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80960SA/SB DEVELOPMENT SUPPORT .1' 

ARCHITECTURE EVALUATION 
STARTER KITS 
960SKit3 Contains ASM960D Assembler 

and iC960D Compiler 

DB960KIT2 Kit contains DB-960KBDEV A 
(KB version of DB-960 used with 
EV A-960), EV A960KB4MB 
Software Execution Vehicle, 
ASM960D and C960E. Requires 
PC AT with 640K memory. 

DB960KIT3 Kit contains DB-960D (serial 
version of DB-960 supporting the 
80960SA/SB, 80960KA/KB and 
80960CA components (operating 
on PC-AT/DOS), ASM960D and 
C960D. Requires PC AT with 
640K memory. 

Product Code to order, by Host 

Product PC-AT/DOS UNIX-38G OS/2 Sun 3/ HP9000/ VAX/ ",VAX/ 
Category V.4 UNIX HP-UX ULTRIX ULTRIX 

Assembler: ASM960D ASM960S ASM960P ASM960U ASM960H ASM960VX ASM960MX 
CCompiler 'C960D C960S C960P C960U CP60H C960VX C960VX 
SystemGen GEN960D - - GEN960U GEN960H - -
SXDebugger DB960D - - -'- - - -
KXDebugger DB960KBDEVA - - - - - -

DB960D . - - - - - -
CADebugger DB960CADIC - - - - - -

DB960D - - - - - -
SA Simulator - DBSIM960KAS - - - - -
CA Simulator SIM960CAD - - SIM960CAU SIM960CAH - -
ICE960SB ICE960SB - - - - - -
ICE960KB ICE960KB - - - - - -
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ICETM-960SB AND ICE-960KB 
IN-CIRCUIT EMULATOR 

280852-1 

INTERCHANGEABLE PROBES 
The ICETM-960 in-circuit emulator delivers real-time hardware and software debugging 
capabilities for i960TM SA/SB and i960 KA/KB-based designs. Features include full­
speed emulation of each of the microprocessors, powerful breakpoint specification, 
fastbreaks, optional relocatable expansion memory, two types of trace capability, large 
trace buffering, sophisticated human interface and high-speed communication links with 
the DOS host. The ICE-960 inccircuit emulator gives you unmatched control over all 
phases of hardware/software debug, including developing, integrating and testing, which 
improves development productivity and improves ~ime to market. 

FEATURES 
o Real-Time Emulation of the i960 KA/KB 

microprocessors up to 25 MHz and 
emulation of the i960 SA/SB to 16 MHz 

o Full symbolic integration with Intel 
ASM and C compilers 

• Optional ICE960KBREM/ 
ICE960SBREM boards provide 2 Mbytes 

. oflCE memory which can overlay user 
ROM or RAM . 

.. Examine and modify memory and the 
i960 registers . 

• Dynamically monitor and update 
program variables via fastbreaks 

• Breakpoint capabilities include: 
execution address, instruction ~e, bus 
read/write/ access, and data value. 
Qualification of events is based on an 
occurrence counter and an 8-state states­
machine 

5-15 
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FEATURES 

• Hosted on IBM PC AT' or compatible and 
supporting RS232, RS422 and Ethernet 
operation 

• 1024 frame trace buffer for execution and/or 
bus trace and time tags 

• The on-chip cache does not effect collection of 
the execution trace . 

• 256 Kbytes of memory in standalone self-test 
(SAST) unit 

o Real-time bus trace with time-tags for 
tracking code execution time. 

• Assembly and disassembly of code in 1960 
instruction mnemonics 

• ICE to component interconnect includes 
support for surface-mounted and socketed 84-
pin PLCCD and surface mounted 80-pin 
EIAJ QFP i960 SA/SB and 132-pin PGA for 
i960KA/KB 

The ICE-960 in-circuit emulator provides 
emulation of the i960 SA/SB at speeds to 
16 MHz and the i960 KA/KB at speeds to 
25 MHz, thus providing early detection of 
subtle timing problems that may arise at full 
speed. Intel's intimate knowledge ofthe 
component makes possible the tightest 
conceivable conformance between timing 
parameters of the emulator and the target 
microprocessor. 

PROCESSOR/MEMORY 
EXAMINATION AND 
MODIFICATION 
The i960 registers can be accessed 
mnemonically (e.g. g12, r5, fp3) with the ICE-
960 emulator software. Data can be displayed 
or modified in hexadecimal, decimal, oCtal, or 
binary and by data type (byte, word, etc). 
Program memory contents can be modified as 
i960 assembly instruction mnemonics. 

PROGRAM TRACING 
The ICE-960 emulator can store 1024 frames of 
program execution history processor/address/ 
data bus activity in the trace buffer. Each 
frame of program execiltion contains a 
discontinuity address (branch, ca,ll, return, etc) 
and a time-tag. This information can be used to 
reconstruct a history of the program execution. 
With the execution trace option enabled, the 
ICE-960 will run at less than full speed. Each 
trace frame of bus cycles contains one complete 
bus burst trace. Collection of trace information 
is controlled by a logic analyzer type moving 
trace window and by bus access type. 

EVENT RECOGNITION 
(BREAKPOINT CONTROL) AND 
EMULATION CONTROL 
ICE~960 provides comprehensive event 
recognition capabilities including: two 
hardware and thirty-two software breakpoints 
for instruction execution breakpoints, and use 
of the internal debug registers to recognize 
execution of certain instruction types such as 
branch or call instructions. Bus analysis logic 
provides recognition of external bus addresses 
qualified by read, write, or access type as well 
as data values. The data values may be entered 
as masked values and qualified by type. Two 
synchronization lines are provided for 
recognition of external events. ICE-960 also 
provides qualification ·of events based on an 
occurrence counter or by Ii recognition 
sequence of up to 8 events: Additionally, 
emulation can be automatically stopped when 
the trace buffer is full. Besides the ability to 
execute program code at full speed between 
specified points, the ICE-960 emulator provides 
the capability to single-step through program 
code. - . 

RELOCATABLE EXPANSION 
MEMORY 
An optional board provides ICE-960 with 2 
Mbytes of relocatable expansion memory 
which allows users to develop applications 
either before the target system memory is 
working, or in place of ROM or EPROM to 
speed the debugging cycle. This memory can be 
mapped in two separate 1 Mbyte partitions on 
1 Mbyte boundaries. 

For thenew ICE960KBREM board, the 
memory waitstate pattern is (3,1,1,1) when the 
users system does not return RDY # for 
accesses in the mapped area. For accesses 
where the user system does return RDY # for 
these areas, the waitstate pattern will be the 
larger of (3,1,1,1) or user waitstate pattern plus 
(2,2,2,2). For either board, the size and shape of 
the board is identical to the ICE probe and is. 
installed between the probe and the user's 
target system when in use. The memory 
configuration can be mapped via an ICE MAP 
command. 

. . 
The ICE960KBREM/ICE960SBREM cards add 
some constraints when used with the ICE in a 
users target system. First, users should qualify 
bus drivers/buffers with DEN # in order to 
eliminate potential bus conflict between the 
REM board and their target memory while 
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FEATURES 

using the ICE. Second, the 1M Byte partition 
size can not be reduced and may effect the 
design of the users memory subsystem. Third, 
the REM boards delay the ADS # and DEN # 
signals by 5 ns (typical) and delays the RDY # 
signal by 4 ns (typical). Fourth, it adds loading, 
capacitance, and power requirements as shown 
in tables 3 and 4. 

STANDALONE OPERATION 
Product software can be developed and 
debugged prior to and independent of 
hardware availability with the Standalone Self 
Test unit (SAST), which contains 256 Kbytes of 
two wait-state program memory. The SAST 
also provides diagnostic testing to assure full 
functionality of the ICE-960 emulator. 

VERSATILE AND POWERFUL 
HOST SOFTWARE 
ICE-960 provides an easy-to-use human 
interface which utilizes color forms to 
complement a powerful command set. The 
software includes: an on-line help facility, a 
dynamic command entry and syntax guide, 
screen oriented editor, assembler and 
disassembler, input/output redirection, 
command piping, DOS command entry, and 
the ability to customize the command set via 
debug procedures and literal definitions. 

DEBUG PROCEDURES AND 
LITERALS 
Debug procedures (PROCs) are user-defined 
groups ofICE960 emulator commands. They 
can be stored on disk and recalled during later 
debugging sessions. PROCs can be used to 
simplify the process of debugging by grouping 
repetitive emulator commands, which can then 
be accessed by typing the name of the PROC. 
Literals are user-defined abbreviations for 
whole or partial ICE-960 emulator commands. 
Literals are a shorthand method of 
customizing the emulator commands to fit 
your needs and preferences. 

ICE TO COMPONENT 
INTERCONNECT SYSTEM 
Using the On-Circuit Emulation (ONCE) i960 
SA/SB silicon feature, ICE960SB can be used 
in systems with surface-mounted i960 SA/SB 
components in either PLCC or EIAJ QFP 
packages. The hinge cable adapters included in 
the various ICE kits and pictured to the right, 
are placed directly on top of the surface 
mounted i960 SA/SB device. The circuitry 
necessary for the emulator to take control 
from the target processor is fully supported in 
the emulator. No additional circuitry is 
required. 

Of course, socketed support for i960 SA/SB 
components in PLCC packages, or i960 KA/KB 
components in PGA packages are also 
supported. Please see Figures 1, 2, 3, and 4 for 
ICE Probe physical characteristics. Refer to 
Table 5 for hinge cable loading and delay 
characteristics. 

WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 
To augment its development tools, Intel offers 
a full array of seminars, classes, workshops, 
field application engineering expertise, hotline 
technical support, and on-site service. 

Intel also offers a Software Support contract 
which includes technical software information, 
automatic distributions of software and 
documentation updates, iCOMMENTS 
publication, remote diagnostic software, and a 
development tools troubleshooting guide. 
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FEATURES 

HIGH-SPEED HOST-TO~ICE 
COMMUNICATIONS 
PROTOCOLS 
ICE-960 supports RS232 and RS422 
communications protocols to 115 KBaud and 
1152 KBaud respectively deperidingupon the 
ability of the host to support the specific rate. 
Testing for these systems and' the 
configurations involved are described in the 
following sections. 

j' SPECIFICATIONS 'j 

HOST REQUIREMENTS 
IBM PC-AT (minimum requirements) with 640 
KBytes of conventional memory 

1 MByte of RAM (Lotus, Intel, Microsoft 
expanded memory specification) 

20 MByte Fixed Disk 

At least one 5%" or 3'12" Floppy Disk drive 
RS232 or RS422 Communication Interface 
DOS Operating System (version 3.2 or 3.3) 

TESTED HOS'I' 
CONFIGURATIONS 
IBM PC-AT with DOS 3.3. Tested with built­

, in RS232 and a Quatech DS202 Asynchronous 
RS422 Communications Board with 16550 
Option 

MECHANICAL SPECIFICATIONS 

Intel's 90-day Hardware Support package 
includes technical hardware information, 
warranty on parts, labor, material, and on.site 
hardware support. . 

IntelDevelopmerit'l'0ols also offers a 30-day, 
money-back guara~teeto customers who are 
not satisfied after purchasing any Intel 
development tool. 

COMP~Q Deskpro 386' with DOS 3.3. 
Tested with built-in RS232 and Quatech DS202 
Asynchronous RS422 Communications Board 
with 16550 Option 

Systems Based on an Inte1301/302™ Box, 
with DOS 3.3. Tested with buiit-in RS232 to ' 
115.2 KBaud and a Quatech DS202' 
Asynchronous RS422 Communications Board 
with 16550 Option to 1.152 MBaud " 

IBM Personal System/2* with DOS 4.01. 
Tested with built-in RS232 ' 

REQUIRED SYSTEM 
RESOURCES 
The ICE-960 emulator requires the following: 
a) exclusive use of the i960 SA/SB or i960 KAI 
KB's on-chip debug registers and b) a ' " 
minimum of 256 bytes of target system RAM 
used to flush the i960 local registers. 

TABLE 1. ICE-960 Emulator Physicai Characte~istics 

Width Height' , Length Weight 
Unit 

Inches em Inches em Inches em lbs kg 

Control Unit 10.5 26.7 1.5 3.8 16.0 40.6 6.0 2.72 

Processor Module' 3.8 9.6 1.5 3.8 5.0 12.7 

SAST 6.0 15.2 2.0 5.1 8.0 20.3 3.5 ' 1.59 

OIB 3.8 ' 9.6 0.9 2.3 5.1 13.0 

Power Supply 2.8 7.1 4.2 10.7 11.0 27.9 4.7 2.14 

User Cable 22.0 55.9 

Serial Cables 12.0' 3.66m 
'Measurement mcludes target adaptor 
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Figure 1: ICE960KB25 Processor Module 
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Figure 2: Optional Isolation Board 
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SPECIFICATIONS 

PLCC Hinge Cable Dimensions 

17.5 
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~ Side View 

Required Clearance for Surface 

All Measurements In Centimeters 
Mount ComponenlS 

Figure 3: ICE960SB16C Adapter 
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SPECIFICATIONS 

ELECTRICAL SPECIFICATIONS 
SYNC Line Specification 

The SYNCIN line must be valid for at least one 
instruction cycle because it is only sampled on 
bus access boundaries. The SYNCIN line is a 
standard TTL input. The SYNCOUT line is 
driven by a TTL open collector with a 4.75 Kn 
pull-up resistor 

ACIDC Specifications 

The Optional Isolation Board (OlB) isolates the 
ICE-960 probe from an untested user target 
system. When the OlB is in use, the ICE-960 
AC and DC specifications differ from the i960 
microprocessor as shown below. When the OIB 
is not installed, the ICE-960KB timing 
specifications are identical to those of the i960 
component. 

TABLE 2. AC Specifications with the OIB Installed 

16 MHz 25 MHz 
Symbol' Parameter 80960SB 80960KB 

Min Max Min Max 

T1 Clock Period 32ns 125 ns 20ns. 125ns 

T2 Clock Low Time 9ns 6ns 

T3 Clock High Time 9ns 6ns 

T4 Clock Fall Time IOns IOns 

T5 Clock Rise IOns . IOns 

T6 Output Valid Delay 
A(2:3), BE#(O:l), BLAST # " 40ns 33ns 
DEN#,DTR#, WR#" 
AID Lines'" 40ns 33ns 

T6AS AS Valid Delay (AS#) 36ns 33ns 

T7 ALE# Width 16ns 12ns 

T8 ALE # Valid Delay 36ns 33ns 

T9 Output Float Delay 
A(2:3), BE#(O:l), BLAST#,* 50ns 35ns 
DEN#, DTR#, WR#" 
AID Lines 50ns 40ns 

T10 Input Setup 1 
HLDA, INTO #, INTI, INT2, INT3 # 13ns 6ns 

T11 Input Hold 
HLDA, INTO # , INTI, INT2, INT3 # IOns 13ns 
HOLD, READY#, LOCK# IOns 13ns 

T12 Input Setup 2 
HOLD, READY #, LOCK # 17ns 11 ns 

T13 Setup to ALE # Inactive 7 ns 7ns 

T14 Hold after ALE # 5ns 5ns 

T15 RESET# Hold 4ns 4ns 

T16 RESET# Setup 4ns 4ns 

T17 RESET # Width 1281 ns 820ns 
*TpLH dependent on termmatIon for KB control sIgnals 

"OIB does not float AID bus during Tr and Tj (between bus cycles) 
"'Output Valid Delay for contr~l signals after HOLD ACKNOWLEDGE is deasserted 50 ns for 809608B and 43 ns for 80960KB 
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SPECIFICATIONS 

TABLE 3. ICE-960 Emulator DC Specifications 

ICE Probe OIB 

ICE960SB 1.4 

ICE960KB 1.4 

TARGET SYSTEM DESIGN 
CONSIDERATIONS 
In addition to the mechanical, power 
consumption, and signal loading 
considerations for the ICE probe, the following 
points should be taken into account when the 
target system is being designed: 

1) [SA/SB/KA/KB/MC] 

The AD bus should not be driven by an 
external source unless DEN # is asserted. 

2) [SAISB/KA/KB/MC] 

The LOCK # signal must be terminated as 
recommended in the 80960SA/SB 
component data sheet. 

0.4 

0.6 

REM Processor Speed 

0.5 16 

0.7 25 

3) [SA/SB/KA/KB/MC] 

To guarantee timings, the ICE requires 
± 5% supply voltage to the target system 
(i.e., ICE probe power). 

4) [SA/SB] 

To ensure correct bus trace the ICE requires 
a data hold time (TIl) of 4 ns. 

5) [SA/SB/KA/KB/MC] 

Each Vee and GND pin of the processor 
must be connected to the appropriate 
voltage or ground and externally strapped 
close to the package. 

6) [SAISB/KA/KB/MC] 

Processor no connect (N.C.) pins must be 
left disconnected. ' 
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SPECIFICATIONS 

TABLE 4. Additional DC Loading 

(ICE Probe) (OlB) (KBREM) (SBREM) 
Signal IIH IlL IIH IlL IIH IlL IIH IlL 

Max Max· Max Max Max Max Max Max 

AD(0:31) 25~A 25~A 15~A -15~A 120~A 0.7mA 20~A 100~A 

ADS # 25~A 25~A 1l5~A -15~A Driven by 74AS760 lO~A lO~A 

DEN # 25~A 25~A 1l5~A -15~A 
wi 4.7k Pull-Up 

W/R# 25~A 25~A 1l5~A -15~A 150~A 1.7mA lO~A lO~A 

CLK2 50~A 500~A 25~A -25~A 130~A 2.9mA ,20~A 1600 ~A 

RESET 25~A 250~A 45~A -750~A 250~A 0.3mA lO~A lO~A 

BE(0:3)# 25~A 25~A 1l5~A -15~A lO~A O.lmA lO~A lO~A 

READY # 25~A 25~A 45~A -750~A 750~A O.SmA 25~A 260~A 

ALE # 25~A 25~A 15~A -15~A 20~A 0.5mA· lO~A 1600 ~A 

DT/R# 25~A 25~A 1l5~A -15~A 

INT(0:3) 25~A 25~A 15~A -565~A 

BADAC# 25~A 25~A 15~A -565~A 

LOCK # 25~A 25~A 140~A -500~A 

HOLD 25~A 25~A 45~A -750~A 

FAILURE # 25~A 25~A 20~A -lmA 

TABLE 5. 80960SB PLCC Hinge Cable Loading and Delay 

Signal Loading 15 pF Typical 

Signal Delay Signals from Processor delayed 4 ns typical, Setup and Hold Timings unaffected. 
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ORDERING INFORMATION 

Order Code 
'ADPT80EIAJ 

ADPT84PLCC 

ICE960SB16C 

Description 
Hinge Cable Adapter for 
surface-mount i960SB EIAJ 
QFP packages. This adapter is 
included in the ICE960SBI6J 
kit. 
Hinge Cable Adapter fur 
surface-mount and socketed 
i960SB PLCC packages. This 
adapter is included in the 
ICE960SBI6C kit. 
ICE960 base, i960 SA/SB 
probe, 84-pin PLCC surface­
mount and socketed target 
component interconnect, and 
RS232 and RS422 
communication cables. 
(Shrink-Wrap license, Class 1) 

ICE960SBI6J ICE960 base, i960 SA/SB 
probe, 80-pin EIAJ surface­
mount target component 
interconnect, and RS232 and 
RS422 communication cables. 
(Shrink-Wrap license, Class 1) 

ICE960KB25 ICE960 base, i960 KA/KB 
probe, 132-pin PGA target 
component interconnect, and 
RS232 and RS422 
communication cables. 
(Shrink-Wrap license, Class 1) 

Order Code Description 
ICE960SBREM Optional 2 MByte Relocatable 

Expansion Memory Board for 
i960 SA/SB components. 

ICE960KBREM Optional 2 MByte Relocatable 
Expansion Memory Board for 
80960KA/KB components. 

PTOI960SBI6 Probe and Software to convert 
ICE960KB25 to ICE960SBI6. 
An ADPT80EIAJ or 
ADPT84PLCC adapter kit 
should also be ordered with 
this package to support the 
component packaging type of 
your choice. (Shrink-Wrap 
license, Class 1) 

PTOI960KB25 Probe and Software to convert 
ICE960SBI6C or 
ICE960SBI6J to ICE960KB25. 
(Shrink-Wrap license, Class 1) 

5-24 



ICETM-960MC IN-CIRCUIT EMULATOR 

260699-1 

IN-CIRCUIT EMULATOR FOR THE 80960BiC 
MICROPROCESSOR 
The ICETM-960MC In-circuit Emulator delivers real-time hardware and software 
debugging capabilities for 80960MC based designs. Features include emulation ofthe 
80960MC microprocessor, powerful breakpoint specification, fastbreaks, optional 
relocatable expansion memory, two types oftrace capability, large trace buffering, 
support of virtual and physical component addressing modes, and sophisticated human 
interface. The ICE-960MC In-circuit Emulator gives you unmatched control over all 
phases of hardware/software debug, including developing, integrating and testing, which 
improves development productivity and speeds time to market. 

FEATURES 
• Real-Time Emulation of the 80960MC 

microprocessors up to 20 MHz (25 MHz 
optional) 

o Full Symbolic Information Relating to 
Code. Data symbolics subject to some 
limitations in virtual addressing mode 

o Optional ICE960KBREM Board Provides 
2 Mbytes of ICE Memory Which Can 
Overlay User ROM or RAM. 

o Zero wait-state operation from user 
memory 

o Examine and modify Memory ,and the 
80960 Registers 

o Breakpoint Capabilities include: 
Execution Address, Instruction Type, 
Bus Read/Write/Access, and Data 
Value. Qualification of Events is Based 
on an Occurrence Counter and an 8 state 
State-Machine 

o Hosted on IBM PC AT or compatible 
o Dynamically monitor or update program 

variables or memory during emulation 
with Fastbreaks 

o 1024 Frame Trace Buffer for execution 
and/ or Bus Trace and time tags 

o 256 Kbytes of Memory in Standalone 
Self-Test (SAST) Unit 
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ICETM-960MC IN-CIRCUIT EMULATOR 

REAL·TIME EMULATION 
The ICE-960MC In-circuit Emulator provides 
emulation of the 80960MC at speeds up to 20 
MHz (25 MHz optional), thus providing early 
detection of subtle timing problems. Intel's 
intimate knowledge of the component makes 
possible the tightest conceivable conformance 
between timing parameters of the emulator 
and the target microprocessor. 

PROCESSOR/MEMORY 
EXAMINATION AND 
MODIFICATION 
The 80960MC registers can.be accessed 
mnemonically (e.g. g12, r5, fp3) with the ICE-
960MC emulator software. Data can be 
displayed or modified in one of four bases 
(hexadecimal, decimal, octal, or binary) and by 
data type (byte, word, etc). Program memory 
contents can be disassembled and displayed as 
80960 assembly instruction mnemonics. 
Additionally, 80960 assembly instruction 
mnemonics can be assembled and stored into 
program memory. 80960MC system data 
structures such as the segment table, dispatch 
port, and page tables can also be accessed and 
modified mnemonically. 

PROGRAM TRACING 
The ICE-960MC emulator can store 1024 
frames of program execution history or 1024 
frames ofthe 80960MC address/data bus 
activity in the trace buffer. Each frame of 
program execution contains a discontinuity 
address (branch, call, return, etc) and a time­
tag: This information can be used to 
reconstruct a history of the program execution. 
With the execution trace option enabled, the 
ICE-960MC will run at less than full speed. 
Each trace frame of bus cycles contains one 
complete bus burst trace. Collection of trace 
information is controlled by a logic analyzer 
type moving trace window and by bus access 
type. 

EVENT RECOGNITION 
(BREAKPOINT CONTROL) AND 
EMULATION CONTROL 
ICE-960MC provides comprehensive event 
recognition capabilities including: two 
hardware and thirty-two software breakpoints 
for instruction execution breakpoints, and use 
of the internal debug registers to recognize 
execution of certain instruction types such as 

branch or call instructions. Bus analysis logic 
provides recognition of external bus addresses 
qualified by read, write, or access type as well 
as data values which may be entered as 
masked values; Two synchronization lines are 
provided for recognition of external events. 
ICE-960MC also provides qualification of 
events based on an occurrence counter or by a 
recognition sequence of up to 8 events. Special 
additions for the 80960MC include the ability 
to recognize process binds. Additionally, 
emulation can be automatically stopped when 
the trace buffer is full. Besides the ability to 
execute program code at full speed between 
specified points, the ICE-960MC emulator 
provides the capability to single-step through 
program code. 

RELOCATABLEEXPANSION 
MEMORY 
An optional.board provides ICE-960MC with 2 
Mbytes of relocatable expansion memory 
which allows users to develop applications 
either before the target system memory is 
working, or in place of ROM or EPROM to 
speed the debugging cycle. This memory can be 
mapped in two separate 1 Mbyte partitions on 
1 Mbyte boundaries. The memory waitstate 
pattern is (3,1,1,1) when the user's system does 
not return RDY # for accesses directed to the 
ICE960KBREM board. For accesses where the 
user system does return RDY # the waitstate 
pattern will be the larger of(3,1,1,1) or user 
waitstate pattern plus (2,2,2,2). The size aJ;ld 
shape ofthe board is identical to the ICE probe 
and is installed between the probe and the 
user's target system whIm in use. The memory 
configuration can be mapped via either an ICE 
MAP command or via switches on the 
ICE960KBREM board. 

The ICE-960KBREM card adds some 
constraints when used with the ICE in a user's 
target system. First, users should qualify bus 
drivers/buffers with DEN # in order to 
eliminate potential bus conflict between 
REM960 and their target memory. Second, the 
1 Mbyte partition size can not be reduced and 
may effect the design ofthe user's memory 
subsystem. Third, ICE960KBREM delays the 
ADS # and DEN # signals by 5 nsec (typical) 
and delays the RDY # signal by 2 nsec (typical). 
Fourth, it adds loading, capacitance, and power 
requirements as shown in tables 3 and 4. 
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ICETM-960MC IN-CIRCUIT EMULATOR 

STANDALONE OPERATION 
Product software can be developed and 
debugged prior to and independent of 
hardware availability with the Standalone Self 
Test unit (SAST), which contains 256 Kbytes of 
two wait-state program memory. The SAST 
also provides diagnostic testing to assure full 
functionality of the ICE-960MC emulator. 

VERSATILE AND POWERFUL 
HOST SOFTWARE 
ICE-960MC provides an easy-to-use human 
interface which utilizes color and pull-down 
menus to complement a powerful command 
set. The software includes: an on-line help 
facility, a dynamic command entry and syntax 
guide, screen oriented editor, assembler and 
disassembler, input/output redirection, 
command piping, DOS command entry, and 
the ability to customize the command set via 
debug procedures and literal definitions. 

Special software commands are provided to 
display, interpret, and modify the 80960MC 
hardware data structures including the 
segment table, dispatch port, process control 
block, and the page tables and directories. 

DEBUG PROCED URES AND 
LITERALS 
Debug procedures (PROCs) are user-defined 
groups of ICE-960MC emulator commands. 
They can be stored on disk and recalled during 
later debugging sessions. PROCs can be used to 
simplify the process of debugging by grouping 
repetitive emulator commands, which can then 
be accessed by typing the name of the PROC. 
Literals are user-defined abbreviations for 
whole or partial ICE-96()MC emulator 
commands. Literals are a shorthand method of 
customizing the emulator commands to fit 
your needs and preferences. 
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WORLDWIDE SERVICE, 
SUPPORT, AND TRAINING 
To augment its development tools, Intel offers 
a full array of seminars, classes, and 
workshops, field application engineering 
expertise, hotline technical support, and on­
site service. 

Intel also offers a Software Support package 
which includes technical software information, 

SPECIFICATIONS 

HOST REQUIREMENTS 
IBM PC AT (minimum requirements) with 640 
KB of conventional memory 
• 1 MB of RAM (Lotus, Intel, Microsoft 

expanded memory specification) 
• 20 MB Fixed Disk 
• At least one 5-1/ 4 // Floppy Disk drive 
• A serial interface 
• DOS Operating system (version 3.2 or later 

excluding 4.x) 

Mechanical Specifications 

telephone support, automatic distribution of 
software and documentation updates, access to 
the "TooITalk" electronic bulletin board, 
"iComments" publication, remote diagnostic 
software, and a development tools 
troubleshooting guide. 

Intel's Hardware Support package includes 
technical hardware information, telephone 
support, warranty on parts, labor, material, 
and on-site hardware support. 

REQUIRED SYSTEM 
RESOURCES 
The ICE-960MC emulator requires the 
following: a) exclusive use ofthe B0960MC's on­
chip debug registers and b) a minimum of 256 
bytes of target system RAM used to flush the 
B0960 local registers. 

TABLE 1. ICE-960MC Emulator Physical Characteristics 

Width Height Length Weight 
Unit Inches cm Inches cm Inches cm lbs kg 

Control unit 10.5 26.7 1.5 3.B 16.0 40.6 6.0 2.72 
Processor module' 3.B 9.6 1.5 3.B 5.0 12.7 
SAST 6.0 15.2 2.0 5.1 B.O 20.3 3.5 1.59 
OIB 3.B 9.6 .9 2.3 5.1 13.0 
Power supply 2.B 7.1 4.2 10.7 11.0 27.9 4.7 2.14 
User cable 22.0 55.9 
Serial cable 12.0 ft 3.66m 

tmeasurement mcludes target adaptor 
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SPECIFICATIONS 

ELECTRICAL SPECIFICATIONS 
SYNC Line Specification 
The SYNCIN line must be valid for at least one 
instruction cycle because it is only sampled on 
instruction boundaries. The SYNCIN line is a 
standard TTL input. The SYNCOUT line is 
driven by a TTL open collector with a 4.75K­
ohm pull-up resistor. 

ACIDC Specifications 
The Optional Isolation Board (OIB) isola.tes the 
ICE-960MC probe from an untested user target 
system. When the OIB is in use, the ICE-
960MC AC and DC specifications differ from 
the 80960MC microprocessor as shown below. 
When the OIB is not installed, the ICE-960MC 
specifications are identical to those of the 
80960MC component. 

TABLE 2. AC Specifications With The OIB Installed 

Symbol' Parameter Minimum Maximum 

t2 clock low time 2+1nS 
t3 clock high time 3+1ns 
t6 output valid delay 

AID 0:31 6+8ns t6+16Ns 
DT/R#, DEN#, BEO-3#, ADS#, W/R# 6+7nS t6+ 14ns 
HLDA, CACHE, LOCK #, INTA # 6+6ns t6+8nS 
ALE # 6+lOnS t6+20nS 

t7 ALE# width 7-6.5nS 
t8 ALE # disable delay 8+nS t8+14nS 
t9 output float delay 

AID 0:31 t9+5nS t9+22nS 
DT/R#, DEN#, BEO-3#, ADS#, W/R# t9+7nS t9+15ns 
HLDA, CACHE, LOCK #, INTA # t9+6nS t9+8nS 

tlO input setup 1 
AID 0:31 tlO+2nS 
BADAC #, INTO-3 # deassertion tlO+ 14nS 

tll input hold 
AID 0:31, HOLD tll+6nS 
BADAC#,INTO-3#, 
READY # tll +7nS 

tl6 reset setup time . 16+6 
'symbol refers to 80960MC speCificatIon 

TABLE 3. ICE-960MC Emulator DC Specifications 

Symbol' Parameter Ma~imum 

PM-Icc Supply current with 80960KB-20 1400mA 
OIB-Icc Supply current PM-Icc + 1l00mA 
REM-Icc Supply current PM-Icc + 1300mA (1700 Total Typical) 
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SPECIFICATIONS 

TABLE 4. Additional DC Loading 

(without (with (with 
OIB installed) OIB installed) REM installed) 
lih IiI lih IiI lih IiI 

Signal Maximum Maximum Maximum Maximum Maximum Maximum 

AD (0:31) 100uA 0.6 rnA 20uA -1mA 120uA 0.7 rnA 
ADS# 140uA 1.6 rnA 20uA -1mA Driven by 74AS760 
DEN # 40uA l.OmA 20uA -1mA wi 4.7k pull-up 
W/R# 140uA 1.6 rnA 20uA -1mA 150uA l.7mA 
CLK2 BOuA 2.2 rnA 50uA -2mA l30uA 2.9 rnA 
RESET 50uA -2mA 250uA 0.3 rnA 
BE (0:3)# 20uA -lmA 10uA 0.1 rnA 
READY # 20uA -lmA 750uA O.BmA 
ALE# 20uA -lmA 20uA 0.5 rnA 
DT/R# 20uA -lmA 
INTO # , INT3 # 20uA -lmA 
INT1,INT2 20uA -1mA 
BADAC# 20uA -lmA 
LOCK# 20uA -lmA 
HOLD 20uA -lmA 
FAILURE # 20uA -lmA 
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SPECIFICATIONS 

POWER SUPPLY 
100-120V or 220-240V (Selectable) 
50-60Hz 
2 amps (AC Max) @ l20V 
1 amp (AC Max) @ 240V 

ENVIRONMENTAL 
CHARACTERISTICS 
Operating Temperature 10°C to 40°C 

(50°F to 104°F) 

Operating Humidity Maximum 85% 
Relative Humidity, 
non-condensing 

ORDERING INFORMATION 
Order Code Description 

ICE960MC The complete 20 MHz ICE-
960MC emulator system 
including coritrol unit, 
processor module, power 
supply, SAST, OIB, SAB, 
serial communications cable 
(SCOM4), IEDIT, V1.0 
software. (Requires software 
license, Class I) 

ICE960MC25P 25 MHz ICE960MC as 
described above 

I960MCUPG Conversion kit to convert 
ICE-960KB to ICE-960MC. 
Consists of new host and 
probe software, probe 
firmware, and manual. 
Requires ICE-960KB V2.0 
hardware. 

ICE960KBREM Optional 2 Mbyte Relocatable 
Expansion Memory Board. 
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QT960 EVALUATION AND PROTOTYPING 
BOARD 

LOW COST EVALUATION TOOL 

270743·1 

The QT960 products give you a 32-bit starter kit to begin software evaluation and 
hardware design at a low cost. The boards feature the 20 MHz 80960KB 32-bit embedded 
processor. The 80960KB has integrated floating point, instruction and register caches, 
and an on-chip interrupt controller. The 80960K-series are the first in a new 
architectural family of embedded processors from Intel built using Intel's CHMOS Ivt 
process. These boards provide you with full access to the features ofthe 80960KB 
processor. A wire wrap prototyping area offers you easy access to board features to test 
your designs. Interleaved EPROM means fast execution of your code taking advantage of 
the 80960KB's burst bus. A programmable wait state generator simulates different 
memory environments useful in evaluating the performance of your code. These features 
make the QT960 boards useful low cost tools for the 32-bit embedded designer. 

Once written, you can debug your program with NINDY, an EPROM resident debug 
monitor. NINDY enables you to download code, set seven different trace modes, display 
and modify memory or registers, and disassemble problem code sequences. 

Available separately from Intel are the ASM-960 (assembly language) and iC-960 (high­
level language) products which provide you with the code development environment for 
the QT960 boards. 

The starter kit comes in two versions: the QT960F version has fast SRAM, high speed 
EPROM and Flash memory; the QT960E version has lower cost SRAM, Flash memory 
and no high speed EPROM. Each version has NINDY in either EPROM (QT960F) or 
Flash memory (QT960E), power supply cable, and the QT960 User Manual. Both versions 
also include the parts list, source code of the debug monitor, and the board data base 
(schematics) all on diskette. Armed with this starter kit you now have a system to 
evaluate and prototype your product ideas quickly and at low cost. 
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FEATURES 

QT960 FEATURES 
• 20 MHz Execution Speed 
• 128K Bytes to Zero Wait State EPROMt 
• 128K Bytes of Flash Memory 
• 128K Bytes of Zero Wait State SRAM+ 
• Programmable Wait State Generator 
• Prototyping Wire Wrap Area 
• Five Instruction Traces 
• Two Hardware Breakpoints 

• Display/Modify Memory and Registers 
• Code Disassembly 
• High Level Language Support 
• RS-232 Communications Link 
• The QT960E Version has 128K Bytes of Two 

Wait State SRAM and 128K Bytes Four Wait 
State Flash Memory 

Product Order Codes: EVQT960F20 and EVQT960E20 
tCHMOS IV is a patented Intel process. 
*QT960F Version only. 

FAST AND EASY CODE UPDATES 
128K Bytes of Intel's 28F256 Flash memory provides an easy and quick method of changing your 
code in nonvolatile memory. Flash memory may be conveniently reprogrammed without 
removing it from the board while software is under development. 

FAST EPROM 
Interleaved fast EPROM (Intel's 27C202) on the QT960F version yields one-zero-zero-zero wait 
state code access. It efficiently utilizes the four word burst capabilities of the 80960KB bus 
maximizing program performance. 

PROTOTYPING SUPPORT 
A prototyping wire wrap area is provided on board with access to the system's signals and buses. 
This area gives you access to the board's features and allows you to easily test design ideas. A 
system bus connector is also provided for off board prototyping. 

PROGRAMMABLE WAIT STATE GENERATOR 
A software programmable wait state generator enables you to quickly model various memory 
speeds. Under software control you can set over 16 different wait state combinations and evaluate 
the performance of your target system. 

DMA 
The board offers you eight DMA channels accessed through a NINDYlibrary function using 
Intel's 82380. In addition, off board connectors provide DMA I/O capabilities. 

FIVE INSTRUCTION TRACES AND TWO HARDWARE 
BREAKPOINTS 
NINDY utilizes the built-in trace capabilities of the 80960KB to provide you with single· step, 
supervisor, call, return, and branch instruction tracing offering you extensive debug capabilities 
for software examination and modification. Two hardware breakpoints enable you to break on 
and examine EPROM resident code. 
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FEATURES 

HIGH LE VEL LANGUAGE SUPPORT 
NINDY is capable of downloading absolute object code generated by ASM-960 or iC-960. ASM-960 
and iC-960 may be purchased separately from Intel. 

COMMUNICATION AND SOFTWARE REQUIREMENTS 
The QT960 boards communicate with the host through the RS-232 link using an Intel 82510 
UART provided on board. The boards support five baud rates: 1200,2400,9600,19200, and 38400. 
The default is 9600 baud. To communicate with the QT960 boards you must meet the following 
minimum software requirements: 

o Terminal Emulator 

80960KB 
CPU 

CLOCK 
RESET 

-I WAIT STATE I 
GENERATOR 

ADDRESS 

T 
LATCHES 

I 

EPROM 

128K BYTES 

I 

o XMODEM Download Capabilities 

82380 
SYSTEM 

SUPPORT f-
PERIPHERAL 

I 

I 
fLASH 

MEMORY 

128K BYTES 

82510 
SERIAL 

CONTROLLER -
I 

U= 
I -
SRAM 

128K BYTES 

WIRE 
WRAP 
PINS 

Off 
BOARD 
CONNECTOR 

Block Diagram of the QT960 Board 

For information or the number of your nearest sales office call BOO·54S-4 7 52 (U.S. and Canada). 
Intel Corporaton, Literature Department, 3065 Bowers Avenue, Santa Clara CA 95051, United States. Tel: 408·987-8080. 
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DB960CADIC IN-CIRCUIT DEBUG MONITOR 

DB960CADIC 
280~OO-1 

Intel's DB960CADIC, the in-circuit delmg monitor for the 33 MHz i960CA embedded 
microprocessor, represents a new generation of development tool technology. 

DB960CADIC allows users to debug high-speed, cached applications at the full speed of 
the i960CA target processor. Controlled by Intel's DB interface, DB960CADIC offers the 
user a tool with a powerful feature set at a fraction of the cost oftraditional development 
tools. DB960CADIC is designed to improve productivity by allowing the user to debug 
software before and after the target system arrives, with minimal hardware intrusion. 

Features 
• Real-time emulation ofthe i960CA 

embedded microprocessor at speeds up to 
33 MHz 

• Full development and debug support for 
i960CA on-chip cache and RAM 

• Minimal intrusive operation, allowing 
the user to debug the target system with 
minimal modification subject to initial 
design constraints 

• Breakpoint capabilities include ten 
software breakpoints, two hardware 
execution address breakpoints, and two 
hardware data address breakpoints. The 
human interface supplements these 
breakpoints with the ability to break on 
data values, conditions, and a four-state 
state machine in non-real time. 

• Low-Cost 
• Source-Level, Symbolic Debugging in a 

Windowed Human Interface with pull 
down Menus (DB). This interface is 
consistent across i960CA tools. 

• 128K Bytes User Memory 
• Virtual 110, the ability to perform 110 

between the DB960CADIC unit and the 
host 

• In-Circuit operation facilitates easy 
transition between target systems 

• Optional Stand-Alone Self-Test 
(DB960CASAST) Module 

• Optional Logic Analyzer Interface Board 
(LAI960CA) 
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DB960CADIC IN· CIRCUIT DEBUG MONITOR 

Full-Speed Debug and 
Development 
The DB960CADIC In-Circuit Debug Monitor 
provides sophisticated real-time hardware and 
software debug capabilities for i960CA 
embedded microprocessor-based designs. The 
user can run at the full speed ofthe target 
processor, ensuring th"at elusive timing bugs 
will be found. The DB960CADIC is jumpered to 
receive a clock pulse from either the user's 
target system, or from an internal 25 MHz 
clock. 

Ideal for All Stages of 
Development 
DB960CADIC can be used by both hardware 
and software developers, at any stage of design. 
Early in the development process, 
DB960CADIC allows software debugging when 
inserted into an existing i960CA board such as 
the DB960CASAST module or the EV80960CA 
board. Later in the design cycle, DB960CADIC 
can be inserted into the user's target system, 
thus facilitating debug of hardware/software 
integration. 

Speed Development with Source 
Code, Symbolic Debugging 
Using source code oriented debugging in a 
windowed, symbolic interface, software 
engineers can increase productivity by 
debugging in the medium they are familiar 
with, software source. 

Commands can be entered via either function 
keys, pull-down menus which group logically 
related commands, or a supplementary 
command line which allows entry of complex 
conditions. In addition, source code symbolics 
can be used to examine and modify memory 
and registers. Optimal symbolic debugging can 
be achieved when using DB960CADIC with 
genuine Intel languages. 

Powerful Break Capabilities 
DB960CADIC provides complex emulation 
control by utilizing the on-chip debug registers 
within the i960CA. Real-time break 
capabilities include the ability to break on any 
two execution addresses or data access 

addresses in hardware. Software breakpoints 
are also used to supplement the hardware 
breakpoints for RAM-based memory 
subsystems. DB960CADIC extends these 
capabilities by providing the ability to break 
on data values, NOT data values, or 
combinations ofthe above in a four-state state 
machine. More complex conditions such as 
breaking when a variable is less than a certain 
value can be entered via a very flexible feature 
called conditional breakpoints. 

128K Bytes User Memory 
DB960CADIC provides the user with 128K 
bytes of memory in Region F of the i960CA 
target space. Since the debug monitor is also 
placed in Region F, the on-chip bus interface 
unit of the i960CA is configured to address 
region F as byte-wide memory with 5 
waitstates and no burst accesses allowed. 

Virtual Input/Output 
DB960CADIC is shipped with documented 
library calls which provide users with a built­
in mechanism of performing target I/O using 
the host system. These libraries provide the 
ability to simulate I/O operations in the target 
system before target hardware is available. 

High Speed Serial Link 
Communication between a host and the 
DB960CADIC module is supported via RS232 
and RS422 communication links. RS232 allows 
access to industry standard serial protocols 
while the RS422 link provides a higher speed 
communication mechanism currently 
emerging in the development market. PC/ AT 
Compatible RS422 communication boards are 
available from various third party vendors. 

Optional Stand-Alone Self Test 
Chassis 
An optional stand-alone self test chassis 
complements DB960CADIC by allowing the 
user to debug and test code before prototype 
hardware is available. The DB960CASAST 
includes self-test circuitry to ensure that the 
DB960CADIC unit is working correctly. It also 
provides 4 Megabyte of DRAM to be used for 
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DB960CADIC IN-CIRCUIT DEBUG MONITOR 

developing applications. This memory has a 
(3,1,1,1) waitstate pattern at 25 MHz. This 
waitstate pattern is programmable using the 
bus controller unit in the i960CA. It also 
includes an 8254 programmable timer which 
can optionally interrupt the i960CAprocessor 
and provide the ability to time code sequences. 

Optional Logic Analyzer Interface 
Board 
The LAI960CA board provides access to 
i960CA pins by routing the signals to easily 
accessible stake pins while passing them 
through to the target system. 

Software Completes the System 
Intel provides a comprehensive software 
development environment to complement 
DB960CADIC. This environment includes C 
and ASM source languages, a retargetable 
debug monitor, and DB960CADIC. The 
languages support the entire range of 80960 
embedded processors. 

Worldwide Service, Support, and 
Training 
To augment its development tools, Intel offers 
a full array of seminars, classes, workshops, 
field application engineering expertise, hotline 
technical support, and on-site service. 

Intel also offers a Software Support contract 
which includes technical software information, 
telephone support, automatic distributions of 
software and documentation updates, 
iCOMMENTS publication, remote diagnostic 
software, and a development tools 
troubleshooting guide. 

Intel's 90-day Hardware Support package 
includes technical hardware information, 
telephone support, warranty on parts, labor, 
material, and on-site hardware support. 

Intel Development Tools also offers a 30-day, 
money-back guarantee to customers who are 
not satisfied after purchasing any Intel 
development tool. 

IDB960CADIC SPECIFICATIONS AND REQUIREMENTS I 
Host System Requirements 
Host system requirements to run the in-circuit 
debugger include the following: 

-DOS version 3.2 or later excluding DOS 4.0 

-640 bytes of RAM in conventional memory 

-A 20 MB hard disk 

-An RS232 or RS422 Serial Port 

Evaluated Systems include: 

IBM PC-AT' with DOS 3.3 

COMPAQ 386* with DOS 3.3 

Intel 301/302* with DOS 3.3 

IBM Personal System/2* Model 70/80 with 
DOS 4.01 

Environment Characteristics 
Operating Temperature: + 10°C to + 40°C 

(50°F to 104°F) 

Operating Humidity: 
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DB960CADIC IN-CIRCUIT DEBUG MONITOR 

DB960CADIC Interface 
Considerations 
Target systems intended to receive 
DB960CADIC must meet the following 
requirements: 
• The target system mustnot respond to 

memory accesses in Region F (OFOOOOOOO­
OFFFFFFFF) with DB960CADIC installed. 
DB960CADIC provides an ACTIVE out 
signal which can be used to qualify bus logic 
to prevent this occurrence when 
DB960CADIC is installed. 

• The Target System must provide 1.3 Amps of 
power (worst case) .9 Amps average to power 
the DB960CADIC unit. 

• Use of one of the nine directly accessible 
i960CA interrupts. 

• Use of interrupt table entry 242 or 248. 
• Additional Signal Loading as follows: 

The DB960CADIC makes use of the PCLK 
outputs, DO through D7, and some ofthe 
address and control signals of the processor. 
The following table lists the worst case 
loadings added by the presence of the 
DB960CADIC circuitry. 

Signal DC Load Capacitive 
Name (p,A) Load (pF) 

PCLK1 +25/-250 8 
PCLK2 + 30/ -255 17 
CLKIN +12/ -12 13 
DO:D7 + 20/ -600 10 
A31:26 +25/ -250 11 
A2:A17 +20/-100 10 
BEO', BEl' +20/-100 10 
ADS' +50/-500 13 
W/R* +50/-500 13 
WAIT* + 25/ -250 8 
BLAST' +25/-250 8 
FAIL* +20/-20 8 
RESET' +15/-15 25 
INTO:7* +20/ -500 15 
NMI* +20/-500 15 

Additional Loading Imposed on the Target by 
the DB960CADIC 

Ordering Information 
DB960CADIC In-circuit debug monitor for 

the i960CA embedded 
microprocessor. Operates at 
speeds up to 33 MHz. Includes 
hardware debug module, 
RS232/RS422 serial cables, 
DOS host software, and 
documentation. 

DB960CASAST Stand-Alone Self Test Unit for 
DB960CADIC. Includes built­
in power supply, self-test 
board, 4Mbyte of usable 
DRAM for code development, 
and enclosure. 

DB960CAST 

LAI960CA 
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INTEL DEVELOPMENT TOOLS SOFTWARE 
SERVICES 

280921-1 

Intel is committed to providing high quality products and customer support. Our 
commitment to quality is demonstrated by a 30 day, money-back, unconditional refund to 
customers not satisfied with their purchase of an Intel Development Tools product. 

Intel supports its customers by offering a 90-day software warranty and standard 
software support including free technical support over the phone. 

Intel software is continuously undergoing improvement. For customers who desire the 
security of having the most current software and the convenience of having updates sent 
automatically, Intel offers inexpensive Software Support Contracts. 

SOFTWARE WARRANTY 
The standard software warranty is 90 days 
and entitles the customer to the following 
(provided the customer has registered their 
software by returning a completed 
Warranty Registration Card): 
• Replacement of defective media 
• Software product updates occurring 

within the 90 day warranty period. 

STANDARD SOFTWARE 
SUPPORT 
Standard Software Support, provided at no 
additional cost, offers the following 
additional benefits: 
o Free Technical Information Phone 

Service ("TIPS') 
o Timely response to Software Problem 

Reports 
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lINTEL DEVELOPMENT TOOLS SOFTWARE SERVICESI 

Software Support Contracts 
Software Support Contracts cover products for 
one year from the date of purchase and are 
renewable annually. The following benefits are 
provided: 
• Automatic Software Updates 
• Standard Software Support 

.. Remote Diagnostic Software for DOS-based 
products. 

• Monthly issues of iCOMMENTS, a technical 
support publication 

• Quarterly issues of Troubleshooting Guides 
(host-specific) 

• Quantity discounts 

ORDERING INFORMATION 

Ordering Procedures 
For more information, call 1-800-468-3548 or 
your local Intel sales office. Similar support 
offerings are available outside of North 
America. Software Support Contracts are 
available for North American customers only. 

All orders for contracts, including renewals, 
can be submitted through the local Intel sales 
office or directly to the Development Tools 
Operation by calling 1-800-874-6835. 

To order a Software Support Contract, a 
customer must have registered their product . 
or provide proof of ownership. Customers must 
also have the most current version ofthe 
software, otherwise, they must order a product 
upgrade before a support contract may be 
purchased. 

Pricing is a percentage of the List Price, based 
on the number of copies covered by the 
Software Support Contract. For emulators, the 
percentage will be applied to the identified list 
price of the software portion only, not the full 
list price ofthe emulator. . 

Pricing Information· 
Quantity discounts.are: 

. product quantity 

1..,.10 copies 
11-25 copies 
26+ copies 

pricing per copy 

20% of List Price 
15% of List Price 
10% of List Price 

V AX and Micro V AX software not included. 
Please call 1-800-874-6835 for price quote. 

Ordering Information 
order code description 

SWSUPPORT51 Software Support Contract 
for 51 family 

SWSUPPORT86 Software Support Contract 
for86 family 

SWSUPPORT96 Software Support Contract 
for 96 family 

SWSUPPORT286 Software Support Contract 
for 286 family 

SWSUPPORT386 Software Support Contract 
for 386 family 

SWSUPPORT486 Software Support Contract 
for 486 family 

SWSUPPORT960 Software Support Contract 
for 960 family 
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REAL-TIME KERNEL 

E!l 32-Bit Real-Time Multi-Tasking Kernel III Requires Only an i960 KA, KB or MC 
for the i960™ Microprocessor Family Embedded Processor 

II Flexible, Modular Design to Ease ~ Bus Independent 
System Integration rn Easy Customization and Add-On 

!!II Fast Execution with Predictable Enhancements 
Response Time for Time-Critical .. Easily EPROMmable 
Applications 

Compact Code Size (14 Kbytes-
1m Comprehensive Development Tool 

E1I Support 
Including All Optional Modules) 

The iRMK 960 Real-Time Kernel is the 32-bit real-time executive developed and supported by Intel, the i960 
architecture experts. The kernel isa small, fast and highly modular package of system control software. It 
contains the basic software building blocks that act as the foundation in using the key features of the i960 
microprocessor. The iRMK 960 software is fully supported by an array of tools that work in the most popular 
development environments (i.e., DOS', VAXIVMS', SUN'). 

The iRMK 960 Real-Time Kernel is available off-the-shelf. The kernel reduces the cost and risk of designing 
and maintaining software for numerous real-time applications such as, embedded control systems and dedi­
cated real-time subsystems in multiprocessor environment. Use of the kernel can save man years that might 
otherwise be spent developing or porting another real-time kernel. This means reduced time to market for the 
user. 

*DOS® is a registered trademark of Microsoft Corporation. 
V AXIVMSTM is a trademark of Digital Equipment Corporation. 
SUNTM is a trademark of Sun Microsystems. 
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ARCHITECTURAL OVERVIEW 

At the heart of the architecture are the kernel core 
modules consisting of a scheduler, task manager, 
interrupt manager and time manager (See Figure 1). 
As additional building blocks, the kernel provid~s op­
tional modules consisting of a mailbox manager, 
semaphore manager, memory manager, on-proces­
sor interrupt controller manager and ·fault handler 
manager. The optional device. manager for the 
82380 Integrated System Peripheral (ISP) and 8254 
Programmable Interval Timer (PIT) complete the ar­
chitecture. 

FUNCTIONAL FEATURES 

A Full Set of Real-Time Building Blocks 

The kernel provides a full set of services for real­
time applications including task management, time 
management, synchronization of and communica­
tions between tasks, and memory pool manage­
ment. 

APPLICATION 

TASK MANAGEMENT 

The iRMK 960 kernel uses system calls to create, 
manage and schedule tasks in a multi-tasking envi­
ronment. It provides pre-emptive priority scheduling 
combined with optional time-slice (round robin) 
scheduling. 

The scheduling algorithm used by the kernel en­
ables tasks to be rescheduled in a fixed amount of 
time regardless of the number of tasks. Applications 
may contain any number of tasks. 

An application can integrate optional task handlers 
to customize task management. These handlers can 
execute on task creation, task switch, task deletion 
and task priority change. Task handlers can be used 
for a wide range of functions, including saving and 
restoring the state of coprocessor registers on task 
switch, masking interrupts based on. task priority or 
implementing statistical and diagnostic monitors. 

INTERRUPT MANAGEMENT 

iRMK 960 interrupts are managed by immediately 
switching control to user-written interrupt handlers 
when an interrupt occurs. 

LANGUAGE INTERFACE LIBRARIES ] 

USER­
SUPPLIED 
SYSTEM 

ROUTINES 

KERNEL 
CORE 

MODULES 

KERNEL 
OPTIONAL 
MODULES 

HARDWARE 

KERNEL 
SUPPLIED 

DEVICE 
MANAGERS 

Figure 1. iRMKTM 960 Real-Time Architecture 
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Response to interrupts is both fast and predictable. 
Most of the kernel's system calls can be executed 
directly from interrupt handlers. 

TIME MANAGEMENT 

The time management features included in the ker­
nel provide single-shot alarms, repetitive alarms and 
a real-time clock. In addition, alarms can be reset. 

These time management facilities can solve a wide 
range of real-time programming problems. Single­
shot alarms, for example, can be used to handle 
timeouts. If the timeout occurs, the alarm invokes a 
user-written handler; if the event occurs before the 
timeout, the application simply deletes the alarm. 
Other uses for the kernel's time management facili­
ties including polling devices with repetitive alarms, 
putting tasks to sleep for specified periods of time, 
or implementing a time-of-day clock. 

INTERTAS;( SYNCHRONIZATION AND 
COMMUNICATION 

Semaphores, regions and mailboxes are the key 
mechanisms the kernel uses for synchronizing tasks 
and communicating between tasks. 

Semaphores are objects used for intertask signaling 
and synchronization. Tasks exchange abstract 
"units" with semaphores as a means of becoming 
synchronized. A tasl< requests a unit from a sema­
phore to gain access to a resource. If the resource is 
available, the semaphore will have a unit to give to 
the task, enabling the task to proceed. A task sends 
a unit to a semaphore to indicate that it has released 
a previously obtained resource. 

A special binary type of semaphore is called a Re­
gion. Regions are used to ensure mutual exclusion, 
thus preventing deadlock when tasks contend for 
control of system resources. A task holding a re­
gion's unit runs at the priority of the highest priority 
task waiting in queue for the region's unit. 

Mailboxes are queues that can hold any number of 
messages and are used to exchange data between 
tasks. Either data or pointers can be sent using mail­
boxes. The kernel allows mailbox messages to be of 
any length. High priority messages can be placed 
Gammed) at the front of the message queue to en­
sure that they are received and processed before 
other messages queued at the mailbox. 

To ensure that high priority tasks are not blocked by 
lower priority tasks, the kernel allows tasks to queue 
at semaphores and mailboxes in priority order. The 
kernel also supports first-in, first-out task queueing. 
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MEMORY POOL MANAGEMENT 

The iRMK 960 kernel uses the concept of memory 
pools to efficiently divide and manage blocks of 
memory. The memory pool manager provides for 
both fixed and variable block allocation. 

Memory can be divided into any number of pools. 
Multiple memory pools might be created for different 
speed memories, or for allocating different size 
blocks. The times to allocate and de-allocate fixed­
size areas from within a pool have a fixed upper 
bound. 

The kernel-supplied memory manager works with 
flat memory architecture. Users can also write their 
own memory manager to provide different memory 
management policies or support virtual memory. 

Hardware Requirements and Support 

The kernel requires only an i960 microprocessor and 
sufficient memory for itself and its application. The 
kernel's design, however, recognizes that many sys­
tems use additional programmable peripheral devic­
es and coprocessors. The kernel provides optional 
device managers for: 

o The 82380 Integrated System Peripheral (ISP) 
chip 

o The 8254 Programmable Interval Timer (PIT) chip 

An application can supply managers for other devic­
es and coprocessors in addition to or in replacement 
of the devices listed above. 

The openness of the iRMK 960 kernel is a major 
benefit to the OEM. The kernel is designed to be 
programmed into PROM or EPROM, making it easy 
to use in embedded designs. In addition, it can be 
used with any system bus, including those of MULTI­
BUS I and MUL TIBUS II bus architectures. 

A Modular Architecture for Easy 
Customization 

The kernel is designed for maximum flexibility. It can 
be customized for any application. Each major func­
tion, mailboxes for example, is implemented as a 
separate module. The kernel's modules have not 
been linked together and are supplied individually. 
(See Table 1 for the list of kernel modules, and their 
approximate sizes.) 

The user links only the modules needed for his appli­
cation. Any module not used does not need to be 
linked in, and does not increase the size of the ker­
nel in your application. The user can also replace 

II 
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any optional kernel module with one that imple­
ments specific features required by the application. 
For example, the user might want to replace the ker­
nel's memory manager with one that supports virtual 
memory. 

Table 1_ iRMKTM 960 Kernel Modules 
and Approximate Sizes 

Core Modules 
Task Manager 
Interrupt Manager 
Time Manager 
Scheduler 
Initialization 

Optional Modules 
Mailbox Manager 
Semaphore Manager 
Memory Manger 
Fault Handler Manager 
Miscellaneous 

Optional Device Manager 

Bytes 
2600 

150 
3000 
1700 

50 

1250 
2900 
1260 

50 
300 

82380 Integrated System Peripheral 4200 
8254 Programmable Interval Timer 1200 

Total size of the (entire) kernel (minus device man­
agers) is about 13.5 Kbytes. 

Developing with the iRMKTM 960 
Real-Time Kernel 

Kernel applications can be written using any lan­
guage or compiler that produces code that executes 
on the i960 microprocessor. This independence is 
achieved by using an interface library. This library 
works with the. idiosyncracies of a particular lan­
guage-for example, the ordering of parameters. 
The interface library translates the calls provided by 
the language into a standard format expected by the 
kernel. Intel provides an interface library for our iC 
960 compiler. The source code of this library is in­
cluded, so that the user can modify it to support oth­
er compliers. 

Because the kernel is supplied as unlinked object 
modules, applications can be developed on any sys­
tem that hosts the development tools needed. 

Comprehensive Development Tool 
Support 

Intel provides a complete line of 80960 development 
tools for writing and debugging iRMK 960 applica­
tions. 
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These tools include: 

Software: ASM 960 assembler iC 960 
compiler 

Oebuggers: 

NOTE: 
These tools are available for ~OS, 
VAXIVMS*, MicroVAX*, SUN' and 
EVA960KB 4MB environment 

ICETM 960 In-Circuit Emulator for the i960 mi­
croprocessor 

SMOTM 960 System Debug Monitor for the i960 
microprocessor 

Evaluation 
Vehicles: 

EVA960KB 
A960KB4MB 

QT960 

AT Bus-Compatible Board 
AT Bus-Compatible Board with 
4 Mbytes of Memory 
Standalone Evaluation Vehicle 

Intel Support, Consulting and Training 

With iRMK 960 kernel software, the developer has 
available the total Intel i960 architecture and real­
time expertise of Intel's support engineers. Intel pro­
vides telephone support, on or off-site consulting, 
troubleshooting guides and updates. The kernel in­
cludes 90 days of Intel's Technical Information 
Phone Service (TIPS). Extended support and con­
sulting are also available. 

Contents of the iRMKTM 960 Kernel 
Development Package 

The iRMK 960 Kernel comes in a comprehensive 
package including: 

• Kernel object modules 

• Source for the kernel supplied 82380 Integrated 
System Peripheral and 8254 PIT device manag­
ers 

• Source for the iC 960 interface library 

• Source for sample applications showing the fol­
lowing: 

- Structure of kernel applications 

- Use'of the kernel with an application written in iC 
960 language 

- Compile, bind' and build sequences 

- Sample initialization code for the i960 microproc-
essor 

- Applications written to execute in a flat memory 
space 

• User reference guide 

• 90 days of customer support 
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LICENSING 

iRMK 960 software requires prior execution of the 
standard Intel Software License Agreement (SLA). A 
single development copy requires a Class I license 
and allows iRMK 960 software to be loaded and run 
on one single-processor system. 

SPECIFICATIONS 

System Calls 

The following items are system calls arranged by 
type: 

iRMKTM 960 KERNEL SYSTEM CALLS LISTING 

KERNEL INITIALIZATION 

KN_initialize Initialize kernel 

OBJECT MANAGEMENT 

KN_token_to_ptr 

KN_currenLtask 

TASK MANAGEMENT 

KN_create_task 

KN_delete_task 

KN_suspend_task 

KN_resume_task 

KN_seLpriority 

KN_geLpriority 

Returns a pointer to the 
area holding object 

Returns a pointer for the 
current task 

Creates a task 

Deletes a task 

Suspends a task 

Resumes a task 

Change priority of a task 

Return priority of a task 

INTERRUPT MANAGEMENT 

KN_seLinterrupt 

KN_stop_scheduling 

KN_starLscheduling 

TIME MANAGEMENT 

KN_sleep 

KN_create_alarm 

KN_reseLalarm ., 
KN_delete_alarm 

Specify interrupt handler 

Suspend task switching 

Resume task switching 

Put calling task to sleep 

Create and start virtual 
alarm clock 

Reset an existing alarm 

Delete alarm 
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KN_geLtime 

KN_seLtime 

KN_tick 

Get time 

Set time 

Notify kernel that clock 
tick has occurred 

INTERTASK COMMUNICATION AND 
SYNCHRONIZATION 

KN_create_semaphore Create a semaphore 

KN_delete_semaphore Delete a semaphore 

KN_send_unit Add a unit to a 
semaphore 

KN_create_mailbox 

KN_delete_mailbox 

Receive a unit from a 
semaphore 

Create a mailbox 

Delete a mailbox 

KN_send_data Send data to a mailbox 

KN_send_priority_data Place Gam) priority 
message at head of 
message queue 

MEMORY MANAGEMENT 

KN_create_pool 

KN_delete_pool 

KN_create_area 

Request a message 
from a mailbox 

Create a memory pool 

Delete a memory pool 

Create a memory area 
from a pool 

KN_delete_area Return a memory area to 
a memory pool 

KN~geLpool_attributes Get a memory pool's 
attributes 

PROGRAMMABLE INTERRUPT 
CONTROLLER MANAGEMENT 

KN_initialize_PICs 

KN_masLslot 

KN_new_masks 

KN_geLslot 

KN_geLinterrupt 

Initialize PIC's 

Mask out interrupts on a 
specified slot 

Unmask interrupts on a 
specified slot 

Signal the PIC that the 
interrupt on a specified 
slot has been serviced 

Change interrupt masks 

Return the most 
important active interrupt 
slot 

Get address of specified 
interrupt handler 
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PROGRAMMABLE INTERVAL CONTROLLER 
MANAGEMENT 

KN_initialize_PIT Initialize the PIT 

KN_start_PIT Start PIT counting 

KN_geLPIT _interval Return PIT interval 

PROCESSOR RECOGNIZED FAULT HANDLING 

KN_geLfaulLhandler Get address of fault 
handler currently -
associated with 
specified fault type 

KN_seLfaulLhandler Establish address of 
fault handler for the 
specified fault type 

PROCESSOR INTERRUPT 
CONTROLLER SUPPORT 

KN_geLprocessor_ 
_priority 

KN_seLprocessor_ 
_priority 

PERFORMANCE 

Returns value of the 
processor _ 

Change the value of ttie 
processor priority 

The figures listed below were derived from a test 
suite running on a EVA-960 evaluation vehicle using 
an 80960KB running at 20 MHz. The EVA-960 has 
what is known a~ 2-1-1-1 wait state memory; what 
this means is that the first instruction of a four in­
struction fetch takes two wait states, and each of the 
three successive instructions takes one wait state. 
The figures are the worst case values obtained from 
several sets of test runs. The code was generated 
using the iC 960 DOS hosted compiler, Version 1.1. 

Action 
Create Pool 
Get Pool Attributes 
Delete Pool 
Create Area 
Delete Area 

Time (in /ks) 
18 
36_ 

1 
35 
32 
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Action Time (in /kS) 
Create Semaphore 6 
Delete Semaphore 14 
FIFO Semaphore Send Unit 7 
FIFO Semaphore Receive Unit 7 
Region Semaphore Send Unit 18 
Region Semaphore Receive Unit 14 

Create Mailbox 19 
Delete Mailbox 23 
Send Data 21 
Receive Data 21 

Create Alarm 29 
Delete Alarm 30 
FIFO Semaphore Send/Receive 

Unit with Task Switch 75 
Suspend Task with Task Switch 70 
Basic Task Switch 50 
Create Task 62 
Suspend Task 26 
-Resume Task 50 
Delete Task 50 
Get Priority 5 
Set Priority 27 

Set Interrupt 3 
Get Interrupt 3 

MANUALS 

iRMK 960 User's Manual (Intel Order #463863-
001). 

TRAINING INFORMATION 

Intel Customer Service Training: 

"80960 KAlKB Embedded. Processor Training 
Course" 

ORDERING INFORMATION 

Ordering Code 

RMK960 

Product Description 

iRMK 960 Real-Time Kernel 



EV80960CA Evaluation Board 

270870-1 

Low Cost Processor Evaluation Tool 
Intel's EV80960CA evaluation board provides a low-cost hardware environment for code 
execution and software debugging. The board features the 80960CA, the newest and 
highest performance member of Intel's family of 32-bit embedded microprocessors. The 
board allows a user's program to take full advantage of the power of the 80960CA and 
provides zero wait state execution of the user's code. 

Popular features such as single line assemblerldisassembler, single-step program 
execution and software breakpoints are standard on the EV80960CA's on-board monitor. 
Available separately, Intel offers a complete code development environment using the 
assembler (ASM-960) as well as high-level languages, such as Intel's iC-960 C compiler, to 
accelerate development schedules. 

The EV80960CA evaluation board package features the 80960CA System Debug Monitor 
(SDM) in EPROM, a SDM host software floppy disk, a power supply cable, a 9-pin PCI AT 
serial connector for terminal and the EV80960CA User's Manual. The EV80960CA 
User's Manual includes schematics ofthe board, a part list and programmable logic 
(PLD) equations. The board is hosted on an IBM or BIOS-compatible PCI AT. 

'The SRAM memory system provides zero wait state read (0-0-0-0-0) and one wait state write (1-1-1-1-0) performance. 
"The DRAM memory system provides 2-1-1-1-1 reads and writes. 
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EV80960CA Features 
• 25 MHz Execution Speed 
• 32 Kbytes of EPROM for 80960CA SDM 

Target Operating Firmware 
• 64 Kbytes of Zero Wait State Pipelined 

SRAM' 
• 1 Mbyte of Static-Column Mode DRAM" 

expandable to 4. Mbytes 
• Concurrent Interrogation of Memory and 

Registers 
• Software Breakpoints 
• Code Disassembly 
• High-Level Language Support 
• Two RS-232s for Host and User 

Communication 
• Two iSBX 1/0 Connectors 
• An Expansion Bus to Accommodate 

Eurocard Form-Factor Prototyping Boards 

Fast Pipelined SRAM Memory 
System 
The pipelined-read memory system of the 
EV80960CA provides true zero wait state read 
and one wait state performance. The memory 
design utilizes the internal wait state 
generator of the 80960CA. 

1 MBYTES 
BUS 

B0960CA 
DRAM 

BUFFERING 
CPU AND 

CONTROL 

Fast Static-Column Mode DRAM 
The memory design of the EV80960CA uses 
the 80960CA burst mode bus and static-column 
DRAM mode. The DRAM control PLDs are 
functionally isolated into interconnected state 
machines. The PLDs can be changed to allow 
alternative DRAM memory implementations 
with different DRAM access modes (static­
column mode;nibble mode or fast-page mode). 

Concurrent Interrogation of 
Memory and Registers 
The 80960CA System Debug Monitor (SDM) for 
the EV80960CA allows the user to read and 
modify internal registers and external memory 
while the user's program is running on the 
board. 

iSBX I/O Connectors and 
Expansion Interface 
The EV80960CA evaluation board has two 
connectors to support both 8- and 16-bit 
standard iSBX Expansion Modules. The board 
also provides an expansion bus to 
accommodate Eurocard form-factor 
prototYping boards. 

I BOOT I I SENSEI 
EPROM SWITCHES 

I/O EXPANSION 
WITH STANDARD 

iSBX BOARDS 

J I 

I iSBX I 
EXPANSION 

I SIGNAL H BUFFER I 
I 

GEN. 

64 KBYTES I 
O-WAIT 32-BIT 

FAULT AND TIMER/ 
STATE EXPANSION 

USER LEOS COUNTERS 
SRAM BUS 

Block Diagram of the EV80960CA Board 
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EV80960CA Evaluation Board 

Communication Link 
The EV80960CA board communicates with the 
host through the RS-232 link using an Intel 
82510 UART provided on board. The board 
supports seven baud rates: 300, 1200, 2400, 
4800, 9600, 19200 and 38400. 

Power Requirements 
The EV80960CA Evaluation Board requires 5V 
at 2000 rnA and ± 12V at 25 rnA. 

Host System Requirements 
The EV80960CA Evaluation Board is hosted on 
an IBM PCI AT or compatibles; a 386-based PC 
is recommended. The host system must meet 
the following minimum requirements: 
• 512 Kbytes of Memory 
• One 1.2 Mbyte Floppy Disk Drive 
• PC-DOS 3.2 or Later 
o A Serial Port (COM1 or COM2) 
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272033-1 

i960™ SA/SB EVALUATION BOARD 
The EV80960SX board is a general purpose evaluation tool for the i960TM SA/SB 
embedded processors. This evaluation board provides a high-performance DRAM 
subsystem, an interleaved EPROM subsystem, and a robust set of peripheral devices for 
benchmarking and debugging application code written for the i960 SA/SB embedded 
processors. 

The EV80960SX is a great starter kit for your 32-bit application. The EV80960SX, 
NINDY debug environment, along with assembler and C-compiler (not provided) provide 
a seamless environment for developing code and evaluating the i960 SA/SB processors. 
The NINDY monitor provides code download capabilities from a number of popular 
development systems, including DOS-based PC's. Single step, breakpoints, register and 
memory display are among the full set of features provided by NINDY. 

The board is provided with the following The EPROM subsystem accommodates 
features: four, 32-pin or 28-pin 8-bit wide EPROMs 
• DRAM Subsystem operates at with up to 150 ns access times. 

1-0-0-0-0-0-0-0 wait states for read and • Flash EPROM Subsystem reads and 
write cycles in the burst mode. The writes two 8-bit wide Flash EPROMS. 
DRAM subsystem runs at the maximum • 8259A Interrupt Controller provides 
processor frequency of 16 MHz, using expanded interrupt capabilities using 
100 ns fast page mode DRAMs. The the i960 SA/SB's interrupt controller 
DRAM subsystem can accommodate interface. 
from 512 Kbytes to 4 Mbytes, using 4 or 8 • Parallel Port Input allows fast 
ZIP-packaged DRAMs. downloads of code or data to the 

• Interleaved EPROM Subsystem executes EV80960SX board. The parallel port 
burst program fetches with a 2-0-1-0-2-0- provides auto-busy and interrupt 
1-0 wait state performance. capabilities, and is a full implementation 

of the Centronics standard. 

ACE5! ®, ICE® and MCS@ are registered trademarks of Intel Corporation. 
Ethernet® is a registered trademark of Xerox Corporation. 

·CHMOS is a patented Intel process. 
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o Two serial ports provide queued and 
interrupt driven serial transfer at up to 
128000 baud. 

o 82C54 Timer/Counter provides a 32-bit 
counter and l6-bit counter, each with 
dedicated interrupts. 

o Expansion/Prototype Bus (XBUS) allows 
expansion cards and prototype hardware 
direct access to the i960 SA/sB's bus and 
control signals. Optionally, a configurable 
wait state scheme provides a no glue 
interface to most peripherals attached to the 
XBUS. 

o LEDs and Switches are user programmable. 
One 10-segment bar LED, a 7-segment LED 
and an 8-position switch are under program 
control. 

o Local Area Networking (LAN) is 
implemented using an 82596SX LAN 
coprocessor. 

o Laser Printer Control provides interfaces to 
TEC or Canon compatible laser engines. 

o Monitor and Self-test diagnostics are 
provided for the EV80960SX in the EPROMs 
installed in the board. 

The evaluation board comes complete with a 
design database included on diskette, the 
NINDY debug monitor on diskette and in 
EPROM, power and serial cables, schematics 
and user's manual. 

The EV80960SX is a public domain design. The 
hardware is fully documented and provides 
working examples of popular memory and 
peripheral interfaces to the i960 SA/SB 
processor. The schematic and PLD database 
are provided with each board. The EV80960SX 
designs are easily duplicated and can be used 
directly as the building blocks for custom 
designs. Custom hardware can be prototyped 
using the expansion bus (XBUS) connector. 

. 272033-2 

EV80960SX Evaluation Board 
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Tel: (404) 449-0541 FAX: (914) 897-3125 Suite 104 
FAX: (404) 605-9762 Murray 84107 

OHIO Tel: (801) 263-8051 
ILLINOIS FAX: (801) 268-1457 

*tlntel Corp. 
*tlntel Corp. 
3401 Park Center Drive 

WASHINGTON Woodfield Corp. Center III Suite 220 
300 N. Martingale Road Dayton 45414 

tlntel Corp. Suite 400 Tel: (513) 890-5350 
Schaumburg 60173 TWX: 810-450-2528 155 108th Avenue N.E. 
Tel: (708) 605-6031 FAX: (513) 890-8658 Suite 386 
FAX: (708) 706-9762 Bellevue 98004 

*tlntel Corp. Tel: (206) 453-8086 
INDIANA 25700 Science Park Dr. TWX: 910-443-3002 

tlntel Corp. 
Suite 100 FAX: (206) 451-9556 
Beachwood 44122 

8910 Purdue Road Tel: (216) 464-2736 Intel Corp. 
Suite 350 TWX: 810-427-9298 408 N. Mullan Road 
Indianapolis 46268 FAX: (804) 282-0673 Suite 102 
Tel: (317) 675-0623 Spokane 99206 
FAX: (317) 875-6938 OKLAHOMA Tel: (509) 928-8086 

MARYLAND Intel Corp. 
FAX: (509) 928-9467 

*tlnlel Corp. 
6801 N. Broadway 

WISCONSIN Suite 115 
10010 Junction Or. Oklahoma City 73162 
Suite 200 Tel: (405) 848-8086 Intel Corp. 
Annapolis Junction 20701 FAX: (405) 640-9819 330 S. Executive Dr. 
Tel: (301) 206-2860 Suite 102 
FAX: (301) 206-3677 

OREGON Brookfield 53005 
(301) 206-3678 Tel: (414) 784-8087 

MASSACHUS~nS 
tlntel Corp. FAX: (414) 796-2115 
15254 N.W. Greenbrier Pkwy. 

*tlntel Corp. Building B 
Beaverton 97006 CANADA Westford Corp. Center, 
Tel: (503) 645-8051 3 Carlisle Road 

2nd Floor TWX: 910-467-6741 

Westford 01886 FAX: (503) 645-8181 
BRITISH COLUMBIA 

Tel: (508) 692-0960 
PENNSYLVANIA TWX: 710-343-6333 Intel Semiconductor of 

FAX: (508) 692-7867 ·tlntel Corp. Canada, Ltd. 

MICHIGAN 
925 Harvest Drive 4585 Canada Way 
Suite 200 Suite 202 

tlntel Corp. Blue Bell 19422 Burnaby V5G 4L6 

7071 Orchard Lake Road Tel: (215) 641-1000 Tel: (604) 298-0387 

Suite 100 FAX: (215) 641-0785 FAX: (604) 298-8234 

West Bloomfield 48322 *tlntel Corp. Tel: (313) 851-8096 400 Penn Center Blvd. ONTARIO 
FAX: (313) 651-8770 Suite 610 

MINNESOTA 
Pittsburgh 15235 tlntel Semiconductor of 
Tel: (412) 823-4970 Canada, Ltd. 

tlntel Corp. FAX: (412) 629-7578 2650 Queensview Drive 

3500 W. 80th 51. Suite 250 

Suite 360 PUERTO RICO Ottawa K2B 8H6 

Bloomington 55431 Tel: (613) 829-9714 

Tel: (612) 835-6722 tlntel Corp. FAX: (613) 820-5936 
TWX: 910-576-2867 South Industrial Park 

FAX: (612) 631-6497 P.O. Box 910 tlntel Semiconductor of 
Las Piedras 00671 Canada, Ltd. 

NEW JERSEY Tel: (809) 733-8616 190 Attwell Drive 
Suite 500 

~r~~~~ri C8ff?ce Center 
TEXAS Rexdale M9W 6H8 

Tel: (416) 675-2105 
125 Half Mile Road tlntel Corp. FAX: (416) 675-2438 
Red Bank 07701 8911 N. Capital of Texas Hwy. 
Tel: (908) 747-2233 Suite 4230 

QUEBEC FAX: (908) 747-0983 Austin 78759 
Tel: (512) 794-8086 

tlntel Semiconductor of NEW YORK FAX: (512) 336-9335 
Canada, ltd. 

*lntel.Corp. *tlntel Corp. 1 Rue Holiday 
8S0 Crosskeys Office Park 12000 Ford Road Suite 115 
Fairport 14450 Suite 400 Tour East 
Tel: (716) 425-2750 Dallas 75234 PI. Claire H9R 5N3 
TWX: 510-253-7391 Tel: (214) 241-8087 Tel: (514) 694-9130 
FAX: (716) 223-2561 FAX: (214) 484-1180 FAX: 514-694-0064 



ALABAMA 

Arrow Electronics, Inc. 
1015 Henderson Road 
Huntsville 35806 
Tel: (205) 837-6955 
FAX: (205) 721-1581 

Hamilton/Avnet Electronics 
4960 Corporate Drive, #135 
Huntsville 35805 
Tel: (205) 837-7210 
FAX: (205) 721-0356 

MTI Systems Sales 
4950 Corporate Drive 
Suite 120 
Huntsville 35805 
Tel: (205) 830-9526 
FAX: (205) 830-9557 

PioneerfTechnotogies Group, Inc. 
4835 University Square, #5 
Huntsville 35805 
Tel: (205) 837-9300 
FAX: (205) 837-9358 

ARIZONA 

tArrow ElectrOnics, Inc. 
4134 E. Wood Street 
Phoenix 85040 
Tel: (602) 437-0750 
FAX: (602) 252-9109 

Avnel Computer 
30 South McKemy Avenue 
Chandler 85226 
Tel: (602) 961-6460 
FAX: (602) 961-4787 

Hamilton/Avnet Electronics 
30 South McKemy Avenue 
Chandler 85226 
Tel: (602) 961-6403 
FAX: (602) 961-1331 

Wyle Distribution Group 
4141 E. Raymond 
Phoenix 85040 
Tel: (602) 437-2088 
FAX: (602) 437-2124 

CALIFORNIA 

Arrow Commercial System Group 
1502 Crocker Avenue 
Hayward 94544 
Tel: (415) 489-5371 
FAX: (415) 489-9393 

Arrow Commercial $ystem Group 
14242 Chambers Road 
Tustin 92680 
Tel: (714) 544-0200 
FAX: (714) 731-8438 

tArrow Electronics, Inc. 
19748 Dearborn Street 
Chatsworth 91311 
Tel: (818) 701-7500 
FAX: (818) 772-8930 

tAr row Electronics, Inc. 
9511 Ridgehaven Court 
San Diego 92123 
Tel: (619) 565-4800 
FAX: (619) 279-8062 

tArrow Electronics, Inc. 
1180 Murphy Avenue 
San Jose 95131 
Tel: (408) 441-9700 
FAX: (408) 453-4810 

tArrow Electronics, Inc. 
2961 Dow Avenue 
Tustin 92680 
Tel: (714) 838-5422 
FAX: (714) 838-4151 

Avnet Computer 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4121 
FAX: (714) 641-4170 

Avnet Computer . 
1361B West 190th Street 
Gardena 90248 
Tel: (800) 345-3870 
FAX: (213) 327-5389 

tCertified VAD 

NORTH AMERICAN DISTRIBUTORS 
Avnet Computer 
755 Sunrise Blvd., #150 
Roseville 95661 
Tel: (916) 781-2521 
FAX: (916) 781-3819 

Avnet Computer 
1175 Bordeaux Drive, #A 
Sunnyvale 94089 
Tel: (408) 743-3304 
FAX: (408) 743-3348 

Avne! Computer 
21150 Califa Street 
Woodland Hills 91376 
Tel: (808) 345-3870 
FAX: (818) 594-8333 

tHamliton/Avnet Electronics 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4100 
FAX: (714) 754-6033 

tHamliton/Avnet Electronics 
1175 Bordeaux Drive, #A 
Sunnyvale 94089 
Tel: (408) 743-3300 
FAX: (408) 745-6679 

tHamilton/Avnet Electronics 
4545 Viewridge Avenue 
San Diego 92123 
Tel: (619) 571-1900 
FAX: (619) 571-8761 

tHamilton/Avnet Electronics 
21150 Califa SI. 
Woodland Hills 91367 
Tel: (818) 594-0403 
FAX: (818) 594-8234 

tHamiiton/Avnet Electronics 
13618 West 190th Street 
Gardena 90248 
Tel: (213) 516-8600 
FAX: (213) 217-6822 

tHamilton/Avnet Electronics 
755 Sunrise Avenue, #150 
Roseville 95661 
Tel: (916) 925-2216 
FAX: (916) 925-3478 

Pioneer!Technologies Group, Inc. 
134 Aio Robles 
San Jose 95134 
Tel: (408) 954-9100 
FAX: 408-954-9113 

tWyle Distribution Group 
124 Maryland Street 
EI Segundo 90245 
Tel: (213) 322-8100 
FAX: (213) 416-1151 

WyJe Distribution Group 
7431 Chapman Ave. 
Garden Grove 92641 
Tel: (714) 891-1717 
FAX: (714) 891-1621 

tWyle Distribution Group 
2951 Sunrise Blvd., SUite 175 
Rancho Cordova 95742 
Tel: (916) 638-5282 
FAX: (916) 638-1491 

tWyle Distribution Group 
9525 Chesapeake Drive 
San Diego 92123 
Tel: (619) 565-9171 
FAX: (619) 365-0512 

tWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (408) 727-2500 
FAX: (408) 727-5896 

tWyle Distribution Group 
17872 Cowan Avenue 
Irvine 92714 
Tel: (714) 863-9953 
FAX: (714) 263-0473 

tWyle Distribution Group 
26010 Mureau Road, #150 
Calabasas 91302 
Tel: (818) 880-9000 
FAX: (818) 880-5510 

COLORADO 

Arrow Electronics, Inc. 
3254 C Frazer Street 
Aurora 80011 
Tel: (303) 373-5616 
FAX: (303) 373-5760 

tHamiiton/Avnet Electronics 
9605 Maroon Circle, #200 
Englewood 80112 
Tel: (303) 799-7800 
FAX: (303) 799-7801 

tWyle Distribution Group 
451 E 124th Avenue 
Thornton 80241 
Tel: (303) 457-9953 
FAX: (303) 457-4831 

CONNECTICUT 

tArrow Electronics, Inc. 
12 Beaumont Road 
Wallingford 06492 
Tel: (203) 265-7741 
FAX: (203) 265-7988 

Avnet Computer 
55 Federal Road, #103 
Danbury 06810 
Tel: (203) 797-2880 
FAX: (203) 791-9050 

tHamilton/Avnet Electronics 
55 Federal Road, #103 
Danbury 06810 
Tel: (203) 743-6077 
FAX: (203) 791-9050 

tPioneerlStandard Electronics 
112 Main Street 
Norwalk 06851 
Tel: (203) 853-1515 
FAX: (203) 838-9901 

FLORIDA 

tArrow Electronics, Inc. 
400 Fairway Drive, #102 
Deerfield Beach 33441 
Tel: (305) 429-8200 
FAX: (305) 428-3991 

tArrow Electronics, Inc. 
37 Skyline Dnve, #3101 
Lake Mary 32746 
Tel: (407) 333-9300 
FAX: (407) 333-9320 

Avnet Computer 
3343 W. Commercial Blvd. 
Bldg. C/O, Suite 107 
Ft. Lauderdale 33309 
Tel: (305) 979-9067 
FAX: (305) 730-0368 

Avnet Computer 
3247 Tech Drive North 
SI. Petersburg 33716 
Tel: (813) 573-5524 
FAX: (813) 572-4324 

tHamilton/Avnet Electronics 
5371 N.W. 33rd Avenue 
Ft. Lauderdale 33309 
Tel: (305) 484-5016 
FAX: (305) 484-8369 

tHamilton/Avnet Electronics 
3247 Tech OrNe North 
St. Petersburg 33716 
Tel: (813) 573-3930 
FAX: (813) 572-4329 

tHamiiton/Avnet Electronics 
7079 University Boulevard 
Winter Park 32791 
Tel: (407) 657-3300 
FAX: (407) 678-1878 

tPioneer!Technologies Group, Inc. 
337 Northlake Blvd., Suite 1000 
Alta Monte Springs 32701 
Tel: (407) 834-9090 
FAX: (407) 834-0865 

Pioneer!Technologles Group, Inc. 
674 S. Military Trail 
Deerfield Beach 33442 
Tel: (305) 428-8877 
FAX: (305) 481-2950 

GEORGIA 

Arrow Commercial System Group 
3400 C. Corporate Way 
Duluth 30136 
Tel: (404) 623-8825 
FAX: (404) 623-8802 

tArrow Electronic~, Inc. 
4250 E. Aivergreen Pkwy., #E 
Duluth 30136 
Tel: (404) 497-1300 
FAX: (404) 476-1493 

Avnet Computer 
3425 Corporate Way, #G 
Duluth 30136 
Tel: (404) 623-5452 
FAX: (404) 476-0125 

Hamilton/Avnet Electronics 
3425 Corporate Way, #G 
Duluth 30136 
Tel: (404) 446-0611 
FAX: (404) 446-1011 

Pioneer!Technologies Group, Inc. 
4250 C. Rivergreen Parkway 
Duluth 30136 
Tel: (404) 623-1003 
FAX: (404) 623-0665 

ILLINOIS 

tArrow Electronics, Inc. 
1140 W. Thorndale Rd. 
Itasca 60143 
Tel: (708) 250-0500 

Avnet Computer 
1124 Thorndale Avenue 
Bensenville 60106 
Tel: (708) 860-8573 
FAX: (708) 773-7976 

tHamilton/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville 60106 
Tel: (708) 860-7700 
FAX: (708) 860-8530 

MTI Systems 
1140W. Thorndale Avenue 
Itasca 60143 
Tel: (708) 250-8222 
FAX: (708) 250-8275 

tPioneer/Standard Electronics 
2171 Executive Dr., Suite 200 
Addison 60101 
Tel: (708) 495-9680 
FAX: (708) 495-9831 

INDIANA 

tArrow Electronics, tnc. 
7108 Lakeview Parkway West Dr. 
Indianapolis 46268 
Tel: (317) 299-2071 
FAX: (317) 299-2379 

Avnet Computer 
485 Gradle Drive 
Carmel 46032 
Tel: (317) 575-8029 
FAX: (317) 844-4964 

Hamllton/Avnet Electronics 
485 Gradle Drive 
Carmel 46032 
Tel: (317) 844-9333 
FAX: (317) 844-5921 

tPioneer/Standard Electronics 
9350 Priority Way West Dr. 
Indianapolis 46250 
Tel: (317) 573-0880 
FAX: (317) 573-0979 



NORTH AMERICAN DISTRIBUTORS (Contd.) 
IOWA 

Hamilton/Avnet Electronics 
2335A Blairsferry Ad., N.E. 
Cedar Rapids 52402 
Tel: (319) 362-4757 
FAX: (319) 393-7050 

KANSAS 

Arrow Electronics, Inc. 
8208 Melrose Dr., Suite 210 
Lenexa 66214 
Tel: (913) 541-9542 
FAX: (913) 541-0328 

Avnet Computer 
15313 W. 95th Street 
Lenexa 61219 
Tel: (913) 541-7989 
FAX: (913) 541-7904 

tHamilton/Avnet Electronics 
15313 W. 951h 
Overland Park 66215 
Tel: (913) 888-1055 
FAX: (913) 541-7951 

KENTUCKY 

Hamilton/Avnet Electronics 
805 A. Newtown Circle 
Lexington 40511 
Tel: (606) 259-1475 
FAX: (606) 252-3238 

MARYLAND 

Arrow Commercial Systems Group 
200 Perry Parkway 
Gaithersburg 20877 
Tel: (301) 670-1600 
FAX: (301) 670-0188 

tArrow Electronics, Inc. 
8300 Guilford Road, #H 
Columbia 21046 
Tel: (301) 995-6002 
FAX: (301) 995-6201 

Avnet Computer 
7172 Columbia Gateway Dr., #G 
Columbia 21045 
Tel: (301) 995-0020 
FAX: (301) 995-3515 

tHamilton/Avnet Electronics 
7172 Columbia Gateway Dr., #F 
Columbia 21045 
Tel: (301) 995-3554 
FAX: (301) 995-3515 

tNorth Atlantic Industries 
Systems Division 
7125 Riverwood Dr. 
Columbia 21046 
Tel: (301) 290-3999 

tPioneerfTechnologies Group, Inc. 
15810 Gaither Road 
Gaithersburg 20877 
Tel: (301) 921-0660 
FAX: (301) 670-6746 

MASSACHUSETTS 

Arrow Electronics, Inc. 
25 Upton Dr. 
Wilmington 01887 
Tel: (508) 658-0900 
FAX: (508) 694-1754 

Avnet Computer 
10 0 Centennial Drive 
Peabody 01960 
Tel: (508) 532-9886 
FAX: (?08) 532-9660 

tHamilton/Avnet Electronics 
tOO Centennial Drive 
Peabody 01960 
Tel: (508) 531-7430 
FAX: (508) 532-9802 

tpioneer/Standard Electronics 
44 Hartwell Avenue 
Lexington 02173 
Tel: (617) 861-9200 
FAX: (617) 863-1547 

Wyle Distribution Group 
15 Third Avenue 
Burlington 01803 
Tel: (617) 272-7300 
FAX: (617) 272-6809 

tCertified VAD 

MICHIGAN 

tArrow Electronics, Inc. 
19880 Haggerty Road 
Livonia 48152 
Tel: (313) 665-4100 
FAX: (313) 462-2686 

Avnet Computer 
2876 28th Street, S.W., #5 
Grandville 49418 
Tel: (616) 531-9607 
FAX: (616) 531-0059 

Avnet Computer 
41650 Garden Road 
Novi 48375 
Tel: (313) 347-1820 
FAX: (313) 347-4067 

Hamllton/Avnet Electronics 
2876 28th Street, SW., #5 
Grandville 49418 
Tel: (616) 243-8805 
FAX: (616) 531-0059 

Hamilton/Avnet Electronics 
41650 Garden Brook Rd., #100 
Novl48375 
Tel: (313) 347-4270 
FAX: (313) 347-4021 

tpioneer/Slandard Electronics 
4505 8roadmoor S.E. 
Grand Rapids 49512 
Tel: (616) 698-1800 
FAX: (616) 698-1831 

tPloneer/Standard Electronics 
13485 Stamford 
L1vonla 48150 
Tel: (313) 525-1800 
FAX: (313) 427-3720 

MINNESOTA 

tArrow Electronics, Inc. 
10120A West 76th Street 
Eden Prairie 55344 
Tel: (612) 829-5588 
FAX: (612) 942-7803 

Avnet Computer 
10000 West 76th Street 
Eden Prairie 55344 
Tel: (612) 829-0025 
FAX: (612) 944-2781 

tHamilton/Avnet Electronics 
12400 Whitewater Drive 
Minnetonka 55343 
Tel: (612) 932-0600 
FAX: (612) 932-0613 

tPioneerlStandard Electronics 
7625 Golden Triange Dr., #G 
Eden Prairie 55344 
Tel: (612) 944-3355 
FAX: (612) 944-3794 

MISSOURI 

tArrow Electronics, Inc. 
2380 Schuetz Road 
S1. Louis 63141 
Tel: (314) 567-6888 
FAX: (314) 567-1164 

Avne! Computer 
739 Goddard Avenue 
Chesterfield 63005 
Tel: (314) 537-2725 
FAX: (314) 537-4248 

tHamiiton/Avnet Electronics 
741 Goddard 
Chesterfield 63005 
Tel: (314) 537-1600 
FAX: (314) 537-4248 

NEW HAMPSHIRE 

Avnet Computer 
2 Executive Park Drive 
Bedford 03102 
Tel: (603) 624-6630 
FAX: (603) 624-2402 

NEW JERSEY 

tArrow Electronics, Inc. 
4 East Stow Road 
Unit 11 
Marlton 08053 
Tel: (609) 596-8000 
FAX: (609) 596-9632 

tArrow Electronics, Inc. 
6 Century Drive 
Parsipanny 07054 
Tel: (201) 538-0900 
FAX: (201) 538-4962 

Avnet Computer 
1-8 Keystone Ave., Bldg. 36 
Cherry Hill 08003 
Tel: (609) 424-8961 
FAX: (609) 751-2502 

Avnet Computer 
10 Industrial Road 
Fairfield 07006 
Tel: (201) 882-2879 
FAX: (201) 808-9251 

tHamiiton/Avnet Electronics 
1 Keystone Ave., Bldg. 36 
Cherry Hill 08003 
Tel: (609) 424-0110 
FAX: (609) 751-2552 

tHamilton/Avnet Electronics 
10 Industrial 
Fairfield 07006 
Tel: (201) 575-3390 
FAX: (201) 575-5839 

tMTI Systems Sales 
6 Century Drive 
Parsippany 07054 
Tel: (201) 539-6496 
FAX: (201) 539-6430 

tPloneer/Standard Electronics 
14-A Madison Rd. 
Fairfield 07006 
Tel: (201) 575-3510 
FAX: (201) 575-3454 

NEW MEXICO 

Alliance Electronics Inc. 
10510 Research Avenue 
Albuquerque 87123 
Tel: (505) 292-3360 
FAX: (505) 275-6392 

Avne! Computer 
7801 Academy Road 
Bldg. 1, Suite 204 
Albuquerque 87109 
Tel: (505) 828-9725 
FAX: (505) 828-0360 

tHamilton/Avnet Electronics 
7801 Academy Rd."N.E. 
Bldg. 1, Suile 204 
Albuquerque 87108 
Tel: (505) 765-1500 
FAX: (505) 243-1395 

NEW YORK 

tArrow Electronics, Inc. 
3375 Brighton Henrietta Townline Rd. 
Rochester 14623 
Tel: (716) 427-0300 
FAX: (716) 427-0735 

Arrow Electronics, Inc. 
20 Oser Avenue 
Hauppauge 11788 
Tel: (516) 231-1000 
FAX: (516) 231-1072 

Avne! Computer 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 231-9040 
FAX: (516) 434-7426 

Avnet Computer 
2060 Townline 
Rochester 14623 
Tel: (716) 272-9306 
FAX: (716) 272-9685 

tHamilton/Avnet Electronics 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 231-9800 
FAX: (516) 434-7426 

tHamilton/Avnel Electronics 
2060 Townline Rd. 
Rochester 14623 
Tel: (716) 292-0730 
FAX: (716) 292-0810 

Hamilton/Avnet Electronics 
103 Twin Oaks Drive 
Syracuse 13120 
Tel: (315) 437-2641 
FAX: (315) 432-0740 

MTI Systems 
50 Horseblock Road 
Brookhaven 11719 
Tel: (516) 924-9400 
FAX: (516) 924-1103 

MTI Systems 
1 Penn Plaza 
250 W. 34th Sheet 
New York 10119 
Tel: (212) 643-1280 
FAX: (212) 643-1288 

Pioneer/Standard Electronics 
68 Corporate Drive 
Binghamton 13904 
Tel: (607) 722-9300 
FAX: (607) 722-9562 

tPioneer/Standard Electronics 
60 Crossway Park West 
Woodbury, Long Island 11797 
Tel: (516) 921-8700 
FAX: (516) 921-2143 

tPioneer/Standard Electronics 
840 Fairport Park 
'Fairport 14450 
Tel: (716) 381-7070 
FAX: (716) 381-5955 

NORTH CAROLINA 

tArrow Electronics, Inc. 
5240 Greensdairy Road 
Raleigh 27604 
Tel: (919) 876-3132 
FAX: (919) 878-9517 

Avnet Computer 
2725 Millbrook Rd., #123 
Raleigh 27604 
Tel: (919) 790-1735 
FAX: (919) 872-4972 

Hamilton/Avnet Electronics 
5250·77 Center Dr. #350 
Charlone 28217 
Tel: (704) 527-2485 
FAX: (704) 527-8058 

tHamilton/Avnet Electronics 
3510 Spring Forest Drive 
Raleigh 27604 
Tel: (919) 878-0819 

~~oo~eL~~oe~~~~~o~I~: gf~cr~' Inc. 
Charlotte 28210 
Tel: (704) 527-8188 
FAX: (704) 522-8564 

Pioneer Technologies Group, Inc. 
2810 Meridian Parkway, #148 
Durham 27713 . 
Tel: (919) 544-5400 
FAX: (919) 544-5885 

OHIO 

Arrow Commercial System Group 
284 Cramer Creek Court 
Dublin 43017 
Tel: (614) 889-9347 
FAX: (614) 889-9680 

tArrow ElectroniCs, Inc. 
6573 Cochran Road, #E 
Solon 44139 
Tel: (216) 248-3990 
FAX: (216) 248-1106 

Arrow Electronics, Inc. 
8200 Washington Village Dr. 
Centerville 45458 
Tel: (513) 435-5563 
FAX: (513) 435-2049 



OHIO (Conld.) 

Avnet Computer 
7764 Washington Village Dr. 
Dayton 45459 
Tel: (513) 439·6756 
FAX: (513) 439·6719 

Avnet Computer 
30325 Bainbridge Rd .• Bldg. A 
Solon 44139 
Tel: (216) 349-2505 
FAX: (216) 349-1894 

tHamilton/Avnet Electronics 
7760 Washington Village Dr. 
Dayton 45459 
Tel: (513) 439-6733 
FAX: (513) 439-6711 

tHamiJton/Avnet Electronics 
30325 Bainbridge 
Solon 44139 
Tel: (800) 543-2984 
FAX: (216) 349-1894 

Hamilton/Avnet Electronics 
2600 Corp Exchange Dr1ve. #180 
Columbus 43231 
Tel: (614) 882-7004 
FAX: (614) 882-8650 

MTI Systems Sales 
23404 Commerce Park Road 
Beachwood 44122 
Tel: (216) 464-6688 
FAX: (216) 464-3564 

tpioneerlStandard Electronics 
4433 Interpoint Boulevard 
Dayton 45424 
Tel: (513) 236-9900 
FAX: (513) 236-8133 

tPioneer/Standard Electronics 
4800 E. 131st Street 
Cleveland 44105 
Tel: (216) 587-3600 
FAX: (216) 663-1004 

OKLAHOMA 

Arrow Electronics, Inc. 
12111 East 51st Street, #101 
Tulsa 74146 
Tel: (918) 252-7537 
FAX: (918) 254-0917 

tHamilton/Avnet Electronics 
12121 E. 51st St.. Suite 102A 
Tulsa 74146 
Tel: (918) 664-0444 
FAX: (918) 250-8763 

OREGON 

tArmac Electronics Corp. 
1885 N.W. 169th Place 
Beaverton 97006 
Tel: (503) 629-8090 
FAX: 503-645-0611 

Avnet Computer 
9409 Southwest Nimbus Ave. 
Beaverton 97005 
Tel: (503) 627-0900 
FAX: (503) 526-6242 

1Hamilton/Avnet Electronics 
9409 S.W. Nimbus Ave. 

~:~(~~~)i;~g~OI . 
FAX: (50.31 641-4012 

Wyle 
9640 Sunshine Court 
Bldg. G, suns 200 
Beaverton 97005, 
Tel: (503) 643-7900 
FAX: (503) 646-5466 

PENNSYLVANIA 

Avnet Computer 
213 Executive Drive, #320 
Mars 16046 
Tel: (412) 772-1888 
FAX: (4121 772-1890 

Hamilton/Avnet Electronics 
213 Executive, #320 
Mars 16045 
Tel: (412) 281-4152 
FAX: (412) 772-1890 

1Certified VAD 

NORTH AMERICAN' DISTRIBUTORS (Contd.) 
Pioneer/Technologies Group, Inc. 
259 Kappa Drive 
PiHsburgh 15238 
Tel: (4121 782-2300 
FAX: (412) 963-8255 

tPioneerfTechnologies Group, Inc. 
500 Enterprise Road 
Keith Valley Business Center 
Horsham 19044 
Tel: (215) 674-4000 
FAX: (215) 674-3107 

TENNESSEE 

Arrow CommerCial System Group 
3635 Knight Road, #7 
Memphis 38118 
Tel: (901) 367-0540 
FAX: (90.1) 367-2081 

TEXAS 

Arrow Electronics, Inc. 
3220 Commander Drive 
Carrollton 75006 
Tel: (214) 380-6464 
FAX: (214) 248-7208 

Avnet Computer 
4004 BeltJine, Suite 200 
Dallas 75244 
Tel: (214) 308-8181 
FAX:·(214) 308-8129 

Avnet Computer 
1235 Noith Loop West. #525 
Houston 77008 
Tel: (713) 867-7500 
FAX: (713) 861-6851 

tHamiiton/Avnet Electronics 
1626-F Kramer Lane 
Austin 76758 
Tel: (800) 772-5668 
FAX: (512) 832-4315 

tHamilton/Avnet Electronics 
4004 Beltline. #200 
Dallas 75244 
Tel: (214) 308-8111 
FAX: (214) 308-8109 

tHamiltonJAvnet Electronics 
1235 N. loop West, #521 
Houston 77006 
Tel: (713) 240-7733 
FAX: (713) 861-6541 

tPioneer/Standard Electronics 
1826-0 Kramer Lane 
Austin 78758 
Tel: (512) 835-4000 
FAX: (512) 835-9829 

tPioneerlStandard Electronics 
13765 Beta Road 
Dallas 75244 
Tel: (214) 386-7300 
FAX: (214) 490-6419 

tPioneer/Standard Electronics 
10530 Rockley Road, #100 
Houston 77099 
Tel: (713) 495-4700 
FAX: (713) 495-5642 

tWyle Distribution Group 
1810 Greenville Avenue 
Richardson 75081 
Tel: (214) 235-9953 
FAX: (214) 644-5064 

Wyle Distrjbutlon Gr()up 
4030 West Braker lane, #330 
Austin 78758 . 
Tel: (512) 345-8853 
FAX: (512) 345-9330 

Wyle Distribution Group 
11001 South Wilcrest, #100 
Houston 77099 
Tel: (713) 879-9953 
FAX: (713) 879-6540 

UTAH 

Arrow Electronics, Inc. 
1946 W. Parkway Blvd. 
Salt Lake City 84119 
Tel: (801) 973-6913 

Avnet Computer 
1100 E. 6600 South. #150 
Salt Lake City 84121 
Tel: (801) 266-1115 
FAX: (801) 266-0362 

Avnet Computer 
17761 Northeast 78th Place 
Redmond 98052 
Tel: (206) 867-0160 
FAX: (206) 867-0161 

tHamiiton/Avnet Electronics 
1100 Easl 6600 South. #120 
Salt lake City 84121 
Tel: (801) 972-2800 
FAX: (801) 263-0104 

tWyle Distribution Group 
1325 West 2200 South, #E 
West Valley 84119 
Tel: (801) 974-9953 
FAX: (801) 972-2524 

WASHINGTON 

tAlmac Electronics Corp. 
14360 S.E. Eastgate Way 
Bellevue 98007 
Tel: (206) 643-9992 
FAX: (206) 643-9709 

tHamiiton/Avnet Electronics 
17761 N.E. 78th Place. #C 
Redmond 98052 
Tel: (206) 241-8555 
FAX: (206) 241-5472 

Wyle Distribution Group 
15385 N.E_ 90th Street 
Redmond 98052 
Tel: (206) 881-1150 
FAX: (206) 881-1567 

WISCONSIN 

Arrow Electronics, Inc. 
200 N.-?atrick Blvd., Ste. 100 
Brookfield 53005 
Tel: (414) 792-0150 
FAX: (414) 792-0t56 

Avnet Computer 
20875 Crossroads Circle, #400 
Waukesha 53186 

. Tel: (414) 784-8205 
FAX: (414) 784-6006 

tHamiiton/Avnet Electronics 
28875 Crossroads Circle, #400 
Waukesha 53186 
Tel: (414) 784-4510 
FAX: (414) 784-9509 

Pioneer/Standard Electronics 
120 Bishops Way #163 
Brookfield 53005 
Tel: (414) 784-3480 

ALASKA 

Avnet Computer 
1400 West Benson Blvd. 
Suite 400 

re~~~~;~~~~~9O:99 
FAX: (907) 277-2639 

CANADA 
ALBERTA. 

Avnet Computer 
2816 21st Street Northeast 
Calgary T2E 622 
Tel: (4031 291-3284 
FAX: (403) 250-1591 

Zentronics 
6815 8th Street N.E .. #100 
Calgsry.T2E 7H 
Tel: (403) 295-8838 
FAX: (403) 295-8714 

BRITISH COLUMBIA 

tHamiiton/Avnet Electronics 
8610 Commerce Court 
Burnaby V5A 4N6 
Tel: (604) 420-4101 
FAX: (604) 420-5376 

Zentronics 
11400 Bridgeport Rd., #108 
Richmond V6X 1T2 . 
Tel: (604) 273-5575 
FAX: (604) 273-2413 

ONTARIO 

'Arrow Electronics, Inc. 
36 Antares Dr., Unit 100 
Nepean K2E 7W5 
Tel: (613) 226-6903 
FAX: (613) 723-2018 

tArrow Electronics, Inc. 
1093 Meyerside, Unit 2 
Mississauga L5T 1 M4 
Tel: (416) 670-7769 
F/IX:(416) 670-7781 

. Avnet Computer 
Canada System Engineering 
Group 
3688 Nashua Dr., Unit 6 
Mississuaga L4V 1 M5 
Tel: (416) 672-8638 
FAX: (416) 677-5091 

Avnet Computer 
6845 Rexwood Road 
Un~s 7-9 
Mississuaga l4V 1 M4 
Tel: (416) 672-8638 
FAX: (416) 672-8650 

Avnet Computer 
190 Colonade Road 
Nepean K2E 7 J5 
Tel: (613) 727-7529 
FAX: (613) 226-1184 

tHamiiton/Avnet Electronics 
6845 Rexwood Rd., Units 3-5 
Mississauga l4T 1 R2 . 
Tel: (416) 677-7432 
FAX: (416) 677-0940 

tHamilton/Avnet Electronics 
190 Colonade Road 
Nepean K2E 7 J5 
Tel: (613) 226-1700 
FAX: (613) 226-1184 

tZentronics 
1355 Meyerside Drive 
Mississauga l5T 1 C9 

··Tel: (416) 564-9600 
FAX: (416) 564-3127 , 

tZentronics 
155 Colonade Rd., South 
UnH 17 
Napean K2E 7KI 
Tel: (613) 226-8840 
FAX: (613) 226-6352 

.QUEBEC 

Arrow Electronics Inc. 
.1100 51. Regis Blvd. 
Dorval H9P 2T5 

. Tel: (514) 421-7411 
FAX: (514) 421-7430 

Arrow Electronics, Inc. 
500 Boul. 5t-Jean-Baptiste Ave. 
Quebec H2E 5R9 
Tel: (418) 871-7500 
FAX: (418) 871-6816 

Avnet Computer 
2795 Rue Halpern 
51. laurent H4S 1 P6' 
Tel: (514) 335-2483 
FAX: (514) 335-2481 

tHamilton/Avnet Electronics 
2795 Halpern 
S1. Laurent H4S 1 P8 
Tel: (514) 335-1000 
FAX: (514) 335-2461 

tZentronics 
520 McCaffrey 
SI. laurent H4T 1 N3 
Tel: (514) 737-9700 
FAX: (514) 737-5212 



~LAND 

101 Finland OY 
,uosilantie 2 
10390 Helsinki 
r 01. (358) 0 544 644 
FAX: (358) 0 544 030 

FRANCE 

Intel Corporation S.A.A.l. 
1, Rue Edison·BP 303 
78054 St. Quenlin·en·Yvelines 
Cedex 
Tel: (33) (1) 30 57 70 00 
FAX: (33) (1) 30 64 60 32 

EUROPEAN SALES OFFICES 
GERMANY 

Intel GmbH 
Dornacher Strasse 1 
8016 Feldkirchen bel Muenchen 
Tel: (49) 089/90992-0 
FAX: (49) 089/9043948 

ISRAEL 

Intel Semiconductor Ltd. . 
Atidim Industrial Park·Neve Sharet 
P.O. Box 43202 
Tel·Aviv 61430 
Tel: (972) 03498080 
FAX: (972) 03491870 

ITALY 

Intel Corporation Italia S.p.A. 
Milanofiori Palazzo E 
20094 Assago 
Milano 
Tel: (39) (02) 89200950 
FAX: (39) (2) 3498464 

NETHERLANDS 

Intel Semiconductor B.V. 
Postbus 84130 
3009 CC Rotterdam 
Tel: (31) 104071111 
FAX: (31) 10455 4688 

SPAIN 

Intel Iberia SA 
Zubaran,28 
28010 Madrid 
Tel: (34) 308 25 52 
FAX: (34) 410 7570 

SWEDEN 

Intel Sweden A.B. 
Dalvagen 24 
171 36 Solna 
Tel: (46) 873401 00 
FAX: (46) 8 278085 

UNITED KINGDOM 

Intel Corporation (UK) Ltd. 
Pipers Way 
Swindon, Wiltshire SN3 lRJ 
Tel: (44) (0793) 696000 
FAX: (44) (0793) 641440 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA Proelectron Vertriebs GmbH Lasl Elettronica S.pA In Multikomponent NS Bytech Systems 

Sacher Electronics GmbH Max-Planck-Strasse 1-3 P.I.00839000155 Naverland 29 Unit 3 
6072 Dreieich Viale Fulvia Testi, N.280 DK-2600 Glastrup The Western Centre Rotenmuehlgasse 26 Tel: 49 6103 304343 20126 Milano Denmark Western Road A-1120 Wien FAX: 49 6103 304425 Tel: 39 2 66101370 Tel: 010 45 42 451822 Bracknell Tel: 43 22281356460 FAX: 39 2 66101385 FAX: 010 45 42 457624 Berks RG12 1 RW 

FAX: 43 222 834276 Rein Electronik GmbH Tel: 0344 55333 

BELGIUM 
Loetscher Weg 66 Telcom s.r.i.-Divisione MDS Nordisk Elektronik NS FAX: 0344 867270 
4054 Nettelal 1 Via Trombetta Postboks 122 

Inelco Belgium SA Tel: 49 2153 7330 Zona Marconi Smedsvingen 4 Metralogie 
Oorlogskruisenlaan 94 FAX: 49 2153 733513 Strada Cassanese N~ 1364 Hvalstad Rapid House 
8-1120 Bruxelles . Segrate - Milano Norway Oxford Road 
Tel: 32 2 244 2811 Tel: 39 2 2138010 Tel: 47 2 846210 High Wycombe 
FAX: 32 2 216 4301 GREECE FAX: 39 2 216061 FAX: 47 2 846545 Bucks 

Herts HP11 2EE 
FRANCE Pouliadis Associates Corp. Nordisk Electronrk AS Tel: 0494 474147 

5 Koumbari Street NETHERLANDS Box 36 FAX: 0494452144 
Almcx Kolonaki Square Torshamnsgatan 39 
48. Ruc de l'Aubepine 10674 Athens Koning en Hartman BV. S-16493 Kista Jermyn 
B.P, 102 Tel: 30 13603741 Energieweg 1 Sweden Vestry Estate 
92164 Antony Cedex FAX: 30 1 360 7501 2627 AP Delft Tel: 46 8 7034630 Otford Road 
Tel: 33 t 40965400 Tel: 31 15609906 FAX: 46 8 7039845 Sevenoaks 
FAX: 33 1 4666 "6028 FAX: 31 15619194 Kent TN14 5EU IRELAND Tel: 0732 450144 Lex Electronics SWITZERLAND FAX: 0732451251 Silic 585 Micro Marketing PORTUGAL 
60 Rue des Gemeaux Tany Hall lndustrade AG. MMD 94663 Aungis Cedex Egfinton Terrace ArD Electronica LOA Hertistrasse 31 3 Bennet Court TeJ: 33 1 4978 4978 Dundrum Rua Dr_ Faria de CH-8304 Wallisellen Bennet Road FAX: 33 1 4978 0596 Dublin Vasconcelos, 3a Tel: 4118328111 Reading 
Metrologie Tel: 0001 989400 1900 Lisboa FAX: 41 18307550 Berkshire RG2 OOX 
Tour d'Asnieres FAX: 0001 989 8282 Tel: 351 1 8472200 Tel: 0734 313232 
4, Avenue laurent Cely FAX: 351 1 8472197 FAX: 0734 313255 

TURKEY 92606 Asnieres Cedex ISRAEL Tel: 33 1 47906240 SPAIN EMPA 
Rapid Silicon 

FAX: 33 1 4790 5947 Eastronics Ltd. 80050 Sishane 3 Bennet Court 
Bennet Road Tekelec-Air1ronic Aozanis 11 ATD Electronica Refik Saydam Cad No. 89/5 
~~~~~n~G2 OQX Cite Des Bruyeres P.O.B.39300 Plaza Cludad de Viana, 6 Istanbul 

Rue Carle Vernet Tel Baruch 28040 Madrid Tel: 90 1 1436212 Tel: 0734 752266 BP 2 Tel-Aviv 61392 Tel: 34 1 534 4000/09 FAX: 90 1.143 6547 FAX: 0734312728 92310 Sevres Tel: 972 3 475151 FAX: 34 1 534 7663 
Tel: 33 1 4623 2425 FAX: 972 3 475125 

Metro Systems FAX: 33 1 4507 2191 Metrologia Iberica UNITED KINGDOM Rapid House etra De Fuencarral N.80 
GERMANY ITALY 28100'Alcobendas Access Elect Camp Ltd. Oxford Road 

Madrid Jubilee House High Wycombe 
E2000 Vertriebs-AG Celdis Spa Tel: 34 1 6538611 Jubilee Road Bucks HP11 2EE 
Stahlgruberring 12 Via F.ll i Gracchi 36 FAX: 34 1 6517549 Letchworth Tel: 0494474171 
8000 Muenchen 82 20092 CiniseUo Balsamo Hertfordshire FAX: 049421860 
Tel: 49 89 420010 Milano SG61QH 
FAX: 49 8942001209 Tel: 39 2 66012003 SCANDINAVIA Tel: 0462 480888 YUGOSLAVIA 
Jermyn GmbH FAX: 39 2 6182433 FAX: 0462 682467 

OY Fintronic AS 
H.R. Microelectronics Corp. 1m Dachsstueck 9 Intes; Div. Della Deutsche Heikkilantie 2a Bytech Components Ltd. 6250 Limburg Divisione In SF-00210 Helsinki 12a Cedarwood 
2005 de la Cruz Blvd. 

Tel: 49 6431 5080 Industries GmbH Tel: 358 0 6926022 Chineham Business Park Suite 220 
FAX: 496431 508289 P.1. 06550110156 FAX: 358 0 6821251 Crockford Lane Santa Clara, CA 95050 

U.S.A. Metrologie GmbH Milanofiori Palazzo E5 Basingstoke Tel: (408) 988·0286 Steinerstrasse 15 20094 Assago (Milano) Hants RG12 lRW FAX: (408) 988-0306 8000 Muenchen 70 Tel: 39 2 824701 Tel: 0256 707107 
Tel: 49 89 724470 FAX: 39 2 8242631 FAX: 0256707162 
FAX: 49 8972447111 



AUSTRALIA 

Intel Australia Ply. Ltd. 
Unit 13 
Allambie Grove Business Park 
25 Frenchs forest Road East 
Frenchs Forest, NSW, 2086 
Sydney 
Tel: 61-2-975-3300 
FAX: 61-2-975-3375 

Intel Australia Ply. Ltd. 
711 High Street 
151 Floor 
East Kw. Vic., 3102 
Melbourne 
Tel: 61-3-810-2141 
FAX: 61-3-819 7200 

BRAZIL 

Intel Semiconductores do Brazil LTDA 
Avenida Paulista, 11S9-CJS 404/405 
01311 - Sao Paulo· S,P. 
Tel: 55-11-287-5899 
TLX: 11-37-557-ISOB 
FAX: 55-11-287-5119 

CHINA/HONG KONG 

Intel PRC Corporation 
15/F, Office 1, Citic Bldg. 
Jian Guo Men Wai Street 
Beijing, PRC 
Tel: (1) 500-4850 
TLX: 22947 INTEL CN 
FAX: (1) 500-2953 

INTERNATIONAL SALES OFFICES 
Intel Semiconductor Ltd. * 
1 OfF East Tower 
Bond Center 
Queensway, Central 
Hong Kong 
Tel: (852) 844-4555 
FAX: (852) 868-1989 

INDIA 

Intel Asia Electronics, Inc. 
4/2, Samrah Plaza 
51. Mark's Road 
Bangalore 560001 
Tel: 91-812-215773 
TLX: 953-845-2646 INTEL IN 
FAX: 091-812-215067 

JAPAN 

Intel Japan K.K. 
5-6 Tokodai, Tsukuba-shi 
Ibaraki. 300-26 
Tel: 0298-47-8511 
FAX: 0298-47-8450 

Intel Japan K.K.* 
Hachioji ON Bldg. 
4-7-14 Myojin-machi 
Hachioji-shi. Tokyo 192 
Tel: 0426-48-8770 
FAX: 0426-48-8775 

Intel Japan K.K.'" 
Bldg. Kumagaya 
2-69 Hon-cho 
Kumagaya-shi, Sailama 360 
Tel: 0485-24-6871 
FAX: 0485-24-7518 

Intel Japan K.K.* 
Kawa-asa Bldg. 
2-11-5 Shin-Yokohama 
Kohoku-ku, Yokohama-shi 
Kanagawa, 222 
Tel: 045-474-7661 
FAX: 045-471-4394 

Inlel Japan K.K.* 
Ryokuchi-Eki Bldg. 
2-4-1 Terauchi 
Toyonaka-shi,·Osaka 560 
Tel: 06-863-1091 
FAX: 06-863-1084 

In lei Japan KK. 
Shinmaru Bldg. 
1-5-1 Marunouchi 
Chiyoda-ku, Tokyo 100 
Tel: 03-3201-3621 
FAX: 03-3201-6850 

Intel Japan K.K. 
Green Bldg. 
1-16-20 Nishiki 
Naka-ku, Nagoya-shi 
Aichi 460 
Tel: 052-204-1261 
FAX: 052-204-1285 

KOREA 

Intel Korea. Ltd. 
16th Floor, Life Bldg. 
61 Yoido-dong, Youngdeungpo-Ku 
Seoul 150-010 
Tel: (2) 784·8186 
FAX: (2) 784-8096 

SINGAPORE 

Intel Singapore Technology, Ltd. 
101 Thomson Road #08-03/06 
United Square 
Singapore 1130 
Tel: (65) 250-7811 
FAX: (65) 250-9256 

TAIWAN 

Intel Technology Far East Ltd. 
Taiwan Branch Office 
8th Floor, No. 205 
Bank Tower Bldg. 
Tung Hua N. Road 
Taipei 
Tel: 886-2-5144202 
FAX: 886-2-717-2455 

~ NTIERNATIONAl D~STFU BUTOrAS/REPRIESENT AT~VIES 
ARGENTINA 

Dafsys S.RL 
Chacabuco, 90-6 Piso 
1069-Buenos Aires 
Tel: 54-1-34-7726 
FAX: 54-1-34-1871 

AUSTRALIA 

Email Electronics 
15-17 Hume Street 
Huntingdale, 3166 
Tel: 011·61·3-544-8244 
TLX: AA 30895 
FAX: 011-61-3-543-8179 

NSD-Australia 
205 Middleborough Rd. 
Box Hill, Victoria 3128 
Tel: 03 8900970 
FAX: 03 8990819 

BRAZIL 

Microlinear 
Largo do Arouche, 24 
01219 Sao Paulo, SP 
Tel: 5511-220-2215 
FAX: 5511-220-5750 

CHILE 

Sisteco 
Vecinal 40 - Las Condes 
Santiago 
Tel: 562-234-1644 
FAX: 562-233-9895 

CHINA/HONG KONG 

Novel Precision Machinery Co., Ltd. 
Room 728 Trade Square 
681 Cheung Sha Wan Road 
Kowloon, Hong Kong 
Tel: (852) 360-8999 
TWX: 32032 NVTNL HX 
FAX: (852) 725-3695 

GUATEMALA 

Abinitio 
11 Calle2-Zona9 
Guatemala City 
Tel: 5022-32-4104 
FAX: 5022-32-4123 

*Field Application Location 

INDIA 

Micronic Devices 
Arun Complex 
No. 65 D.V.G. Road 
Basavanagudi 
Bangalore 560 004 
Tel: 011-91-812-600-631 

011-91-812-611-365 
TLX: 9538458332 MOBG 

Micronic Devices 
No. 516 5th Floor 
Swastik Chambers 
Sian, Trombay Road 
Chembur 
Bombay 400 071 
TLX: 9531 171447 MDEV 

Micronic Devices 
25/8, 1 st Floor 
Bada Bazaar Marg 
Old Rajinder Nagar 
New Delhi 110 060 
Tel: 011-91-11-5723509 

011-91-11-589771 
TLX: 031·63253 MONO IN 

Micronic Devices 
6-3·348/12A Dwarakapuri COlony 
Hyderabad 500 482 
Tel: 011-91-842-226748 

S&S Corporation 
1587 Kooser Road 
San Jose, CA 95118 
Tel: (408) 978-6216 
TLX: 820281 
FAX: (408) 978-8635 

JAMAICA 

MC Systems 
10-12 Grenada Crescent 
Kingston 5 
Tel: (809) 929-2638 

(809) 926-0188 
FAX: (809) 926-0104 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokurakita·ku 
Kitakyushu-shi 802 
Tel: 093-511-6471 
FAX: 093-551-7861 

CTC Components Systems Co., Ltd. 
4-8-1 Dobashi, Miyamae-ku 
Kawasaki·shi, Kanagawa 213 
Tel: 044-852-5121 
FAX: 044-877-4268 

Dia Semicon Systems, Inc. 
Flower Hill Shinmachi Higashi-kan 
1-23 Shinmachi, Setagaya-ku 
Tokyo 154 
Tel: 03-3439-1600 
FAX: 03-3439-1601 

Okaya Koki 
2+18 Sakae 
Naka-ku, Nagoya-shi 460 
Tel: 052-204-8315 
FAX: 052-204-8380 

Ryoyo Electro Corp. 
Konwa Bldg. 
1-12·22 Tsukiji 
Chuo-ku, Tokyo 104 
Tel: 03-3546-5011 
FAX: 03-3546-5044 

KOREA 

J-Tek Corporation 
Dong Sung Bldg. 9/F 
158-24, Samsung-Dong, Kangnam·Ku 
Seoul 135-090 
Tel: (822) 557-8039 
FAX: (822) 557-8304 

Samsung Electronics 
Samsung Main Bldg. 
150 Taepyung-Ro-2KA, Chung-Ku 
Seoul 100-102 
C.P.O. Box 8780 
Tel: (822) 751-3680 
TWX: KORSST K 27970 
FAX: (822) 753-9065 

MEXICO 

PSI SA de C.V. 
Fco. Villa esq. Ajusco sin 
Cuernavaca, MOR 62130 
Tel: 52-73-13-9412 

52·73-17-5340 
FAX: 52-73-17-5333 

NEW ZEALAND 

Email Electronics 
36 Olive Road 
Penrose, Auckland 
Tel: 011-64-9-591-155 
FAX: 011-64-9-592-681 

SAUDI ARABIA 

ME Systems, Inc. 
642 N. Pastoria Ave. 
Sunnyvale, CA 94086 
U.S.A_ 
Tel: (408) 732-1710 
FAX: (408) 732-3095 
TLX: 494-3405 AAE SYS 

SINGAPORE 

Electronic Resources Pte, Ltd. 
17 Harvey RO.J.d 
#03-01 Singnpore 1336 
Tel (65) 283-0888 
TWX: RS 56541 ERS 
FAX: (6S) 289-5327 

SOUTH AFRICA 

Electronic Building Elements 
178 Erasmus SI. (off Watermeyet St.) 
Meyerspark, Pretoria. 0184 
Tel: 011-2712-803-7680 
FAX: 011-2712-803-8294 

TAIWAN 

Micro Electronics Corporation 
1 21h Floor, Section 3 
285 Nanking East Road 
Taipei, R.O.C. 
Tel: (886) 2-7198419 
FAX: (886) 2-7107916 

Acer Sertek Inc. 
15th Floor, Section 2 
Chien Kuo North Rd. 
Taipei 18479 R.O.C. 
Tel: 886-2-501-0055 
TWX: 23756 SERTEK 
FAX: (886) 2-5012521 

URUGUAY 

Interfase 
Zabala 1378 
11000 Montevideo 
Tel: 5982-96-0490 

5982-96·1143 
FAX: 5982-96-2965 

VENEZUELA 

Unix:el CA 
4 Transversal de Monte Cristo 
Edt AXXA, Piso 1, of. 1 &2 
Centro Empresarial Boleita 
Caracas 
Tel: 582-238-6082 
FAX: 582-238-1816 



ALASKA 

Intel Corp. 
c/o TransAlaska Network 
1515 Lore Rd. 
Anchorage 99507 
Tel: (907) 522-1776 

Intel Corp. 
c/o TransAlaska Data Systems 
c/o Gel Operations 
520 Fifth Ave., Suite 407 
Fairbanks 99701 
Tel: (907) 452-6264 

ARIZONA 

*Intel Corp. 
410 North 44th Street 
Suite 500 
Phoenix 85008 
Tel: (602) 231-0386 
FAX: (602) 244-0446 

"Intel Corp. 
500 E. Fry Blvd., Suite M-15 
Sierra Vista 85635 
Tel: (602) 459-5010 

ARKANSAS 

Inlel Corp. 
cIa Federal Express 
1500 West Park Drive 
Little Rock 72204 

CALIFORNIA 

*Intel Corp. 
21515 Vanowen St., Ste.116 
Canoga Park 91303 
Tel: (818) 704-8500 

"Intel Corp. 
300 N. Continental Blvd. 
Suite 100 
EI Segundo 90245 
Tel: (213) 640-6040 

"Intel Corp. 
1900 Prairie City Rd. 
Folsom 95630-9597 
Tel: (916) 351-6143 

"Intel Corp. 
9665 Chesapeake Dr., Suite 325 
San Diego 92123 
Tel: (619) 292-8086 

"·Inlel Corp. 
400 N. Tustin Avenue 
Suite 450 
Santa Ana 92705 
Tel: (714) 835-9642 

··Inlel Corp 
2700 San Tomas Exp., 1st Floor 
Santa Clara 95051 
Tel: (408) 970-1747 

COLORADO 

*Inlel Corp. 
600 S. Cherry St., Suile 700 
Denver B0222 
Tel: (303) 321-8086 

ARIZONA 

2402 W. Beardsley Road 
Phoenix B5027 
Tel: (602) 869-4288 

1 -800-468-3548 

MINNESOTA 

3500 W. BOth Street 
Suite 360 
Bloomington 55431 
Tel: (612) 835-6722 

*Carry-in locations 
**Carry-in/maiHn locations 

NORTH AMERICAN SERVICE OFFICES 
CONNECTICUT 

*Intel Corp. 
301 Lee Farm Corporale Park 
83 Wooster HeIghts Rd. 
Danbury 06811 
Tel: (203) 748-3130 

FLORIDA 

**Inlel Corp. 
BOO Fairway Dr., Suite 160 
Deerfield Beach 33441 
Tel: (305) 421-0506 
FAX: (305) 421-2444 

*Intel Corp. 
5B50 T.G. Lee Blvd., Ste. 340 
Orlando 32B22 
Tel: (407) 240-8000 

GEORGIA 

*Inlel Carp. 
20 Technology Park, Suite 150 
Norcross 30092 
Tel: (404) 449-0541 

5523 Theresa Street 
Columbus 31907 

HAWAlI 

**Intel Corp. 
Honolulu 96B20 
Tel: (808) 847-6738 

ILLINOIS 

**tlntei Corp. 
Woodfield Corp. Cenler 111 
300 N. Martingale Rd., Sle. 400 
Schaumburg 60173 
Tel: (708) 605-8031 

INDIANA 

*Inlel Carp. 
6910 Purdue Rd., Sle. 350 
Indianapolis 46268 
Tel: (317) 875-0623 

KANSAS 

*Intel Corp. 
10985 Cody, Suite 140 
Overland Park 66210 
Tel: (913) 345-2727 

KENTUCKY 

Intel Corp. 
133 Walton Ave., Office lA 
Lexington 40508 
Tel: (606) 255-2957 

Intel Corp. 
896 Hillcrest Road, Apt. A 
Radcliff 40160 (Louisville) 

LOUISIANA 

Hammond 70401 
(serviced from Jackson, MS) 

MARYLAND 

**Inlel Corp. 
10010 Junction Dr., Suite 200 
Annapolis Junction ·20701 
Tel: (301) 206-2860 

MASSACHUSETTS 

**Intel Corp. 
Westford Corp. Center 
3 Carlisle Rd., 2nd Floor 
Westford 01666 
Tel: (508) 692-0960 

MICHIGAN 

*Inlel Corp. 
7071 Orchard Lake Rd., Ste. 100 
West Bloomfield 48322 
Tel: (313) 851-8905 

MINNESOTA 

*Inlel Carp. 
3500 W. 80th St., Suite 360 
Bloomington 55431 
Tel: (612) 835-6722 

MISSISSIPPI 

Intel Corp. 
cia Compu-Care 
2001 Airport Road, Suite 205F 
Jackson 39208 
Tel: (601) 932-6275 

MISSOURI 

*Inlel Corp. 
3300 Rider Trail South 
Suile 170 
Earth City 63045 
Tel: (314) 291-1990 

Intel Corp. 
Route 2, Box 221 
Smithville 64089 
Tel: (913) 345-2727 

NEW JERSEY 

**Inlel Corp. 
300 Sylvan Avenue 
Englewood Cliffs 07632 
Tel: (201) 567-0821 

*Inlel Corp. 
Lincroft Office Cenler 
125 Half Mile Road 
Red Bank 07701 
Tel: (908) 747-2233 

NEW MEXICO 

Intel Corp. 
Rio Rancho 1 
4100 Sara Road 
Rio Rancho 87124-1025 
(near Albuquerque) 
Tel: (505) 893-7000 

NEW YORK 

*Inlel Corp. 
2950 Expressway Or. South 
Suite 130 
Islandia 11722 
Tel: (516) 231-3300 

Intel Corp. 
300 Westage Business Center 
Suile 230 
Fishkill 12524 
Tel: (914) 897-3860 

Intel Corp. 
5858 East Molloy Road 
Syracuse 13211 
Tel: (315) 454-0576 

NORTH CAROLINA 

*Intel Corp 
5800 Executive Center Drive 
Suile 105 
Charlotte 28212 
Tel: (704) 568-8966 

**Intel Corp. 
5540 Centerview Dr., Suile 215 
Raleigh 27606 
Tel: (919) 851-9537 

OHIO 

**Intel Corp.. 
3401 Park Center Dr., Sle. 220 
Dayton 45414 
Tel: (513) 890-5350 

*Inlel Corp. 
25700 Science Park Dr., Ste. 100 
Beachwood 44122 
Tel: (216) 464-2736 

OREGON 

**Inlel Corp. 
15254 N.W. Greenbrier Pkwy. 
Building B 
Beaverton 97006 
Tel: (503) 645-8051 

PENNSYLVANIA 

*tlntel Corp. 
925 Harvest Drive 
Suite 200 
Blue Bell 19422 
Tel: (215} 641-1000 
1-800-468-3548 
FAX: (215) 641-0785 

**tlntel Corp. 
400 Penn Cenler B!vd., Sle. 610 
Pittsburgh 15235 
Tel: (412} 823-4970 

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

CUSTOMER TRAINING CENTERS 

SYSTEMS ENGINEERiNG OFFICES 
NEW YORK 

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

PUERTO RICO 

Intel Corp. 
South Industrial Park 
P.O. Box 910 
Las Piedras 00671 
Tel: (809) 733-8616 

TEXAS 

**!ntel Corp. 
Westech 360, Suite 4230 
8911 N. Capito! of Texas Hwy. 
Austin 78752-1239 
Tel: (512) 794-8086 

**tlntel Corp 
12000 Ford Rd., Suite 401 
Dallas 75234 
Tel: (214) 241-8087 

**Intel Corp. 
7322 SW Freeway, Suite 1490 
Houston 77074 
Tel: (713} 988-8086 

UTAH 

Inlel Corp. 
428 East 6400 South 
Suile 104 
Murray 84107 
Tel: (801) 263-8051 
FAX: (801) 268-1457 

VIRGINIA 

*Inlel Corp. 
9030 Slony Point Pkwy. 
Suite 360 
Richmond 23235 
Tel: (804) 330-9393 

WASHINGTON 

**Intel Corp. 
155 10Bth Avenue N.E., Sle. 386 
Bellevue 98004 
Tel: (206) 453-8086 

CANADA 
ONTARIO 

**Intel Semiconductor of 
Canada, Ltd. 
2650 Queensview Dr., Sle. 250 
Ottawa K2B 8H6 
Tel: (613) 829-9714 

**Inlel Semiconductor of 
Canada, Ltd. 
190 Attwell Dr., Ste. 102 
Rexdale (Toronto) M9W 6H8 
Tel: (416) 675-2105 

QUEBEC 

**Inlel Semiconductor of 
Canada, Ltd 
1 Rue Holiday 
Suite 115 
Tour East 
Pt. Claire H9R 5N3 
Tel: (514) 694-9130 
FAX: 514-694-0064 




