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INTEL 376™ FAMILY DEVELOPMENT SUPPORT 

• In-line floating-point instructions for the 
387™ SX™ numerics coprocessor 

• Time-saving macros and functions to help 
assembly language routines interface with 
Intel's high-level programming languages 

• The standard C run-time library plus 
libraries for floating-point support 

• An easy interface to Intel's non-C 
programming languages, along with object 
module compatibility between Intel C and 
non-C compilers 

• Support for source-level debugging using the 
Intel DB-386 Software Debugger 

• Programming with subsystems, allowing 
mixed segmentation memory models 

• Extensions to the ANSI C standard for 
compatibility with previous versions of 
Intel C 

The iC-386 libraries contain over 200 
functions. The libraries and header files make 
development ofiC-386 applications easier by 
providing: 
• Fast and efficient functions for common 

programming tasks 
• Interfaces to standard and custom execution 

environments 
• Built-in versions of some functions 

PLIM-386 COMPILER 
Intel's PL/M-386 is a structured high-level 
system implementation language for the Intel 
376 embedded processor. PL/M-386 supports 
the implementation of protected operating 
system software by providing built-in 
procedures and variables to access the Intel 
376 architecture. 

For efficient code generation, PL/M-386 
features four levels of optimization, a virtual 
symbol table, and four models of program size 
and memory usage. 

Other Intel PL/M-386 features include: 
• The ability to define a procedure as an 

interrupt handler as well as facilities for 
generating interrupts 

• Direct support of byte, half-word, and word 
input and output from microprocessor ports 

• Upward compatibility with Intel PL/M-286 
and PL/M-86 source code 

PL/M-386 combines the benefits of a high-level 
language with the ability to access the Intel386 
architecture. For the development of systems 
software, PL/M-386 is a cost-effective 
alternative to assembly language 
programming. 

FORTRAN-386 COMPILER 
Intel's FORTRAN-386 compiler is a cross­
compiler that supports the entire Intel 376 
embedded processor. 

FORTRAN-386 features high-level support for 
floating-point calculations, transcendentals, 
interrupt procedures, and run-time exception 
handling. Specifically, the FORTRAN-386 
language is a superset of the language 
described in the ANSI Fortran 77 standard. 
The additions to that standard include the 
Department of Defense (DOD) extensions, 
extensions that support programs written for 
the ANSI Fortran 66 standard, and extensions 
that support the 376 processor and 80387SX 
math coprocessors. 

To aid in the development and debugging 
process, the compiler generates warning and 
error messages and an optional listing file. The 
listing file can include symbol cross-reference 
tables and a listing of the generated 386 
microprocessor assembly-language 
instructions. Library routines are reentrant 
and ROMable. 

Other Intel FORTRAN-386 compiler features 
include: 
• Object code can be configured to reside in 

either RAM or ROM 
• The program code can be optimized for 

execution speed or memory size 
• Source-level debugging is supported via the 

rich symbolics provided in the object module 
format (Intel OMF386) 

• Support for the proposed REALMATH IEEE 
floating point standard 

RLL-386 RELOCATION, 
LINKAGE, AND LIBRARY 
TOOLS 
The RLL-386 relocation, linkage, and library 
tools are a cohesive set of utilities featuring 
comprehensive support of the full Intel 376 
architecture. RLL-386 provides for a variety of 
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functions-from linking separate modules, 
building an object library, or linking in 387 SX 
support, to building a task to execute under 
protected mode or the multi-tasking, memory 
protected system software itself. Specifically, 
RLL-386 supports loadable, linkable, and 
bootloadable Intel object module formats; and 
supports all segmentation models, including 
FLAT. Map, librarian, and conversion (for 
outputting hex format code for PROM 
programming) utilities are included. 

EMUL-387, NUM-387NUMERICS 
SUPPORT LIBRARIES 
Intel's EMUL-387 and NUM-387 Numerics 
Libraries fully support the 80387SX math 
coprocessor whether an actual math 
coprocessor is used in the final system or not. 
For 376 microprocessor based applications 
without a math coprocessor, EMUL-387, a 
numerics software emulator, will execute 
instructions as though the coprocessor were 
present. Its functionality is identical to that of 
the math coprocessor. It is ideal for 
prototyping and debugging floating-point 
application software independent of hardware. 
Further, this permits portability of application 
code regardless of the presence of math 
coprocessor hardware in target systems. 

For applications with a math coprocessor, 
NUM-387 numerics support library provides 
Intel's ASM 386, C-386, PL/M-386, and 
FORTRAN-386 language users with enhanced 
numeric data processing capability. With the 
library, it is easy for programs to do floating 
point arithmetic. Programmers can bind in 
library modules to do trigonometric, 
logarithmic and other numeric functions, and 
the user is guaranteed accurate, reliable 
results for all appropriate inputs. 

Intel's NUM-387 support library is a collection 
of four functionally distinct libraries: 
• Common elementary function library 

routines perform algebraic, logarithmic, 
exponential, trigonometric, and hyperbolic 
operations on real and complex numbers, as·' 
well as real-to-integer conversions; the 
routines extend the ranges of the coprocessor 
instructions 

• Initialization library routines set up the 
numerics processing environment for 80376 
microprocessor based systems with an 
80387SX or true software emulator 

• Decimal conversion library routines convert 
floating-point numbers from 80387SX binary 
storage format to ASCII decimal strings to 
80387SX binary and vice versa 

• Exception handling library routines make 
writing numerics exception handlers easier 

All support library modules are in 80386 
microprocessor object module format (Intel 
OMF386) so they can be linked with the object 
output of any Intel 80386 language. All 
routines are reentrant and ROMable. 
By using Intel's NUM-387, the user not only 
saves software development time, but is 
guaranteed that the numeric software meets 
industry standard (ANSI/IEEE standard for 
binary floating point arithmetic, 754-1985) and 
is portable-software investment is 
maintained. 
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INTEL 376™ IN-CIRCUIT 
EMULATORS 
Intel 376 In-circuit Emulators embody 
exclusive technology that gives access to 
internal processor states that are accessible in 
no other way. Intel 376 processor fetch and 
execute instructions in parallel, with fetched 
instructions not necessarily executing in order 
of input. Because of this, an emulator without 
this access to internal processor states is prone 
to error in determining what actually occurred 
inside the microprocessor. With Intel's 
exclusive technology, Intel 376 emulator is one 
hundred percent accurate. In addition, 
internal access comes without signal buffer 
interference of processor timing. Operation is 
non-intrusive (zero wait-state). 

Opening the Door to Protected Mode 
The Intel 376 In-circuit Emulator opens the 
door to the full potential of the architecture 
with unparalleled support of protected mode. 
The emulator can display and modify task 
state segments and global, local, and interrupt 
descriptor tables (with symbolic access to all 
descriptor components like privilege level and 
segment type). Emulation memory of 128 
Kbytes or the optional 2 Mbytes of relocatable 
expansion memory can be used instead of 
target memory for code debugging. 

With symbolic debugging, memory locations 
can be examined or modified using symbolic 
references to the original program, such as 
procedure or a variable names, line numbers, 
or program labels. Source code associated with 
a given line number can be displayed, as can 
the type information ofvariables, such as byte, 
word, record, or array. Processor data 
structures, such as registers, descriptor tables, 
and page tables, can also be examined and 
modified using symbolic names. The symbolic 
debugging information for use with Intel 
development tools is produced by Intel 
OMF386 compatible languages. 

Flexible and Versatile Event Recognition 
Flexibility and versatility in event recognition 
makes short work of uncovering the most 
complex bugs. Bus even recognition circuitry 
may be used to trigger on specific or masked 
data input, output, read, written, or fetched at 
a physical address or range of addresses. Or on­
chip debug registers may be used to trigger on 
virtual, linear, or symbolic addresses being 
executed, accessed, or written. 

Versatility shows in other triggering options­
upon a task switch, an external signal from 
another emulator or a logic analyzer, multiple 
occurrences of an event, a full trace buffer, 
halt or shutdown cycles, or interrupt 
acknowledge. And up to four sequential event 
triggers can be combined with a high-level 
construct. 

The Intel 376 In-circuit Emulator continuously 
captures all bus activity and, as an option, 
execution information, into a trace buffer of 
4K frames with PRE, POST, and CENTERED 
collection modes. The contents of the trace 
buffer can be displayed during full speed 
emulation in either execution cycle or 
machine-level instruction formats. 

Accessing the Power 
The power of the Intel 376 In-circuit Emulator 
is reflected in the sophisticated user interface. 
Refined for ease-of-use, the command line 
interface contains many features to boost 
productivity and customize functionality. 

On-line help, a syntax menu, command line 
editing, command history, and error message 
query promote ease oflearning and use. I/O 
redirection and the ability to escape the host 
operating system provide versatility for the 
power user. Customized procedures with 
variables and literal definitions can be created 
to assist in debugging or for manufacturing 
test or field service applications. 

SOFTWARE DEBUGGER 
Intel's DB386 is a useful tool for early software 
algorithm debug. It is an on-host software 
execution environment with source-level 
symbolic debug capabilities for object modules 
produced by Intel's assembler and high-level 
language compilers. For the DOS hosted 
version, this software debug environment 
allows 386 microprocessor code to be executed 
and debugged directly on a 386 DX or 386 
SX™ microprocessor based PC, without any 
additional target hardware required. With 
Intel's standard windowed human interface, 
users can focus their efforts on finding bugs 
rather than spending time learning and 
manipulating the debug environment. 
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Other Intel DB386 features include: 
• A run-time interface allows protected-mode 

376 microprocessor programs to be executed 
directly on a 386 DX or 386 SX 
microprocessor based PC 

• Drop-down menus make the.tool easy to 
learn for new or casual users. A command 
line interface is also provided for more 
complex problems 

• Watch windows (which display user-specified 
variables), trace points, and breakpoints 
(including fixed, temporary, and conditional) 
can be set and modified as needed, even 
during a debug session 

• The user can browse source and callstacks, 
observe processor registers, and access watch 
window variables by either the pull down 
menu or by a single keystroke using the 
function keys 

• An easy-to-use disassembler and single-line 
assembler speeds the debug process 

• The user need not know whether a variable 
is an unsigned integer, a real, or a 
structure-the debugger uses the wealth of 
typing informatfon available in Intel 
languages to display program variables in 
their respective type formats 

ICE™-376 SPECIFICATIONS AND REQUIREMENTS 

HOST SYSTEM REQUIREMENTS 
The user supplied host system can be either an IBM® PC AT® or Personal System/2® Model 60. 
Host system requirements to run the emulator include the following: 

• DOS version 4.0, or Hewlett-Packard HP9000 
UNIX 

• 640 Kbytes of RAM in conventional memory 
• An AboveTM board with 1 megabyte of RAM 

configured in expanded memory mode, · 
EMM.SYS software version 3.2 

• A 20 MB hard disk 

ELECTRICAL 
CHARACTERISTICS 
100-120V or 220-240V selectable 
50-60 Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 

• A serial port or the National Instruments 
GPIB-PCII™, GPIB-PCIIA™, or 
MC-GPIB™ board 

• A math coprocessor if either the optional 
time tag board is used or if a math 
coprocessor resides on the target system 

ENVIRONMENTAL 
CHARACTERISTICS 
Operating Temperature: + l0°C to + 40°C 
(50°F to 104°F) 

Operating Humidity: Maximum of 85% 
relative humidity, non-condensing 

The Emulator's Physical Characteristics 

Width Height Length 
Unit 

inches cm inches cm inches cm 

Base Unit 13.4 34.0 4.6 11.7 11.0 27.9 
Processor Module 3.8 9.7 0.7 1.8 4.4 11.2 
Optional Isolation Board 3.8 9.7 0.5 1.3 4.4 11.2 
Power Supply 7.7 19.6 4.1 10.4 11.0 27.9 
User Cable 1.9 4.8 17.3 43.9 
100-Pin Target-Adapter Cable 2.3 5.3 0.5 1.3 5.1 13.0 
88-Pin Target-Adapter Cable 2.3 5.3 0.5 1.3 5.8 14.7 
Serial Cable 144 366 
Optional Clips Pod 3.3 8.4 0.8 2.0 6.0 15.2 
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ICE™-376 SPECIFICATIONS AND REQUIREMENTS 

The Processor Module and Bus Isolation Board Dimensions (88 Pin PGA) 

i-------- 17.5" -------i 

i----------------26.7"--------------+<·1 

°E;-r-,::====~SFI =====bb--f+--=g:g:g~1 II.::· 

1.2" 

i-------- 12.7" -------i 

i--------------22.0"------------------11 

6@ rbii ;j r .. :
1 

The Processor Module and Bus Isolation Board Dimensions (100 Pin PQFP) 

i----------17.5" -------< r--3.5"==:1 13.0" I 

~lSl 
t 

PIN 1 

.....-------------26.7"-------------+<1 

~°E:'i"'""'i!=======\SFl=====LC::=:f:f=;§§;;;JI ~ 
1.3" 
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ICE™-376 SPECIFICATIONS AND REQUIREMENTS 

The Processor Module and Bus Isolation Board Dimensions (100 Pin PQFP) (Continued) 

i+------- 12.7" ------->< 

PIN 1 

~ ~ U -R-----22.0"------·: 

.rM iii E" 

ELECTRICAL SPECIFICATIONS 
The synchronization input lines must be valid 
for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 

280903-7 

are standard TTL inputs. The synchronization 
output lines are driven by TTL open collector 
outputs that have 4.7K-ohm pull-up resistors. 
The synchronization input and output signals 
on the optional clips pod are standard TTL 
input and outputs. 

AC Specifications With the Bus Isolation Board Installed. 

Symbol Parameter Minimum Maximum Notes 

t1 CLK2period 50nS tlMax 
t2a CLK2 high time t2aMin+2nS @2V 
t3b CLK2 low time t3bMin+2nS @0.8v 
t6 Al-A23 valid delay t6 Min+ 3.5 nS t6 Max+ 24.6 nS CL=l20pF 
t7 Al-A23 float delay t14 Min+ 5.5 nS t14 Max+ 37 .6 nS 
t8 BLE #, BHE# LOCK# valid delay t8 Min+ 3.5 nS t8Max+24.6 CL=75pF 
t9 BLE #, BHE # LOCK# float delay t14 Min+ 5.5 nS t14 Max+ 37.6 
tlO W IR#, MllO#, DIC#, ADS# valid delay tlO Min+ 3.5 nS tlO Min+ 24.6 CL=75pF 
tll WIR#, MllO#, DIC#, ADS# float delay t14 Min+ 5.5 nS t14Max+37.6 
t12 DO-D15 write data valid delay t12 Min+ 4.5 nS t12 Max+ 20.6 CL=l20pF 
t13 DO-D15 write data float delay 7.5nS 45.6nS 
t14 HLDA valid delay t14Min=3nS t14 Max+ 21.2 nS 
t16 NA# hold time t16 Min+ 10.6 nS 
t20 READY# hold time t20 Min+ 10.6 nS 
t21 DO-D15 read setup time t21 Min+ 8.5 nS 
t22 DO-Dl5 read hold time t22 Min +7.6 nS 
t24 HOLD hold time t24 Min+ 10.6 nS 
t25 RESET setup time t25 Min+ 2.1 nS 
t26 RESET hold time t26 Min+ 2.1 nS 
t28 NMI, INTR hold time t28 Min+ 10.6 nS 
t30 PEREQ, ERROR#, BUSY# hold time t30 Min+ 10.6 nS 
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SPECIFICATIONS 

Emulator Capacitance Specifications 
With Target-Adapter Cable Installed 

Typical 
Symbol Description (Note 1) 

CIN Input Capacitance 
CLK2 55pf 
READY#,ERROR# 35pf 
HOLD, BUSY#, PEREQ, NA#, 
INTR,NMI 20pf 
RESET 30pf 

CouT Output or I/O Capacitance 
D15-DO 50pf 
A15-Al, BLE# 40pf 
A23-A16, BHE#, DIC# 30pf 
HLDA, WIR# 55pf 
ADS#, MIIO #, LOCK# 35pf 

Note 1: Not tested. These specifications include the 80376 component and 
all additional emulator loading. 

Item 

PM-Ice 

Irn 

I1L 

Emulator DC Specifications 
Without the Bus Isolation Board Installed 

Description Max. 

Processor Module Supply Current 376-Icc+ 
940mA 

Input High Leakage Current 
A23-Al, BLE#, BHE#, DIC#, HLDA 0.02mA 
D15-DO 0.06mA 
ADS#, MIIO#, LOCK#, READY#, 

ERROR# 0.01 mA 
WIR# 0.03mA 
CLK2 0.04mA 
RESET 0.06mA 

Input Low Leakage Current 
A23-Al, BLE#, BHE#, DIC# 0.6mA 
D15-DO 0.06mA 
ADS#, MIIO#, LOCK#, READY#, 

ERROR# O.OlmA 
WIR# 0.5lmA 
CLK2 0.62mA 
RESET 0.6mA 
HLDA 0.02mA 

Notes 

1 
1 

1 
1 
1 
2 

1 
1 

1 
1 
1 
2 
1 

Note 1: This specification is the DC input loading of the emulator circuitry only and does not 
include any 80376 leakage current. 

Note 2: This specification replaces the 80376 specification for this signal. 
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SPECIFICATIONS· 

Emulator DC Specifications With the Bus Isolation Board Installed 

Item Description Min. Max. 
BIB-Ice Bus Isolation Board Supply Current PM-Ice+ 

350mA 

Vo1 Output Low Voltage (Io1 = 48 mA) 
A23-Al, BLE#, BHE#, DIC#, ADS# 0.5v 
Dl5-DO, M/IO#, LOCK#, W/R# 0.5v 
HLDA (Io1=24 mA) 0.44. v 

Output High Voltage (loH = 3 mA) 
A23-Al, BLE#, BHE#, DIC#, ADS# 2.4v 
D15-DO, M/10 #, LOCK#, W /R# 2.4v 
HLDA (Ion= 24 mA) 3.8v 

Irn Input High Current 
CLK2,RESET 1.0 µA 
READY# 25 µA 

111 Input Low Current 
CLK2,RESET 1.0 µA 
READY# 250µ,A 

Ira Output Leakage Current 
A23-Al, BLE#, BHE#, DIC#, ADS# ±20µA 
D15-DO, M/10#, LOCK#, W /R# 

PROCESSOR MODULE 
INTERFACE CONSIDERATIONS 
With the processor module directly attached to 
the target system without using the bus 
isolation board, the target system must meet 
the following requirements. 
• The user bus controller must only drive the 

data bus during a valid read cycle of the 
emulator processor or while the emulator 
pr.ocessor is in a hold state (the emulator 
processor uses the data bus to communicate 
with the emulator hardware). 

• Before driving the address bus, the user 
system must gain control by asserting HOLD 
and receiving HLDA. 

• The user reset signal is disabled during the 
interrogation mode. It is enabled in 
emulation, but is delayed by 2 or 4 CLK2 
cycles. 

• The user system must be able to drive one 
additional TTL load on all signals that go to 
the emulation processor. 

±20µA 

When the target system does not satisfy the 
first two restrictions, the bus isolation board is 
used to isolate the emulation processor from 
the target system. With the isolation board 
installed, the processor CLK2 is restricted to 
running at 20 MHz. 

The processor module derives its DC power 
from the target system through the 80376 
socket. It requires 1400mA, including the 
80376 current. The isolation board requires an 
additional 350mA. 

The processor must be socketed, for example 
using Textool 2-0100-07243-000 or AMP 
821949-4 sockets. 

The printed circuit board design should locate 
the processor socket at the physical ends of the 
printed circuit board traces that connect the 
processor to the other logic of the target 
system. This reduces transmission line noise. 
Additionally, ifthe target system is enclosed in 
a box, pin one of the processor socket should be 
oriented away from the target system's box 
opening to make connecting the target-adapter 
cable easier. 
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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
si te service. 

Intel also offers a Gold Software Support 
package which includes: 

Technical software information phone 
support, 
Automatic distribution of software and 
documentation updates 
Access to the "ToolTalk" electronic 
bulletin board 

Intel's Hardware Support package includes: 

Technical hardware information phone 
support, 
Warrantee on parts/labor/material 
On-site hardware support 
One Customer Training Course of choise, 
plus discounts on additional customer 
training and SE consulting 

SOFTWARE DEVELOPMENT 
TOOL 
Order Code Description 

D86ASM386NL DOS Macro Assembler 
supports 80386/80376 

D86C386NL DOS C Compiler supports 
80386/80376 

D86PLM386NL DOS PL/M Compiler 
supports 80386/80376 

D86FOR386NL DOS FORTRAN Compiler 
supports 80386/80376 

D86RLL386NL DOS S/W DEV Package 
Builder /Binder /Mapper I 
Librarian. Supports 80386/ 
80376 

DASM386PLUS DOS ASM Developers Kit, 
Inc. ASM, NUM, RLL and 
EMUL 

DB386 DOS S/W Debugger for 
80386 

D86NUM387NL DOS 80387 Numerics 

EMUL387SU 

Libraries 

387 Numerics Coprocessor 
S/W Emulator object code 

EMUL387RO 

EMUL387RF 

EMUL-387 to form 
derivative works. 
Requires incorporation 
fee 

Requires prior purchase 
of EMUL-387RF 

EMUL-387 one time 
incorp fee 

IN-CIRCUIT.EMULATOR 
pICE376D 

ICE37620D 

REM386SX376 

pICE386T0376D 

ICE376 In-circuit 
Emulator for 80376 
component. Operates to 
16 MHz. Includes control 
unit, power supply, 376 
Processor Module with 
PQFP adaptor, Stand­
Alone Self-Test board, bus 
Isolation Board, and DOS 
3.x host software and 
interface cable. 

ICE376 In-circuit 
Emulator for 80376 
component. Operates to 
20 MHz. Includes control 
unit, power supply, 376 
Processor Module with 
PQFP adaptor, Stand­
Alone Self-Test board, bus 
Isolation Board, and DOS 
3.x host software and 
interface cable. 

2 Mbytes relocatable 
expansion memory 

Conversion kit to adapt 
ICE386 25 MHz emulat.or 
to support the 80376 
component. Operates to 
16 MHz. Includes ICE376 
emulator Processor 
Module and DOS 3.x host 
software. 

pICE386SXT0376D Conversion kit to adapt 
ICE386SX 16 or 20 MHz 
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p88PGAADAPT Adaptor for ICE376 p1CE3:XXTTB 
emulator to support 88 
pin PGA component 
packaging. 

pICE3XXCPO Clips Pod Option for 
ICE376, ICE386SX 16 or DTOAB 
20 MHz, ICE386 25 MHz, 
and ICE386DX 33 MHz 
emulators. 
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Time Tag Board. Option 
for ICE376, ICE386SX 16 
or 20 MHz, ICE386 25 
MHz, and ICE386DX 33 
MHz emulators. · 

2 MB Intel Above Board. 



ICD-486/25 IN-CIRCUIT DEBUGGER 

280872-1 

i4~6™ MICROPROCESSOR IN-CIRCUIT DEBUGGER 
Intel's ICD-486/25, the in-circuit debugger for the 25 MHz i486TM microprocessor, 
represents a new generation of in-circuit emulation technology. From the inventor of the 
microprocessor comes a development tool that delivers complete access to the i486 
architecture. ICD-486/25 is the first development tool which allows users to debug high­
speed, cached applications at the full speed of the target processor. ICD-486/25 embodies 
exclusive technology, giving users symbolic access to the internal processor states that 
would not be accessible in any other way. With Intel's exclusive technology, users can be 
assured that the ICD-486/25 provides complete accuracy when debugging cached 
applications in real-time. 

FEATURES 
• Real-time emulation at the full speed of 

the i486 microprocessor 
• Full development and debug support for 

the i486 microprocessor on-chip caching 
and numerics 

• Programming support for the i486 
microprocessor real mode and native 
protected modes 

• Non-intrusive operation, allowing the 
target system to be debugged without 
modification 

• Ability to set up to sixteen software 
breakpoints and four hardware 
breakpoints on execution addresses, data 
writes, or data accesses 

• Sync in and out lines for connecting an 
ICD-486/25 to a high-speed logic 
analyzer to provide trace information 
and bus breakpoints 

• Provides full symbolic information to 
display and modify all registers of the 
i486 microprocessor 

8-23 
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FEATURES 

FULL-SPEED DEBUG AND 
DEVELOPMENT 
The ICD-486/25 In-circuit Debugger provides 
sophisticated real-time hardware and software 
debug capabilities for i486 microprocessor 
based designs. The user can run at the full 
speed of the target processor, ensuring that 
elusive timing bugs will be found. And, because 
the ICD-486/25 is non-intrusive, your target 
system being developed can be the same as 
your final target system. 

DEBUG CACHED 
APPLICATIONS 
Until now, it has been extremely difficult to 
accurately debug high-speed, cached 
microprocessor applications. However, by 
incorporating Intel's exclusive technology, the 
ICD-486/25 allows users to debug applications 
which use the on-chip caching features of the 
i486 microprocessor. ICD-486/25 provides 
complete debugging accuracy whether the 
cache is on or off. 

IDEAL FOR ALL STAGES OF 
DEVELOPMENT 
The ICD-486/25 can be used by both hardware 
and software developers, at any stage of design. 
Early in the development process the ICD-486/ 
25 allows prototype development and software 
debugging when using the optional REM 
board. Later in the design cycle, the ICD-486/ 
25 can be used to integrate hardware and 
software modules. 

SPEEDING DEVELOPMENT 
WITH SYMBOLICS 
With symbolic debugging, memory locations 
can be examined or modified using symbolic 
refere11ces to the original program, such as a 
procedure or variable name, line number, or 
program label. Microprocessor data structures, 
such as registers, descriptor tables, and page 
tables, can also be examined and modified 
using symbolic names rather than 
cumbersome linear or physical addresses. 
Optimal symbolic debugging can be achieved 
when using the ICD-486/25 with Intel 
languages. 

THE COMPLETE STORY 
For advanced hardware debugging, the ICD-
486/25 has been designed to work with high­
speed logic analyzers. The standard ICD-486/ 
25 ships with a Logic Analyzer Interface (LAD 
board providing access to all chip signals which 
may be used to trigger a logic analyzer. With a 
user-supplied interface, the ICD-486/25 and 
logic analyzer can work in combination to 
monitor and recognize bus activity. 

SOFTWARE COMPLETES THE 
SYSTEM 
Intel provides a comprehensive software 
development environment to complement the 
ICD-486/25, delivering the most complete 
32-bit microprocessor development 
enyironment available from a single vendor. 
Intel's i486 software development tools for the 
386™ and i486 microprocessor families 
include 32-bit ANSlC, FORTRAN 77, and 
PL/M compilers, as well as 32-bit assembly 
language, linkage, IEEE math, run-time 
libraries and systemsoftware builders with 
full access to all aspects of the i486 
microprocessor. In addition, all translators are 
object code compatible. Architectural 
extensions in the high-level languages allow 
hardware features such as interrupts, input/ 
output or flags to be controlled directly, 
avoiding the maintenance of assembly 
routines. 

Intel's software environment includes the 
sophisticated source-level DOS DB-386 
software debugger and execution environment, 
allowing i486 software applications to be tested 
and debugged directly on a standard 386 
microprocessor-based PC. 

To provide full access to the power of the i486 
architecture, the software portfolio 
incorporates a unique, sophisticated, and very 
powerful system builder, simplifying the 
generation of protected mode systems. To 
further reduce the task of integrating software 
into the final target configuration, Intel i486 
microprocessor development tools produce 
code which can be directly downloaded target 
system ROM or .converted into standard hex 
code. 
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THE RIGHT TOOL FOR THE JOB 
The ICD-486/25, representing a new 
generation of in-circuit emulation technology, 
is the right tool to use when your product 
development schedules are tight and your 
product quality requirements are high. Intel's 
exclusive technology allows you to debug 
cached applications at the full speed of the i486 
microprocessor, and the symbolic debug 
information can vastly improve your 
productivity. 

THE TOOL FOR THE FUTURE 
The ICD-486/25 was designed to be easily, and 
rapidly, convertible to support the newest 
speeds of the i486 microprocessor. You can be 
assured that your investment in the ICD-486/ 
25 today will put you squarely on the upgrade 
path to higher speed components when they 
are made available. 

WORLDWIDE, WORLD CLASS 
SERVICES 
Augmenting Intel i486 microprocessor 
development tools is a full array of seminars, 
classes, and workshops; on-site consulting 
services; field application engineering 
expertise; telephone hotline support; and 
software and hardware maintenance contracts. 
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I ICD-486/25 SPECIFICATIONS AND REQUIREMENTS 

HOST SYSTEM REQUIREMENTS 
The user supplied host system can be an IBM® 
PC/ AT® or Personal System/2® Model 60, or 
Model 80 or fully compatible system. Host 
system requirements to run the in-circuit 
debugger include the following: 
• DOS version 3.2 or later 
• 640K bytes of RAM in conventional memory 
• An AboveTM board with 1 megabyte of RAM 

configured in expanded memory mode, 
EMM.SYS version 3.2, or later, or 

• One megabyte of RAM configured as 
expanded memory using QEMM.SYS or 
386MAX 

• A hard disk with 2 megabytes of free space 
• A serial port 

Serial Cable ~2" j 1-- 0.4" 

4:-=:4-J 4.0" 
I I 
I I p 
I I IN1 
t ____ ! 

6.5" 

-~~~---ir--~~~~~-*-
-----.=:;;;;11.0" 

t 
280872-2 

Figure 1: In-circuit Board (ICB) 

280872-3 

Figure 2: ICB with Optional Isolation Board 
(OIB) installed 

LAIB rd 00 14--31"--I 

1 _j_ 

~ .. Serial Cable 0.4"j I-
+ ·--- .. I 1: I 

4.6" 

J 
4.0" I PINI: I 

I I ·----· 

L 
L 6.5" 

280872-4 

Figure 3: ICD with Logic Analyzer Interface 
(LAI) board installed 

ELECTRICAL 
CHARACTERISTICS 
100-120V or 220-240V selectable 
50-60Hz 
2 amps (AC max) @ 120V 
1 amp (AC max).@ 240V 

ENVmONMENTAL 
CHARACTERISTICS 
Operating Temperature: + 10" C to + 40° C 

(50 to 104° F) 
Operating Humidity: Maximum of 85% 
relative humidity, 

non-condensing 

. ELECTRICAL SPECIFICATIONS 
The synchronization input line must be valid 
for at least two CLK cycles. The 
synchronization input and output signals are 
standard TTL input and outputs. 
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ICD-486/25 INTERFACE 
CONSIDERATIONS 
With the ICB directly attached to the target 
system without using the optional isolation 
board, the target system must meet the 
following requirements: 
• The bus controller must only enable data 

transceivers onto the bus during valid read 
cycles of the 486 CPU. 

• READY# cannot be used with BREQ to 
terminate outstanding bus requests. (i.e., 
when using the ICD-486/25, BREQ will be 
asserted when there is not a corresponding 
assertion of ADS#). 

• Before another bus master drives the local 
processor address bus, the other bus master 
must gain access to the address bus through 
the use of HOLD HLDA, AHOLD or BOFF#. 

• The user system must be able to drive one 
additional CMOS load (approximately 25pF) 
on all signals that go to the emulation 
processor. 

If the target system does not satisfy these 
restrictions, the optional isolation board 
should be used to isolate the emulation 
processor from the target system. To guarantee 
proper operation with the optional isolation 

Symbol Parameter 

t6 A2-A31 valid delay 

board, the clock period should be increased by 
the round trip buffer delay (lOns) unless the 
target system design already has enough 
timing margin. 

The processor module derives its DC power 
from the target system through the i486 CPU 
socket. It requires 1300mA, including the i486 
microprocessor current. The optional isolation 
board requires an additional 500mA. 

The processor must be socketed. The printed 
circuit board design should locate the processor 
socket at the physical ends of the printed 
circuit board traces that connect the processor 
to the other logic of the target system. This 
reduces transmission line noise. Additionally, 
if the target system is enclosed in a box, pin 
one of the processor socket should be oriented 
to make connecting the hinge cable easier. The 
ICD-486/25 hinge cable adds an additional 
lOpF of capacitive loading and approximately 
0.5ns of propagation delay to each i486 CPU 
signal. 

Pins specified as N.C. in the i486 CPU pin 
description must be left unconnected. 
Connection of any of these pins to power, 
ground or any other signal may cause the 
processor or the ICD-486/25 debugger to 
malfunction. 

Minimum Maximum Notes 

t6 Min+ 1.5ns t6Max+5ns 
t6 BE0-3#, M/IO#, W/R#, ADS#, HLDA valid delay t6 Min+ 2.5ns t6Max+8ns 
t6 A2-A31 valid delay t6 Min+ 1.5ns t6Max+llns 1 
t6 BE0-3#, M/IO#, W/R#, ADS# valid delay t6 Min+ 2.5ns t6Max+14ns 1 
t8a BLAST# valid delay t8a Min+ 2.5ns t8aMax+8ns 
tlO DO-D31 write data valid delay tlO Min+ 1.5ns t10Max+5ns 
t22 A4-A31, DO-D31 input set-up time t22Min+5ns 

Note 1: Use these specifications for any bus cycle that begins on the same clock that HLDA is de-asserted. 
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DC SPECIFICATIONS WITH OPERATION ISOLATION BOARD INSTAJ,LED 

Item Description Minimum Maximum Notes 

Vcm Output High Voltage 
A2-A31,DO-D31 (loH=l5mA) 2.4V 
BE0-3#, M/IO#, (IoH= 3mA) 2.4V 
W/R#,ADS#, BLAST# (IoL= 3mA) 2.4V 
HLDA (IoH = 3.2 mA) 2.4V 

VoL Output Low Voltage 
A2-A31,DO-D31 (IoL=64mA) 0.55V 
BE0-3#, M/IO#, (loH=64mA) 0.55V 
W/R#,ADS#, BLAST# <IoL=64mA) 0.55V 
HLDA (loL=24mA) 0.5V 

I11 Input Leakage Current 
A2-A31, DO-D31 ±15uA 

l1L Input High Current 
CLK, RESET, RDY #, BRDY #, BOFF#, 25uA 1 
AHOLD 

Irn Input Low Current 
CLK, RESET, RDY #, BRDY #, BOFF#, -250uA 1 
AHOLD 

Note 1: These specifications are for the OIB only and do not include any processor module loading. 

ORDERING INFORMATION 
Order Code 
ICD48625D 

ICD486CON33D 

Description 

In-circuit debugger for the 
i486 microprocessor. 
Operates to 25MHz. 
Includes hardware debug 
module, power supply, 
isolation board, stand alone 
self-test chassis, flexible 
hinge cable, socket 

· accessory assortment, user 
documentation, DOS host 
software and interface 
cable. 
Identical to the ICD48625D, 
but includes a prepaid 
upgrade to 33 MHz i486 
microprocessor support 
when available. 

ICD486CON33DS Identical to the 
ICD486CON33D, but 
includes an additional 12 
months of hardware and 
software maintenance and 
support. 

ICD486LAI Additional Logic Analyzer 
lhterface board. 

ICD48625DS Identical to ICD48625D, but 
includes an additional 12 
months of hardware and· 
software maintenance and 
support. 

486HNGCBLA Additional flexible, hinge 
cable assembly. 

ICD486ACC Additional ICD-486 socket 
accessory assortment and 
board separator. 
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INTEL386™ FAMILY IN-CIRCUIT EMULATORS 

280850-1 

ACCURATE AND SOPHISTICATED EMULATION FOR THE 
INTEL386™ FAMILY OF MICROPROCESSORS 
Intel386™ In-circuit Emulators are the cornerstone of the optimum development 
solution for the Intel386 Family of microprocessors. From the inventor of the 
microprocessor comes a development tool that delivers absolute access to the 
sophistication of the architecture in a way that only Intel can. 

Productivity boosting features such as symbolic debugging make Intel386 emulators easy 
to use and powerful. Intel product quality and world class technical support and service 
minimizes the "downtime" incurred in resolving problems. And your investment in 
development tools is protected via interchangeable probes for the 80386 DX, 80386 SX, 
and 80376 microprocessors. 

Maximize your productivity with Intel development tools. Reduced time to market and 
increased market acceptance for your microprocessor-based product are the benefits 
when Intel is the choice . 

.. HP9000 is a trademark of Hewlett Packard. 
ICE, iPAT, Above Board, Intel386, 386 DX, 386 SX, and 376 are trademarks oflntel Corporation. 
IBM, PC AT, PS/2 are registered trademarks oflnternational Business Machines Corporation. 
GPIB-PCII, GPIB-PCIIA, and MC-GPIB are trademarks of National Instruments Corporation. 
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FEATURES 

JNTELICE™-386 FAMILY IN-CmCUIT EMULATOR FEATURES 
• Unparalleled support of all of the. Intel386 · 

operating mOdes·opens the door to the full 
potential of the Intel386 architecture 

• Non-intrusive (zero wait-state) emulation to 
processor speeds of 33 MHz ' 

• Versatile event recognition makes short 
work of uncovering complex bugs 

• Dynamic trace display of bus and execution 
information during emulation · 

• A .comprehel)sive software development 
system creates the most complete · 

· developtnent environment available from a 
shJgle vendor . . 

• A companion performance an8lysis too1.··· 
provides analysis of software for optimized 
perform!lnce and reliability . . 

• Available on Hewlett-Packard HP9000 ; 
UNIX•. . 

8-30 



intJ 
FEATURES 

100% ACCURATE EMULATION 
Intel386 Family In-circuit Emulators embody 
technology that accesses internal processor 
states that are otherwise invisible. Intel386 
microprocessors fetch and execute instructions 
in parallel; fetched instructions are not 
necessarily executed in any order. Because of 
this, an emulator without this capability is 
prone to error in determining what actually 
occurs inside the microprocessor. With Intel's 
technology, an Intel386 In-circuit Emulator 
displays execution history with one hundred 
percent accuracy and in real-time. 

OPENING THE DOOR TO 
PROTECTED MODE 
The Intel386 family of In-circuit Emulators 
opens the door to the full potential of the 
architecture with unparalleled support of 
protected mode. Not only does the emulator 
display and modify task state segments and 
global, local, and interrupt 'descriptor tables 
(with symbolic access to all descriptor 
components like privilege level and segment 
type), but emulator functions are sensitive to 
the operating mode of the processor, greatly 
improving ease of use. 

The Intel386 family ofin-circuit Emulators 
supports all aspects of protected mode 
addressing, including paged virtual memory. 
Processor tables are used to automatically 
translate virtual addresses to linear and 
physical addresses. Physical addresses can be 
translated to symbolic references to indicate 
the module, procedure, or data segment 
accessed. And when debugging a memory 
management system, components of the page 
table and directory can be displayed and 
modified. 

FLEXIBLE AND VERSATILE 
EVENT RECOGNITION 
Flexibility and versatility in event recognition 
makes short work of uncovering the most 
complex bugs. Bus event recognition circuitry 
may be used to trigger on specific or masked. 
data input, output, read, written, or fetched at 
a physical address or range of addresses. Or on­
chip debug registers may be used to trigger on 
virtual, linear, or symbolic addresses being 
executed, accessed, or written. 

Versatility shows in other triggering options­
upon a task switch, an external signal from 
another emulator or a logic analyzer, multiple 
occurrences of an event, a full trace buffer, 
halt or shutdown cycles, or interrupt 
acknowledge. And up to four sequential event 
triggers can be combined with a high-level 
construct. 

The Intel386 family of In-circuit Emulators 
continuously captures all bus activity and, as 
an option, execution information, into a trace 
buffer of 4 K frames with PRE, POST, and 
CENTERED collection modes. The contents of 
the trace buffer can be displayed during full 
speed emulation in either execution cycle or 
machine-level instruction formats. Symbolic 
information can optionally be included in the 
trace display. A third trace display, the current 
chain of procedure calls, can be displayed when 
emulating high-level language programs. 

SPEEDING DEVELOPMENT 
WITH SYMBOLICS 
Intel386 processor data structures, such as 
registers, descriptor tables, and page tables, 
can be examined and modified using symbolic 
names. And with the symbolic debugging 
information that is a feature of Intel 
languages, memory locations can be accessed 
using symbolic references to the source 
program (such as a procedure and variable 
names, line numbers, or program labels) 
rather than via cumbersome virtual, linear, or 
physical addresses. The type information of 
variables (such as byte, word, record, or array) 
can also be displayed. 

ACCESSING THE POWER 
The power of the Intel386 In-circuit Emulator 
is reflected in the sophisticated user interface. 
Refined for ease-of-use, the command line 
interface contains many features to boost 
productivity and customi,ze functionality. 

On-line help, a syntax menu, command line 
editing, command history, and error message 
query promote ease oflearning and use. I/O 
redirection and the ability to escape to the host 
operating system provide versatility for the 
power user. Customized procedures with 
variables and literal definitions can be created 
to assist in debugging or for manufacturing 
test or field service applications. 
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ADDITIONAL FEATURES 
The Intel386 In-circuit Emulator can be 
combined with a variety of devices.1/0 lines 
synchronize emulation starts and triggers with 
external tools such as a logic analyzer or 
another emulator. An optional Time Tag 
Board synchronizes multiple lntel386 
emulators and records timestamp information 
in the trace buffer with 20 nanosecond 
resolution. An Optional Clips Pod allows 8 user 
defined data lines to be captured and displayed 
in the trace. The bus isolation board buffers 
the emulation processor from faults in an 
untested target. And with the Stand-Alone 
Self-Test board the emulator can be used to 
debug software before the target system is 
functional, as well as execute confidence tests. 

THE INVESTMENT PICTURE 
As designs move from one Intel386 Family 
processor t<,> another, the reinvestment cost is 
limited to probes that adapt the emulator base 
to the specific processor. Beside cost savings, 
migration from one processor to another is 
accomplished with minimum disruption in the 
engineering environment, as the same 
command language applies to the entire 
emulator family. 
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SOFTWARE COMPLETES THE 
SYSTEM 
Intel wraps a comprehensive software 
development system around the emulator to 
deliver the most complete development 
environment available from a single vendor. 
Like the emulator, Intel's software 
development system supports every aspect of 
the Intel386 architecture. 

Overlooked at times is the fact that a 
significant part of developing a system is 
making sure the code works. Intel languages 
and software debugger integrate seamlessly 
with the Intel386 emulator and provide the 
symbolics so important for efficient debugging. 
By using Intel software tools with the Intel386 
emulator the full power oflntel development 
solution can be utilized. 

The software development system offers a 
broad choice oflanguages with object code 
compatibility so performance can be 
maximized by using different languages for 
specialized, performance critical modules. 
Architectural extensions in the high-level 
languages allows hardware features such as 
interrupts, input/output, or flags to be 
controlled directly, avoiding the tediousness of 
coding assembly language routines. 

Intel's software portfolio includes a unique, 
sophisticated, and very powerful system 
builder, simplifying the generation of 
protected mode systems. To further reduce the 
effort necessary to integrate software into the 
final target configuration, Intel tools produce 
ROM-able code directly from the development 
system. 

OPTIMIZING PERFORMANCE 
AND RELIABILITY 
A companion performance analysis tool, 
iPAT™-386, provides analysis of real-time 
software executing on 80386-based target 
systems. With iPAT-386, it is possible to speed­
tune applications, optimize use of operating 
systems, determine response characteristics, 
and identify code execution coverage. And 
iPAT-386 can be used in conjunction with an 
Intel386 in-circuit emulator to control test 
conditions. 

WORLD CLASS, WORLDWIDE 
SERVICES 
Augmenting the Intel386 Family development 
tools is a full array of seminars, classes and 
workshops; on-site consulting services; field 
application engineering expertise; telephone 
hotline support; and software and hardware 
maintenance contracts. 

ICE™-386 DX 33 MHz SPECIFICATIONS AND 
REQUIREMENTS 

HOST SYSTEM REQUIREMENTS 
The user supplied host system can be either an IBM® PC AT® or Personal System/2® Model 60. 
Host system requirements to run the emulator include the following: 

• DOS version 4.0 or Hewlett Packard HP9000 • A serial port or the National Instruments 
UNIX GPIB-PCII™, GPIB-PCIIA™, or MC-

• 640 Kbytes of RAM in conventional memory GPIB™ board 
• An Above™ board with 1 megabyte of RAM • A math coprocessor if either the optional 

configured in expanded memory mode, time tag board is used or if a math 
EMM.SYS software version 3.2 coprocessor resides on the target system 

• A 20 MB hard disk 

ELECTRICAL 
CHARACTERISTICS 
100-120Vor 220-240V selectable 
50-60Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 

ENVIRONMENTAL 
CHARACTERISTICS 
Operating temperature: + lO"C to + 40°C 

(50°F to 104°F) 
Operating Humidity: Maximum of 85% 

relative humidity, 
non-condensing 
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ICE™-386 DX 33 MHz SPECIFICATIONS AND 

REQUIREMENTS 

The Emulator's Physical Characteristics 

Unit Width Height Length 

inches cm inches cm inches cm 

Base Unit 13.4 34.0 4.6 11.7 11.0 27.9 
Processor Module 3.8 9.7 0.7 1.8 4.4 11.2 
Optional Isolation Board 3.8 9.7 0.5 1.3 4.4 11.2 
Power Supply 7.7 19.6 4.1 10.4 11.0 27.9 
User Cable 1.9 4.8 17.3 43.9 
Target-Adapter Cable 2.3 5.3 0.5 1.3 5.8 14.7 
Serial Cable 144 366 
Optional Clips Pod 3.3 8.4 0.8 2.0 6.0 15.2 

The Processor Module and Bus Isolation Board Dimensions 

PIN 1 
i--------17.5" -----~----4.5"-----3.6" 

-------------27.1"-----------~ 

IS L I 
1.25" 

i--------12.75"---------+< 

PIN 1 

IF?.,.___ --23.4"---·1 
tJ1=I' ~ J:l--- I c:::E 

H 
280850-2 
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ICE™-386 DX 33 MHz SPECIFICATIONS AND 

REQUIREMENTS 

The Processor Module and Bus Isolation Board Dimensions 

1.35" j 
~; 

0.25" 

I I 
4.0" I 

I PINI 

~----! 

b 1a.8S" ~-==========~1.=:::r-~-ii::,,=,,:= .. ~ .. 
280850-3 

ELECTRICAL SPECIFICATIONS output lines are driven by TTL open collector 
outputs that have 4.7K-ohm pull-up resistors. 
The synchronization input and output signals 
on the optional clips pod are standard TTL 
input and outputs. 

The synchronization input lines must be valid 
for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 
are standard TTL inputs. The synchronization 

AC Specifications With the Bus Isolation Board Installed 

Symbol Parameter Minimum Maximum 

tl CLK2period 40nS tlMax 
t2a CLK2 high time t2aMin+2nS 
t3b CLK2 low time t3bMin+2nS 
t6 A2-A31 valid delay t6 Min+ 3.5 nS t6 Max+ 24.6 nS 
t7 A2-A31 float delay t14 Min+ 5.5 nS tl 4 Max+ 32.6 nS 
t8 BEO #-BE3#, LOCK# valid delay t8 Min+ 3.5 nS t8Max+24.6 
t9 BEO#-BE3#, LOCK# float delay t14 Min+ 5.5 nS t14 Max+ 32.6 
tlO W/R#, M/IO#, DIC#, ADS# valid.delay tlO Min+ 3.5 nS tlO Min+ 24.6 
tll W/R#,M/IO#,D/C#,ADS# float delay t14 Min+ 5.5 nS t14 Max+ 32.6 
t12 DO-D31 write data valid delay t12 Min+ 4.5 nS t12 Max+ 20.6 
t13 DO-D31 write data float delay 7.5nS 41.6nS 
t14 HLDA valid delay t14Min=3nS t14 Max+21.2 nS 
t16 NA# hold time t16 Min+ 10.6 nS 
t18 BS16# hold time t18 Min+ 10.6 nS 
t20 READY# hold time t20Min+10.6 nS 
t21 DO-D31 read setup time t21 Min+ 8.5 nS 
t22 DO-D31 read hold time t22 Min+ 7.6 nS 
t24 HOLD hold time t24 Min+ 10.6 nS 
t25 RESET setup time t25 Min+ 2.1 nS 
t26 RESET hold time t26 Min+ 2.1 nS 
t28 NMI, INTR hold time j;28Min+10.6 nS 
t30 PEREQ, ERROR#,.BUSY# hold time t30 Min+ 10.6 nS 
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SPECIFICATIONS I · 

Emulator Capacitance Specifications 

TAC 
Symbol . Description Typical Installed 

C1N Input Capacitance 
CLK2 35pF 45pF 
READY#, NMI, BS16# 25pF 35pF 
HOLD, BUSY#, PEREQ, 

NA#, INTR, ERROR# lOpF 20pF 
RESET 20pF 30pF 

CoUT Output orIIO Capacitance -
DO-D31 40pF 50pF 
A2-A31, BEO#-BE3# 30pF 40pF 
DIC# 35pF 45pF 
WIR# 40pF 50pF 
ADS#, MIIO#, LOCK#, 25pF 35pF 
HLDA l 

Note 1: Not tested. These specifications include the 80386 component and all additional 
emulator loading. 

Note 2: The target-adapter cable adds a propagation delay of 0.5 nS. 

Item 

PM-Ice 

Irn 

IIL 

' 

Emulator DC Specifications 
Without the Bus Isolation Board Installed 

Description Max. 

Processor Module Supply Current 386-Icc+ 
1.5A 

Input High Leakage Current 
A2-A31, BEO#-BE3#, DO-D31 20µA 
HLDA, NMI, BS16# lOµA 
ADS#, MIIO#, LOCK#, READY# lOµA 
WIR#,DIC# 30µA 
CLK2 15µA 
RESET 5µA 

Input Low Leakage Current 
A2-A31, BEO#-BE3f, DO-D31 600µA 
HLDA, NMI; BS16# ' lOµA 
ADS#, MIIO#, LOCK#, READY# lOµA 
WIR# llOµA 
DIC# 610µA 
CLK2 15µA 
RESET 5µA 

Notes 

1 
1 
1 
1 
1 
2 

1 
1 
1 
1 
1 
1 
2 

Note 1: ThlS specification is the DC input loading of the emulator circuitry only and does 
not include any 80386 leakage current. 

Note 2: This specification replaces the 80386 specification for this signal. 
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Emulator DC Specifications With the Bus Isolation Board Installed 

Item Description Min. Max. 

BIB-Ice Bus Isolation Board Supply Current PM-Ice+ 
475mA 

VoL Output Low Voltage (IoL = 48 mA) 
A2-A31, BEO#-BE3#, DIC#, ADS# 0.5v 

DO-D31, M/IO#, LOCK#, W/R# 0.5v 
HLDA (loL = 24 mA) 0.44 v 

Yott Output High Voltage (Iott= 3 mA) 
A2-A31, BEO#-BE3#, DIC#, ADS# 2.4v 
DO-D31, M/IO#, LOCK#, W/R# 2.4v 
HLDA (Iott= 24 mA) 3.8v 

Irn Input High Current 
CLK2,RESET 1.0 µA 
READY# 25 µA 

IrL Input Low Current 
CLK2,RESET 1.0 µA 
READY# 250 µA 

Iro Output Leakage Current 
A2-A31, BEO#-BE3#, DIC#, ADS# ±20 µA 
DO-D31, M/IO#, LOCK#, W/R# 

PROCESSOR MODULE 
INTERFACE CONSIDERATIONS 
With the processor module directly attached to 
the target system without using the bus 
isolation board, the target system must meet 
the following requirements: 
• The user bus controller must only drive the 

data bus during a valid read cycle of the 
emulator processor or while the emulator 
processor is in a hold state (the emulator 
processor uses the data bus to communicate 
with the emulator hardware). 

• Before driving the address bus, the user 
system must gain control by asserting HOLD 
and receiving HLDA. 

• The user reset signal is disabled during the 
interrogation mode. It is enabled in 
emulation, but is delayed by 2 or 4 CLK2 
cycles. , 

• The user system must be able to drive one 
additional TTL load on all signals that go to 
the emulation processor. 

When the target system does not satisfy the 
first two restrictions, the bus isolation board is 
used to isolate the emulation processor from 
the target system. With the isolation board 
installed, the processor CLK2 is restricted to 
running at 25 MHz. 

±20 µ.A 

The processor module derives its DC power 
from the target system through the 80386 
socket. It requires 1500mA, including the 
80386 current. The isolation board requires an 
additional 475mA. 

The processor must be socketed. The printed 
circuit board design should locate the processor 
socket at the physical ends of the printed 
circuit board traces that connect the processor 
to the other logic of the target system. This 
reduces transmission line noise. Additionally, 
if the target system is enclosed in a box, pin 
one of the processor socket should be oriented 
to make connecting the processor module or 
target-adapter cable (TAC) easier. 

The emulator uses the 386 microprocessor's 
pins C7, El3, and Fl3. The 80386 High 
Performance 32-Bit Microprocessor With 
Integrated Memory Management data sheet 
specifies these pins as "N/C" (no connect). If 
the target system uses any of these pins, you 
must do one of the following: 
• Use the bus isolation board. 
• Use the target-adapter cable (TAC). 
• Build an adapter to disconnect pins C7, E13, 

and F13 (i.e., a socket with these pins 
removed). 
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ICE™-386 DX 25 MHz SPECIFICATIONS AND 

REQUIREMENTS 

HOST SYSTEM REQUIREMENTS 
The user supplied host system can be either an IBM PC AT or Personal System/2 Model 60. Host 
system requirements to run the emulator include the following: 

• DOS version 4.0, or Hewlett-Packard HP • A serial port or the National Instruments 
9000 UNIX GPIB-PCII, GPIB-PCIIA, or MC-GPIB board 

• 640 Kbytes of RAM in conventional memory • A math coprocessor if either the optional 
• An Above board with 1 megabyte of RAM time tag board is used or if a math 

configured in expanded memory mode, coprocessor resides on the target system 
EMM.SYS software version 3.2 

• A 20 MB hard disk 

ELECTRICAL 
CHARACTERISTICS 

ENVIRONMENTAL 
CHARACTERISTICS 

100-120V or 220-240V selectable 
50-60Hz 

Operating temperature: +lO"to +40"C 
(50° to 104° F) 

2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 

Operating Humidity: Maximum of 85% 
relative humidity, 
non-condensing 

The Processor Module and Bus Isolation Board Dimensions 

PIN 1 
i---------17.5" --------4.5"----3.6" o_._____ 

i--------,--------27.1"-------------i 

;; L I "ii 
1.25" 

i---------12.75"-------

PIN 1 

D -.--.-.. --:~ -----

o t---G-------23.•"-------·1. 

1 r.~---- I 

.280850-4 
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ICE™-386 DX 25 MHz SPECIFICATIONS AND 

REQUIREMENTS 

The Processor Module and Bus Isolation Board Dimensions 

r-----4.5''--j 

i.J5" j I- 0.25" 

Lr=· 
I f !i 
: ~ PIN1 4.0" 

' ' 

-======1-b--..----.il##ii#iii5=~'J .85" 

21:!01350-5 

The Emulator's Physical Characteristics 

Width Height Length 
Unit 

inches cm 

Base Unit 13.4 34.0 
Processor Module 3.8 9.7 
Optional Isolation Board 3.8 9.7 
Power Supply 7.7 19.6 
User Cable 1.9 4.8 
Target-Adapter Cable 2.3 5.3 
Serial Cable 
Optional Clips Pod 3.3 8.4 

ELECTRICAL SPECIFICATIONS 
The synchronization input lines must be valid 
for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 
are standard TTL inputs. The synchronization 

inches cm inches cm 

4.6 11.7 11.0 27.9 
0.7 1.8 4.4 11.2 
0.5 1.3 4.4 11.2 
4.1 10.4 11.0 27.9 

17.3 43.9 
0.5 1.3 5.8 14.7 

144 366 
0.8 2.0 6.0 15.2 

output lines are driven by TTL open collector 
outputs that have 4.7K-ohm pull-up resistors. 
The synchronization input and output signals 
on the optional clips pod are standard TTL 
input and outputs. 
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ICE™-386 DX 25 MHz SPECIFICATIONS AND 
REQUIREMENTS 

AC Specifications With the Bus Isolation Board Installed 

Symbol Parameter Minimum Maximum Notes 

t1 CLK2period 50nS tlMax 
t2a CLK2 high time t2aMin+2nS @2V 
t3b CLK2 low time t3bMin+2nS @0.8v 
t6 A2-A31 valid delay t6 Min+ 3.5 nS t6 Max+ 24.6 nS CL=120pF 
t7 A2-A31 float delay t14 Min +5.5 nS t14Max+37.6nS 
t8 BEO# -BE3 #, LOCK# valid delay t8 Min+ 3.5 nS t8Max+24.6 CL=75pF 
t9 BEO# -BE3 #, LOCK# float delay t14 Min+ 5.5 nS t14 Max+.32.6 
tlO W IR#, MllO#, DIC#, ADS# valid delay tlO Min+ 3.5 nS tlO Min+ 24.6 CL=75pF 
tll W IR#, MllO#, DIC#, ADS# float delay t14 Min+ 5.5 nS t14 Max+ 32.6 
t12 DO-D31 write data valid delay t12 Min+ 4.5 nS t12 Max+ 20.6 CL=l20pF 
t13 DO-D31 write data float delay 7.5nS 41.6nS 
t14 HLDA valid delay t14Min=3nS t14 Max+ 21.2 nS 
t16 NA# hold time t16 Min+ 10.6 nS 
t18 BS16# hold time I t18 Min+ 10.6 nS· 
t20 READY# hold time t20 Min+ 10.6 nS 
t21 DO-D31 read setup time t21 Min+ 8.!) nS 
t22 DO-D31 read hold time t22Min+7.6nS 
t24 HOLD hold time t24 Min+ 10.6 nS 
t25 RESET setup time t25 Min+ 2.1 nS 
t26 RESET hold time t26 Min+ 2.1 nS 
t28 NMI, INTR hold time t28 Min+ 10.6 nS 
t30 PEREQ, ERROR#, BUSY# hold time t30 Min+ 10.6 nS 

'I SPECIFICATIONS 

Emulator Capacitance Specifications 

TAC 
Symbol Description Typical Installed 

C1N InpU:t Capacitance 
CLK2 35pF 45pF 
READY#,NMI,BS16# 25pF 35pF 
HOLD, BUSY#; PEREQ, NA#, INTR, ERROR# lOpF 20pF 
RESET 20pF 30pF 

CouT Output or 1/0 Capacitance 
DO-D31 40pF 50pF 
A2-A31, BEO#-BE3# 30pF 40pF 
DIC# 35pF 45pF 
W/R# 40pF 50pF 
ADS#,MllO#,LOCK#, 25pF 35pF 
HLDA 

Note 1: Not tested. These specifications include the 80386 component and all additional emulator loading. 
Note 2: The target-adapter cable adds a propagation delay of 0.5 nS. 
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SPECIFICATIONS 

Emulator DC Specifications Without the Bus Isolation Board Installed 

Item Description Max. Notes 

PM-Ice Processor Module Supply Current 386SX-Icc+ 
l.5A 

Im Input High Leakage Current 
A2-A31, BEO#-BE3#, DO-D31 20µA 1 
HLDA, NMI, BS16# lOµA 1 
ADS#, MIIO#, LOCK#, READY# lOµA 1 
WIR#,DIC# 30µA 1 
CLK2 15µA 1 
RESET 5µA 2 

I11 Input Low Leakage Current 
A2-A31, BEO#-BE3#, DO-D31 600µA 1 
HLDA, NMI, BS16# lOµA 1 
ADS#, MIIO#, LOCK#, READY# lOµA 1 
WIR#llO µA 1 
DIC# 610µA 1 
CLK2 15µA 1 
RESET 5µA 2 

Note 1: This specification is the DC input loading of the emulator circuitry only and does not 
include any 80386 leakage current. 

Note 2: This specification replaces the 80386 specification for this signal. 

Emulator DC Specifications With the Bus Isolation Board Installed 

Item Description Min. Max. 

BIB-Ice Bus Isolation Board Supply Current PM-Ice+ 
475mA 

Vo1 Output Low Voltage (101=48 mA) 
A2-A31, BEO#-BE3#, DIC#, ADS# 0.5v 
DO-D31, MIIO#, LOCK#, WIR# 0.5v 
HLDA (101 = 24 mA) 0.44v 

VoH Output High Voltage (IoH = 3 mA) 
A2-A31, BEO#-BE3#, DIC#, ADS# 2.4v 
DO-D31, MIIO#, LOCK#, WIR# 2.4v 
HLDA (IoH = 24 mA) 3.8v 

Im Input High Current 
CLK2,RESET 1.0 µA 
READY# 25µA 

I11 Input Low Current 
CLK2,RESET 1.0 µA 
READY# 250µA 

I10 Output Leakage Current 
A2-A31, BEO#-BE3#, DIC#, ADS# ±20µA 
DO-D31, MIIO#, LOCK#, WIR# ±20 µA 
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ICE™-386 SX 20 MHz SPECIFICATIONS AND 

REQUIREMENTS 

PROCESSOR MODULE 
INTERFACE CONSIDERATIONS 
With the processor module directly attached to 
the target system without using the bus , 
isolation board, the target system must meet 
the following requirements: 
• The user bus controller must only drive the 

data bus during a valid read cycle of the 
emulator processor or while the emulator 
processor is in a hold state (the emulator 
processor uses the data bus to communicate 
with the emulator hardware). 

• Before driving the address bus, the user 
system must gain control by asserting HOLD 
and receiving HLDA. 

• The user reset signal is disabled during the 
interrogation mode. It is enabled in 
emulation, but is delayed by 2 or 4 CLK2 
cycles. 

• The user system must be able to drive one 
additional TTL load on all signals that go to 
the emulation processor. 

When the target system does not satisfy the 
first two restrictions, the bus isolation board is 
used to isolate the emulation processor from 
the target system. With the isolation board 
installed, the processor CLK2 is restricted to 
running at 25 MHz. 

HOST SYSTEM REQUIREMENTS 

The processor module derives its DC power 
from the target system through the 80386 
socket. It requires 1500mA, including the 
80386 current. The isolation board requires an 
additional 475mA. 
The processor must be socketed. The printed 
circuit board design should locate the processor 
socket at the physical ends Of the printed 
circuit board traces that connect the processor 
to the other logic of the target system. This 
reduces transmission line noise. Additionally, 
if the target system is enclosed in a box, pin 
one of the processor socket should be oriented 
to make connecting the processor module or 
target-adapter cable (TAC) easier. 

The emulator uses the 386 microprocessor's 
pins C7, El3, and Fl3. The 80386 High 
Performance 32-Bit Microprocessor With 
Integrated Memory Management data sheet 
specifies these pins as "N/C" (no connect). If 
the target system uses any of these pins, you 
must do one of the following: 
• Use the bus isolation board. f 
• Use the target-adapter cable (TAC). 
• Build an adapter to disconnect pins C7, El3, 

and F13 (i.e., a socket with these pins 
removed). 

The user supplied host system can be either an IBM PC AT or Personal System/2 Model 60. Host 
system requirements to run the emulator include the following: 

• DOS version 4.0, or Hewlett-Packard HP9000 • A serial port or the National Instruments 
UNIX GPIB-PCII, GPIB-PCIIA, or MC-GPIB board 

• 640 Kbytes of RAM in conventional memory • A math coprocessor if either the optional 
• An Above board with 1 megabyte of RAM time tag board is used or if a math 

configured in expanded memory mode, coprocessor resides on the target system 
EMM.SYS software version 3.2 

• A 20 MB hard disk 

ELECTRICAL 
CHARACTERISTICS 
100-120V or 220-240V selectable 
50-60Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 

ENVIRONMENTAL 
CHARACTERISTICS 
Operating temperature: + 10°C to + 40°C 

(5D°F to 104°F) 

Operating Humidity: Maximum of 85% 
relative humidity, 
non-condensing 
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ICE™-386 SX 20 MHz SPECIFICATIONS AND 

REQUIREMENTS 

The Emulator's Physical Characteristics 

Width Height Length 
Unit 

inches cm inches cm inches 

Base Unit 13.4 34.0 4.6 11.7 11.0 
Processor Module 3.8 9.7 0.7 1.8 4.4 
Optional Isolation Board 3.8 9.7 0.5 1.3 4.4 
Power Supply 7.7 19.6 4.1 10.4 11.0 
User Cable 1.9 4.8 17.3 
Target-Adapter Cable 2.3 5.3 0.5 1.3 5.1 
Serial Cable 144 
Optional Clips Pod 3.3 8.4 0.8 2.0 6.0 

The Processor Module and Bus Isolation Board Dimensions 

Joo--------17.5"-------i 

D....,_____, .___------f .. 
-~~-=-- -·===-=--=-==-------

-------. _--::-~ - --=-=---::--==. -

PIH 1 

PIN 1 

cm 

27.9 
11.2 
11.2 
27.9 
43.9 
13.0 

366 
15.2 

280850-6 

b§ii-----22.0"----.t·1 
f~ ~. 
1.8"~ ~ 
! . e E3 

280850-7 
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ICE™-386 SX 20 MHz SPECIFICATIONS AND 

REQUIREMENTS 

ELECTRICAL SPECIFICATIONS 
The synchronization input lines must be valid 
for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 
are standard TTL inputs. The synchronization 

output lines are driven by TTL open collector 
outputs that have 4.7K-ohm pull-up resistors. 
The synchronization input and output signals 
on the optional clips pod are standard TTL 
input and outputs. 

AC Specifications With the Bus Isolation Board Installed 

Symbol Parameter Minimum Maximum Notes 

tl CLK2 period 50nS tl Max 
t2a CLK2 high time t2aMin+2nS @2V 
t3b CLK2 low time t3b Min +2 nS @0.8v 
t6 Al-A23 valid delay t6 Min+ 3.5 nS t6 Max+ 24.6 nS CL=120pF 
t7 Al-A23 float delay t14 Min+ 5.5 nS t14 Max+ 37.6 nS 
t8 BLE #, BHE # LOCK# valid delay t8 Min+ 3.5 nS t8Max+24.6 CL=75pF 
t9 BLE #, BHE # LOCK# float delay t14 Min+ 5.5 nS t14 Max+ 37.6 
tlO W IR#, MIIO#, DIC#, ADS# valid delay tlO Min+ 3.5 nS tlO Min+ 24.6 CL=75pF 
tll WIR#, MIIO#, DIC#, ADS# float delay t14 Min+ 5.5 nS t14Max+37.6 
tl2 DO-D15 write data valid delay t12 Min+ 4.5 nS t12 Max+ 20.6 CL:=120pF 
t13 DO-D15 write data float delay 7.5nS 45.6nS 
t14 HLDA valid delay t14Min=3nS t14 Max+ 21.2 nS 
t16 NA# hold time t16 Min+ 10.6 nS 
t20 READY# hold time t20 Min+ 10.6 nS 
t21 DO-D15 read setup time t21 Min+ 8.5 nS 
t22 DO-Dl5 read hold time t22 Min+ 7.6 nS 
t24 HOLD hold time t24 Min+ 10.6 nS 
t25 RESET setup time t25 Min+ 2.1 nS 
t26 RESET hold time t26 Min+ 2.1 nS 
t28 NMI, INTR hold time t28 Min+ 10.6 nS 
t30 PEREQ, ERROR#, BUSY# hold time t30 Min+ 10.6 nS 
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SPECIFICATIONS 

Symbol 

Crn 

CoUT 

Emulator Capacitance Specifications 
With the Target-Adapter Cable Installed 

Typical 
Description (Note 1) 

Input Capacitance 
CLK2 55pF 
READY#, ERROR# 35pF 
HOLD, BUSY#, PEREQ, 
NA#, INTR, NMI 20pF 
RESET 30pF 

Output or I/O Capacitance 
D15-DO 50pF 
A15-Al, BLE# 40pF 
A23-Al6, BHE#, DIC# 30pF 
HLDA,WIR# 55pF 
ADS#, MIIO#, LOCK# 35pF 

Note 1: Not tested. These specifications include the 80386SX compo­
nent and all additional emulator loading. 

Emulator DC Specifications 
Without the Bus Isolation Board Installed 

Item Description Max. Notes 

PM-Ice Processor Module Supply Current 386SX-Icc+ 
940mA 

Irn Input High Leakage Current 
A23-Al, BLE#, BHE#, DIC#, HLDA 0.02mA 1 
Dl5-DO 0.06mA 1 
ADS#, MIIO#, LOCK#, READY#, 

ERROR# O.OlmA 1 
WIR# 0.03mA 1 
CLK2 0.04mA 1 
RESET 0.06mA 2 

IrL Input Low Leakage Current 
A23-Al, BLE#, BHE#, DIC# 0.6mA 1 
D15-DO 0.06mA 1 
ADS#, MIIO#, WCK #,READY#, 

ERROR# O.OlmA 1 
W/R# 0.51mA 1 
CLK2 0.62mA 1 
RESET 0.6mA 2 
HLDA 0.02mA 1 

Note 1: This specification is the DC input loading of the emulator circuitry only and does not include 
any 80386SX leakage current. 

Note 2: This specification replaces the 80386SX specification for this signal. 
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SPECIFICATIONS 

Emulator DC Specifications With the Bus Isolation Board Installed 

Item Description Min. Max. 

BIB-Ice Bus Isolation Board Supply Current PM-Ice+ 
350mA 

Vo1 Output Low Voltage (101=48 mA) 
A23-Al, BLE#, BHE#, DIC#, ADS# 0.5v 
D15-DO, MIIO#, LOCK#, WIR# 0.5v 
HLDA (101 = 24 mA) 0.44v 

Yott Output High Voltage (Iott= 3 mA) 
A23-Al, BLE#, BHE#, DIC#, ADS# 2.4v 
D15-DO, MIIO#, LOCK#, WIR# 2.4v 
HLDA (Iott= 24 mA) 3.8v 

Irn Input High Current 
CLK2,RESET 1.0 µA 
READY# 2.5µA 

111 Input Low Current 
CLK2,RESET 1.0µA 
READY# 250µA 

Iro Output Leakage Current 
A23-Al, BLE#, BHE#, DIC#, ADS# ±20µA 
Dl5-DO, MIIO#, LOCK#, WIR# 

PROCESSOR MODULE 
INTERFACE CONSIDERATIONS 
With the processor module directly attached to 
the target system without using the bus 
isolation board, the target system must meet 
the following requirements: 
• The user bus controller must only drive the 

data bus during a valid read cycle of the 
emulator processor or while the emulator 
processor is in a hold state (the emulator 
processor uses the data bus to communicate 
with the emulator hardware). 

• Before driving the address bus, the user 
system must gain control by asserting HOLD 
and receiving HLDA. 

• The user reset signal is disabled during the 
interrogation mode. It is enabled in 
emulation, but is delayed by 2 or 4 CLK2 
cycles. 

• The user system must be able to drive one 
additional TTL load on all signals that go to 
the emulation processor. 

When the target system does not satisfy the 
first two restrictions, the bus isolation board is 
used to isolate the emulation processor from 
the target system. With the isolation board 
installed, the processor CLK2 is restricted to 
running at 20 MHz. 

±±20mA 

The processor module derives its DC power 
from the target system through the 80386SX 
socket. It requires 1400mA, including the 
80386SX current. The isolation board requires 
an additional 350mA. 
The processor must be socketed, for example 
using Textool 2-0100-07243-000 or AMP 
821949-4 sockets. 
The printed circuit board design should locate 
the processor socket at the physical ends of the 
printed circuit board traces that connect the 
processor to the other logic of the target 
system. This reduces transmission line noise. 
Additionally, ifthe target system is enclosed in 
a box, pin one of the processor socket should be 
oriented away from the target system's box 
opening to make connecting the target-adapter 
cable easier. 
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ICE™-376 SPECIFICATIONS AND REQUIREMENTS 

HOST SYSTEM REQUIREMENTS 
The user supplied host system can be either an IBM PC AT or Personal System/2 Model 60. Host 
system requirements to run the emulator include the following: 

• DOS version 4.0, or Hewlett-Packard HP9000 • A serial port or the National Instruments 
UNIX GPIB-PCII, GPIB-PCIIA, or MC-GPIB board 

• 640 Kbytes of RAM in conventional memory • A math coprocessor if either the optional 
• An Above board with 1 megabyte of RAM time tag board is used or if a math 

configured in expanded memory mode, coprocessor resides on the target system 
EMM.SYS software version 3.2 

• A 20 MB hard disk 

ELECTRICAL 
CHARACTERISTICS 
100-120V or 220-240V selectable 
50-60Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 

ENVIRONMENTAL 
CHARACTERISTICS 
Operating temperature: + lO'C to + 40'C 

(50'F to 104'F) 

Operating Humidity: Maximum of 85% 
relative humidity, 
non-condensing 

The Emulator's Physical Characteristics 

Width Height Length 
Unit 

inches cm inches cm inches cm 

Base Unit 13.4 34.0 4.6 11.7 11.0 27.9 
Processor Module 3.8 9.7 0.7 1.8 4.4 11.2 
Optional Isolation Board 3.8 9.7 0.5 1.3 4.4 11.2 
Power Supply 7.7 19.6 4.1 10.4 11.0 27.9 
User Cable 1.9 4.8 17.3 43.9 
100-Pin Target-Adapter Cable 2.3 5.3 0.5 1.3 5.1 13.0 
88-Pin Target-Adapter Cable 2.3 5.3 0.5 1.3 5.8 14.7 
Serial Cable 144 366 
Optional Clips Pod 3.3 8.4 0.8 2.0 6.0 15.2 
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ICE™-376 SPECIFICATIONS AND REQUIREMENTS 

The Processor Module and Bus Isolation Board Dimensions (88 Pin PGA) 

i-------17.5" _______ _, 

t+--------------25.7"-~-,, 

1.2" 

280850-8 

14'------ 12.7" -------+! 

,[bi 
280850-9 
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ICE™-376 SPECIFICATIONS AND REQUIREMENTS 

The Processor Module and Bus Isolation Board Dimensions (JOO Pin PQFP) 

.__------17.5" ______ _. 
r--3.5"~ 

13.0" I 

PIN 1 

1.3"' 

280850-10 

r--3 .. 5"~ 13.0" I 
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ICETM-376 SPECIFICATIONS AND REQUIREMENTS 

ELECTRICAL SPECIFICATIONS 
The synchronization input lines must be valid 
for at least four CLK2 cycles as they are only 
sampled on every other cycle. These input lines 
are standard TTL inputs. The synchronization 

output lines are driven by 'ITL open collector 
outputs that have 4.7K-ohm pull-up resistors. 
The synchronization input and output signals 
on the optional clips pod are standard 'ITL 
input and outputs. 

AC Specifications With the Bus Isolation Board Installed 

Sym~ol Parameter Minimum Maximum Notes 

t1 CLK2period 50nS tlMax 
t2a CLK2 high time t2aMin+2nS @2V 
t3b CLK2 low time t3bMin+2nS @O.Sv 
t6 Al-A23 valid delay t6 Min+ 3.5 nS t6 Max+ 24.6 nS CL=120pF 
t7 Al-A23 float delay t14 Min+ 5.5 nS tl4 Max+ 37.6 nS 
tB BLE#, BHE# LOCK# valid delay t8 Min+ 3.5 nS t8Max+24.6 CL=75pF 
t9 BLE #, BHE # LOCK# float delay t14 Min+ 5.5 nS t14Max+37.6 
tlO W/R#, M/10#, DIC#, ADS# valid delay tlO Min+ 3.5 nS tlO Min+ 24.6 CL=75pF 
tll W/R#,M/IO#,D/C#,ADS# floatdelay t14 Min+ 5.5 nS tl4 Max+ 37.6 
t12 DO-D15 write data valid delay t12 Min+ 4.5 nS tl2 Max+ 20.6 CL=120pF 
t13 DO-D15 write data float delay 7.5nS 45.6nS 
t14 HLDA valid delay t14Min=3nS t14 Max+ 21.2 nS 
t16 NA# hold time t16 Min+ 10.6 nS 
t20 READY# hold time t20 Min+ 10.6 nS 
t21 DO-D15 read setup time t21 Min+ 8.5 nS 
t22 DO-D15 read hold time t22 Min+ 7.6 nS 
t24 HOLD hold time t24 Min+ 10.6 nS 
t25 RESET setup time t'25 Min+ 2.1 nS 
t26 RESET hold time t26 Min+ 2.1 nS 
t28 NMI, INTR hold time t28 Min+ 10.6 nS 
t30 PEREQ, ERROR#, BUSY# hold time t30 Min+ 10.6 nS 
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SPECIFICATIONS 

Emulator Capacitance Specifications 
With Target-Adapter Cable Installed 

Typical 
Symbol Description (Note 1) 

CIN Input Capacitance 
CLK2 55pF 
READY#, ERROR# 35pF 
HOLD, BUSY#, PEREQ, NA#, 
INTR,NMI 20pF 
RESET 30pF 

Com Output or 1/0 Capacitance 
D15-DO 50pF 
A15-Al, BLE# 40pF 
A23-A16, BHE#, DIC# 30pF 
HLDA,WIR# 55pF 
ADS#, MIIO#, LOCK# 35pF 

Note 1: Not tested. These specifications include the 80376 component and all 
additional emulator loading. 

Item 

PM-Ice 

Irn 

IIL 

Emulator DC Specifications 
Without the Bus Isolation Board Installed 

Description Max. 

Processor Module Supply Current 376-Icc+ 
940mA 

Input High Leakage Current 
A23-Al, BLE#, BHE#, DIC#, HLDA 0.02mA 
D15-DO 0.06mA 
ADS#, MIIO#, LOCK#, READY#, 

ERROR# O.OlmA 
WIR# 0.03mA 
CLK2 0.04mA 

RESET 0.06mA 
Input Low Leakage Current 

A23-Al, BLE#, BHE#, DIC# 0.6mA 
D15-DO 0.06mA 
ADS#, MIIO#, LOCK#, READY#, 

ERROR# O.OlmA · 
WIR# 0.5lmA 
CLK2 0.62mA 
RESET 0.6mA 
HLDA 0.02mA 

Notes 

1 
1 

1 
1 
1 
2 

1 
1 

1 
1 
1 
2 
1 

Note 1: This specification is the DC input loading of the emulator circuitry only and does not 
include any 80376 leakage current. 

Note 2: This specification replaces the 80376 specification for this signal. 
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SPECIFICATIONS] 

Emulator DC Specifications With the Bus Isolation Board Installed 

Item Description Min. Max. 

BIB-Ice Bus Isolation Board Supply Current PM-Ice+ 
350mA 

Vo1 Output Low Voltage (101=48 mA) 
A23-Al, BLE#, BHE#, DIC#, ADS# 0.5v 
Dl5-DO,MIIO#,LOCK#, WIR# 0.5v 
HLDA Clo1=24 mA) 0.44v 

VoH Output High Voltage (IoH = 3 mA) 
A23-Al, BLE#, BHE#, DIC#, ADS# 2.4v 
D15-DO, M/IO#, LOCK#, W IR# 2.4v 
HLDA (loH= 24 mA) 3.8v 

Im Input High Current 
CLK2,RESET 1.0 µA 
READY# 25µA 

In, Input Low Current 
CLK2,RESET 1.0 µA 
READY# 250µA 

Im Output Leakage Current 
A23-Al, BLE#, BHE#, DIC#, ADS# ±20µA 
D15-DO, MIIO#, LOCK#, WIR# 

PROCESSOR MODULE 
INTERFACE CONSIDERATIONS 
With the processor module directly attached to 
the target system without using the bus 
isolation board, the target system must meet 
the following requirements: 
• The user bus controller must only drive the 

data bus during a valid read cycle of the 
emulator processor or while the emulator 
processor is in a hold state (the emulator 
processor uses the data bus to communicate 
with the emulator hardware). 

• Before driving the address bus, the user 
system must gain control by asserting HOLD 
and receiving HLDA. 

• The user reset signal is disabled during the 
interrogation mode. It is enabled in 
emulation, but is delayed by 2 or 4 CLK2 
cycles. 

• The user system must be able to drive one 
additional TTL load on all signals that go to 
the emulation processor. 

When the target system does not satisfy the 
first two restrictions, the bus isolation board is 
used to isolate the emulation processor from 
the target system. With the isolation board 
installed, the processor CLK2 is restricted to 
running at 20 MHz. 

±20µA 

The processor module derives its DC power 
from the target system through the 80376 
socket. It requires 1400mA, including the 
80376 current. The isolation board requires an 
additional 350mA. 

The processor must be socketed, for example 
using Textool 2-0100-07243-000 or AMP 
821949-4 sockets. 

The printed circuit board design should locate 
the processor socket at the physical ends of the 
printed circuit board traces that connect the 
processor to the other logic of the target 
system. This reduces transmission line noise. 
Additionally, if the target system is enclosed in 
a box, pin one of the processor socket should be 
oriented away from the target system's box 
opening to make connecting the target-adapter 
cable easier. 
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ORDERING INFORMATION 

IN-CIRCUIT EMULATORS 
ORDER CODES 
pICE376D 

ICE37616H 

ICE386SX20D 

ICE386SX20H 

ICE376 In-circuit Emulator for 
80376 component. Operates to 
16 MHz. Includes control unit, 
power supply, 376 Processor 
Module with PQFP adaptor, 
Stand-Alone Self-Test board, 
bus Isolation Board, and DOS 
3.x host software and interface 
cable. 

HP9000 hosted In-circuit 
Emulator for 80376 
component. Operates to 
16MHz. 

ICE386SX 20 MHz In-circuit 
Emulator for 80386 SX 
component. Includes control 
unit, power supply, 386 SX 
Processor Module with PQFP 
adaptor, Stand-Alone Self-Test 
board, bus Isolation Board, and 
DOS 3.x host software and 
interface cable. 

HP9000 hosted In-circuit 
Emulator for 80386 SX 
component. Operates to 
20MHz. 

pICE38625D ICE386 25 MHz In-circuit 
Emulator for 80386 DX 
component. Includes control 
unit, power supply, 386 DX 
Processor Module with 132 pin 
PGA adaptor, Stand-Alone 
Self-Test board, bus Isolation 
Board, and DOS 3.x host 
software and interface cable. 

ICE386DX33D ICE386DX 33 MHz In-circuit 
Emulator for 80386 DX 
component. Includes control 
unit, power supply, 386 DX 
Processor Module with 132 pin 
PGA adaptor, Stand-Alone 
Self-Test board, bus Isolation 
Board, and DOS 3.x host 
software and interface cable. 

ICE386DX25H HP9000 hosted In-circuit 
Emulator for 80386 DX 
component. Operates to 
25MHz. 

ICE386DX33H HP9000 hosted In-circuit 
Emulator for the 386 DX 
component. This custom unit 
operates to 33 MHz. 
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ORDERING INFORMATION 

IN-CIRCUIT EMULATOR 
CONVERSION KITS ORDER 
CODES 
pTOICE386SX20D Conversion kit to adapt 

emulator base to support 
the 80386 SX component. 
Operates to 20 MHz. 
Includes ICE386SX 
20 MHz Processor Module 
and DOS 3.x host 
software. 

pICE376T0386D Conversion kit to adapt 
ICE376 emulator to 
support the 80386 DX 
component at 25 MHz. 
Includes ICE386 25 MHz 
Processor Module and 
DOS 3.x host software. 

pICE386SXT0376D Conversion kit to adapt 
ICE386SX 16 or 20 MHz 
emulator to support the 
80376 component. 
Operates to 16 MHz. 
Includes ICE376 emulator 
Processor Module and 
DOS 3.x host software. 

plCE386SXT0386D Conversion kit to adapt 
ICE386SX 16 or 20 MHz 
emulator to support the 
80386 DX component at 
25 MHz. Includes ICE386 
25 MHz Processor Module 
and DOS 3.x host 
software. 

pICE386T0376D Conversion kit to adapt 
ICE386 25 MHz emulator 
to support the 80376 
component. Operates to 
16 MHz. Includes ICE376 
emulator Processor 
Module and DOS 3.x host 
software. 

TOICE386DX33D Conversion kit to adapt 
emulator base to support 
the 80386 DX 33 MHz 
component. Operates to 
33 MHz. Includes 
ICE386DX 33 MHz 
emulator Processor 
Module and DOS 3.x host 
software. 

IN-CIRCUIT EMULATOR 
OPTION ORDER CODES 
p88PGAADAPT 

pICE3XXCPO 

pICE3XXTTB 

DTOAB 

Adaptor for ICE376 
emulator to support 
88 pin PGA component 
packaging. 

Clips Pod Option for 
ICE376, ICE386SX 16 or 
20 MHz, ICE386 25 MHz, 
and ICE386DX 33 MHz 
emulators. 

Time Tag Board Option 
for ICE376, ICE386SX 
16 or 20 MHz, ICE386 
25 MHz, and ICE386DX 
33 MHz emulators. 

2 MB Above Board. 
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INTEL i486™ IN-CIRCUIT EMULATOR 

280094-1 

ACCURATE AND SOPHISTICATED EMULATION FOR THE 
INTEL i486™ FAMILY OF MICROPROCESSORS 
The Intel ICE™-486 In-Circuit Emulator is the world's leading tool for debugging 
software and hardware designs based on the Intel i486™ family of microprocessors. 
From the inventor of the microprocessor comes a development tool that allows you 
complete access and control over the sophisticated capabilities of the i486 microprocessor. 

The ICE-486 features real-time emulation of the i486 microprocessor at speeds up to 33 
MHz. Its standard high-level, symbolic debug capability saves valuable development 
time. The flexible breakpoint capability and SK deep trace buffer provide the power to 
identify and solve the toughest hardware and software bugs. 

Intel product quality and world-class technical support and service give you the time-to­
market advantage in designing your i486 microprocessor based product. And your 
investment in development tools is protected via interchangeable probes for the 386™ 
family and i486 microprocessors. 
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FEATURES 

OVERVIEW 
• Intel technology to access and modify all 

internal processor registers including the 
i486 processor on-chip cache control registers 
and floating point registers 

• Non-intrusive, 100% accurate emulation and 
execution history to processor speeds of 33 
MHz 

• Symbolic support saves time in referencing 
program objects while debugging 

• Complete support for all processor 
addressing modes including real, protected, 
and virtual 8086 modes with support for i486 
processor paging modes 

• 2MB expansion memory to debug large 
programs 

• Maximum flexibility in break-point 
specification cuts time to identify complex 
bugs 

• Deep trace buffer with the ability to collect 
and display SK frames of bus and/or 
execution trace information 

• Comprehensive software development tools 
optimized for creating 32-bit applications 
which utilize all the features of the i486 
microprocessor 

BENEFITS OF 100% ACCURATE 
EXECUTION HISTORY 
The i486 microprocessor can simultaneously 
fetch and execute instructions. However, due 
to code branching, fetched instructions are not 
necessarily executed. Additionally, the i486 
can execute instructions from the on-chip 
cache with no associated external. bus activity. 
The ICE-486 emulator uses Intel technology to 
access the internal processor conditions that 
are not available to emulators which simply 
monitor the external buses for detection of 
internal events. Emulators which do not have 
access to the internal processor conditions 
cannot guarantee accurate display of what 
actually was executed by the microprocessor. 
With an Intel ICE-486, you can be certain that 
the emulator is displaying execution history 
with 100% accuracy, even when executing 
code from the on-chip cache memory. 

OPENING THE DOOR TO 
PROTECTED MODE 
Intel i486 emulators support protected mode 
operation of the i486 microprocessor. The 
emulator can display and modify task state 

segments and global, local, and interrupt 
descriptor tables (with symbolic access to all 
descriptor components such as privilege level 
and segment type). Emul<ttor functions are 
sensitive to the operating mode of the 
processor, saving user setup time in debugging 
complex protected lllode applications. 

Intel i486 emulators support all aspects of 
protected mode addressing, including p<tged 
virtual memory. You can automatically 
translate virtual addresses to linear and 
physical addresses. Physical addresses can be 
translated to symbolic references to indicate 
the module, procedure, or data segment 
accessed. When debugging a memory 
management system, components of the page 
tables and directory can be displayed and 
modified. 

FLEXIBLE EVENT 
RECOGNITION 
The emulator can be configured to break on a 
wide variety of events. Flexible event 
recognition saves time isolating and fixing the 
most complex bugs. The emulator can trigger 
breakpoints on a variety of bus events such as 
a specific or masked data input, output, read, 
write, or a fetch at a physical address or range 
of addresses. On-chip debug registers can be set 
to break on virtual, linear, or symbolic address 
execution, access, or writes using the cache 
memory or RAM. 

There are several other triggering options: You 
can break on a task switch, an external signal 
from another emulator or logic analyzer, 
multiple occurrences of an event, full trace 
buffer, halt or shutdown cycles, or interrupt 
acknowledge cycle. And up to four sequential 
event triggers can be combined with a high­
level construct. 

BK TRACE BUFFER FOR 
COLLECTING EXECUTION AND 
BUS ACTIVITY 
Intel i486 emulators can continuously capture 
all or selective bus activity, and/or optionally 
capture execution information. The trace 
buffer can store up to 8,192 frames with PRE, 
POST, and CENTERED collection modes. 
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FEATURES 

With the emulator halted, the trace buffer 
contents can be displayed in bus cycle or 
execution instruction formats. Dynamic trace 
capability allows the contents of the trace 
buffer to be displayed as bus cycles during full­
speed emulation, a benefit when the processor 
cannot be halted while debugging time-critical 
systems. Symbolic information can be included 
in the trace display. When debugging high­
level language programs, the callstack can also 
be displayed to show the current chain of 
procedure calls. · 

SYMBOLIC DEBUGGING SAVES 
DEVELOPMENT TIME 
With the symbolic debugging capability of 
Intel languages and the Intel ICE-486, all data 
structures such as register, descriptor table, 
and page table contents can be examined and 
modified using symbolic names. Memory 
locations can be examined and modified using 
symbolic referencea to the source program 
(procedure and variable names, line numbers, 
or program labels). This eliminates the time­
consuming use of virtual, linear, or physical 
address referencing used in other emulator 
systems. Variable type information (such as 
byte, word, record, or array) is also provided to 
make the debugging process faster and easier. 

ACCESSING THE POWER 
The Intel ICE-486 in-circuit emulator features 
a sophisticated command structure that allows 
you to easily access all the capabilities of the 
emulator. 

On-line help, a syntax guide, command line 
editing, command history, and detailed error 
messages promote ease of learning and use. I/ 
0 redirection and the ability to escape to the 
host operating system increase versatility for 
the user with complex debugging needs. 
Creation of customized debug procedures with 
variables and literal defmitions simplifies and 
automates debugging tasks used in design, test 
and evaluation, manufacturing test, or field 
service. 

SYSTEM CONNECTIVITY AND 
CONFIGURATION 
The Intel i486 emulator can be combined with 
a variety of lab instruments to extend the 
capability of the tool. I/O sync lines allow 
emulator event control and synchronization 
with external tools such as logic analyzers, 
scopes, or another emulator. 

INCLUDED OPTIONAL USE 
EQUIPMENT 
The Relocatable Expansion Memory (REM) 
board included with the ICE-486 system allows 
you to map 2 MB of memory for developing 
large applications before prototype target 
system memory is completely functional. Also, 
an optional isolation board is provided with the 
emulator. It buffers signals to the emulator, 
protecting the emulator from potential damage 
caused by an untested prototype target system. 
The REM board can be used in conjunction 
with the isolation board to overlay EPROMs. 
This technique avoids tli!l slow process of 
programming new EPROMs each time a new 
version ofEPROM software is compiled. 

A stand-alone/self-test board is also provided 
with the emulator. The stand-alone/self-test 
board, in conjunction with the REM board, 
allows execution and debugging of code to 
begin before target system availability~ It also 
allows execution of the emulator confidence 
tests so you always know with certainty that 
the emulator is functioning properly. 

EMULATOR OPTIONS 
An optional time tag board synchronizes 
multiple Intel i486 emulators and adds 20-
nanosecond resolution time stamp information 
to the trace buffer. 

An optional clips pod allows eight data lines to 
be captured in the trace buffer and displayed 
in the CYCLES format. 

SOFTWARE COMPLETES THE 
SYSTEM 
Intel provides comprehensive software 
development tools which work together with 
the ICE-486 emulator for the most complete 
development environment available from a 
single vendor. C, PL/M, and Fortran compilers 
are available in addition to a Macroassembler. 
A builder and binder, available for configuring 
and linking software modules, greatly simplify 
configuration of code modules for protected 
mode systems. The DB-386/ 486 source-level 
software debugger with its powerful windowed 
interface completes the picture. 

To further reduce the effort necessary to 
integrate software into the final target 
configuration, Intel tools produce ROM code 
directly, saving you the time and headaches 
frequently encountered using converter 
utilities from other vendors. 
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FEATURES 

WORLD-CLASS, WORLDWIDE 
SERVICES 
Intel i486 development tools are supplemented 
by a full array of support services. Seminars, 
classes and workshops, on-site consulting, field 
application engineering expertise, telephone 
hotline support, and software and hardware 
maintenance are just a few of the services 

which are available from Intel to insure your 
design requirements are met on time and with 
minimal problems. Only Intel gives you one 
source to call for complete development tool 
support for your i486 design. 

ICE™-486 33 MHz SPECIFICATIONS AND 
REQUIREMENTS 

HOST SYSTEM REQUIREMENTS 
The user supplied host system can be either an IBM® PC/ AT®, Personal System/2® Model 60, or 
Model 80. Host system requirements to run the emulator include the following: 

• DOS version 3.3 • A 20MB hard disk 
• 640K bytes of RAM in conventional memory • A serial port or the National Instruments 
•An Above™ board with 1 megabyte of RAM GPIB-PCII™, GPIB-PCIIA™, or MC-

configured in expanded memory mode, GPIB™ board 
EMM.SYS software version 3.2, or • A math coprocessor is required in the host 

• One megabyte of RAM configured as system if either the optional time tag board 
expanded memory using 386MAX is used or ifthe on-chip floating point unit is 

ELECTRICAL 
CHARACTERISTICS 
100-120V or 220-240V selectable 
50-60 Hz 
2 amps (AC max) @ 120V 
1 amp (AC max) @ 240V 

utilized by the target system ' 

ENVIRONMENTAL 
CHARACTERISTICS 
Operating temperature: + l0°C to + 40°C 

(50°F to 104°F) 

Operating Humidity: Maximum of 85% 
relative humidity, 
non-condensing 

The Emulator's Physical Characteristics 

Unit Width Height Length 
inches cm inches cm inches cm 

Base Unit 13.4 34.0 4.6 11.7 11.0 27.9 
Processor Module 4.2 10.7 1.4 3.6 4.7 11.9 
Optional Isolation Board 3.5 8.9 0.7 1.8 3.5 8.9 
Power Supply 7.7 19.6 4.1 10.4 11.0 27.9 
lTserCable 1.9 4.8 15.8 40.1 
Hinge Cable 2.6 6.6 0.5 1.3 7.7 19.6 
Relocatable Expansion Memory Board 3.5 8.9 0.7 1.8 6.0 15.2 
Serial Cable 144 366 
Optional Clips Pod 3.3 8.4 0.8 2.0 6.0 15.2 
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ICE™-486 33 MHz SPECIFICATIONS AND 

REQUIREMENTS 

THE PROCESSOR MODULE AND OPTIONAL BOARD DIMENSIONS 

PIN 1 
,___---12.8" ------i-----

11 D 
260894-3 

280694-4 

r---4.7"-~ 

,,Is.. j 1--- 0.35" 

t ·--- • 
4.2" : -f :1 

: 'if-PIN 1 
-----

I I 
~--- "---- .. 

280894-5 
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ICE™-486 33 MHz SPECIFICATIONS AND 

REQUIREMENTS 

ELECTRICAL SPECIFICATIONS 
The synchronization input lines must be valid for at least two CLK cycles. These input lines are 
standard TTL inputs. The synchronization output lines are driven by TTL open collector outputs 
that have 4. 7K-ohm pull-up resistors. The synchronization input and output signals on the 
optional clips pod are standard TTL input and outputs. The emulator delays the RESET signal to 
the i486 by a maximum of 8ns and the A20M # and FLUSH# signals by a maximum of 5ns. 

Emulator AC Specifications with the Isolation Board Installed 

Symbol Parameter Minimum Maximum Notes 

t6 A2-A31 valid delay t6 Min+ l.5ns t6 Max+5ns 
t6 BE0-3 #, M/IO#, W /R#, ADS#, HLDA valid delay t6 Min+ 2.5ns t6Max+8ns 
t6 A2-A31 valid delay t6 Min+ l.5ns t6Max+llns 1 
t6 BE0-3#, M/IO#, W/R#, ADS# valid delay t6 Min+ 2.5ns t6Max+14ns 1 
t8a BLAST# valid delay t8a Min+ 2.5ns t8aMax+8ns 
tlO DO-D31 write data valid delay tlO Min+ l.5ns t10Max+5ns 
t16 RDY # setup time t16Min+5ns 
t22 A4-A31, DO-D31 input set up time t22Min+5ns 

Note 1: Use these specifications for any bus cycle that begins on the same clock that HLDA is de-asserted. 

Emulator Capacitance Specifications 

Symbol Description Typical Hinge Cable Installed 

CIN Input Capacitance: 
CLK 55pF 
A20M#, AHOLD, FLUSH#, HOLD, 
IGNNE#, INTR 20pF 
BS8#, BS16#, EADS#, KEN# 25pF 
BRDY #, NMI, RDY # 30pF 
RESET, BOFF# 35pF 

CouT Output or 1/0 Capacitance: 
DO - D31, BLAST#, DIC#, LOCK#, 30pF 
PLOCK# 25pF 
A2-A31, ADS# 25pF 
HLDA,M/IO# 25pF 
PWT 35pF 
BEO#-BE3#,PCD 15pF 
BREQ#, PCHK # 15pF 
FERR# 20pF 
DPO-DP3 40pF 
W/R# 

Note 1: Not tested. These specifications include the i486 component and all additional emulator loading. 
Note 2: The hinge cable adds a propagation delay of 0.5 ns. 
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Item 

PM-Ice 
Irn 

l1L 

/ 

ICE™-486 33 MHz SPECIFICATIONS AND 
REQUIREMENTS 

Emulator DC Specifications without the Isolation Board Installed 

Description Maximum 

Processor Module Supply Current 486lcc + l.5A 
Input High Leakage Current 

D0-31 15uA 
A2-31, BE#0-3, PWT 5uA 
WIR#, DIC#, MllO#, LOCK#, PLOCK# 5uA 
BLAST#, HLDA 5uA 
BS16 #, BS8#, EADS#, KEN#, NMI 5uA 
BOFF#, RDY#, BRDY# 25uA 
PCD 30uA 
CLK 15uA 
RESET 30uA 
A20M#, FLUSH# 5uA 

Input Low Leakage Current 
D0-31 15uA 
A2-31, BE#0-3, PWT 5uA 
WIR#, DIC#, MllO#, LOCK#, PLOCK# 5uA 
BLAST#, HLDA 5uA 
BS16#, BS8#, EADS#, KEN#, NMI 5uA 
BOFF#, RDY #, BRDY # 250uA 
PCD 255uA 
CLK 15uA 
RESET 255uA 
A20M#, FLUSH# 5uA 

Notes 

1 
1 
1 
1 
1 
1 
1 
1 
2 
2 

1 
1 
1 
1 
1 
1 
1 
1 
2 
2 

Note 1: This specification is the DC loading of the emulator circuitry only and does not include any i486 leakage current. 
Note 2: This specification replaces the i486 specification for this signal. 

Emulator DC Specifications with the Isolation Board Installed 

Item Description Minimum Maximum 

VoH Output High Voltage 
A2-A31, DO-D31 (!mi:= 15 mA) 2.4V 
BE0-3#, MllO#, (loH= 3 mA) 2.4V 
WIR#, ADS#, BLAST# (loH 3mA) 2.4V 
HLDA (IoH 3.2mA) 2.4V 

VoL Output Low Voltage 
A2-A31, DO-D31 0oL=64mA) 0.55V 
BE0-3 #, M/IO #, (loL=64mAl 0.55V 
WIR#, ADS#, BLAST# (loL=64mA) 0.55V 
HLDA (loL=24mA) 0.5V 

Iu Input Leakage Current 
A2-A31, DO-D31 ±15uA 

Irn Input High Curre.nt 
CLK, RESET, BRDY #, BOFF #, AHOLD 25uA 
RDY# 30uA 

lrL Input Low Current 
CLK, RESET, BRDY #, BOFF#, AHOLD 250uA 
RDY# 255uA 

Note 1: This specification is for the Isolation Board only and does not include any processor module loading. 
Note 2: These specifications replace the i486 specifications for this signal. 
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ICE™-486 · 33 MHz SPECIFICATIONS AND 

REQUIREMENTS 

PROCESSOR MODULE 
INTERFACE CONSIDERATIONS 
With the processor module directly attached to 
the target system without using the optional 
isolation board, the target system must meet 
the following requirements: 
• The bus controller must only enable data 

transceivers onto the bus during valid read 
cycles of the 486 CPU or while another bus 
master has gained access to the bus through 
the use of HOLD/HLDA or BOFF #. 

• Before another bus master drives the local 
processor address bus, the other bus·master 
must gain access to the address bus through 
the use ofHOLD/HLDA, AHOLD or 
BOFF#. 

• The user system must be able to drive one 
additional CMOS load (approximately 25pF) 
on all signals that go to the emulation 
processor. 

If the target system does not satisfy the 
restrictions, the optional isolation board 
should be used to isolate the emulation 
processor from the target system. To guarantee 
proper operation with the optional isolation 
board, the clock period should be increased by 
the round trip buffer delay (10 ns) unless the 

target system design already has enough 
timing margin. 

The processor module derives its DC power 
from the target system through the 486 CPU 
socket. It requires 2200mA, including the i486 
current. The optional isolation board requires 
an additional 500mA. Tl:ie REM board requires 
an additional 2100mA. 

The processor must be socketed. The printed 
circuit board design should locate the processor 
socket at the physical ends of the printed 
circuit board traces that connect the processor 
to the other logic of the target system. This 
reduces transmission line noise. If the target ' 
system is enclosed in a box, orient pin one of 
the processor socket to simplify connecting the 
ICB. This makes connecting the hinge cable 
easier. The ICE-486 emulator hinge cable adds 
an additional 15pF of capacitive loading and 
approximately 0.5ns of propagation delay to 
each 486 CPU signal. 

Pins specified as N.C. in the 486 CPU pin 
description must be left unconnected. 
Connection of any of these pins to power, 
ground or any other signal may cause the 
processor or the ICE-486 emulator to 
malfonction. 

ORDERING INFORMATION 

!CE™-486 IN-CIRCUIT EMULATOR ORDER CODES 
ICE48633D ICE-486 In-circuit emulator for 80486 component. Operates to 33 MHz. Includes 

control unit, power supply, 80486 Processor Module, Stand-Alone/Self-Test 
Board, Optional Bus Isolation Board, Relocatable Expansion Memory Board, 
host software and cables. 

ICE™-486 IN-CIRCUIT EMULATOR CONVERSION KIT ORDER 
CODES 
BASECONV386 Conversion kit to upgrade the 386 family emulator base to support the 80486 

processor module. 
TOICE48633D Conversion kit to adapt the above upgraded base to support the 80486 

component. Includes ICE486 33 MHz Processor Module, Stand-Alone/Self-Test 
Board, Optional Bus Isolation Board, Relocatable Expansion Memory Board, 
and host software. 

ICE™-486 IN-CIRCUIT EMULATOR OPTION ORDER CODES 
DTOAB 
ICE3XXCPO 
ICE3XXTTB 

2Mb Intel Above™ Board. 
Clips Pod Option for ICE-486. 
Time Tag Board Option for ICE-486. 
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Intel Corp. 
5015 Bradford Dr., #2 
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FAX: (408) 727·2620 

COLORADO 

Intel Corp. 
4445 Northpark Drive 
SuHe 100 

¥~10~?3) ~~te:J0907 
FAX: (303) 594·0720 

tlntel Corp.* 
600 S. Cherry St. 
Suite 700 
Denver 80222 
Tel: (303) 321-8086 
TWX: 910-931-2289 
FAX: (303) 322·8670 

CONNECTICUT 

tlntel Corp. 

~g\.;~~s~~r~8~~oR~~ Park 
Danbury 06810 
Tel: (203) 748·3130 
FAX: (203) 794-0339 

tSales and Service Office 
*Field Application Location 

DOMESTIC SALES 
FLORIDA MICHIGAN 

tlntel Corp. tlntel Corp. 
800 Fairway Drive 7071 Orchard Lake Road 
Suite 160 Suite 100 
Deerfield Beach 33441 West Bloomfield 48322 
Tel: (305) 421-0506 Tel: (313) 851·8096 
FAX: (305) 421 ·2444 FAX: (313) 851·8770 

tlntel Corp. 
5850 T.G. Lee Blvd. 

MINNESOTA 

Suite 340 tlntel Corp. 
Orlando 32822 3500 W. Both St. 
Tel: (407) 240·8000 Suite 360 
FAX: (407) 240·6097 

~~~~~\n2~~s5~~ 
m~~%~· Street North 

TWX: 910·576-2867 

Suite 170 
FAX: (612) 831·6497 

St. Petersburg 33718 
MISSOURI 

~~;,}~~~1)5~~8~t~31 
l\rJ~1 if.:'J~· City Expressway 

GEORGIA Suite 131 
Earth Ci~ 63045 

tlntel Corp. Tel: (314 291-1990 
20 Technology Parkway FAX: (314) 291·4341 
Suite 150 
Norcross 30092 NEW JERSEY Tel: (404)·449·0541 
FAX: (404) 605·9762 

~:~~~e Center 
ILUNOIS 125 Half Mlle Road 

Red Bank 07701 

tli:~c:I'borp. Center Ill 
Tel: (908) 747·2233 
FAX: (908) 747-0983 

300 N. Martingale Road Intel Corp. Suite 400 

~;r<%ntuJugm 
280 Corporate Center 
75 Livingston Avenue 

FAX: (7mi) 706-9762 First Floor 
Roseland 07088 

IN DIANA 
Tel: (201) 740·0111 
FAX: (201) 740·0626 

tlntal Corp. 
8910 Purdue Road NEW YORK 

Suite 350 Intel Corp.* 
Indianapolis 46268 ~;gp~~~t?~ Office Park Tel: (317) 875-0623 
FAX: (317) 875-8938 Tel: (716) 425·2750 

TWX: 510-253-7391 
IOWA FAX: (716) 223·2561 

tlntel Corp.* Intel Corp. 
1930 St. Andrews Drive N.E. 2950 Express Dr., South 

2nd Floor SuHe 130 
Cadar Rapids 52402 Islandia 11122 
Tel: (319) 393·5510 Tel: (516) 231·3300 

TWX: 510·227-6236 
FAX: (516) 348·7939 

KANSAS 
tlntel Corp. 

tlntel Corp. 300 Wastage Business Center 
10985 Cody St. SuHe 230 
SuHe 140 Fishkill 12524 
Overland Park 6621 o Tel: (914) 897-3860 
Tel: (913) 345·2727 FAX: (914) 897·3125 
FAX: (913) 345·2076 

Intel Corp. 

MARYLAND 
Seventeen State Street 
14th Floor 

tlntel Corp.* 
Naw York 10004 
Tel: (212) 248·8088 

1001 o Junction Dr. FAX: (212) 246-0888 
SuHe 200 

~l~~~~i il!i~~ 20701 NORTH CAROLINA 
FAX: i301 ! 206-3677 tlntel Corp. 301 206-3878 

5800 Executive Center Or. 
Suite 105 

MASSACHUSETTS Charlotte 28212 
Tel: (704) 568·8988 

tlntel Corp.* ';AX: (704) 535·2236 
Westford Corp. Center 
3 Carlisle Road ~~~wDr. 2nd Floor 
Westford 01886 Suite 215 

~~5~6~::gg ~=1~~~ 9r:3f.9537 
FAX: (SOB) 892·7887 FAX: (919) 851·8974 

OFFICES 
OHIO VIRGINIA 

tlntel Corp.• tlntel Corp. 
3401 Park Center Drive 9030 Stony Point Pkwy. 
Suite 220 Suite 360 

~:rr5~ :r~6-5350 Richmond 23235 
Tel: (804) 330.9393 

TWX: 810-450·2528 FAX: (804) 330-3019 
FAX: (513) 890·8658 

ttntel Corp.• 
25700 Science Park Dr. 

WASHINGTON 

Suite 100 tlntel Corp. 
Beechwood 44122 
Tel: (216) 484·2736 

155 1 Oath Avenue N.E. 
Suite 386 

TWX: 81Cl-427·9298 Bellevue 98004 
FAX: (604) 282·0673 

~l~~1i-:~g~ 
OKLAHOMA FAX: (208) 451·9558 

Intel Corg. · 
6801 N. roadWay ~~1 ~0r:l'u11an Road Suite 115 
Oklahoma City 73162 SuHe 102 

Tel: (405) 848·8086 Spokane 99206 
FAX: (405) 840·9819 Tel: (509) 928-8086 

FAX: (509) 928·9467 

OREGON 
WISCONSIN 

1~~~ CJ~: Greenbrier Pkwy. Intel Corp. 
Building B 330 S. Execu11ve Dr. 
Beaverton 97008 SuHe 102 
Tel: (503) 845-8051 Brookfield 53005 
TWX: 91Cl-487·B741 Tel: (414) 784·8087 
FAX: (503) 845·8181 FAX: (414) 796·2115 

PENNSYLVANIA 

tlntel Corp.• 
925 Harvest Drive 

CANADA 
SuHe 200 
Blue Bell 19422 BRITISH COLUMBIA 
Tel: (215) 841-1000 
FAX: (215) 841-0785 Intel Semlconductar of 
tlntel Corp.* Canada, Ltd. 
400 Penn Center Blvd. 4585 Canada Way 
SuHe 610 Suite 202 

~:~~1~f Jia~~70 
Burnaby V5G 4L8 
Tel: (604) 296-0387 

FAX: (412) 829-7578 FAX: (604) 296-8234 

PUERTO RICO ONTARIO 

tlntel Corp. tlntel Semiconductor of South Industrial Park 
P.O. Box 910 Canada, Ltd. 

Las Piedras 00671 
2650 Queensvlew Drive 

Tel: (809) 733-8816 SuHe 250 
Ottawa K2B BH6 
Tel: (613) 829·9714 

TEXAS FAX: (613) 820·5936 

Intel Co~. tlntel Semiconductor of 8911 N. Capital of Texas Hwy. 
Suite 4230 Canada, Ltd. 

Austin 78759 190 Attwell Drive 

Tel: (512) 794·8088 Suite 500 
Rexdale M9W 6HB FAX: (512) 336-9335 Tel: (416) 675·2105 

tlntel Corp.* 
12000 Ford Road 

FAX: (418) 675·2438 

Suite 400 
Dallas 75234 QUEBEC 
Tel: (214) 241 ·8087 
FAX: (214) 484·1180 tlntel Semlconduelor of 

Canada, Ltd. 
tlntel Corp.* 1 Rue Holiday 
7322 s.w. Freaway Suite 115 
Suite 1490 Tour East 
Houston 77074 Pt. Claire H9R 5N3 
Tel: (713) 988·8086 ~~m~.:ttJ: TWX: 910·881·2490 
FAX: (713) 988-3860 

UTAH 

tlntel Corp. 
428 East 8400 Sou1h 
Suite 104 

~e~~r/'lo\l;'~~-8051 
FAX: (801) 268·1457 



ALABAMA 

Arrow Electronics, Inc. 
1015 Henderson Road 
Huntsville 35805 
Tel: (205) 837-6955 
FAX: 205-751-1581 

Hamilton/Avnet Computer 
4930 I Corporate Drive 
Huntsville 35805 

Hamilton/Avnet Electronics 
4940 Research Drive 
Huntsville 35805 
Tel: (205) 837-7210 
FAX: 205-721-0356 

~g~o8b~~~~a~e8~~ve 
Suite 120 
Huntsville 35806 
Tel: (205) 830-9526 
FAX: (205) 830-9557 

Pioneer/Technologies Group, Inc. 
4825 University Square 
Huntsville 35805 
Tel: (205) 837-9300 
FAX: 205-837-9358 

ALASKA 

Hamilton/Avnet Computer 
1400 W. Benson Blvd., Suite 400 
Anchorage 99503 

ARIZONA 

tArrow Electronics, Inc. 
4134 E. Wood Street 
Phoenix 85040 
Tel: (602) 437-0750 
TWX: 910-951-1550 

Hamilton/Avnet Computer 
30 South McKemy Avenue 
Chandler 85226 

Hamilton/Avnet Computer 
90 South McKemy Road 
Chandler 85226 

tHamilton/Avnet Electronics 
505 S. Madison Drive 
Tempe 85281 
Tel: (602) 231-5140 
TWX: 910-950-0077 

Hamilton/Avnet Electronics 
30 South McKemy 
Chandler 85226 
Tel: (602) 961-6669 
FAX: 602-961-4073 

Wyle Distribution Group 
4141 E. Raymond 
Phoenix 85040 
Tel: (602) 249-2232 
TWX: 910-371-2871 

CALIFORNIA 

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

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

tArrow Electronics, Inc. 
19748 Dearborn Street 
Chatsworth 91311 
Tel: (213) 701-7500 
TWX: 91 0-493-2086 

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

tArrow Electronics, Inc. 
521 Weddell Drive 
Sunnyvale 94086 
Tel: (408) 745-6600 
TWX: 910-339-9371 

tCertified Technical Distributor 

DOMESTIC DISTRIBUTORS 
tArrow Electronics, Inc. 
2961 Dow Avenue 
Tustin 92680 
Tel: (714) 838-5422 
TWX: 910-595-2860 

Hamilton/Avnet Computer 
3170 Pullman Street 
Costa Mesa 92626 

Hamilton/Avnet Computer 
13618 West 190th Street 
Gardena 90248 

Hamilton/Avnet Computer 
4103 Northgate Blvd. 
Sacramento 95834 

Hamilton/Avnet Computer 
4545 Viewridge Avenue 
San Diego 92123 

Hamilton/Avnet Computer 
1175 Bordeaux Drive 
Sunnyvale 94089 

Hamilton/Avnet Electronics 
21150 Cahfa Street 
Woodland Hills 91367 

tHamilton/Avnet Electronics 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4150 
TWX: 910-595-2638 

1Hamilton/Avnet Electronics 
1175 Bordeaux Drive 
Sunnyvale 94086 
Tel: (408) 743-3300 
TWX: 910-339-9332 

tHamilton/Avnet Electronics 
4545 Ridgeview Avenue 
San Diego 92123 
Tel: (619) 571-7500 
TWX: 910-595-2638 

tHamilton/Avnet Electronics 
21150 Califa St. 
Woodland Hills 91376 
Tel: (818) 594-0404 
FAX: 818-594-8233 

tHamilton/Avnet Electronics 
10950 W. Washington Blvd. 
Culver City 20230 
Tel: (213) 558-2458 
TWX: 910-340-6364 

tHamilton/Avnet Electronics 
13618 West 1901h Street 
Gardena 90248 
Tel: (213) 217-6700 
TWX: 910-340-6364 

tHamilton/Avnet Electronics 
4103 Northgate Blvd. 
Sacramento 95834 
Tel: (916) 920-3150 

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

Wyle Distribution Group 
124 Maryland Street 
El Segundo 90254 
Tel: (213) 322-8100 

Wyle 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 

tWyle Distribution Group 
9525 Chesapeake Drive 
San Diego 92123 
Tel: (619) 565-9171 
TWX: 910-335-1590 

tWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (408) 727-2500 
TWX: 408-988-2747 

tWyle Distribution Group 
1 7872 Cowan Avenue 
Irvine 92714 
Tel: (714) 863-9953 
TWX: 910-371-7127 

tWyle Distribution Group 
26677 W. Agoura Rd. 
Calabasas 91302 
Tel: (818) 880-9000 
TWX: 372-0232 

COLORADO 

Arrow Electronics, Inc. 
7060 South Tucson Way 
Englewood 80112 
Tel: (303) 790-4444 

Hamilton/Avnet Computer 
9605 Maroon Circle, Ste. 200 
Engelwood 80112 

tHamilton/Avnet Electronics 
9605 Maroon Circle 
Suite 200 
Englewood 80112 
Tel: (303) 799-0663 
TWX: 910-935-0787 

tWyle Distribution Group 
451 E. 124th Avenue 
Thornton 80241 
Tel: (303) 457-9953 
TWX: 910-936-0770 

CONNECTICUT 

tArrow Electronics, Inc. 
12 Beaumont Road 
Wallingford 06492 
Tel: (203) 265-7741 
TWX: 710-476-0162 

Hamilton/Avnet Computer 
Commerce Industrial Park 
Commerce Drive 
Danbury 06810 

tHamilton/Avnet Electronics 
Commerce Industrial Park 
Commerce Drive 
Danbury 06810 
Tel: (203) 797-2800 
TWX: 710-456-9974 

tpioneer/Standard Electronics 
112 Mam Street 
Norwalk 06851 
Tel: (203) 853-1515 
FAX: 203-838-9901 

FLORIDA 

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

tArrow Electronics, Inc. 
37 Skyline Drive 
Suite 3101 
Lake Marv 32746 
Tel: (407) 323-0252 
FAX: 407-323-3189 

Hamilton/Avnet Computer 
6801 N.W. 151h Way 
Ft. Lauderdale 33309 

Hamilton/Avnet Computer 
3247 Spring Forest Road 
St. Petersburg 33702 

tHamilton/Avnet Electronics 
6801 N.W. 15th Way 
Ft. Lauderdale 33309 
Tel: (305) 971-2900 
FAX: 305-971-5420 

tHamilton/Avnet Electronics 
3197 Tech Drive North 
St. Petersburg 33702 
Tel: (813) 573-3930 
FAX: 813-572-4329 

tHamilton/Avnet Electronics 
694 7 University Boulevard 
Winter Park 32792 
Tel: (407) 628-3888 
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(fechnologies 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 
Deluth 30139 
Tel: (404) 623-8825 
FAX: (404) 623-8802 

tArrow Electronics, lnc. 
4250 E. Rivergreen Parkway 
Deluth 30136 
Tel: (404) 497-1300 
TWX: 610-766-0439 

Hamilton/Avnet Computer 
5825 D. Peachtree Corners E. 
Norcross 30092 

tHamilton/Avnet Electronics 
5825 D Peachtree Corners 
Norcross 30092 
Tel: (404) 447-7500 
TWX: 810-766-0432 

Pioneer/Technologies Group, Inc. 
3100 F Northwoods Place 
Norcross 30071 
Tel: (404) 448-1711 
FAX: 404-446-8270 

ILLINOIS 

tArrow Electronics, Inc. 
1140 W. Thorndale 
Itasca 60143 
Tel: (708) 250-0500 
TWX: 708-250-0916 

Hamilton/Avnet Computer 
1130 Thorndale Avenue 
Bensenville 60106 

tHamilton/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville 60106 
Tel: (708) 860-7780 
TWX: 708-860-8530 

MTI Systems Sales 
1100 W. Thorndale 
Itasca 60143 
Tel: (708) 773-2300 

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

IN DIANA 

tArrow Electronics, Inc. 
7108 Lakeview Parkway West Drive 
Indianapolis 46268 
Tel: (317) 299-2071 
FAX: 317-299-0255 

~:g1~~~~vg~~;omputer 
Carmel 46032 

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

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



IOWA 

Hamllton/Avnet Computer 
915 33rd Avenue SW 
Cedar Rapids 52404 

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

KANSAS 

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

Hamilton/Avnet Computer 
15313 W. 95th Street 
Lenexa 61219 

tHamilton/Avnet Electronics 
15313 w. 951h 
Overland Park 66215 
Tel: (913) 888-8900 
FAX: 913-541-7951 

KENTUCKY 

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

MARYLAND 

tArrow Electronics, Inc. 
8300 Guilford Drive 
Suite H, River Center 
Columbia 21046 
Tel: (301 I 995-6002 
FAX: 301-381-3854 

Hamilton/Avnet Computer 
6822 Oak Hall Lane 
Columbia 21045 

tHamilton/Avnet Electronics 
6822 Oak Hall Lane 
Columbia 21045 
Tel: (301) 995-3500 
FAX: 301-995-3593 

i~:g~~t~~~~~1~o"o~~r8r. 
Columbia 21046 
Tel: (301) 290-8150 
FAX: 301 -290-6474 

tPioneer(Technologies Group, Inc. 
9100 Gaither Road 
Gaithersburg 20877 
Tel: (301) 921-0660 
FAX: 301-921-4255 

MASSACHUSETTS 

Arrow Electronics, Inc. 
25 Upton Dr. 
Wilmington 01887 
Tel: (508) 658-0900 
TWX: 710-393-6770 

Hamilton/Avnet Computer 
1 O D Centennial Drive 
Peabody 01960 

tHamilton/Avnet Electronics 
1 OD Centennial Drive 
Peabody 01960 
Tel: (508) 532-9838 
FAX: 508-596-7802 

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 

MICHIGAN 

tArr'ow Electronics, Inc. 
19880 Haggerty Road 
Livonia 48152 
Tel: (313) 665-4100 
TWX: 810-223-6020 

tCertified Technical Distributor 

DOMESTIC DISTRIBUTORS (Contd.) 
Hamilton/Avnet Computer 
2215 S.E. A-5 
Grand Rapids 49508 

~f~igo~~~~~~tR~~,mft~~e1r 00 
Novi 48050 

Hamilton/Avnet Electronics 
2215 29th Street S.E. 
Space AS 
Grand Rapids 49508 
Tel: (616) 243-8805 
FAX: 616-698-1831 

Hamilton/Avnet Electronics 
41650 Garden Brook 
Novi 48050 
Tel: (313) 347-4271 
FAX: 313-347-4021 

tPioneer/Standard Electronics 
4505 Broadmoor S.E. 
Grand Rapids 49508 
Tel: (616) 698-1800 
FAX: 616-698-1831 

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

MINNESOTA 

tArrow Electronics, Inc. 
5230 W. 73rd Street 
Edina 55435 
Tel: (612) 830-1800 
TWX: 910-576-3125 

Hamilton/Avnet Computer 
12400 Whitewater Drive 
Minnetonka 55343 

tHamilton/Avnet Electronics 
12400 Whitewater Drive 
Minnetonka 55434 
Tel: (612) 932-0600 
TWX: 910-576-2720 

tPioneer/Standard Electronics 
7625 Golden Triange Dr. 
Suite G 
Eden Prairie 55343 
Tel: (612) 944-3355 
FAX: 612-944-3794 

MISSOURI 

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

Hamilton/Avnet Computer 
739 Goddard Avenue 
Chesterfield 63005 

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

NEW HAMPSHIRE 

Hamilton/Avnet Computer 
2 Executive Park Drive 
Bedford 03102 

Hamilton/Avnet Computer 
444 East Industrial Park Dr 
Manchester 03103 

NEW JERSEY 

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

tArrow Electronics 
6 Century Drive 

~:r:s~~~)bg:.~~bo 
FAX: 201-538-0900 

Hamilton/Avnet Computer 
1 Keystone Ave., Bldg. 36 
Cherry Hill 08003 

Hamilton/Avnet Computer 
1 0 Industrial Road 
Fairfield 07006 

tHamilton/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 
9 Law Drive 
Fairfield 07006 
Tel: (201) 227-5552 
FAX: 201-575-6336 

tPioneer/Standard Electronics 
14-A Madison Ad. 
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: 505·292-6537 

Hamilton/Avnet Computer 
5659 Jefferson, N.E. Suites A & B 
Albuquerque 87109 

tHamllton/Avnet Electronics 
5659A Jefferson N.E. 
Albuquerque 87109 
Tel: (505) 765-1500 
FAX: 505-243-1395 

NEW YORK 

tArrow Electronics, Inc. 
3375 Brighton Henrietta Townline Rd. 
Rochester 14623 
Tel: (716) 427-0300 
TWX: 510-253-4766 

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

HamiltQn/Avnet Computer 
933 Motor Parkway 
Haupauge 11788 

Hamilton/Avnet Computer 
2060 Townline 
Rochester 14623 

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

tHamilton/Avnet Electronics 
2060 Townline Rd. 
Rochester 14623 
Tel: (716) 272-2744 
TWX: 510-253-5470 

Hamilton/Avnet Electronics 
103 Twin Oaks Drive 
Syracuse 13206 
Tel: (315) 437-0288 
TWX: 710-541-1560 

tMTI Systems Sales 
38 Harbor Park Drive 
Port Washington 11050 
Tel: (516) 621-6200 
FAX: 510-223-0846 

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

Pioneer/Standard Electronics 
40 Oser Avenue 
Hauppauge 11787 
Tel: (516) 231-9200 
FAX: 510-227-9869 

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 
lWX: 510-928-1856 

Hamilton/Avnet Computer 
3510 Spring Forest Road 
Raleigh 27604 

tHamilton/Avnet Electronics 
3510 Spring Forest Drive 
Raleigh 27604 
Tel: (919) 878-0819 
lWX: 510-928-1836 

Pioneer/Technologies Group, Inc. 
9401 L-Southern Pine Blvd. 
Charlotte 28210 
Tel: (919) 527-6188 
FAX: 704-522-8564 

Pioneer Technologies Group, Inc. 
2810 Meridian Parkway 
Suite 148 
Durham 27713 
Tel: (919) 544-5400 
F/\X: 919-544-5885 

OHIO 

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

tArrow Electronfcs, Inc. 
6238 Cochran fioad 
Solon 44139 
Tel: (216) 248-3990 
TWX: 810-427-9409 

Hamilton/Avnet Computer 
7764 Washington Village Dr. 
Dayton 45459 

Hamilton/Avnet Computer' 
30325 Bainbridge Rd., Bldg. A 
Solon 44139 

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

tHamilton/Avnet Electronics 
30325 Bainbridge 
Solon 44139 
Tel: (216) 349-5100 
TWX: 810-427-9452 

Hamilton/Avnet Computer 
777 Brooksedge Blvd, 
Westerville 43081 
Tel: (614) 882-7004 
FAX: 614-882-8650 

Hamilton/Avnet Electronics 
777 Brooksedge Blvd. 
Westerville 43081 
Tel' (614) 862-7004 

MTI Systems Sales 
23400 Commerce Park Road 
Beachwood 44122 
Tel: (216) 464-6688 

tPioneer/Standard Electronics 
4433 lnterpoint Boulevard 
Dayton 45424 
Tel: (513) 236-9900 
FAX: 513-236-8133 

tPioneer/Standard Electronics 
4800 E. 131st Street 
Cleveland 441 05 
Tel: (216) 587-3600 
FAX: 216-663-1004 



OKLAHOMA 

Arrow Electronics, Inc. 
4719 South Memorial Or. 
Tulsa 74145 

tHamilton/Avnet Electronics 
12121 E. 51st St., Suite 102A 
Tulsa 74146 
Tel: (918) 252-7297 

OREGON 

tAlmac Electronics Corp. 
1885 N.W. 169th Place 
Beaverton 97005 
Tel: (503) 629-8090 
FAX: 503-845-0611 

Hamilton/Avnet Computer 
9409 Southwest Nimbus Ave. 
Beaverton 97005 

tHamllton/Avnet Electronics 
9409 S.W. Nimbus Ave. 
Beaverton 97005 
Tel: (503) 627-0201 
FAX: 503-641-4012 

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

PENNSYLVANIA 

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

Hamilton/Avnet Computer 
2800 Liberty Ave., Bldg. E 
Pittsburgh 15222 

Hamilton/Avnet Electronics 
2600 Liberty Ave. 
Pittsburgh 15238 
Tel: (412) 281-4150 

Pioneer/Standard Electronics 
259 Kappa Drive 

~~~~m~r ;:.~~00 
FAX: 412-963-8255 

tPioneer/Technologies Group, Inc. 
Delaware Valley 
261 Gibraltar Road 
Horsham 19044 
Tel: (215) 674-4000 
FAX: 215-674-3107 

TENNESSEE 

Arrow Commercial System Group 
3635 Knight Road 
Suite 7 
Memphis 38118 
Tel: (901) 367-0540 
FAX: (901) 367-2081 

TEXAS 

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

tCertifled Technical Distributor 

DOMESTIC DISTRIBUTORS (Contd.) 
Hamilton/Avnet Computer Hamilton/Avnet Computer tArrow Electronics, Inc. 
1807A West Braker Lane 17761 Northeast 76th Place 1 093 Meyerside, Unit 2 
Austin 78758 Redmond 98052 Mississauga LST 1 M4 

Hamilton/Avnet Computer tHamilton/Avnet Electronics 
Tel: (416) 673-7769 

Forum 2 17761 N.E. 78th Place 
FAX: 416-672-0849 

4004 Beltllne, Suite 200 Redmond 98052 Hamilton/Avnet Computer 
Dallas 75244 Tel: (206) 881-6697 Canada System Engmeering 

Hamilton/Avnet Computer 
FAX: 206-867-0159 Group 

Wyle Distribution Group 
3688 Nashua Drive 

4850 Wright Rd., Suite 190 Units 7 & 8 
Stafford 77477 15385 N.E. 90th Street Mississuaga L4V 1 MS 

Redmond 98052 
tHamilton/Avnet Electronics Tel: (206) 881-1150 Hamilton/Avnet Computer 
1807 W. Braker Lane FAX: 206-881-1567 3688 Nashua Drive 
Austin 78758 Units 9 & 10 
Tel: (512) 837-8911 WISCONSIN Mississuaga L4V 1 MS 
TWX: 910-874-1319 Hamilton/Avnet Computer Arrow Electronics, Inc. 
tHamilton/Avnet Electronics 200 N. Patnck Blvd., Ste. 100 6845 Rexwood Road 
4004 BeltHne, Suite 200 Brookfield 53005 Units 7, 8, & 9 
Dallas 75234 Tel: (414) 792-0150 Mississuaga L4V 1 R2 
Tel: (214) 308-8111 FAX: 414-792-0156 Hamilton/Avnet Computer TWX: 910-860-5929 190 Colonade Road 
tHamilton/Avnet Electronics 

Hamilton/Avnet Computer Nepean K2E 7 J5 
20875 Crossroads Circle 4850 Wright Rd., Suite 190 Suite 400 tHamilton/Avnet Electronics 

Stafford 77477 Waukesha 53186 6845 Rexwood Road 
Tel: (713) 240-7733 Units 3·4·5 
TWX: 910-881-5523 tHamilton/Avnet Electronics Mississauga L4T 1 R2 

tPioneer/Standard Electronics 
28875 Crossroads Circle Tel: (416) 677-7432 
Suite 400 FAX: 416-677-0940 1826-D Kramer Waukesha 53186 

Austin 78758 Tel: (414) 784'4510 tHamilton/Avnet Electronics 
Tel: (512) 835-4000 FAX: 414-784-9509 190 Colonnade Road South 
FAX: 512-835-9829 Nepean K2E 7L5 

tPioneer/Standard Electronics 
Tel: (613) 226-1700 

13710 Omega Road CANADA FAX: 613-226-1184 

Dallas 75244 tZentronics 
Tel: (214) 386-7300 ALBERTA i 355 Meyerside Drive 
FAX: 214-490-6419 Mississauga LST 1 C9 

tPioneer/Standard Electronics 
Hamilton/Avnet Computer Tel: (416) 564-9600 
2816 21st Street Northeast FAX: 416-564-8320 

10530 Rockley Road Calgary T2E 6Z2 tZentronics Houston 77099 
Tel: (713) 495-4700 Hamilton/Avnet Electronics 155 Colonnade Road 
FAX: 713-495-5642 2816 21st Street N.E. #3 Unit 17 

Calgary T2E 6Z3 Nepean K2E 7K1 
tWyle Distribution Group Tel: (403) 230-3586 Tel: (613) 226-8840 
1810 Greenville Avenue FAX: 403-250-1591 FAX: 613-226-6352 
Richardson 75081 

OUEBEC Tel: (214) 235-9953 Zentronics 
FAX: 214-644-5064 6815 #8 Street N.E. Arrow Electronics Inc. 

Suite 100 1100 St. Regis 
UTAH Calgary T2E 7H Dorval H9P 2T5 

Hamilton/Avnet Computer 
Tel: (403) 295-8818 Tel: (514) 421-7411 
FAX: 403-295-8714 FAX: 514-421-7430 

1585 West 21 00 South 
Salt Lake City 84119 BRITISH COLUMBIA Arrow Electronics, Inc. 

500 Baul. St-Jean-Baptiste 
tHamilton/Avnet Electronics tHamiJton/Avnet Electronics Suite 280 
1585 West 2100 South 8610 Commerce Ct Quebec G2E 5A9 
Salt Lake City 84119 Burnaby VSA 4N6 Tel: (418) 871-7500 
Tel: (801 I 972-2800 Tel: (604) 420-4101 FAX: 418-871-6816 
TWX: 910-925-4018 FAX: 604-437-4712 Hamilton/Avnet Computer 
tWyle Distribution Group Zentronics 2795 Rue Halpern 
1325 West 2200 Sou1h 108-11400 Bridgeport Road St. Laurent H4S 1 PB 
Suite E Richmond V6X 1 T2 tHamUton/Avnet Electronics 
West Valley 84119 Tel: (604) 273-5575 2795 Halpern Tel: (801 I 974-9953 FAX: 604-273-2413 St. Laurent H2E 7K1 

WASHINGTON ONTARIO 
Tel: (514) 335-1000 
FAX: 514-335-2481 

tAlmac Electronics Corp. Arrow Electronics, Inc. tZentronics 
14360 S.E. Eastgate Way 36 Antares Dr., Unit 100 520 Mccaffrey 
Bellevue 98007 Nepean K2E 7W5 St. Laurent H4T 1 N3 
Tel: (206) 643-9992 Tel: (613) 226-6903 Tel: (514) 737-9700 
FAX: 206-643-9709 FAX: 613-723-2018 FAX: 514-737-5212 



FINLAND 

Intel Finland OY 
Ruosilantie 2 
00390 Helsinki 
Tel: (358) 0 544 644 
TLX: 123332 

FRANCE 

Intel Corporation S.A.R.L. 
1 , Aue Edison-BP 303 
78054 St. Quentin-en-Yvelines 
Ced ex 
Tel: (33) (1 I 30 57 70 00 
TLX: 699016 

ISRAEL 

Intel Semiconductor Ltd. 
Atidim Industrial Park-Neve Sharet 
P.O. Box 43202 
Tel-Aviv 61430 
Tel: (972) 03-498080 
TLX: 371215 

EUROPEAN SALES OFFICES 
ITALY 

Intel Corporation Italia S.p.A. 
Milanofion Palazzo E 
20094 Assago · 
Milano 
Tel: (39) (02) 89200950 
TLX: 341286 

NETHERLANDS 

Intel Semiconductor 8.V. 
Postbus 84130 
3099 CC Rotterdam 
Tel: (31) 10.407.11.11 
TLX: 22283 

SPAIN 

Intel Iberia S.A. 
Zurbaran, 28 
28010 Madnd 
Tel: (34) (1) 308.25.52 
TLX: 46880 

SWEDEN 

Intel Sweden A.B 
Dalvagen 24 
171 36 Solna 
Tel: (46) 8 734 01 00 
TLX: 12261 

SWITZERLAND 

Intel Semiconductor A.G. 
Zuerichstrasse 
8185 Winke!-Ruetl bei Zuerich 
Tel: (41 I 01 /860 62 62 
TLX: 825977 

UNITED KINGDOM 

Intel Corporation (UK) Ltd. 
Pipers Way 
Swindon, Wiltshire SN3 1 AJ 
Tel: (44) (0793) 696000 
TLX: 444447/8 

WEST GERMANY 

Intel GmbH 
Dornacher Strasse 1 
8016 Feldkirchen bei Muenchen 
Tel: (49) 089/90992-0 
FAX: (49) 089/904/3948 

Intel GmbH 
Abraham Lincoln Strasse 16-1 B 
6200 Wiesbaden 
Tel: (49) 06121/7605-0 
TLX: 4-186183 

Intel GmbH 
Zettachring 1 OA 
7000 Stuttgart 80 
Tel: (49) 0711/7287-280 
TLX: 7-254826 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA IRELAND NORWAY UNITED KINGDOM Rapid Recall, Ltd. 

Bacher Electronics G.m.b.H. Micro Marketing Ltd. Nordisk Elektronlkk (Norge) NS Accent Electronic Components Ltd. 
28 High Street 
Nantwich 

Rotenmuehlgasse 26 Glenageary Office Park Postboks 123 Jubilee House, Jubilee Road Cheshire CW5 SAS 
1120Wien Glenageary Smedsvingen 4 Letchworth, Harts SG6 1QH Tel: (0270) 627505 
Tel: (43) (0222) 83 56 46 Co. Dublin 1364 Hvalstad Tel: (44) (0462) 670011 FAX: (0270) 629883 
TLX: 31532 Tel: (21) (353) (01) 856288 Tel: (47) (02) 84 62 10 FAX: (44) (0462) 682467 TWX: 36329 

FAX: (21) (353) (01) 857364 TLX: 77546 TWX: 826505 
BELGIUM TLX: 31584 

lnelco Belgium S.A. PORTUGAL 
Bytech Components Ltd. 

WEST GERMANY 12A Cedarwood 
Av. des Croix de Guerre 94 IS RAEL 

ATD Portugal LOA Chineham Busmess Park 
1120 Bruxelles Crockford Lane Electronic 2000 AG 
?1o2bo~~~~~~rniaan, 94 

Eastronics Ltd. Rua Dos Lusiados, 5 Sala B Basingstoke Stahlgruberring 12 11 Rozanis Street 1300 Lisboa Hants AG24 OWD 8000 Muenchen 82 
Tel: (32) (02) 216 01 60 P.O.B. 39300 Tel: (35) (1) 64 80 91 

Tel: (0256) 707107 Tel: (49) 089/42001-0 
TLX: 64475 or 22090 Tel-Aviv 61392 TLX: 61562 FAX: 0256-707162 TLX: 522561 

Tel: (972) 03-475151 
DENMARK TLX: 33638 Ditram Conform ix lTI Multikomponent GmbH Avenida Miguel Bombarda, 133 Unit 5 Postfach 1265 ITI-Muttikomponent 

ITALY 
1000 Lisboa A 1 M Bus mess Centre Bahnhofstrasse 44 Naverland 29 Tel: (35) (1) 54 53 13 Dixons Hill Road 7141 Moeglingen 2600 Glostrup lntesi TLX: 14182 Welham Green Tel: (49) 07141/4879 Tel: (45) (0) 2 45 66 45 Div1sione ITI Industries GmbH South Hatfield TLX: 7264472 TLX: 33 355 Viale Milanofiorf SPAIN Herts AL9 7JE 

FINLAND 
Palazzo E/5 Tel: (07072) 73282 Jermyn GmbH 
~~p~~ti·8g?s~J~~1 

ATD Electronica, S.A. FAX: (07072) 61678 
Plaza Ciudad de Viena, 6 Im Dachsstueck 9 

OY Fintronic AB 6250 Limburg 
Melkonkatu 24A TLX: 311351 28040 Madrid Bytech Systems 

Tel: (49) 06431/508-0 00210 Helsinki Tel: (34) (1 I 234 40 00 3 The Western Centre 
Tel: (358) (0) 6926022 Lasi Elettronica S.p.A. TLX: 42477 Western Road TLX: 415257·0 

TLX: 124224 V. le Fulvio Testf, 126 
Metrologia lberica, S.A. 

BracKnell RG 12 1 AW 
20092 Cinisello Balsamo (Ml) Tel: (44) (0344) 55333 Metrologie GmbH 

FRANCE Tel: (39) 02/2440012 Ctra. de Fuencarral, n.80 FAX: (44) (0344) 867270 Megtingerstrasse 49 
TLX: 352040 28100 Alcobendas (Madrid) TWX: 849624 8000 Muenchen 71 

Almex Tel: (34) (1 I 653 86 11 Tel: (49) 089/78042-0 
Zone industrietle d'Antony Telcom S.r.I. Jermyn TLX: 5213189 
48, rue de l'Aubepine Via M. Civitali 75 SWEDEN Vestry Estate 
BP 102 20148 Milano Otford Road Proelectron Vertriebs GmbH 
92164 Antony cedex Tel: (39) 02/4049046 Nordisk Elektronik AB Sevenoaks Max Planck Strasse 1-3 
Tel: (33) (1) 46 66 21 12 TLX: 335654 Torshamnsgatan 39 Kent TN14 SEU 6072 Dreieich 
TLX: 250067 

ITT Mult1components Box 36 Tel: (44) (0732) 450144 Tel: (49) 06103/30434-3 

Jermyn Viale Milanofiori E/5 164 93 Kista FAX: (44) (0732) 451251 TLX: 417903 
Tel: (46) 08-03 46 30 TWX: 95142 60, rue des Gemeaux ~~p~g:isggfs~J~1 TLX: 105 47 Silic 580 MMD Ltd. YUGOSLAVIA 94653 Rungis Cedex TLX: 311351 3 Bennet Court 

Tel: (33) (1 I 49 78 49 78 SWITZERLAND Bennet Road 
TLX: 261585 Silverstar Reading H.A. Microelectronics Corp. 

Via Dei Gracchi 20 lndustrade A.G. Berkshire RG2 OOX 2005 de fa Cruz Blvd., Ste. 223 
Metrologie 20146 Milano Hertistrasse 31 Tel: (44) (0734) 313232 Santa Clara, CA 95050 
Tour d'Asnieres Tel: (39) 02/49961 8304 Wallisellen FAX: (44) (0734) 313255 U.S.A. 
4, av. Laurent-Cely TLX: 332189 Tel: (41) (01) 8328111 TWX: 846669 Tel: (1) (408) 988-0286 
92606 Asnieres Cedex TLX: 56788 TLX: 387452 
Tel: (33) (1) 47 90 62 40 

NETHERLANDS Rapid Recall, Ltd. TLX: 611448 
TURKEY Rapid House Rapido Electronic Components 

Tekelec-Airtronic Koning en Hartman Oxford Road S.p.a. 
Cite des Bruyeres Elektrotechniek B.V. EMPA Electronic High Wycombe Via C. Beccaria, 8 
Rue Carle Vernet - BP 2 Energieweg 1 Undwurmstrasse 95A Buckinghamshire HP11 2EE 34133 Trieste 
92310 Sevres 2627 AP Delft 8000 Muenchen 2 Tel: (44) (0494) 26271 Italia 
Tel: (33) (1) 45 34 75 35 Tel: (31) (1) 15/609906 Tel: (49) 089/53 80 570 FAX: (44) (0494) 21860 Tel: (39) 040/360555 
TLX: 204552 TLX: 38250 TLX: 528573 TWX: 837931 TLX: 460461 



AUSTRALIA 

Intel Australia Pty. Ltd. 
Unit 13 
Allambie Grove Business Park 
25 Frenchs Forest Road East 
Frenchs Forest, NSW, 2086 
Tel: 61-2975-3300 
FAX: 61-2975-3375 

BRAZIL 

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

CHINA/HONG KONG 

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

~:N 1?~i ~~0~4050 
TLX: 22947 INTEL CN 
FAX: (1) 500-2953 

Intel Semiconductor Ltd.* 
10/F East Tower 
Bond Center 
Queensway, Central 

~~~~8~~)~44-4555 
FAX: (852) 868-1989 

* 

INTERNATIONAL SAL!S OFFICES 
INDIA 

Intel Asia Electronics, Inc. 
4/2, Samrah Plaza 
St. Mark's Road 
Bangalore 560001 
Tel: 011-91-812-215065 
TLX: 953·845·2646 INTL IN 
FAX: 091·812-215067 

JAPAN 

Intel Japan KK 
5~6 Tokodai, Tsukuba-shi 
lbaraki, 300·26 
Tei: 0298-47-8511 
TLX: 3656· 160 
FAX: 0298·47·8450 

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

Intel Japan K.K.* 
Bldg. Kuma,gaya 
2°69 Hon-cho 
Kumagaya-shi, Saitama 360 
Tel: 0485-24-6871 
FAX: 0485-24-7518 

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

Intel Japan K.K. * 
Ryokuchi-Ek1 Bldg. 
2-4· 1 Terauchi 
i~f:o06~~~-~j0~saka sso 
FAX: 06-863-1084 

Intel Japan K.K. 
Shinmaru Bldg. 
1-5-1 Marunouchi 
Chiyoda-ku, Tokyo 100 
Tel: 03-201-3621 
FAX: 03-201-6850 

Intel Japan K.K. 
Green Bldg. 
1-16-20 Nishiki 
Naka-ku, Nagoya-shi 
Aichi 450 
Tel: 052-204-1261 
FAX: 052-204-1285 

KOREA 

Intel Korea, Ltd. 
16th Floor, Lite Bldg. 
61 Yoido-dong, Youngdeungpo-Ku 
Seoul 150-010 

irk (~~~i2al~M~~6. 8386 
FAX: (2) 784-8096 

SINGAPORE 

Intel Singapore Technology, Ltd. 
101 Thomson Road #21-05/06 
United Square 
Singapore 1130 
Tel: 250-7811 
TLX: 39921 INTEL 
FAX: 250-9256 

TAIWAN 

Intel Technology Far East Ltd. 
8th Floor, No. 205 
Bank Tower Bldg. 
Tung Hua N. Road 
Taipei 
Tel: 886-2-716-9660 
FAX: 886-2-717-2455 

INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 
ARGENTINA 

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

AUSTRALIA 

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

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

BRAZIL 

Elebra Componentes 
Rua Geraldo Flausina Gomes, 78 
7 Andar 
04575 - Sao Paulo - S.P. 
Tel: 55-11-534-9641 
TLX: 55-11-54593/54591 
FAX: 55-11-534-9424 

CHINA/HONG KONG 

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

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 MDBG 

*field Application Location 

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

Micronic Devices 
25/8, 1st Floor 
Bada Bazaar Marg 
O!d Rajlnder Nagar 
New Delhi 11 O 060 
Tel: 011-91-11-5723509 

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

Micronic DeVices 
6-3-348/12A Owarakapuri 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 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. 2-14-1 Asano 
Kokufakita-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 
1-23-9 Shinmachi, Setagaya-ku 
Tokyo 154 
Tel: 03-439-1600 
FAX: 03-439-1601 

Okaya Koki 
2-4-18 Sakae 
Naka-ku, Nagoya-Shi 460 
Tel: 052-204-2916 
FAX: 052-204-2901 

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

KOREA 

J-Tek 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 

SSB Electronics, Inc. 
675 Palomar Street, Bldg. 4, Suite A 
Chula Vista, CA 92011 
Tel: (619) 585-3253 
TLX: 287751 CBALL UR 
FAX: (619) 585-8322 

Dicopel S.A 
Tochtli 368 Fracc. Ind. San Antonio 
Azcapotzalco 
C.P. 02760-Mexico, D.F. 
rn: 52.5.551.3211 
TLX: 177 3790 Oicome 
FAX: 52-5-561-1279 

PHI S.A de C.V. 
Fco. Villa esq. Ajusco s/n 
Cuernavaca- Morelos 
Tel: 52-73-13-9412 
FAX: 52-73-17-5333 

NEW ZEALAND 

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

SINGAPORE 

Electronic Resources Pte, Ltd. 
17 Harvey Road 
#03-01 Singapore 1336 
Tel: (65) 283-0888 
TWX: RS 56541 ERS 
FAX: (65) 289-5327 

SOUTH AFRICA 

~;~ctE~~!~~~1~;.nroN 1~~fe~~eyet sq 
Meyerspark, Pretoria, 0184 
Tel: 011-2712-803-7680 
FAX: 011-2712-803-8294 

TAIWAN 

Micro Electronics Corporation 
12th Floor, Section 3 
285 Nanking East Road 
Taipei, R.0.C. 
Tel: (886) 2-7198419 
FAX: (886) 2-7197916 

Acer Sertek 1nc. 
15th Floor, Section 2 
Chien Kuo North Rd. 
Taipei 18479 R.O.C. 
Tel: 886-2-50f,0055 
TWX: 23756 SERTEK 
FAX: (886) 2-5012521 

' 




	000
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	5-0000
	5-0001
	5-0002
	5-0003
	5-0004
	5-0005
	5-0006
	5-0007
	5-0008
	5-0009
	5-0010
	5-0011
	5-0012
	5-0013
	5-0014
	5-0015
	5-0016
	5-0017
	5-0018
	5-0019
	5-0020
	5-0021
	5-0022
	5-0023
	5-0024
	5-0025
	5-0026
	5-0027
	5-0028
	5-0029
	5-0030
	5-0031
	5-0032
	5-0033
	5-0034
	5-0035
	5-0036
	5-0037
	5-0038
	5-0039
	5-0040
	5-0041
	5-0042
	5-0043
	5-0044
	5-0045
	5-0046
	5-0047
	5-0048
	5-0049
	5-0050
	5-0051
	5-0052
	5-0053
	5-0054
	5-0055
	5-0056
	5-0057
	5-0058
	5-0059
	5-0060
	5-0061
	5-0062
	5-0063
	5-0064
	5-0065
	5-0066
	5-0067
	5-0068
	5-0069
	5-0070
	5-0071
	5-0072
	5-0073
	5-0074
	5-0075
	5-0076
	5-0077
	5-0078
	5-0079
	5-0080
	5-0081
	5-0082
	5-0083
	5-0084
	5-0085
	5-0086
	5-0087
	5-0088
	5-0089
	5-0090
	5-0091
	5-0092
	5-0093
	5-0094
	5-0095
	5-0096
	5-0097
	5-0098
	5-0099
	5-0100
	5-0101
	5-0102
	5-0103
	5-0104
	5-0105
	5-0106
	5-0107
	5-0108
	5-0109
	5-0110
	5-0111
	5-0112
	5-0113
	5-0114
	5-0115
	5-0116
	5-0117
	5-0118
	5-0119
	5-0120
	5-0121
	5-0122
	5-0123
	5-0124
	5-0125
	5-0126
	5-0127
	5-0128
	5-0129
	5-0130
	5-0131
	5-0132
	5-0133
	5-0134
	5-0135
	5-0136
	5-0137
	5-0138
	5-0139
	5-0140
	5-0141
	5-0142
	5-0143
	5-0144
	5-0145
	5-0146
	5-0147
	5-0148
	5-0149
	5-0150
	5-0151
	5-0152
	5-0153
	5-0154
	5-0155
	5-0156
	5-0157
	5-0158
	5-0159
	5-0160
	5-0161
	5-0162
	5-0163
	5-0164
	5-0165
	5-0166
	5-0167
	5-0168
	5-0169
	5-0170
	5-0171
	5-0172
	5-0173
	5-0174
	5-0175
	5-0176
	5-0177
	5-0178
	5-0179
	5-0180
	5-0181
	5-0182
	5-0183
	5-0184
	5-0185
	5-0186
	5-0187
	5-0188
	5-0189
	5-0190
	5-0191
	5-0192
	5-0193
	5-0194
	5-0195
	5-0196
	5-0197
	5-0198
	5-0199
	5-0200
	5-0201
	5-0202
	5-0203
	5-0204
	5-0205
	5-0206
	5-0207
	5-0208
	5-0209
	5-0210
	5-0211
	5-0212
	5-0213
	5-0214
	5-0215
	5-0216
	5-0217
	5-0218
	5-0219
	5-0220
	5-0221
	5-0222
	5-0223
	5-0224
	5-0225
	5-0226
	5-0227
	5-0228
	5-0229
	5-0230
	5-0231
	5-0232
	5-0233
	5-0234
	5-0235
	5-0236
	5-0237
	5-0238
	5-0239
	5-0240
	5-0241
	5-0242
	5-0243
	5-0244
	5-0245
	5-0246
	5-0247
	5-0248
	5-0249
	5-0250
	5-0251
	5-0252
	5-0253
	5-0254
	5-0255
	5-0256
	5-0257
	5-0258
	5-0259
	5-0260
	5-0261
	5-0262
	5-0263
	5-0264
	5-0265
	5-0266
	5-0267
	5-0268
	5-0269
	5-0270
	5-0271
	5-0272
	5-0273
	5-0274
	5-0275
	5-0276
	5-0277
	5-0278
	5-0279
	5-0280
	5-0281
	5-0282
	5-0283
	5-0284
	5-0285
	5-0286
	5-0287
	5-0288
	5-0289
	5-0290
	5-0291
	5-0292
	5-0293
	5-0294
	5-0295
	5-0296
	5-0297
	5-0298
	5-0299
	5-0300
	5-0301
	5-0302
	5-0303
	5-0304
	5-0305
	5-0306
	5-0307
	5-0308
	5-0309
	5-0310
	5-0311
	5-0312
	5-0313
	5-0314
	5-0315
	5-0316
	5-0317
	5-0318
	5-0319
	5-0320
	5-0321
	5-0322
	5-0323
	5-0324
	5-0325
	5-0326
	5-0327
	5-0328
	5-0329
	5-0330
	5-0331
	5-0332
	5-0333
	5-0334
	5-0335
	5-0336
	5-0337
	5-0338
	5-0339
	5-0340
	5-0341
	5-0342
	5-0343
	5-0344
	5-0345
	5-0346
	5-0347
	5-0348
	5-0349
	5-0350
	5-0351
	5-0352
	5-0353
	5-0354
	5-0355
	5-0356
	5-0357
	5-0358
	5-0359
	5-0360
	5-0361
	5-0362
	5-0363
	5-0364
	5-0365
	5-0366
	5-0367
	5-0368
	5-0369
	5-0370
	5-0371
	5-0372
	5-0373
	5-0374
	5-0375
	5-0376
	5-0377
	5-0378
	5-0379
	5-0380
	5-0381
	5-0382
	5-0383
	5-0384
	5-0385
	5-0386
	5-0387
	5-0388
	5-0389
	5-0390
	5-0391
	5-0392
	5-0393
	5-0394
	5-0395
	5-0396
	5-0397
	5-0398
	5-0399
	5-0400
	5-0401
	5-0402
	5-0403
	5-0404
	5-0405
	5-0406
	5-0407
	5-0408
	5-0409
	5-0410
	5-0411
	5-0412
	5-0413
	5-0414
	5-0415
	5-0416
	5-0417
	5-0418
	5-0419
	5-0420
	5-0421
	5-0422
	5-0423
	5-0424
	5-0425
	5-0426
	5-0427
	5-0428
	5-0429
	5-0430
	5-0431
	5-0432
	5-0433
	5-0434
	5-0435
	5-0436
	5-0437
	5-0438
	5-0439
	5-0440
	5-0441
	5-0442
	5-0443
	5-0444
	5-0445
	5-0446
	5-0447
	5-0448
	5-0449
	5-0450
	5-0451
	5-0452
	5-0453
	5-0454
	5-0455
	5-0456
	5-0457
	5-0458
	5-0459
	5-0460
	5-0461
	5-0462
	5-0463
	5-0464
	5-0465
	5-0466
	5-0467
	5-0468
	5-0469
	5-0470
	5-0471
	5-0472
	5-0473
	5-0474
	5-0475
	5-0476
	5-0477
	5-0478
	5-0479
	5-0480
	5-0481
	5-0482
	5-0483
	5-0484
	5-0485
	5-0486
	5-0487
	5-0488
	5-0489
	5-0490
	5-0491
	5-0492
	5-0493
	5-0494
	5-0495
	5-0496
	5-0497
	5-0498
	5-0499
	5-0500
	5-0501
	5-0502
	5-0503
	5-0504
	5-0505
	5-0506
	5-0507
	5-0508
	5-0509
	5-0510
	5-0511
	5-0512
	5-0513
	5-0514
	5-0515
	5-0516
	5-0517
	5-0518
	5-0519
	5-0520
	5-0521
	5-0522
	5-0523
	5-0524
	5-0525
	5-0526
	5-0527
	5-0528
	5-0529
	5-0530
	5-0531
	5-0532
	5-0533
	5-0534
	5-0535
	5-0536
	5-0537
	5-0538
	5-0539
	5-0540
	5-0541
	5-0542
	5-0543
	5-0544
	5-0545
	5-0546
	5-0547
	5-0548
	5-0549
	5-0550
	5-0551
	5-0552
	5-0553
	5-0554
	5-0555
	5-0556
	5-0557
	5-0558
	5-0559
	5-0560
	5-0561
	5-0562
	5-0563
	5-0564
	5-0565
	5-0566
	5-0567
	5-0568
	5-0569
	5-0570
	5-0571
	5-0572
	5-0573
	5-0574
	5-0575
	5-0576
	5-0577
	5-0578
	5-0579
	5-0580
	5-0581
	5-0582
	5-0583
	5-0584
	5-0585
	5-0586
	5-0587
	5-0588
	5-0589
	5-0590
	5-0591
	5-0592
	5-0593
	5-0594
	5-0595
	5-0596
	5-0597
	5-0598
	5-0599
	5-0600
	5-0601
	5-0602
	5-0603
	5-0604
	5-0605
	5-0606
	5-0607
	5-0608
	5-0609
	5-0610
	5-0611
	5-0612
	5-0613
	5-0614
	5-0615
	5-0616
	5-0617
	5-0618
	5-0619
	5-0620
	5-0621
	5-0622
	5-0623
	5-0624
	5-0625
	5-0626
	5-0627
	5-0628
	5-0629
	5-0630
	5-0631
	5-0632
	5-0633
	5-0634
	5-0635
	5-0636
	5-0637
	5-0638
	5-0639
	5-0640
	5-0641
	5-0642
	5-0643
	5-0644
	5-0645
	5-0646
	5-0647
	5-0648
	5-0649
	5-0650
	5-0651
	5-0652
	5-0653
	5-0654
	5-0655
	5-0656
	5-0657
	5-0658
	5-0659
	5-0660
	5-0661
	5-0662
	5-0663
	5-0664
	5-0665
	5-0666
	5-0667
	5-0668
	5-0669
	5-0670
	5-0671
	5-0672
	5-0673
	5-0674
	5-0675
	5-0676
	5-0677
	5-0678
	5-0679
	5-0680
	5-0681
	5-0682
	5-0683
	5-0684
	5-0685
	5-0686
	5-0687
	5-0688
	5-0689
	5-0690
	5-0691
	5-0692
	5-0693
	5-0694
	5-0695
	5-0696
	5-0697
	5-0698
	5-0699
	5-0700
	5-0701
	5-0702
	5-0703
	5-0704
	5-0705
	5-0706
	5-0707
	5-0708
	5-0709
	5-0710
	5-0711
	5-0712
	5-0713
	5-0714
	5-0715
	5-0716
	5-0717
	5-0718
	5-0719
	5-0720
	5-0721
	5-0722
	5-0723
	5-0724
	5-0725
	5-0726
	5-0727
	5-0728
	5-0729
	5-0730
	5-0731
	5-0732
	5-0733
	5-0734
	5-0735
	5-0736
	5-0737
	5-0738
	5-0739
	5-0740
	5-0741
	5-0742
	5-0743
	5-0744
	5-0745
	5-0746
	5-0747
	5-0748
	5-0749
	5-0750
	5-0751
	5-0752
	5-0753
	5-0754
	5-0755
	5-0756
	5-0757
	5-0758
	5-0759
	5-0760
	5-0761
	5-0762
	5-0763
	5-0764
	5-0765
	5-0766
	5-0767
	5-0768
	5-0769
	5-0770
	5-0771
	5-0772
	5-0773
	5-0774
	5-0775
	5-0776
	5-0777
	5-0778
	5-0779
	5-0780
	5-0781
	5-0782
	5-0783
	5-0784
	5-0785
	5-0786
	5-0787
	5-0788
	5-0789
	5-0790
	5-0791
	5-0792
	5-0793
	5-0794
	5-0795
	5-0796
	5-0797
	5-0798
	5-0799
	5-0800
	5-0801
	5-0802
	5-0803
	5-0804
	5-0805
	5-0806
	5-0807
	5-0808
	5-0809
	5-0810
	5-0811
	5-0812
	5-0813
	5-0814
	5-0815
	5-0816
	5-0817
	5-0818
	5-0819
	5-0820
	5-0821
	5-0822
	5-0823
	5-0824
	5-0825
	5-0826
	5-0827
	5-0828
	5-0829
	5-0830
	5-0831
	5-0832
	5-0833
	5-0834
	5-0835
	5-0836
	5-0837
	5-0838
	5-0839
	5-0840
	5-0841
	5-0842
	5-0843
	5-0844
	5-0845
	5-0846
	5-0847
	5-0848
	5-0849
	5-0850
	5-0851
	5-0852
	5-0853
	5-0854
	5-0855
	5-0856
	5-0857
	5-0858
	5-0859
	5-0860
	5-0861
	5-0862
	5-0863
	5-0864
	5-0865
	5-0866
	5-0867
	5-0868
	5-0869
	5-0870
	5-0871
	5-0872
	5-0873
	5-0874
	5-0875
	5-0876
	5-0877
	5-0878
	5-0879
	5-0880
	5-0881
	5-0882
	5-0883
	5-0884
	5-0885
	5-0886
	5-0887
	5-0888
	5-0889
	5-0890
	5-0891
	5-0892
	5-0893
	5-0894
	5-0895
	5-0896
	5-0897
	5-0898
	5-0899
	5-0900
	5-0901
	5-0902
	5-0903
	5-0904
	5-0905
	5-0906
	5-0907
	5-0908
	5-0909
	5-0910
	5-0911
	5-0912
	5-0913
	5-0914
	5-0915
	5-0916
	5-0917
	5-0918
	5-0919
	5-0920
	5-0921
	5-0922
	5-0923
	5-0924
	5-0925
	5-0926
	5-0927
	5-0928
	5-0929
	5-0930
	5-0931
	5-0932
	5-0933
	5-0934
	5-0935
	5-0936
	5-0937
	5-0938
	5-0939
	5-0940
	5-0941
	5-0942
	5-0943
	5-0944
	5-0945
	5-0946
	5-0947
	5-0948
	5-0949
	5-0950
	5-0951
	5-0952
	5-0953
	5-0954
	5-0955
	5-0956
	5-0957
	5-0958
	5-0959
	5-0960
	5-0961
	5-0962
	5-0963
	5-0964
	5-0965
	5-0966
	5-0967
	5-0968
	5-0969
	5-0970
	5-0971
	5-0972
	5-0973
	5-0974
	5-0975
	5-0976
	5-0977
	5-0978
	5-0979
	5-0980
	5-0981
	5-0982
	5-0983
	5-0984
	5-0985
	5-0986
	5-0987
	5-0988
	5-0989
	5-0990
	5-0991
	5-0992
	5-0993
	5-0994
	5-0995
	5-0996
	5-0997
	5-0998
	5-0999
	5-1000
	5-1001
	5-1002
	5-1003
	5-1004
	5-1005
	5-1006
	5-1007
	5-1008
	5-1009
	5-1010
	5-1011
	5-1012
	5-1013
	5-1014
	5-1015
	5-1016
	5-1017
	5-1018
	5-1019
	5-1020
	5-1021
	5-1022
	5-1023
	5-1024
	5-1025
	5-1026
	5-1027
	5-1028
	5-1029
	5-1030
	5-1031
	5-1032
	5-1033
	5-1034
	5-1035
	5-1036
	5-1037
	5-1038
	5-1039
	5-1040
	5-1041
	5-1042
	5-1043
	5-1044
	5-1045
	5-1046
	5-1047
	5-1048
	5-1049
	5-1050
	5-1051
	5-1052
	5-1053
	5-1054
	5-1055
	5-1056
	5-1057
	5-1058
	5-1059
	5-1060
	5-1061
	5-1062
	5-1063
	5-1064
	5-1065
	5-1066
	5-1067
	5-1068
	5-1069
	5-1070
	5-1071
	5-1072
	5-1073
	5-1074
	5-1075
	5-1076
	5-1077
	5-1078
	5-1079
	5-1080
	5-1081
	5-1082
	5-1083
	5-1084
	5-1085
	5-1086
	5-1087
	5-1088
	5-1089
	5-1090
	5-1091
	5-1092
	5-1093
	5-1094
	5-1095
	5-1096
	5-1097
	5-1098
	5-1099
	5-1100
	5-1101
	5-1102
	5-1103
	5-1104
	5-1105
	5-1106
	5-1107
	5-1108
	5-1109
	5-1110
	5-1111
	5-1112
	5-1113
	5-1114
	5-1115
	5-1116
	5-1117
	5-1118
	5-1119
	5-1120
	5-1121
	5-1122
	5-1123
	5-1124
	5-1125
	5-1126
	5-1127
	5-1128
	5-1129
	5-1130
	5-1131
	5-1132
	5-1133
	5-1134
	5-1135
	5-1136
	5-1137
	5-1138
	5-1139
	5-1140
	5-1141
	5-1142
	5-1143
	5-1144
	5-1145
	5-1146
	5-1147
	5-1148
	5-1149
	5-1150
	5-1151
	5-1152
	5-1153
	5-1154
	5-1155
	5-1156
	5-1157
	5-1158
	5-1159
	5-1160
	5-1161
	5-1162
	5-1163
	5-1164
	5-1165
	5-1166
	5-1167
	5-1168
	5-1169
	5-1170
	5-1171
	5-1172
	5-1173
	5-1174
	5-1175
	5-1176
	5-1177
	5-1178
	5-1179
	5-1180
	5-1181
	5-1182
	5-1183
	5-1184
	5-1185
	5-1186
	5-1187
	5-1188
	5-1189
	5-1190
	5-1191
	5-1192
	5-1193
	5-1194
	5-1195
	5-1196
	5-1197
	5-1198
	5-1199
	5-1200
	5-1201
	5-1202
	5-1203
	5-1204
	5-1205
	5-1206
	5-1207
	5-1208
	5-1209
	5-1210
	5-1211
	5-1212
	5-1213
	5-1214
	5-1215
	5-1216
	5-1217
	5-1218
	5-1219
	5-1220
	5-1221
	5-1222
	5-1223
	5-1224
	5-1225
	5-1226
	5-1227
	5-1228
	5-1229
	5-1230
	5-1231
	5-1232
	5-1233
	5-1234
	5-1235
	5-1236
	5-1237
	5-1238
	5-1239
	5-1240
	5-1241
	5-1242
	5-1243
	5-1244
	5-1245
	5-1246
	5-1247
	5-1248
	5-1249
	5-1250
	5-1251
	5-1252
	5-1253
	5-1254
	5-1255
	5-1256
	5-1257
	5-1258
	5-1259
	5-1260
	5-1261
	5-1262
	5-1263
	5-1264
	5-1265
	5-1266
	5-1267
	5-1268
	5-1269
	5-1270
	5-1271
	5-1272
	5-1273
	5-1274
	5-1275
	5-1276
	5-1277
	5-1278
	5-1279
	5-1280
	5-1281
	5-1282
	5-1283
	5-1284
	5-1285
	5-1286
	5-1287
	5-1288
	5-1289
	5-1290
	5-1291
	5-1292
	5-1293
	5-1294
	5-1295
	5-1296
	5-1297
	5-1298
	5-1299
	5-1300
	5-1301
	5-1302
	5-1303
	5-1304
	5-1305
	5-1306
	5-1307
	5-1308
	5-1309
	5-1310
	5-1311
	5-1312
	5-1313
	5-1314
	5-1315
	5-1316
	5-1317
	5-1318
	5-1319
	5-1320
	5-1321
	5-1322
	5-1323
	5-1324
	5-1325
	5-1326
	5-1327
	5-1328
	5-1329
	5-1330
	5-1331
	5-1332
	5-1333
	5-1334
	5-1335
	5-1336
	5-1337
	5-1338
	5-1339
	5-1340
	5-1341
	5-1342
	5-1343
	5-1344
	5-1345
	5-1346
	5-1347
	5-1348
	5-1349
	5-1350
	5-1351
	5-1352
	5-1353
	5-1354
	5-1355
	5-1356
	5-1357
	5-1358
	5-1359
	5-1360
	5-1361
	5-1362
	5-1363
	5-1364
	5-1365
	5-1366
	5-1367
	5-1368
	5-1369
	5-1370
	5-1371
	5-1372
	5-1373
	5-1374
	5-1375
	5-1376
	5-1377
	5-1378
	5-1379
	5-1380
	5-1381
	5-1382
	5-1383
	5-1384
	5-1385
	5-1386
	5-1387
	5-1388
	5-1389
	5-1390
	5-1391
	5-1392
	5-1393
	5-1394
	5-1395
	5-1396
	5-1397
	5-1398
	5-1399
	5-1400
	5-1401
	5-1402
	5-1403
	5-1404
	5-1405
	5-1406
	5-1407
	5-1408
	5-1409
	5-1410
	5-1411
	5-1412
	5-1413
	5-1414
	5-1415
	5-1416
	5-1417
	5-1418
	5-1419
	5-1420
	5-1421
	5-1422
	5-1423
	5-1424
	5-1425
	5-1426
	5-1427
	5-1428
	5-1429
	5-1430
	5-1431
	5-1432
	5-1433
	5-1434
	5-1435
	5-1436
	5-1437
	6-000
	6-001
	6-002
	6-003
	6-004
	6-005
	6-006
	6-007
	6-008
	6-009
	6-010
	6-011
	6-012
	6-013
	6-014
	6-015
	6-016
	6-017
	6-018
	6-019
	6-020
	6-021
	6-022
	6-023
	6-024
	6-025
	6-026
	6-027
	6-028
	6-029
	6-030
	6-031
	6-032
	6-033
	6-034
	6-035
	6-036
	6-037
	6-038
	6-039
	6-040
	6-041
	6-042
	6-043
	6-044
	6-045
	6-046
	6-047
	6-048
	6-049
	6-050
	6-051
	6-052
	6-053
	6-054
	6-055
	6-056
	6-057
	6-058
	6-059
	6-060
	6-061
	6-062
	6-063
	6-064
	6-065
	6-066
	6-067
	6-068
	6-069
	6-070
	6-071
	6-072
	6-073
	6-074
	6-075
	6-076
	6-077
	6-078
	6-079
	6-080
	6-081
	6-082
	6-083
	6-084
	6-085
	6-086
	6-087
	6-088
	6-089
	6-090
	6-091
	6-092
	6-093
	6-094
	6-095
	6-096
	6-097
	6-098
	6-099
	6-100
	6-101
	6-102
	6-103
	6-104
	6-105
	6-106
	6-107
	6-108
	6-109
	6-110
	6-111
	6-112
	6-113
	6-114
	6-115
	6-116
	6-117
	6-118
	6-119
	6-120
	6-121
	6-122
	6-123
	6-124
	6-125
	6-126
	6-127
	6-128
	6-129
	6-130
	6-131
	6-132
	6-133
	6-134
	6-135
	6-136
	6-137
	6-138
	6-139
	6-140
	6-141
	6-142
	6-143
	6-144
	6-145
	6-146
	6-147
	6-148
	6-149
	7-00
	7-01
	7-02
	7-03
	8-00
	8-01
	8-02
	8-03
	8-04
	8-05
	8-06
	8-07
	8-08
	8-09
	8-10
	8-11
	8-12
	8-13
	8-14
	8-15
	8-16
	8-17
	8-18
	8-19
	8-20
	8-21
	8-22
	8-23
	8-24
	8-25
	8-26
	8-27
	8-28
	8-29
	8-30
	8-31
	8-32
	8-33
	8-34
	8-35
	8-36
	8-37
	8-38
	8-39
	8-40
	8-41
	8-42
	8-43
	8-44
	8-45
	8-46
	8-47
	8-48
	8-49
	8-50
	8-51
	8-52
	8-53
	8-54
	8-55
	8-56
	8-57
	8-58
	8-59
	8-60
	8-61
	8-62
	x-01
	x-02
	x-03
	x-04
	x-05
	x-06
	xBack

