 

VAA = - 12V 
±S% (max) 

40 mA 

-
140 mA 

40 mA 

40 mA 

40 rnA 

40 rnA 

1. Does not include power for optional AOM/EPROM, 1/0 drivers, and 
1/0 terminators. 

2. Does not include power required for optional ROMIEPROM, 1/0 
drivers and 1/0 terminators. 

3. RAM chips powered via auxiliary power bus. 

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

S. Includes power required for four ROM/EPROM chips, and 110 
terminators installed for 161/0 lines; all terminator inputs low. 

ORDERING INFORMATION 

Part Number Description 
SBC 86/12A 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 

Environmental Characteristics 
Operating Temperature - O°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. 
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iSBC 957 
INTELLEC ,'- iSBC 86/12A INTERFACE 

AND E}{ECUTION PACKAGE 

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

Allows full speed execution of MCS·86:rM 
programs 

Includes EPROM resident system monitor 
for iSBC 86/12A 

Allows Intellec ISIS·II 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 110 ports 

Includes all necessary hardware, soft· 
ware and documentation 

The iSBC 957 Intellec-iSBC 86/12A Interface and Execution Pa,ckage 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 ex,ecution. 
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FUNCTIONAL DESCRIPTION 

Overview 
The iSBC 957lntellec-iSBC 86/12A Interface and Execu­
tion Package extends the software development capa­
bilities of the Intellec Microcomputer Development Sys­
tems to the iSBC 86/12 and iSBC 86/12A Single Board 
Computers. It allows software modules developed 
under the Intellec resident ISIS-II 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 iSBC 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 
EPROMs whkh 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 
Development System. The EPROM resident software 
creates em execution environment in which object mod­
ules may be loaded into the iSBC 86/12A memory, exe­
cuted <I,t full speed, modified if necessary and saved on 
the Intf~lIec system floppy disk. The monitor provides 
the ability to execute selected program segments with 
breahpoints or by single stepping, examine and modify 
registers and memory, perform port 110, move a block of 
memory, compare blocks of memory, search for a wordl 

PARALLEL - PARALLEL 110 
PORT 

PROM 
PORT 

LOAD GABLE ? ~~~ 

I~ " SERiALifO 
PORT 

iNTELLEC 
MDS BOO 
SYSTEM 

Al0 All A12 A13 
(SEE NOTE) 

TO RS232·C / 

C~0 "~~~~==) 
~ fo " iSBC530 

OEM RS232·C 
CABLE 

TTY 
PORT 

, TTY TTY ADAPTER 

CABLE 

Figure 1a. Intellec MDS·80rJ Series System Using RS232·C Compatible Terminal 

INTELLEC 
MDS80D 
SYSTEM 

Note: A10, A12, A13 -lnsertTe,rminator Pack (supplied) 
A11 - Insert Status Adapter Ass'y (supplied) 

CRT 
PORT 

PARALLEL 
LOAD CABLE 

/ 
iSBC 86112 

OR iSBC 86/12A 

~ TOITY ~J 
TERMINAL ~. c-i 
~~I 

OEM RS232·C 
CABLE 

Figure 1b. Intellec MDS·800 Series System with TTY Terminal 
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iSBC 957™ 

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 residen't 
monitor and also interfaces with the ISIS-II operating 
system to transfer files between the development sys­
tem diskettes and the iSBC 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 II family. 

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

INTELLEC 
SERIES II 

MODEl210 

iSBC 86/12A to the available serial port on the Intellec 
system (if the TIY port is used for the iSBC 86/12A inter­
face, the iSBC 530 TTY adapter is inserted into the line). 
(See Figure 1.) This serial port implements the commu­
nication link from the Intel lee 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 I/O 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 ISIS-II disk files 
between the development system and the iSBC 86/12A. 

Intellec Series II Interface - For Intellec Series II Devel­
opment Systems the connection between it and the 
iSBC 86/12A is accomplished with a single serial line in· 

SERIAL ;;/J 
~"'" j" -?O ~ - ~ RS232·C 

~ ~ CABLE 

RS232·C 
CABLE 

SERIAL 1/0 
PORT 

1-- iSBC 86/12 OR 
iSBC 86/12A 

Figure 2a. Intellec Series II Model 210 

INTELLEC SERIES II 
MODel 220, 230 

/
_.3: ~~!J" .- ~ OEM RS232·C 

CABLE 

Figure 2b. Intellec Series Models 220, 230 
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terconnecting the iSBC 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 iSBC 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·II Operating System or Intellec MOS· 
2DS Dual Single Density Diskette Drive and ISIS·II 
Operating System. 

4. User·selected language translators. 

Note: The Intellee Series II Model 230 Microcomputer Development 
System and the Intel lee MDS-888 Microcomputer Development Center 

SPECIFICATIONS 

Hardware 
Cables 
(1) OEM RS232·C cable - Mates with serial 1/0 port on 

iSBC 86/12A 

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

(1) TTY port cable - Mates with TIY port on Intellec 
system 

(1) Parallel load cable - Mates with UPP port on In· 
tellec system and parallel 1/0 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. 

110 Drivers and Terminators 
(1) 743748 mA open collector drivers 
(4) iSBC 901 2200l330f! terminator packs 
(4) iSBC 902 1 kf! terminator packs 
Drivers and terminators needed when parallel load cable 
is required 

Interface Adapters 
(1) iSBC 530 TIY adapter - Used when serial 1/0 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 Intellec 
mounted connectors 

Software 
(4) EPROMs with iSBC 86/12A system monitor 
(1) Single density floppy diskette with iSBC 86/12A ISIS· 

II communication software 

contain all necessary hardware and operating system software to be 
used with the iSBC 957 package and the iSBC 86112A. 

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 MUL TIBUS 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 Intellee system and re­
quires a separate operating environment. 

Additional memory boards, analog and digital 1/0 
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. 

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

System Monitor 
Addresses: RAM: 00000-00180H; ROM: FEOOO-FFFFH 

Commands 
_._----

Basic Commands 
... - .. ----.--... -~-----------__l 

N (Next) 

G (Go) 

S (Substitute) 

X (Examine) 

D (Display) 

M (Move) 

C (Compare) 

F (Find) 

H (Hex Arithmetic) 

I (Port Input) 

o (Port Output) 

R (Read Tape) 

Single stepped program execution 

Program start with optional breakpoints 

Examine and modify memory 

Examine and modify registers 

Display blocks of memory 

Moves (duplicates) blocks of memory 

Compare two blocks of memory 

Searches for byte/word value 

Performs hexadecimal add and subtract 

Reads an 110 port 

Writes to an 1/0 port 

Reads and loads paper tape object file 

~~~.~~~_e) ___ . ~~ites memory block to paper tape 

Intellee Mode Commands 

T (Transfer File) Wntes memory block to ISIS·1i file 

E (Exit) Return to ISIS (BaSIC Command Mode) 

L (Load F'le) J Loads ISIS·11 file to ISBC 86112A 

-_. __ .. _--

Transfer Rates 

Intellec MDS·800 Family 
Serial transfer: 110 baud 
Parallel transfer: 1 K byteslsec 

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

, ' 

ORDERING INFORMATION 

Part Number Description 
SSC 957 Inteliec-iSSC 86/12A Interfacing and 

Execution Package 

9800743 - iSSC 957 Intellec-iSSC 86/12 Interface and 
Execution Package User's Guide 

9800640 - 8086 Assembly Language Manual 
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intel 
iSBC 300 32K·BYTE RAM EXPANSION MODULE 

iSBC 340 16K·BYTE EPROM/ROM EXPANSION MODULE 

On·board memory expansion for iSSC 
86/12A Single Soard Computer 

iSSC 300 module provides 32K bytes of 
dual port dynamic RAM and plugs directly 
into the iSSC 86/12A board 

iSSC 340 module provides sockets for up 
to 16K bytes of additional EPROM/ROM 
and plugs directly into the iSBC 86/12A 
board 

On·board memory expansion eliminates 
MULTIBUS system bus latency and 
increases system throughput 

Low power requirements 

Simple, reliable mechanical and electrical 
interconnection 

The iSSC 300 32K·byte RAM expansion module and the iSSC 340 16K·byte EPROM/ROM expansion module provide 
simple, low cost expansion of the memory complement available on the iSSC 86/12A single board computer. Each 
module utilized individually or together can double the iSSC 86/12A board's on·board RAM and EPROM memory 
capacity. The iSSC 300 32K·byte RAM expansion module and the iSSC 340 16K·byte EPROM/ROM expansion module 
options for the iSSC 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 
iSSC 86/12A board with a minimum of system implications. Secause they expand the memory configuration on·board, 
they can be accessed as quickly as the existing iSSC 86/12A memory by eliminating the need for accessing the addi· 
tional memory via the MULTISUS system bus. With the iSSC 86/12A board mounted in the top slot of an iSSC 604 or 
iSSC 614 cardcage, sufficient clearance exists for mounting both the iSSC 300 and/or the iSSC 340 expansion module 
option(s). If the iSSC 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 iSSC 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 iSBC 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 MUL TIBUS address decode PROMs which allow the 
iSBC 86/12A board logic to recognize its expanded 
on-board memory complement. 

DYNAMIC 
RAM CONTROLLER 
(FROM iSBC 86/12A) ---. iSBC 86/12A 

REPLACEMENT 
MEMORY ADDRESS 

DECODE PROMS 
(SUPPLIED WITH 

i$BC 300 OPTION) 

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 iSBC 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). 

MEMORY LATCHES 
(FROM ;SBC 86/12A) 

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 !,sec, write: 1.2 !,sec 
iSBC 340 Module - Standard EPROMs (450 nsec): 1 
!,sec, fast EPROMs (350 or 390 nsec): 800 nsec 

Interface 
The interface for the iSBC 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 
Isac 86/12A board only (32K bytes) - 00000-07FFFH. 
Isac 86/12A board + Isac 300 module (64K bytes) -
OOOOO-OFFFFH. 
MUL TlaUS Access - Jumper selectable for any 8K­
byte boundary, but not crossing a 128K-byte boundary. 

On-board EPROM/ROM 
Isac 86/12A board only (16K-bytes max.) - FFOOO­
FFFFFH (using 2758 EPROMs); FEOOO-FFFFFH (using 
2316E ROMs or 2716 EPROMs); and FCOOO-FFFFFH 
(using 2332A ROMs or 2732 EPROMs). 

iSBC 86/12A 

iSBC 340 
OPTION . 

NYLON HARDWARE 
(SUPPLIED WITH OPTION) 

~ 

~' 

Isac 86/12A board + Isac 340 module (32K-bytes 
max.) - FEOOO-FFFFFH (using 2758 EPROMs); FCOOO­
FFFFFH (using 2316E ROMs or 2716 EPROMs); F8000-
FFFFFH (using 2332A ROMs or 2732 EPROMs). 

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

Auxiliary Power/Memory Protection 
The low power memory protection option included on 
the iSBC 86/12Aboards supports the iSBC 300 RAM 
module. 

"Local Only" Memory Protection 
The iSBC 86/12A Single Board Computer supports 
dedication of on-board RAM for on-board CPU access 
only in 8K, 16K, 24K, or 32K-byte segements. Installation 
of the iSBC 300 option allows protection of 16K, 32K, 48K, 
or 64K-byte segments. 

Physical Characteristics 

iSSC 300 iSSC 340 

Width 5.75" 3.3" 

Length 2.35" 2.8" 

Height of iSBe 86/12A .718 .718' 
plus mounted option 

Weight 13 oz. 5 oz. 

"Includes EPROM/ROM's 

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

Figure 2. Installation of iSBC 340 EPROM/ROM Option on iSaC 86/12A Single Board Computer 
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Electrical Characteristics 

DC power requirements: 

Voltage iSBC 300 iSBC 340 

+5 ±5% 1 mA 120 mA' 

+12 ±5% 24 mA -

-12 ±5% 1 mA -

Note: 
1. Loaded with Intel 2732 EPROMs. 

ORDERING INFORMATION 

Description Part Number 
SBC 300 
SBC 340 

32K-byte RAM Expansion Module 
16K-byte EPROM Expansion Module 

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

Reference Manuals 
All necessary documentation for the iSBC 300 module 
and iSBC 340 module is included in the iSBC 86/12A 
Hardware Reference Manual; order #9803074-01. (NOT 
SUPPLIED) 

Manuals may be ordered from any Intel sales representa­
tive distributor office or from Intel Literature Department, 
3065 Bowers Avenue, Santa Clara, CA 95051. 
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SDK·a6 
Mes·a6 SYSTEM DESIGN KIT 

Complete single board microcomputer 
system including CPU, memory, and I/O 

Easy to assemble kit form 

High performance 8086 16·bit CPU 

Interfaces directly with TTY or CRT 

Interactive LED display and keyboard 

Wire wrap area for custom interfaces 

Extensive system monitor software in 
ROM 

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 ot 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 tew 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: 

~========~~=====------------D 

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 

REOISTER FILE 

DATA, 
POINTER, AND 
INDEX REOS 
(SWORDS) 

FLAGS 

BUS INTERFACE UNIT 

I A~~~~;~I~~E 1 

SEGMENT 
REOISTERS 

AND 
INSTRUCTION 

POINTER 
(5 WORDS) 

r-""::""-'--iHtlSr 
A,~ 

A,etS, 

3 DfIR,DEN,ALE 

HOLD 

a-BYTE 
INSTRUCTION 

QUEUE 

HLD'--,,--._ ... _ .. _-._~ 

elK RESET READY 

Figure 2_ 8086 Microprocessor Block Diagram 

+ 8 9 A 
IW/CS OW/OS /ISS 

REG 
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IB/SP OB/BP MV/SI 

0 1 2 
EB/AX ER/BX GO/CS 

Figure 3_ SDK-86 Keyboard 

B 
IES 

7 
EW/OI 

3 
STIDX 

Figure 4_ SDK-86 Design Library 

Command 

Reset 

Go 

Single step 

Substitute 
memory 

Examine 
register 

Block move 

Input or output 

Operation 

Starts monitor. 

Allows user to execute user 
program, and causes it to halt 
at predetermined program 
stop. Useful for debugging. 

Allows user to execute user 
program one instruction at a 
time. Usefui for debugging. 

Allows user to examine and 
modify memory locations in 
byte or word mode. 

Allows user to examine and 
modify 8086 register contents. 

Allows user to relocate pro­
gram and data portions in 
memory. 

Allows direct control of 
SDK-86 I/O facilities in byte or 
mode. 

Table 1. Keyboard Mode Commands 

Command Operation 

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

Start/continue Allows user to display blocks 
display of memory information larger 

than amount visible on ter-
minal's CRT display. 

Punch/read Allows user to transmit fin-
paper tape ished programs into and out of 

SDK-86 via TIV paper tape 
punch. 

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 
Description Instruction Code 

Data Transfer ",,,._, 
Reglsllr1memory lollrom register 

Immidtaitlor,glsl,rlmemory 

Imm,d.al'lo reglSllr 

71141210 71543210 71S4U1Q 711541210 

110001 Od _[mod reo rim I 
1100011 w moei 0 0 0 rim 

101 I w reg dala 

Memory 10 aeeumul'lof 10' 0000 w addr.low 

Accumulator 10 memory 1 0 1 0 0 0 1 'OIl addr-IOIr 

Rellisier/memory 10 segment ItglSI.r F.'~O~OjO:r':r' '[' to tm~'tdOt'~"::ttJ 
Segment rlll,st" 10 relister/memory IJ 000 1 100 Irn:ld 0 reo rim 

fllglster/memory 

Regl"er 
Segment reg,s'" 

fleglslef/memory 

Regisllr 

Segmentregls'I' 

XC!II=Elcllug.: 

Register/memory wllllfIllISI., 

AeglSter willi accumulator 

I.~I­
F'lIdpor1 

Vilflilbl.porl 

aUT· OUtput 

Filldport 

V'riableporl 

IUT-Translate by1.toAL 

LU=load EAto register 

LlI=lold pOlA,er to OS 

LEI-loadpotnllrloES 

WF-LoldAHwitl'lflags 

IAIIf=StoreAHlnlollllls 

'UIIIF"PushHIIIS 

PIIPf"Popllalls 

Arithmetic 

ADI=" 

',11' , " mod " 0 rim 

01010 rell 

000relll10 

, 000' , " modO 0 0 rim 

0' 0" rell 

OOO,ell"1 

1,0000' , 'III Imod fell rim 

110010 reg I 

1"'00'0'111 I 
11 I 10' lOw 1 

1110011 w 

1110111W 

11 0 1 0 1 I 1 

par' 

port 

1000110 I mod r!!ll 

11 000101 mod reg 

11000' 0 0 mod reg rim 

100" I 11 

10011 11 0 

10011 100 

, 0011 101 

dalallw" 

data Ilw·' 

addr·hlllh 

addr-hlgh 

RIg lmamoty 'IIIittl r~iSler to elthll ~O~O~O~O~O~O~' !:.pm~.~' ~'''i;:~'/mq-----,:-:--.-:-:,,"-:-'7.1 
Immedlale to regislerlmemory 1 0 000 0 s w mad 0 0 0 rim data dala " s:w~OI 

Immediale 10 accumulator 0 0 0 0 0 lOw dala dala " w·' 

ADC = ..... IUta",: 

RIg.lmemory wrlh relllS!1I 10 lither ~O~O~O~'~O~O r' :::.pm~.~' ~''':i;:~'/m;::!_-:=-_.-==:-;;;-, 
:::::::: :~:~;a::~ory F.;,.:,.:';;': ... : ... : .. ; ;;':-Fm;;;';;;dO;.'~,::",,;;;"m9_7.,,:;!,:;;~,ta;., •• =;,+--"'-""=-' ::..ih:.:.:..:-O:.:..J' 

111: ....... I\I1II: 

Rllli'terimemory 

RlIlII11r 

W.ASCliadjull fOr add 

W .. Dlclmaladjustforadd 

IUI· .. _ 

Reg./lIIIIIIotyandregist.tolrlhlr 

Immedilte Irom flllllllrimemory 

Immadillllromactumulltor 

II(C._ .. , 
Regllili/memory 

Refil'er 

1E.=ctrangesilln 

1111111 w modO 0 0 rim 

01000 rill 

00110111 

00100111 

001010 d 'III mod rID rim 

100000 I W modI 0 1 rim 

001011 0'111 dill 

,1',111. modO 01 rim 

0'1001 reg 

" , 10,,'111 modO " rim 

25 d~1a 
IIl:IIlallw=1 

dill ils:'III=OI 

Mnemonic and 
Description Instruction Code 

CI' - Celllplf.: 

Reglsterlmemoryand relllS'lr 

lmmelilal, wlttlleglster Imemory 

Immeehate wlttlaccumulator 

A.I·ASCUad,U$llorsubiracl 

DAI,Declmalad,ustlorsubtratl 

IUl·Multlply (unSlllnedl 

IIUL·lntelier multiply (SIlInedl 

"'I,ASCII adJuSI lor multiply 

OIV,Dlvldl(t,Jnslgnedj 

tlllV-lnteger dlYtde (sllInedj 

AAD,ASCII adJust 101 dlvtc!e 

CIW=Convert byte 10 word 

1114321D 7114UID 71143tl' 11141111 

001 I I Od w modr_~ rim 

1000005111 modi 1 I rim 

00' I I , 0 w da'i 

1001111111 

00 I 0 11 11 

1 1 1 101 I w mod' 0 0 rim 

I 1 , 1011 III modI 0 i rJm 

1101010000001010 

I 1 1 1011 W mod 110 rim 

1 1 1 101 I w mod' 1.1 rim 

11010101 00001010 

10011000 

CWI,Conver' word 10 doubll word 1001 1001 

Logic 
IOT'lnverT 1111011 w modO 1 0 rim 

SHL/SAL,Shllt 10glcaiJartthmelrcielt ,,0' 00 v III mod 10 ° rim 

SHI·Shll1loglcal flghl 1 10100 Y W modi 0 1 rim 

SA'=ShlltlrrthmeltCl1ghl 

IDL,Rolatetell 

IDI,Rotatefighl 

110100 Y W mod 111 rim 

, 10 I 0 ° v III modO 0 0 rim 

110 I 0 0 v w modO 0 I rim 

RCl-Rotatethrough carry l1ag lell , 10 I 0 0 v w modO 1 0 rim 

RCR·Rotatelhroullh carry "gtlt 110'OOyw modO" rim 

AID And: 

dala dalllflw=O! 

dlla II w-l 

Reglmemory and "lIlsterto IIIher 00' 0 0 0 d w mod reg 

Immediate to "glsterlmemOIY ~'~O~O~O~O!O~O ~.~m~'~d1!:lo~owt"mt4=::::l'i.!".!::+:J:"!!'''~''c!.!:]·'D 
Immedlale to accumulalor 0 0 I 0 0 lOw data dalll' w·l 

TEST· AntIllinCUlnlOlll."nl ... IUIr::":-:-:-::-::-:-:----r-:-_---,-, 

:~::~::::;t:r:n:n:e~::;::~~emory F.:~:~:~:';;':.,.:.,.: ;;.:+:§:~: o,;':~o,..;;;;;:9---:,,,.,,,---r---:,,",,..,",--• ..,_,,-, 

Immedhde data and accumuialor 

DR ~ Dr: 
Reglmemory and reglsler to eilher 

Immediate to register/memory 

Immedlatetoatcumulator 

JOII ~ helulh,. If: 

'0'0' 00 w dal. 

000010 d w mod reg rim 

1000000 w modO 0 1 rim 

000011 0 w dal. 

dllaifw-l 

"" dalailw-l 

dal1 11.~1 

Reg.lmemory and register to eitner FO~O";''''''''O'''O'''' ;;..+m;::.~' ,;"~',..'~/m9_--:"",---,_=="""" 

::::::::::: ::~t;:~:;:~ory Fi;",:':::':::'::':.,.:.,.: ;:.:fm;::.;:.d1~':.,:,::,.,,'~/m~_~,,~t:a~i:I:..._~, +-="::::":.::;'..:: • .:..:.,--' 

String Manipulation 
.,=Repeat 1111001z 

MOVS",MoV8 byte/word 1 0 1 0 0 1 0 w 
CMPS,., Compare byte/word 1 0 1 0 0 , 1 'III 

SCAS", Scan bytelword 1 0 , 0 , 1 1 W 

LOBS", Load byteJwd to AUAX , 0 1 0 1 1 0 'III 

STDS", Stor bytelwd Irm AUA 

Control Transfer 
CAlL-Cal', 

1" 0 1 0 0 0 dlSp·low Directwilllin segment 

Indirlct wlthtn segment 

Directlnterstgment 

",',111 modO 1 0 rim 

1 (1011 0 1 0 011111-10. 

SIll-low 

Indirl(tinlersegmenl 1,' , 11 " mod 01' rIm 

dlSp·hlgh 

ollset-hlgh 

seg-hlgh 

continued 
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SDK-86 

Mnemonic and 
Description Instruction Code 

... , = 1IIIcIIII11lln1f"'Mp: 

DIrect wllhrn sigmeni 

Direclwlthlns~mlnl·sho'l 

Ind,rlctw,lI'unsegmenl 

Dilict mlersellmen! 

71141210 '110412'1' 111143110 

\' 1101001 I dllll-iow I dlsp-hlgh' I 
11101011 dlSII 

1111 I 11 t mod 1 00 rim 

11 101010 011511-10. ollset-h,gh 

sell-low 

IndiflCtmlerseoment 1,11 11111\mOd 1 0 1 

In = """'. Ire. CAll: 
Wlllllnsegment 11000011 

Within HI. ackhnllimmed 10 SP 11000010 data·low data-high 

data-low dala-hlgh :::;::::::, addlnllimmediale 10 SP F.:~:C::C::~:~:-:-:":'; t-----===--r----===-, 
Jf./oIl~Jump on equal/lifO 0 1 I 10 100 dlsp 

dlsp 

dlsp 

dlsp 

dlsp 

.Il/J"~~u::~~n IessinOlllreattf 0 I , 1 1 1 0 0 

.IL1/I11~~::ronleSSOleqUallnot 0 I 1 1 1 110 

J"JIAl;~U:~lynbeIOW/nOllbove 0 1 I '0010 

"/JIIA~~~~~~~ below or equilll 0 1 , 1 0 1 1 0 

,w/oll'E=Jumpon partly/panlyeven 01111010 dlsp 

.Nt-Jump onovlrllow 01110000 dlsp 

.. 1=Jump on Stan 0 I 111000 dlSp 

dlsp 

dlsp ~:~~:::~~: :~ :::: ~~~~~r:!~::ro F.oO~:-:-: -:-: '=':.;-: :-00 :-: I--~~_-I 
or ,quill 

"IU/.tIG~~:~r on nollKs or equill! I 0 1 1 1 1 1 1 1 I 
""/JAl~~u~ea~n nOI below/ilbove 0 1 I , 0 0 1 1 

"IIE/".~~~~iI~~:t below or 0 1 1 1 0 1 I 1 

JI"oI"=Jump on nOI pilr/pilf odd 01111011 

"IO=Jumpon OOlOVlrllow 01110001 

NotlS 
Al '" 8-bit accumulator 
AX '" 16-bit accumulator 
CX '" Count register 
OS '" Data segment 
ES'" Extra segment 
Above/be/ow refers to unSigned value. 
Greater = more positive; 
le$s = less positive (more negative) signed values 
II d= 1 than "to" rag; II d=O than "from" feg 

dlsP 

dlill 

dlsp 

dlsp 

dlsp 

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

if mod = 11 then rIm is treated as a REG field 
if mod = 00 then OISP = 0·, disp-Iow and disp-high are absent 
it mod'" 01 then DlSP = disp-Iow sign-extended to 16-bits, disp-high is absent 
it mod = 10 then DISP = disp-high: disp-Iow 

il rim - 000 then EA - (BX) • (51) ·DI5P 
If rim -1101 then EA - (BX) • (01) .DI5P 
if rim· 010 thIn EA -(BP) • (51) • DI5P 
" rim - 011 thon EA - (BP) • (01) • DI5P 
if rim· 1110 then EA - (51) • DI5P 
if rim - tOl then EA -(01) • DI5P 
if rim - 110 then EA - (ep) • DI5P' 
it rim = 111 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before data if re!luired) 

·except if mod" 00 and rim = 110 then EA = disp-high: disp-Iow 

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 

Mnemonic and 
Instruction Code Description 

116412'10 115412'10 
JIII=Jumpon nolSlan 101111 001 I dilP 
LOOP Loop CX limes "' 000' 0 dlsp 
lOGPULaePE=Loopwhlle ulo/eQuill "10000' dlsp 
LOO,IULOOPIIE·LooplllollilenOI 

" 100000 dlsp zero/equal 
JCll·Jumpon CX zero 111 00011 dlsp 

lIT Inllrrupl 
Typespecilled I" 0011 0' I .yp. 
Type 3 11 001100 

IIITO=lnlelluplon ovelllow 11 0011 10 

IIIET=lnllrrupllelurn 11001111 

PrIM;ISSO,Ca_ 
CLC'Clearcarry 111 1 1000 

CIII: Complement carry " 11 0 101 

STCSelcarry 111 11 001 

CLO·CleardlfectlQn 11 11 1 '00 

STD·5eldlfeellon 
CLI=Clearlnlerrupl 11 1 11 0 1 0 

ST!·Sellnlerrupl 11111011 

HLTHalt 11 11 0 1 0 0 

.A'T Wall 100 II 0 11 

ESC Escape Ho e~lernal deVice) 11 0' 'II II II mod 111111 rim 
lOCI Bus lock preh 11 11 0 0 0 0 

If s:w = 01 then 16 bits 01 immediate data form the operand. 
i! s:w = 11 then an imme(liate data byte is sign extended to 

form the t6-bIt operand 
if v = 0 then "count" = 1; if v = 0 then "count" '" (Cl) 
x=don'tcare 

I 

If v = 0 then "count" = 1; if v = 1 then "count" '" (Cl) register 
z is used for string pnmltlves for comparison With ZF FlAG. 

SEGMENT OVERRIDE PREFIX 

~fegll0 

REG is assigned according to the following table 

tl-all (. - I) 6-8111. -0) ~ 
000 AX 000 AL 110 ES 
001 CX DOt CL 01 C5 
010 OX 010 OL 10 S5 
Otl BX Otl BL tI OS 
tOO SP tOO AH 
tOt BP 101 CH 
tlO 51 tiD DH 
til 01 tit BH 

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

FLAGS - X: X :XX: (OF): (OF): (I F): (TF)· (SF): (ZF): X: (AF): X ·(PF): X: (CF) 

Mnemonics (e") Intel, 1978 

Addressing 
ROM - FEOOO-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 (8251 A) 

Baud Rate - selectable from 110 to 4800 baud 
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Interfaces 
Bus - All signals TTL compatible 
Parallel 110 - All signals TTL compatible 
Serial 110 - 20 mA currer,t loop TTY or RS232 
Note 
The user has access to all bus signals which enable him to design cus­
tom system expansions into tbe kit's wire-wrap area. 

Interrupts (256 ver.:tored) 
Maskable 
Non·maskable 
TRAP 

DMA 
Hold Request - Jumper selectable. TTL compatible 
input. 

Software 
System Moni'.or - Preprogrammed 2716 or 2316 ROMs 
Addresses -- FEOOO-FFFFF 
Monitor 110 - Keyboard/display or TTY or CRT (serial 
110) 

Physic:al Characteristics 
Width .- 13.5 in. (34.3 cm) 
Heighfj - 12 in. (30.5 cm) 
Depth - 1.75 in. (4.45 cm) 

Wei'ght - approx. 24 oz. (3.3 kg) 

ORDERING INFORMATION 

Part Number Description 
SDK·86 MCS·86 system design kit 

Electrical Characteristics 

DC Power Requirement 

(Power supply not included in kit) 

f--. Voltage._ 

VCC5V± 5% 

Current 

3.5A 

VTTY - 12V ± 10% 0.3A 

~ ______ L(,,-V.'..2..nY required ~nly 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. 
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SDK-C86 

MCS-86'· SYSTEM DESIGN KIT 
SOFTWARE AND CABLE INTERFACE '''0 

INTELLEC® DEVELOPMENT SYSTEM 

• Provides the Software and Hardware 
Communications Link Between an 
Intellec® Development System and the 
SDK-86 

• Intellec® System Files can be Accessed 
and Down loaded to the SDK-86 
Resident Memory 

• Data in SDK-86 Memory can be 
Uploaded and Saved in Intellec® 
System Files 

• Enhances and Extends the Power and 
Usefulness of the SDK-86 

• Allows the SDK-86 to Become an 
Execution Vehicle for ISIS-II 
Developed 8086 Object Code Using 
the MDS-311 Software Cross 
Development Package 

• All SDK-86 Serial Port Mode 
Commands Become Available at 
Console of the Intellec® System 

The SDK-C86 product provides the software and hardware link for using the SDK-86 monitor in conjunction will', an 
Intellec® Development System while adding features of data transfer between SDK-86 memory and Intellec® System fil'es. 
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) orTTY (20mA 
current loop I signals. 

The edge connector on the SDK-86 has the MUL TIBUS'· 
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-II environment that includes a 
diskette drive. 

The serial 1/0 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-C86 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 

• 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 "translates" the 
Download command to an R (Read hexadecimal tape) 
command and the Upload command to a W (Write 
hexadecimal tape). The Rand 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 

• Reset - starts the SDK-86 monitor. 

• Execute with Breakpoint IG I - 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 IS, SWI - 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, 0, OW)- allows direct control of 
the SDK-86's 1/0 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 IT) - allows you to save contents of SDK-86 
memory in a hex format object file in the Intellec. 

PORTS CABLE SERIAL~ 

4~====:::::;:::::===="'" SERIAL 
~ ______ ~~ PORT 

CRTOR TTY 

INTELLEC® 
DEVELOPMENT 

SYSTEM 

G·,mm 
SDK-86/lntellec@ Slave Mode Configuration 
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inter 
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 
tHamiiton/ 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 
tHamiltonl Avnet Electronics 
8917 Complex Drive 
San Dieqo 92123 
Tel: (714) 279-2421 
TWX: 910-335-1216 
Hamilton/ Avnet 
10912 W. Washington Blvd, 
Culver City 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 
EI 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 
tElmar/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 
Georpetown 06829 
Tel: (203762-0361 
tHarvey Electronics 
112 Main Street 
Norwalk 06851 
Tel: (203) 853-1515 
TWX: 710-468-3373 

U.S. AND CANADIAN DISTRIBUTORS 

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 
tpioneer 
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 1-85 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 
tHamliton/ 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/lndiana 
6408 Castleplace Drive 
Indianapolis 46250 
Tel: (317) 849-7300 
TWX: 810-260-1794 

KANSAS 
t Hami Iton/ 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 

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 
t Pioneer/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 
tlndustrial 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 
tHamiiton/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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NEW YORK 
Harvey Electronics 
P.O. Box 1208 
Blnghampton 13902 
Tel: (607) 748-8211 
TWX: 510-252-0893 
Arrow Electronics 
900 Broad Hollow Road 
Farmingdale 11735 
Tel: (516) 894-6800 
TWX: 510-224-6494 
tCramer/Aochester 
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 
tHamiiton/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 
IPloneer /Dayton 
1900 Troy Street 
Dayton 45404 
Tel: (513) 236-9900 
TWX: 810-459-1622 
Arrow Electror:llcs 
10 Knollcrest Dr. 
Reading 44139 
Tel: (513) 761-5432 
TWX: 810-461-2870 
IPloneer/Cleveland 
4800 E. 1310t Street 
Cleveland 44105 
Tel: (216) 587-3800 
TWX: 810-422-2210 

OHIO (oaollnued) 
tHamiiton/ 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 
Tol: (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 
tHamjlton/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 

WASHtNGTON 
tHamiiton/Avnet Electronics 
14212 N.E. 21st 
Bellevue 98005 
Tel: (206) 746-8750 
fAlmac/Stroum ElectroniCS 
5811 Sixth Ave. South 
Seattle 98108 
Tel: (206) 763-2300 
TWX: 910-444-2067 

August 1979 

WASHINGTON (coollnued) 
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 
I L.A. Varah Ltd. 
2077 Alberta Street 
Vancouver V5Y 1 C4 
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 
Tet: (416) 561-9311 
TWX: 061-8349 
tHamiiton/Avnet Electronics 
3688 Nashua Drive, Units G & H 
Mississauga L4V IM5 
Tel: (416) 677-7432 
TWX: 610-492-8860 
tHamilton/Avnet Electronics 
1735 Courtwood Cresco 
Ottawa K2C 3J2 
TeL (613) 226-1700 
tZentronlcs 
141 Catherine Street 
Ottawa, OntariO K2P lC3 
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 1 G2 
Tel: (514) 331-3731 
TWX: 610-421-3731 
Zentronics 
5010 Pare Street 
Montreal H4P 1 P3 
Tel: (514) 735-5361 
TWX: 05-827-535 

tMicrocomputer System Technical Demonstrator Centers 
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ALABAMA 
Intel Corp. 
3322 S. Parkway, Sle. 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) 533·0090 

ARIZONA 
Intel Corp. 
8650 N. 35th Avenue, Suite 101 
Phoenix 85021 
Tel: (802) 242-7205 

tBFA 
4426 North Saddle Bag Trail 
Scottsdale 85251 
Tel: (602) 994-5400 

CALIFORNIA 
Intel Corp. 
7670 Opportunity Rd. 
Suite 135 
San Diego 92111 
Tel: (714) 268-3563 
Intel Corp.-
1651 East 4th Streel 
Suite 105 
Santa Ana 92701 
Tel: (714) 835-9642 
TWX: 910-595-1114 
Intel Corp: 
15335 Morrison 
Suite 345 
Sherman Oaks 91403 
(213) 986-9510 
TWX: 910-495-2045 
Intel Corp: 
3375 Scott Blvd. 
Santa Clara 95051 
Tel: (408) 987-80B6 
TWX: 910-339-9l79 
TWX: 910-338-0255 
Earle Associates, Inc. 
4617 Ruffner Street 
Suite 202 
Son Diego 92111 
Tel: (714) 278-5441 
Mac-I 
2576 Shattuck Ave. 
Suite 4B 
Berkeley 94704 
Tel: (415) 843-7625 
Mac-I 
P.O. Box 1420 
Cupertino 95014 
Tel: (40B) 257-9880 
Mac-I 
P.O. Box B763 
Fountain Valley 92708 
Tel: (714) B39-3341 
Mac-I 
20121 Ventura Blvd., Suile 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. 
1322 Ar~pahoe 
Boulder 80302 
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 
FI. Lauderdale 33309 
Tel: (305) 771-0600 
TWX: 510-956-9407 
Intel Corp. 
5151 Adanson Street, Sulle 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 

u.s. AND CANADIAN SALES OFFICES 

FLORIDA (conI.) 
tPen-Tech ASSOCiates, Inc. 
111 So. Maittand Ave .. Suite 202 
Maitland 32751 
Tel: (305) 645-3444 

GEORGIA 
tPen-Tech Associates, Inc. 
Sulle 305 C 
2101 Powers Ferry Road 
Allanta 30339 
Tel: (404) 955-0293 

ILLINOIS 
Intel Corp.· 
900 Jone 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. B6th Street, Suite 101 
Indlanapohs 46240 
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. 
51. Andrews Building 
193051. Andrews Drive N.E. 
Cedar Rapids 52405 
Tel: (319) 393-5510 

KANSAS 
Intel Corp. 
9393 W. 110th 51., 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 

KENTUCKV 
tLowry & Associates, Inc. 
3351 Commodore 
Lexington 40502 
Tel: (606) 269-6329 

MARYLAND 
Intel Corp." 
7257 Parkway Drive 
Hanover 21076 
Tel: (301) 796-7500 
TWX: 710-862-1944 
Glen White Associstes 
57 W. Timonium Road. Suite 307 
Timonium 21093 
Tel: (301) 252-6360 
tMesa Inc. 
11900 Parklawn Drive 
Rockville 20852 
Tel: Wash. (301) 861-8430 

8alto. (301) 792-0021 

MASSACHUSETTS 
Intel Corp." 
27lndustria\ 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: 2 31143 
j'Lowry & Associates, Inc. 
135W. North Street 
Suite 4 
Brighton 48116 
Tel: (313) 227-7067 

MINNESOTA 
Intel Corp. 
8200 Normandale Avenue 
5ulte422 
Bloomington 55437 
Tel: (612) 835-6722 
TWX: 910-576-2867 
tDytek North 
1821 University Ave. 
Room 163N 
St. Paul 55104 
Tei: (612) 645-5816 

MISSOURI 
Technical Representatives, Inc. 
320 Brookes Drive, Suite 104 
Hazelwood 63042 
Tef: (314) 731-5200 
TWX: 910-762-0618 

NEW JERSEY 
Intel Corp.· 
1 Metroplaza Office Bldg. 
505 Thornall SI. 
Edison 08817 
Tel: (201) 494-5040 
TWX: 710-480·6238 

NEW MEXICO 
BFA Corporation 
P.O. Box 1237 
Las Cruces B8001 
Tel. (505) 523-0601 
TWX: 910-983-0543 
BFA Corporation 
3705 Westerfield, N.E. 
Albuquerque 87111 
Tel: (505) 292-1212 
TWX: 910-989-1157 

NEW YORK 
Intel Corp.-
350 Vanderbilt Motor Pkwy. 
Suite 402 
Hauppauge 11787 
Tel: (516) 231-3300 
TWX: 510-227-6238 
Intel Corp. 
80 Washington 51. 
Poughkeepsie 12601 
Tel: (914) 473-2303 
TWX. 510-248-0060 
Intel Corp. 
2255 Lyell Avenue 
Lower Floor East Suite 
Rochester 14606 
Tel: (716) 328-7340 
TWX: 510-253-3841 
tMeasurement Technology, Inc. 
159 Northern Boulevard 
Great Neck 11021 
Tel: (516) 482-3500 
T-Squared 
4054 Newcourt Avenue 
Syracuse 13206 
Tel: (315)463-8592 
TWX: 710-541-0554 
T-Squared 
2 E. Main 
Victor 14564 
Tel: (718) 924-9101 
TWX: 510-254-8542 

NORTH CAROl.INA 
tPen-Tech Associates, Inc. 
1202 Eastchester Dr. 
HighpOint 27260 
Tel: (919) 883-9125 
Glen While Associates 
4021 Barrett Or. 
Suite 12 
Raleigh 27609 
Tel: (919) 787-7016 

OHIO 
Inlel Corp." 
8312 North Main Street 
Dayton 45415 
Tel: (513} 890-5350 
TWX: 810-450-2528 
Intel Corp.· 
Chagrin-Brainard Bldg. #201 
28001 Chagrin BlVd. 
Cleveland 44122 
Tel: (216} 464-2736 
Lowry & Associates, Inc. 
24200 Cha9rin Blvd. 
Suite 320 
Cleveland 44122 
Tel: (216) 464-8113 
tLowry & Associates, Inc. 
1524 Marsella Drive 
Dayton 45432 
Tel: (513) 429-9040 
tLowry & Associates, Inc. 
1050 Freeway Dr., N. 
SUite 209 
Columbus 43229 
Tel: (614) 436-2051 

OREGON 
Intel Corp. 
10700 S.W. Beaverton 
Hillsdale Highway 
Suite 324 
Beaverton 97005 
Tel: (503) 641-8086 
ES/Chase Company 
4095 SW 144th St. 
Beaverton 97005 
Tel: (503) 641-4111 

PENNSYLVANIA 
Intel Corp.* 
275 Commerce Or. 
200 Office Center 
Suite 300 
Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-661-2077 

Augusl1979 

PENNSYLVANIA (conI) 
t Lowry & Associates, Inc. 
Seven Parkway Center 
Suite 455 
Pittsburgh 15520 
Tel: (41<!) 922-5110 
tQ.E.D. Electronics 
300 N. York Road 
Hatboro 19040 
Tel: (215) 674-9600 

TENNESSEE 
Glen White Associates 
Rt. ;;12, Norwood S/D 
Jonesboro 37659 
Tel: (615) 477-8850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel: (901) 754-0483 
Glen White Associates 
6446 Ridge Lake Road 
Hixon 37343 
Tel: (615) 842-7799 

TEXAS 
Inlel Corp." 
2925 L.B.J. Freeway 
Suite 175 
Dallas 75234 
Tel: (214) 241-9521 
TWX: 910-860-5487 
Intel Corp.· 
6776 S.W. Freeway 
Suite 550 
Houston 77074 
Tel: (713) 784-3400 
Mycrosystems Marketing Inc. 
13777 N. Central ExpresswAV 
Suite 405 
Daltas 75243 
Tel: (214) 238-7157 
TWX: 910-867-4763 
Mycrosystems Marketing Inc. 
6610 Harwin Avenue, Suite 125 
Houston 77036 
Tel: (713) 783·2900 
Mycrosystems Marketing Inc. 
Koger Executive Center 
SUite 207 
San Antonio 78228 
Tel' (512) 735-5073 

VIRGINIA 
Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 384-6920 
Glen White Associates 
Rt. ;1, Box 322 
Colonial Beach 22443 
Tel: (804) 224-4871 

WASHINGTON 
Intel Corp. 
Campus Office Park, Bldg. 3 
1603 116th Ave. N.E. 
Believue 98005 
Tel: (206) 453-8086 
E.S./Chase Co. 
P.O. Box B0903 
Seattle 98108 
Tel: (206} 762-4824 
TWX: 910-444-2298 

WISCONSIN 
Intel Corp. 
4369 S. Howell Ave. 
Milwaukee 53207 
Tel: (414) 747-0789 

CANADA 
Intel Semiconductor Corp.· 
Suite 233, Belt Mews 
39 Highway 7, Belts Corners 
Ottawa. Ontario K2H BR2 
Tel: (613} 829-9714 
TELEX: 053-4115 
Intel Semiconductor Corp. 
6205 Ai rport Rd. 
Bldg. B, Suite 205 
Mississauga. Ontario 
L4V lE3 
Tel: (416) 671-0611 
TELEX: 06983574 
Multilek. Inc.-
15 Grenfell Crescent 
Ottawa. Ontario K2G OG3 
Tel: (613) 226-2365 
TELEX: 053-4585 
Mullilek, Inc. 
Toronto 
Tel: (4l6) 245-4622 
Multilek, Inc. 
Montreal 
Tel: (514) 481-1350 

• Field application location 
'!'These representatives do nol offer Intel Components, 
only boards and systems. 
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INTERNATIONAL SALES AND MARKETING OFFICES 
TWX: 910-338-0026 
TELEX: 34-6372 

EUROPEAN MARKETING OFFICES 

BELGIUM 
Intet Corporation, S,A." 
Rue du Moulin a Papier 51 
Bolte 1 
B-1160Brussels 
Tel: (02) 660 30 10 
TELEX: 24814 

DENMARK 
Intel Denmark A/S' 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Tel: (Ol) 16 2000 
TELEX: 19567 

ORIENT MARKETING OFFICE 

JAPAN 
Intel Japan K.K." 
flower Hill-Shlnmachi East Bldg, 
1-23-9, Shinmachi, Setagaya-ku 
Tokyo 154 
Tel: (03) 426-9261 
TELEX: 781-28426 

HONG KONG 
Intel Trading Corporation 
99-105 Des Voeux Rd., Central 
laF, Ul'lit B 
Hong Kong 

ENGL.AND 
Intel Corporation (U.K.) Ltd," 
Broad/ield House 
4 Between Towns Road 
Cowley, Oxford OX4 3NB 
Tel: (08BS) 7714 31 
TELEX: 837203 
tr.tel Corporation (U.K.) Lid. 
S Hospital Street 
Nantwich. Cheshire CW5 5RE 
Tel: (0270) 62 65 60 
TELEX: 36620 
FINLAND 
Intel Sweden AS 
P.O.Box1? 
Senlnerikuje,3 
SF-00400 
Helsinki, Finland 
Tel: 358 a/55 85 31 
TELEX: 123332 

FRANCE 
InteICorporation,SAR.L." 
S Place de Ie Balance 
Sllie 223 
94528 Rungis Codex 
Tel: (Ol) 687 22 21 
TELEX: 270475 

GERMANY 
Intel Semiconductor GmbH· 
Seidlstrasse 27 
aoooMuenchen2 
Tel: (089) 55 81 41 
TELEX: 523177 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 

AUSTRALIA 
A.J.f. Systems & Components 
PTY. LTD. 
44 Prospect Rd. 
Prospect 
South Australia 5082 
Tel: 269-1244 
TELEX: 82635 
A.J.F. Systems & Components 
PTY. LTD. 
29 Devlin SI. 
Ryde, N.S,W, 
Tel: 807-6676 
TELEG: 24906 
A.J,f. Systems 5. Components 
PTY. LTD. 
3tO Queen St. Melbourne, 
Victoria 3000 
Tel: 678-702 
TELEX: 30270 
Warburton franki (Sydney) Pty. Ltd 
199 Parramatta Road 
Auburn. N,g,W. 2114 
Tel: 648-1711, 648-1381 
TELEX: WARFRAN AA 22265 
Warburton Franki Industries 
(Melbourne) Pty, Ltd. 
220 Park Street 
South Melbourne, Victoria 3205 
Tel: 699-4999 
TELEX: WARFRAN AA 31370 
Warburtol'l Franki. Pty, lid, 
322 Grange Road, Kidman Park 
South Australia 5025 
Tel: 356-7333 
TELEX: WARFAAN AA 92908 
Warburton Franki (Perth) Pty. lid. 
96-102 Belgravia SI., Belmont 
Western Australia 6104 
Tel: 356-7000 
TELEX: WAAFAAN AA 92908 
Warburton Frankl (Brisbane) Pty. Ltd. 
13 Chester St" Fortitude Valley 
Queensland 4006 
TELEX: WARFRAN AA 41052 
Warburton O'Donnell Limited 
Corporale Headquarters 
372 Easlern Valley Way 
Chalswood, Nel!' South Wales 2067 
Tel: 407-3261 
TELEX: AA 21299 

AUSTRIA 
Bacher Eleklronlsche Geraete GmbH 
Rotenmulgasse26 
A 1120 Vienna 
Tel: {0222} 836396 
TELEX: (OI) 1532 
Reklrsch Eleklronik Geraete GmbH 
liohtensteinstrasse 97 
Al090 Vienna 
Tel; (222) 347646 
TELEX: 74759 

BELGIUM 
Ineloo Belgium SA 
Avenue Val Duchesse, 3 
B-1160 Srussals 
Tel: (02) 660 00 12 
TELEX: 25441 

BRAZIL 
Icotron S.A, 
05110-Av, Mutinga 3650 
6 Ander 
Plrituba-Sao Paulo 
Tel: 261-0211 
TELEX: (OIl) 2221CO BR 

COLOMBIA 
Ipternational Computer Machines 
Diagonal 34, No, 5-62 
Apartado Aereo 27599 
Bogota 
Tal: 232-6635 
TELEX: 43439 

DENMARK 
Lyngso Komponent A/S 
Ostmllrken 4 
OK-2660 Soborg 
Tel: (01) 67 00 77 
TELEX: 22990 

DENMARK (cant) 
Scandinavian Semiconductor 
Supply A/S 
Nannasgade 18 
OK-2200 Copenhagen N 
Tel: (01) 83 50 90 
TELEX: 19037 

FINLAND 
01' FinlronicAB 
Loannrotinka!u35D 
SF00180 
HelSinki 18 
Tel: (80) 601155 
TELEX: 123107 

FRANCE 
Celdis 
53, Rue Chsrles Frerot 
94250 Genlilly 
Tel: 581,00.20/581.04,69 
TELEX: 200485 F 
Metrologie 
La Tour d'Asnitlres 
4, Avenue Laurent Cell' 
92606-Asniares 
Tel: 791 4444 
TELEX:611448 F 
Tekelec Airtronic' 
Cile des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel: (1) 027 75 35 
TELEX: 204552 
Tekelec Airtronlc 
69 Rue 6ataille 
69008 Lyon 
Tel: (78)-74-37-40 
Tekelec Airtronic 
12 Rue Gabriel Faure 
35000 Rennes 
Tel: (99)-50-62-35 
Tekelec AirlroniC 
Allee des liles 
13100 Ai~ en Pro~ence 
Tel: (91j-27-66-45 
Tekelec Alrtronic 
4 Rue Fischart 
87000 Strasbourg 
Tel: (88)-61-06-43 
Tekelec Airtronic 
281 Roule d'Espagne 
31076 Toulouse 
Tel: (61}-40-24-90/40-38-77 

GERMANY 
Allred Neye Enatechnik GmbH 
Schillerstrasse 14 
0-2085 Quickborn-Hamburg 
Tel: (04106) 6121 
TELEX: 02-13590 
Electronic 2000 Vertriebs GmbH 
Neumarkter Strasse 75 
0-8000 Muenchen 80 
Tel: {089} 434061 
TELEX: 522561 
Jarmyn GmbH 
Postfach 1180 
0-6271 Kamberg 
Tel: (06434) 231 
TELEX: 484426 
Kontron Eleklronlk Gmbh 
8reslauerstresse 2 
8057 Echting B 
0-8000 Munchen 
Tel: (89) 319.011 
TELEX: 522122 

HONG KONG 
Schmidt & Co, 
28/F Wing on Center 
Conneughl Road 
Hong Kong 
Tel: 5-455-644 
TELEX: 74766 Schmc Hx 

INDIA 
Micro Electronics Internatlonal 
10-2-289/114A 
Shantlnager 
Hyderabad 500026 
CABLE: MELECTRO-HYDERBAD 

GERMANY (cont) 
Inlel Semiconductor GmbH 
Abraham Lincoln Strasse30 
6200Wiesbaden 1 
Tel: (06121) 74855 
TELEX: 04186183 
Intel Semiconductor GmbH 
Wernerstrssse 87 
P,O. Bo~ 1460 
7012 Fellbach 
Tel: (0711)580082 
TELEX: 7254826 
Intel Semiconductor GmbH 
Hindenburgar Strassa 28/29 
3000 Hannover 
Tel: (0511) 852051 
TELEX: 923625 

ISRAEL 
Intel Semiconductor Ltd." 
P.O. Bo~ 2404 
Haifa 
Tel: 972/4524261 
TELEX: 92246511 

ITALY 
Intel Corporalion Iialia. s.p,a 
Corso Sempione 39 
1-20145 Milano 
Tel: 2/34,93287 
TELEX: 311271 

ISRAEL 
Eastronics Ltd." 
11 Rozanis Street 
P.O, Box 39300 
Tel-Aviv 61390 
Tel: 475151 
TELEX: 33638 

ITALY 
Eledra 3S S.P.A.' 
Viale Elvezia, 18 
20154 Milan, 
Tel: (02) 3493041 
TELEX: 332332 
Eledra 3S S,P,A." 
Via Paolo Gaidano, 141 0 
10137Tor;no 
TEL: (all) 30 97 097 -30 97 114 
TELEX: 210632 
Eledra 3SS,PA 
Via Zaccherini Atvisi 6 
40100 Bologna 
Tel. (051) 307781 
Eledra3S S.P.A.' 
Via Giuseppe Valmarana, 63 
00139 Rome, Italy 
Tel: (06) 81 27290 -8127 324 
TELEX: 612051 

JAPAN 
Tokyo Electron Labs. Inc, 
No,l Higashikala-Machi 
Midori-Ku. YOkohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 
Ryoyo ElectriC Corp 
Konwa Bldg 
1_12_22, Tsukiji. 1-Chome 
Chuo-Ku, Tokyo 104 
Tel: (03) 543·7711 
Nippon Micro Computer ~o. Ltd 
Mutsumi Bldg. 4-5-21 KO)lmachl 
Chiyoda-ku, Tokyo 102 
Tel: (03) 230·0041 
Asahi Electronics Co. Ltd. 
KMM Bldg. Room 407 
2-14-1 Asano, Kokura 
Kita-Ku, Kitokyushu City 802 
Tel: (093) 511-6471 
TELEX: AECKY 7126-16 

KOREA 
Koram DigitBI 
Room 411 Ahil Bld9. 
49-4 2-GA Hoehyun-Don9 
Chung-Ku Seoul 
Tel: 23-8123 
TELEX: HANSINT K23542 
Leewood International, Inc. 
C,P.O. Bo~ 4048 
112-25. Sokong-Dong 
Chun9-Ku, Seoul 100 
Tel: 28-5927 
CABLE: "LEEWOOD" Seoul 

NETHERLANDS 
Nether, Comp. Sys. BV 
Turfstekerstraat 63 
Aalsmeer 1431 GO 
Tel: (2977) 28855 
TELEX: 14622 
Kornig & Hartman 
Koperwerf 30 
2544 EN Den Haag 
Holland 
Tel: (70) 210,101 
TELEX: 31528 

NEW ZEALAND 
W. K. McLean Ltd 
103-5 Felton Mathew Avenue 
Glenn Innes, Auckland, 6 
Tal: 587-037 
TELEX: NZ2763 KOSFY 

NORWAY 
Nordisk Elaktronik (Norge) A/S 
MustadsVei 1 
N-DsIO' 
Tel: (02) 55 24 85 
TELEX: 18963 

PORTUGAL 
Dltram 
Componentes E Electronlca LOA 
A~, Miguel Bombarda, 133 
LllSboal 
Tel; (19) 545313 
TELEX: 14347 
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NETHERLANDS 
Intel Semiconductor Nederland a.v. 
Cometongebouw 
Westblaak 106 
3012 Km Rotterdam 
Tel: (10) 149122 
TELEX: 22283 

NORWAY 
Inlel Norway A/S 
P,O. Bo~ 158 
N-2040 
Klona, Norway 
Tel: 47 2/981068 
TELEX: 16018 

SWEDEN 
Inlel Swaden AB" 
Bo~ 20092 
Enlghelsvagen.5 
S-16120 Bromma 
Swaden 
Tel: (08) 98 53 90 
TELEX: 12261 

SWITZERLAND 
Intel Semiconductor AG 
Forchastrasse 95 
CH 8032 Zurich 
Tel: 00-31-1-55 4502 
TELEX: 557 89 ich ch 

SINGAPORE 
General Eng'neers Associates 
Blk 3.1003-1008. 10th Floor 
P,S.A, Multi-Storey Complex 
Telok Blangah/Pasir Panjan9 
Singapore 5 
Tel: 271-3163 
TELEX: AS23987 GENEACO 

SOUTH AFRICA 
Electronic Building Elements 
Pine Square 
18th Street 
Hazelwood, Pretoria 
Tel: (12) 789 221 
TELEX: 30181SA 

SPAIN 
Interlace" 
Ronda San Pedro 22 
Barcelona 10 
Tel: 3017851 
TELEX: 51508 IFCE E 
Interlace 
Av, Generaiis,mo 519 
E-Madrid 16 
Tel: 456 3151 
Interface 
Calle Bailen 9 
Appt. 7 
Bilbao 
Tel: 4/415-0893 
ITT SESA 
Miguel Angel 16 
Madrid 10 
Tel: 410 2354 
TELEX: 27707/27461 

SWEDEN 
Nordisk Electronik Ail 
Sandhamnsgatan 71 
S-102 54 Siockholm 
Tel: (08) 635040 
TELEX: 10547 

SWITZERLAND 
induslradeAG 
l3emsenstrasse 2 
Postcheck 80 - 21190 
CI-I'8021 Zurich 
Tel; (01) 60 2230 
TELEX: 56788 

TAIWAN 
Taiwan Aulomation Co.-
2nd Floor 
224 Nanking East Road 
Section 3 
Taipei 
Tel: 771-0949 
TELEX; 11942 TAIAUTO 

UNITED KINGDOM 
G.E,C, Semiconductors Ltd 
East Lane 
North Wamble~ 
Middlesex HA9 7PP 
Tel: (01) 904-9303/908-4111 
TELEX: 28817 
Jermyn Industries 
Vestry ESlata 
Sevenoaks, Kent 
Tel: (0732) 501.44 
TELEX: 95142 
Sintrom ElectroniCs Ltd.' 
Arkwright Road 2 
Readin9, Berkshire RG2 OLS 
Tel: (0734) 85464 
TELEX: 847395 
Rapid Recall, Ltd, 
6 Soho Mills Ind. Park 
Woburn Green 
Bucks, England 
Tel: (6285) 270.72 
TELEX: 849439 

VENEZUELA 
Componentes y Circuilos 

Electronlcos TTLCA C.A, 
Apartado 3223 
Caracas 101 
Tel: 239-0820 
TELEX: 21795 TELETIPOS 

• Field Appllcallon Location 
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