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Now that you have verified that the data in the buffer 
matches the data in the PROM, you are ready to copy 
the buffer to a blank PROM. Remove the master 

P P S > COPY BUFFER TO PROM 
CHECK SUM = 4D4A 

PPS> 

Key-In Sequence 

COpy BUFFER TO PROM 
�~� �R�E�T�U�R�N�~� 

280015-6 

Note that for copying from the buffer to a PROM, you 
do not need to use the VERIFY command. The iPPS­
PDS software automatically verifies the copying when 
you copy in this direction. 

Interleaving a File between Two PROMS 

It is often desirable to have code or data arranged in 16-
bit words and stored on a pair of 8-bit PROMs. This is 
the case, for example, when working with an 

7-33 

PROM from the PROM socket and insert the blank 
PROM. Then use COPY again to copy the contents of 
the iPPS-PDS buffer to the blank PROM. 

280015-8 

Comments 

The display of the check-sum and the return of the 
iPPS prompt indicate that the PROM was successfully 
programmed. 

8086 microprocessor that reads from and writes to 
memory on a l6-bit data bus. The data is interleaved 
between two PROMs, the odd (or low) bytes stored in 
one PROM and the even (or high) bytes stored in the 
other PROM. The FORMAT command handles this 
interleaving automatically. 

In the following example, a file written in Intel 8086 
hexadecimal format is interleaved into two PROM de­
vices. 
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PPS > FORMAT DOUBLE.BYT (O,FFFH) 
LOGICAL UNIT (BIT=1,NIBBLE=2,BYTE=3,N-BYTE=4) 
LU = 3 
INPUT BLOCK SIZE (N BYTES) 
N = 2 
OUTPUT BLOCK SIZE (N BYTES) 
N = 1 
INPUT BLOCK STRUCTURE: 
NUMBER OF INPUT LOGICAL UNITS = 002 

LSB 

I 00 I 01 I 

NUMBER OF OUTPUT LOGICAL UNITS = 001 
OUTPUT SPECIFICATION «CR> TO EXIT): 

* 

280015-9 

Key·In Sequence Comments 

FORMAT DOUBLE. BYT (O,FFFH) 

nRETURN~ 
280015-6 

3IRETUR~~ 
280015-6 

2 nRETURNij 
280015-6 

1 n RETURNij 
280015-6 

7·34 

In this example, a file called DOUBLE.BYT is split 
into two files, with alternate bytes being loaded into 
alternate files. After establishing the FORMAT com· 
mand and the file name with the first entry, the iPPS 
software prompts for the size of the logical unit that is 
going to be manipulated. Byte is selected as the logical 
unit. You are then prompted to set up the input block 
size (in this case two bytes) and the output block size 
(one byte). A diagram of the input block is displayed 
with the logical units labeled. The least significant bit in 
the input block is displayed with the logical units lao 
beled. The least significant bit in the input block is 
shown on the left. The number of logical units in the 
output block is also displayed. You are then prompted 
with an asterisk (*) to enter the output specification. 



inter 

*0 TO LOWER.BYT 
OUTPUT STORED 
*1 TO UPPER.BYT 
OUTPUT STORED 

* 
PPS> 

Key-In Sequence 

o TO LOWER.BYT 

~RETURN~ 
280015-6 

1 TO UPPER,BYT 

n RETURNij 

280015-6 

IRETURN~ 
280015-6 

AP-179 

280015-10 

Comments 

Once the size of the logical unit, the input block size and the output block 
sizes have been established, you are prompted for the output specification 
(how you want the data in the file to be manipulated in terms of logical 
units). This example specified that the least significant byte in each input 
block be stored in a file titled LOWER.BYT in the default drive. The iPPS 
software then sorts through the DOUBLE-BYT file. Next it specifies that 
the most significant byte be stored in afile titled UPPER.BYT. The iPPS 
software then sorts through the DOUBLE-BYT file and copies every odd 
byte to the UPPER-BYT file. OUTPUT STORED is displayed after each 
output specification is implemented. You then have the option of entering 
another output specification. Pressing RETURN exits the FORMAT com­
mand and returns the iPPS prompt. 

You can use the two files created with this FORMAT 
operation to program two PROMs, which you can then 
install in parallel to provide 16-bit data words to a 

16-bit microprocessor. To copy the files the PROMs, 
use the COPY command as follows. 

Key-In Sequence 

P P S > COPY LOWER.BYT TO PRO". 
CHECK SUM = 5111 

PPS >COPY UPPER.BYTTO PROM 
CHECK SUM = 1I4AC 

PPS> 

COPY LOWER.BYT TO PROM 

COPY UPPER.BYT TO PROM 

n RETURNij 

280015-6 

nRETURN~ 
280015-6 

280015-11 

Comments 

, You must install a blank PROM in the personality 
module before entering each COPY command. 
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Locking a Microcontroller 

After programming a microcontroller, you can protect 
it from unauthorized access by locking it with 

the KEYLOCK command (the KEYLOCK command 
cannot be used with all EPROMs). The following ex­
ample locks an 8751H microcontroller, which then can­
not be unlocked without erasing it. 

PPS > KEYLOCK 
EXECUTE- -YIN? Y 
PPS> 

Key-In Sequence 

KEYLOCK iRETURN~ 
280015-6 

Y IRETURH~ 
280015-6 

-----------------------------------------------
280015-12 

Comments 

Entering Y locks the EPROM. If you enter N, the command terminates and 
EPROM remains unlocked. 
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iPLDS 
INTEL PROGRAMMABLE LOGIC 

DEVELOPMENT SYSTEM 
Provides the Necessary Hardware and • Supports a Variety of Input Methods: 
Software Tools to Quickly Turn Design - Schematic Capture (Optional) 
Concepts Into Programmed Erasable - Interactive Logic Builder 
Programmable Logic Devices (EPLD) - Boolean Equations 

Includes Comprehensive, Menu-driven - State Machine Entry (Optional) 

Software with Soft Key Input and On- - Design Files Via a Text Editor 

line Help Messages • Generates Output in the Standard 

A Variety of Programmable Options JEDEC File Format 

Available to Program, Read, and Verify • Interfaces with the IBM* PC, PC XT, 
EPLD Devices PC AT, and True Compatibles 

Includes a Logic Optimizing Compiler • Programming Tools to Obtain the Most 
That Automatically Minimizes Logic, Utilization of EPLD Resources 
and Produces the Best Design Fit for • Includes Sample Device 
the Device Selected 

OVERVIEW: The Intel Programmable Logic Development System (iPLDS) provides a powerful set of EPLD 
development tools. It is an easy to use hardware and software system for creating a logic design, optimizing 
and custom-fitting the design to a particular EPLD device, and then programming and verifying the EPLD 
device. 

"IBM Personal Computer is a registered trademark of International Business Machines Corporation. 
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FUNCTIONAL DESCRIPTION 

The iPLDS simplifies using EPLD devices in circuit 
designs. The iPLDS provides all of the software, pro­
gramming hardware, and documentation needed to 
convert a designer's hardware logic concept into a 
fully optimized, tested, and documented device. The 
designer accomplishes the entire process at his/her 
desk. The iPLDS interfaces with and runs on an IBM 
PC or true compatible. 

The key to the ease of this process. is the compre­
hensive set of high-level software tools, derived ex­
tensively from the techniques used in higher cost 
CAE workstations and software development pro­
cesses. The system's software includes a wide 
choice of design input types, enabling designers to 
create and implement designs using the user inter­
face matching their application. 

As with most other programmable logic software 
systems, the designer can specify, test, and modify 
designs with advanced forms of Boolean equations. 
In addition, the iPLDS supports input from two pow­
erful optional schematic capture packages (PC­
CAPS· from P-CAD, and DASH-2* from Future-Net), 
input using the logic builder program (an easy-to-use 
interactive netlist entry package), optional state ma­
chine entry, and creation of an Advanced Design 
File (ADF) directly using the text editor, such as In­
tel's AEDITtext editor. 

Advances have been made in each stage of the 
EPLD design cycle. The software compiles and opti­
mizes the logic design, automatically determines the 
best way to fitthe design into the EPLD device, and 
graphically displays. the programmed device at the 
individual EPROM bit level. The software also pro­
grams, reads, and verifies the EPLD device using 
the system's programming hardware. 

The software is designed for ease of use. The entire 
software package is comprised of nested menus. 
The bottom of the screen displays helpful mes­
sages, suggesting what to do. A separate help func­
tion is always available when a further explanation of 
a function is needed. Errors are identified with de­
scriptive messages. The process is further simplified 
by the use of interactive graphics during design input 
and while viewing the design fit using the gate inter­
connect preview function. 

EPLD DESIGN PROCESS 

The iPLDS supports a complete design process 
from concept to programmed and tested compo-

• PC-CAPS is a registered trademark of P-CAD Corporation. 

*DASH-2 is a registered trademark of FutureNet Corporation. 
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nents. The Intel Programmable Logic Software 
(iPLS) controls the entire process (refer to Figure 1). 

Design Input 

The logic. design can be entered. using any of the 
following methods: 

LogiC Builder: The logic design can easily be en­
tered using the logic builder program, which uses a 
combination of questions and pictures to prompt the 
designer for inputs and outputs of logiC elements. 
The program guides the designer through the entire 
design entry process by prompting for necessary in­
formation and showing a screen display, one device 
at a time, with input signals on the left side, and 
output signals on the right (refer to Figure 2). 

The design entry process starts with ari output pin of 
the EPLD device. A device to drive the output pin is 
selected from a menu of available logic primitives. 
Then the system prompts the designer for the node 
names of each input to the primitive device;Primitive 
devices to drive each input node are then selected, 
and so on, until the entire logic circuit has been cre­
ated. The circuit can be edited during initial entry 
and also when down-loaded from disk storage or an 
EPLD device. Comments can also be added. The 
circuit is corrected-by-design from the start, as the 
logiC builder detects and identifies violations to basic 
design rules. If the design can be better described 
using a Boolean equation or a state machine specifi­
cation, these can be directly entered into the circuit, 
using built-in entry functions .. An Advanced DeSign 
File (ADF) is automatically created when the design 
input is complete. 

State Machines (optional): State·machinedesigns 
can be entered using the optional iSTATE software. 
iSTATE provides considerable flexibility in ways to 
specify state machine designs, supporting multiple 
syntaxes for state definition,· specification of state 
transitions, inputs, and outputs and provisions for in­
termixing state machine and Boolean equation de­
signs. 

Once a state machine design has been coded using 
iSTATE, the program is input to the iPLS software 
which optimizes the logic,determines a best fit of 
the state machine design to the EPLD selected 
(even including automatic selection of flip-flop 
types), compiles the program, and produces a 
JEDEC or Intel hex formatted object code file for 
programming using one of Intel's selection of pro­
gramming methods. 
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INTEl '''OORAMIIABLE LOGIC DEVElDPMENT SYSTEM (lPLOS) 

280168-2 

Figure 1. Intel Programmable Logic Development System (IPLDS) 

280168-3 

Figure 2. Logic Builder and Utilization Screen Samples 
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Text Editor: The logic design can be entered using 
a text editor to create an ADF similar to most PLD 
design packages. The ADF provides a simple format 
for specifying design inputs, outputs, net lists, and 
Boolean logic equations. 

Schematic Capture (optional): The logic design 
can be entered using either of two powerful sche­
matic capture programs, PC-CAPS or DASH-2. With 
these schematic entry programs, specially config­
ured to work with Intel's logic symbol libraries, logic 
design schematics can be drawn on the host com­
puter's screen by interactively entering primitive log­
ic symbols using a menu of logic symbols and a 
mouse. The schematic can be easily edited. Chang­
ing a design from one EPLD size to another is ac­
complished by changing the device number on the 
drawing of the schematic. Hard-copy printout and 
plotting of the schematic is also supported. The pin 
list file ouput of the schematic capture programs can 
then be transferred directly to the Logic Optimizing 
Compiler (LOC). 

Boolean Equations: The logic design can be en­
tered using Boolean equations, inserting them di­
rectly into the Logic Builder design, schematic cap­
ture design ADF (using a text editor), or state ma-
chine file. . 

The logic symbol libraries are available separately 
as iSLlBFNET and iSLlBPCAD. These products in­
clude the full device libraries to support both Intel 
and Altera Corp. EPLD devices, and all necessary 
software interfacing between the schematic capture 
packages· and the iPLDS. 

Logic Optimizing Complier (LOC) 

The LOC accepts the design input from an ADF or a 
pin list file. Once the logic design is accepted, the 
LOC begins to compile the input code in three 
stages. . 

Logic Design Optimization: The LOe converts the 
input file to Boolean equations. At this time, logical 
and syntactical error checks are made. The Boolean 
equations are then combined into an expanded sum­
of-products form. The LOC then performs heuristi­
cally selected optimization algorithms (including De 
Morgan's theorem) to reduce the design to the mini­
mum number of terms. 

Automatic Chip Input and Output Pin Assign­
ment: After the optimization is complete, the compil- . 
er automatically fits the design into the specified 
EPLD device using device parameters read from the 
software parts library. If input and output pins have 

not been assigned by the designer, the compiler au­
tomatically assigns them to locations that provide 
the best fit of the design within the EPLD device. 

Automatic Chip Resource Allocation: This func­
tion determines the best possible fit of the design 
within the format structure of the chosen EPLD de­
vice. 

Resource Utilization Report 

Once the logic optimization is complete, a resource 
utilization report is created documenting which of a 
part's resources have been utilized and how the re­
sources have been used. The report is automatically 
stored as a disk file. A statement at the top of the 
report indicates whether or not the design has been 
successfully implemented. This is followed by a 
header section detailing the deSigner's name, date 
the design was entered, EPLD device number, and 
the title of the design. Next is a pictorial representa­
tion of the EPLD device, with all pins labeled. Then 
details of the input and output pins, and any buried 
registers are listed. The report also lists any unused 
device resources, and what percentage of the de­
vice was utilized. 

Logic Equation File 

At the completion of the logic optimization, a Logic 
Equation File (LEF) is also created. The LEF is a 
version of the ADF with all logic minimized. The LEF 
shows the result of the Logic Optimizing Compiler. 

JEDEC Design File 

. The LOC also produces a JEDEC design file of ob­
ject code, which can be programmed directly into an 
EPLD device using the Logic Programming Software 
(LPS) and the Intel logic programmer. The JEDEC 
(JOint Electron Device Engineering Council) file for­
mat is a standard data transfer format. 
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JEDEC to HEX Conversion 
The JEDEC file can be converted to an Intel Hex File 
Format using a simple conversion program. The Intel 
Hex File Format code can then be used to program 
EPLDs using Intel Universal Programmers with iUP­
GUPI modules. 

Logic Programmer Software (LPS) 

The LPS controls the programming, reading, and 
verifying of the EPLD device by the Intel logic pro­
grammer. The gate interconnect preview feature of 
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the LPS provides a windowed view into the structure 
of the EPLD device, graphically displaying how the 
design was implemented into the device (refer to 
Figure 3). The feature enables the designer to get a 
complete view of the EPLD device, showing the 
status of individual EPROM bits. The actual bit pat­
tern and 1/0 drivers can be checked, and individual 
bits may be altered. This feature can be used before 
the EPLD device has been programmed, or after 
reading a previously programmed EPLD device. 

Intel Logic Programmer 

Programming the EPLD is accomplished by use of 
the Intel logic programmer, which consists of an in­
terface card (installed in an IBM PC, or true compati­
ble) and a separate programmer (pod) that is con­
nected to the card by a ribbon cable. The Intel logic 
programmer uses a fast programming algorithm to 
program most designs in less than one minute. 

While programming, the Intel logic programmer also 
performs a double verification of the bit pattern. The 
programmer verifies each bit after it is programmed, 
and it verifies the bit pattern again after the entire 
EPLD device is programmed. 

The Intel logic programmer also programs the EPLD 
security and turbo bits. The security bit, once pro­
grammed, prevents programming, reading, and veri­
fying of the device. The turbo bit, once programmed, ' 
prevents the device from going into a stand-by 
mode. Although the device will consume more pow­
er in turbo mode, the propagation delay through the 
device is reduced. To be reprogrammed, the device 
must be erased with ultraviolet light. . 

NOTE: 
The iPLDS includes a programmer pod for the 300 
and 1200 gate equivalent devices. Other logic pro­
grammers are available for programming devices 
with different pin counts and package styles. 

IUP·GUPI 

. The iUP-GUPI is a generic module that enables the 
iUP-200Al201A Universal Programmer and the Intel 
Personal Development System (iPDSTM) to accept 
low-cost plug in adaptors that configure the system 
to support a wide variety of programmable devices 
(including EPLDs). Table 1 lists the EPLD devices 
supported by the iPLDS system, and the Intel Logic 
Programmer pods and GUPI adaptors that will pro­
gram them. 
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Table 1. Intel Programmer Logic Development 
System Programming Support 

Equivalent Intel Logic iUp·GUPI Device Gate Count Programmer Adaptor Pod 

5C031 300 included .in GUPI LOGIC-12 
iPLDS 

5C060 600 iLP900 GUPI LOGIC-9 

5C090 900 iLP900 GUPI LOGIC-9 

5C121 1200 included in GUPI LOGIC-12 
iPlDS 

5C180 1800 iLP1800 GUPI LOGIC-18 

NOTE: 
Intel Programmers also support programming of equivalent 
Altera Corp. second-source parts. 

iUP·GUPI and GUPI Logic Adaptors 

The IUP-GUPI and assorted GUPI LOGIC adaptors 
provides an alternative programming solution for In­
tel's H-series and Altera EPLD devices, when pur­
chased with the iPLS, Intel's Programmable Logic 
Software. This complete set of software is available 
separately (i.e., without the iLP programmer pod and 
IBM interface card). 

By selecting a system consisting of the iPLS soft­
ware, iUP-201A (with iPPS software for the IBM PC, 
PC XT, or PC AT), and iUP-GUPI, no expansion slots 
are used in your PC (since the iUP communicates via 
the PC's RS232 serial port), and a more versatile 
programming solution is obtained. Some of the add­
ed programming advantages are stand-alone opera­
tion when several duplicate EPLDs are needed, in­
creased device testing with checksum, verification, 
and optional programming of EPROMs and micro­
controllers with low cost adaptors. 

OPTIONAL PRODUCTS 
iPLS: The Intel Programmable LogiC Soft­

ware is available for users who do 
not require the logic programmer 
hardware. The product consists of 
the iPLS diskettes, sample EPLD de­
vice, and the iPLDS User Manual 
with slipcase and binder. 

iUPLDSKIT09 This kit bundles all the software and 
hardware needed to develop EPLD's 
for users that already have an iUP-
200A or 201 A programmer. The 
product includes the iPLS software, 
iUP-GUPI module, GUPI-LOGIC09 
adaptor, iPPS programming software 
for the IBM PC, and manuals. 
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Figure 3. Gate Interconnect Preview Screen Sample 

280168-5 

Figure 4. Programmer Pods 

8-6 



IPLDS 

Feature Benefit 

• Multiple input formats Choice of design input methods fits the designer's background, skill 
level and circumstances 

-Schematic capture Widely used design methodology, provides printout of the schematic 
-Logic builder Very fast to design (no syntax errors associated with text files), easy 

to use, accepts Boolean equations, lower cost for some users 
Boolean algebra Traditional methodology for programmable logic 
-State machine Support for users designing with state machines 
• Self contained, total system Total, low-cost EPLD design process (development and programming) 
• Logic Optimizing Compiler 

(LOC) 
-Automatic logic minimization Optimized device utilization (allowing larger equivalent gate counts 

and resource allocation per device) 
-Automatic pin assignment Design time saved, more efficient design fit within the EPLD device 
-Resource utilization report Automatic documentation (saves time) which provides feedback on 

the internal implementation of the design 
-JEDEC file output Industry standard, interfaces to third party programmers 
• Interactive menu driven Very easy to use for the novice, while the expert can quickly access 

software with help files and the most sophisticated features 
advanced control features 
for experts 

• IBM PC compatible Minimum host computer investment, widely available, runs on 
MS-DOS· and PC-DOS 

• Sample EPLD devices Immediate use of the system 

iSLlBFNET The FutureNet system library provides 
the full device library to support both In­
tel and Altera Corp. EPLD devices, and 
all . necessary software interfacing be­
tween the DASH-2 schematic capture 
package and iPLS. The product consists 
of the symbol library diskette. 

iSLlBPCAD The P-CAD system library provides the 
full device library to support both Intel 
and Altera Corp. EPLD devices, and all 
necessary software interfacing between 
the PC-CAPS schematic capture pack­
age and iPLS. The product consists of 
the symbol library diskette. . ' 

iLP900 The Intel Logic Programmer 900 pod is 
available for programming the Intel 
5C060 and 5C090 logiC devices (or 
equivalent Altera Corp. second-sourced 
parts). 

iLP1800 The Intel LogiC Programmer 1800 pod is 
available for programming the Intel 
5C180 logic device (or an equivalent 
Altera Corp. second-sourced part) .. 

iSTATE The Intel state machine entry software 
package is available for entering state 
machine deSigns by specifying the state 
variables and state transitions. 
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SUMMARY 

The Intel Programmable Logic Development System 
is a unique combination of power, versatility, and 
economics. It enables the logic designer to draw the 
schematic, check it for accuracy, compile and mini­
mize it, program it into an EPLD device, and then 
revise the design and reprogram the EPLD device, 
all at the designer's desk. 

SPECIFICATIONS 

RequIred Hardware 

The iPLDS software requires an IBM PC xl', PC AT, 
or other true compatible computer capabl!il of run­
ning MS-DOS· version 2.0 or later. The computer 
must have a 360 KB double-sided, double-density 
disk drive, a hard disk, and 512 KB of RAM. Addi­
tional memory is required for the optional schematic 
capture programs. A color monitor is recommended, 
as the color graphics available provide a better rep­
resentation of the data than a monochrome display. 

OMS-DOS is a registered trademark of Microsoft Corpora­
tion. 
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The programmer interface card requires one full-size 
card slot in the host computer. 

Operating Environment 

ELECTRICAL CHARACTERISTICS 

Interface card and programmer: 

Static: 5V @ 300 mA ± 50 mA 
12V @ 200 mA ±25 mA 

Dynamic: 5V @ 300 mA ± 50 mA 

(programming) 12V @ 250 mA ± 25 mA + device 
current' 

NOTE: 
'device current = Ipp + Icc of the device being 
programmed 

PHYSICAL CHARACTERISTICS 

Interface card: 
Width: 13.1 in. (33.7 cm) 
Height: 4.2 in. (10.8 cm) 

Programmer: 
Width: 4.8 in. (12.3 cm) 
Height: 1.9 in. (4.9 cm) 
Depth: 4.8 in. (12.3 cm) 

Shipping weight: 7 Ibs. 

ENVIRONMENTAL CHARACTERISTICS 

Operating Temperature: 10·C to 40·C . 
Relative Humidity: 8% to 80% 

Equipment Supplied 

HARDWARE 
- Intel Logic Programmer and cable 

- Logic programmer interface card 

- EPLD device 

SOFTWARE 
- Intel Programmable Logic Software (iPLS)-mas-

ter program diskette 

- Logic Builder (LB)-design entry diskette. 

- Logic Optimizing Compiler (LOC) diskette 

- Logic Programmer Software (LPS) diskette 
. - Installation (INSTALL) diskette 
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DOCUMENTATION: 
.,-- ;PLDS User Manual, order number 166612 

ORDERING INFORMATION 
Product 
Order 
Code 

iPLDS 

iPLS 

Description 

Intel Programmable Logic Development 
System (hardware, software, sample 
device, and documentation) . 

Intel Programmable Logic . Software 
(software, sample device, and docu­
mentation only) 

iSLlBFNET FutureNet symbol library for use with 
the DASH-2 schematic capture pack­
age 

iSLlBPCAD P-CAD symbol library for .use with the 
.. PC-CAPS schematic capture package 

iLP900 iLP pod for programming Intel 5C060 
and 5C090 logic devices 

iLP1800 iLP pod for programming Intel 5C180 
devices 

iSTATE iPLDS state machine entry software 
package 

NOTE: 
The DASH-2 schematic capture program is avail­
able from FutureNetCorporation, and the PC-CAPS 
schematic capture program is available from P-CAD 
Corporation. 
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OVERVIEW 

Welcome to the fascinating world of ERASABLE PRO­
GRAMMABLE LOGIC DEVICES (EPLDs) and Intel's 
Programmable Logic Development System (iPLDS). This 
application note has been written for the newcomer to 
Intel's devices and design tools. It has been designed as a 
step-by-step guide through the tools but should also prove 
useful as a reference document for the experienced logic 
designer. 

By the end of this application note you will have 
designed/solved multiple logic problems and be in a posi­
tion to implement solutions to many of the digital design 
challenges you face today. It is anticipated that this appli­
cation note will be used in conjunction with Intel's iPLS 
software. To increase the usefulness of this application 
note, Intel will supply a PCB card for you to experiment 
on and a sample diskette (see Appendix E for details). 

This application note is divided into the following three 
sections: 

1. An introduction to Erasable Programmable Logic 
Devices (EPLD) 

2. An introduction to Intel's Programmable Logic De­
velopment System (iPLDS) 

3. Implementation of EPLD and iPLDS using detailed 
examples to implement a logic design. 

INTRODUCTION 

Programmable logic in the form of PALs have been availa~ 
ble for some time. They have' become more.complex as 
Large Scale Integration (LSI) techniques have been ap­
plied to this technology. 

The benefits of Large Scale Integration circuits are many 
fold. These circuits offer lower manufacturing costs, 
since the use of customized LSI circuits reduces required 
printed circuit board space, thereby significantly reducing 
board costs. These circuits also consume lower power so 
less expensive power supplies are required and cooling 
fans are also eliminated. LSI circuits also have higher reli­
ability than equivalent systems comprised of many low 
density standard components. 

As end users of semiconductors moved into higher and 
higher levels of integration, chip designers found it more 
and more difficult to define larger and larger blocks of 
logic. These difficulties led to the emergence of the 
user-defined Application Specific Integrated Circuit 
(ASIC). 

The options available for application specific logic are ex­
plained below and shown in Figure 1. 
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I n CUJTOM n 
PROGRAM- GATE STANDARD FULL 

MABLE ARRAY CELL CUSTOM 
LOGIC 

2442 

Figure 1. Logic Options 

Full Custom: These circuits can be tailored to give the 
best functional performance with the highest level of inte­
gration, the smallest silicon area, the lowest power use, 
and be produced for the least cost at high production 
volumes. 

Standard Cell Library: This approach represents an in­
tegrated circuit which is composed of predesigned and 
precharacterized cells chosen from a computer data base 
library of cells. 

Gate Arrays: These are integrated circuits that contain a 
regular, usually square, matrix of predefined logic gates. 

User Programmable Logic: The concept of user pro­
grammable logic is to provide the designer with the bene­
fits of custom LSI chips from standard products. 

A recent innovation in the programmable logic field has 
been Intel's introduction of an ERASABLE Program­
mable Logic Device. Using the same technology used in 
the manufacture of EPROMs, Intel now·offers increased 
flexibility to the logic designer. 

Intel has addressed the limitations of gate arrays and fuse 
programming logic with its EPLD products and develop­
ment system support tools. The benefits to the system de­
signer are: 

• Greatly reduced lead times 

• Low design costs 

• Ease of design changes 

• Low power dissipation from CHMOS technology 

• Multiple programming facility 

• Maximum flexibility in each chip and the ability to 
erase and reprogram 

• High density products that maximize function, integra­
tion, and quality 

• A self-contained, low-cost sophisticated development 
system based upon the industry standard IBM PC XT 
or AT. 
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Table 1. Intels EPLDs 

EPLD Gates Pins 
Dedicated 

110 Inputs 

5C031 300 20 10 8 
5C060 600 24 4 16 
5C09,O 900 40 12 24 
5C121 1200 40 13 24 
5C180 1800 68 12 48 

EPLDs are now a cost-effective solution to the problem of 
large scale logic integration. EPLDs are the simplest form 
of high density application-specific logic to implement. 
At present, the following logic devices are available from 
Intel as shown in Table 1. 

Intel's EPLDs use the. "Sum Of Products" architecture 
with programmable AND and fixed OR gates to drive a 
combinatorial or registered output. Each of the devices 
listed in Table 1 has different attributes and resources tar­
geted at specific applications. 

In general each device contains multiple sets of program­
mable MACROCELLS as shown in Figure 2; 

Everything is programmable (and erasable if you need to 
make modifications). Product terms may be generated 
from any combination of input terms-any terms not used 
are considered a "don't-care" in the array. The output 
register is also programmable-you can choose D-type, 
Toggle, SR, or even JK FLIP-FLOPs; you can even 
choose no output register if you only require combinato­
rial outputs. The clock and output enables are also 
programmable. 

Intel EPLD devices are available in many configurations 
to fit most applications. A complete listing of data sheet 
availability is covered in Appendix E. 

DESIGN TECHNIQUES USING INTEL'S 
EPLDS 

Designing with EPLDs is similar to designing with stan­
dard TTL logic circuits. The focus moves from "how can 
I configure this design ~ith standard parts" to "what else 
could I replace using this EPLD". Remember, if you ever 
use all of an EPLDs resources you just move up the de­
vice chain to the next bigger component-all of the work 
you did is DIRECTLY PORTABLE to a larger device. 

Any network, either combinatorial or registered, has an 
equivalent two level form. Any logic circuit consisting of 
AND, OR, NOR, NAND, XOR Logic can easily be con­
verted into the corresponding truth table. Any Boolean 
expression, no matter how complex, may be written in 
Sum-Of-Products form. This Sum-Of-Products expres­
sion that has been derived from the truth table can be re­
duced until it has as few product terms as possible. This 
procedure can be repeated for any complex network. 

Let us consider a very simple network as shown in Figure 
3. This logic circuit consists of an AND gate, an OR gate 
and a NOT gate. The inputs are A, B, C, and the output 
is Y. 

For this simple .network, the truth table is shown in 
Table 2: 

A Boolean expression can easily be written from the truth 
table in a Sum-Of-Products form. This expression con­
tains the relationship between the inputs and the output. 
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Figure 3. Simple Network 

Note that the output Y is true in five cif these eight states 
(0,2,4,6, and 7) so expressing Y in the form 
"Sum-Of-Products" by writing the ones in terms of A, B, 
and C yields: 

Y = IA*/B*/C + IA*B*/C + A*/B*/C 
+ A*B*/C + A*B*C 

Hence, given any network, that network can be converted 
into its truth table. Next, a Sum-Of-Products expression 
that has the same truth table can be derived. If so desired, 
this Sum-Of-Products expression can be reduced using 
DeMorgan's theorem to simplify the circuit (you will see 
later that this will not be required), 

DEVELOPMENT SUPPORT 

Development tools are critical to the use of new technolo­
gies because tools allow you to control and use a new 
technology. Good tools help you, the designer, to work in 
familiar methods, then translate the design to the device; 

Good tools broaden the applications by making it easy to 
use new technology in designs. They are not a barrier to 
using the technology, but encourage its use and 
applications. 

Advanced and innovative technologies need similar ad­
vancements and innovations in the corresponding tools. 

Table 2. 

STATE INPUT OUTPUT 

A B C y 
0 0 0 0 1 
1 0 0 1 0 
2 0 1 0 1 
3 0 1 1 0 
4 1 0 0 1 
5 1 0 1 0 
6 1 1 0 1 
7 1 1 1 1 
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iPLDS, Intel's Programmable Logic Development Sys­
tern,. provides a fulL spectrum of ways to design and use a 
variety of design tools with fast, easy-to-use entry 
software. . 

The iPLDS contains all the software, hardware, documen­
tation and devices needed to program EPLDs. iPLDS are 
the most advanced PLD design tools available; It .provides 
better utilization of device resources (more gates per 
chip) than any other development software. These versa­
tile tools are for users with different skill levels and appli­
cations. iPLDS tools handle the details of converting your 
design to working silicon on the personal computer. 

The iPLDS contains the three fundamental modules 

• Logic Builder (LB) 

• Logic Optimizimg Compiler (LOC) 

• Logic Programmer Software (LPS) 

To implement the logic design we will use the iPLDS 
modules in the order listed above. 

The modules are essentially independant modules that use 
special data files to pass information as shown in Figure 
4. These data files are the ADF, RPf, LEF, and JED files. 

The Advanced Design File (* .ADF) is generated from 
the Logic Builder and contains the Inputs/outputs and all 
the primitive equations. 

The Logic Equation File (* .LEF) contains the primitive 
equations that have been minimized by the Logic Opti-
mizing Compiler. . 

The Utilization Report File (* .RPf) contains information 
on the macrocell and pin assignments. . 

The JEDEC File (* .JED) is the file generated by the 
Logic Optimizing Compiler used to program the device 
using the Logic Programmer. 

Before implementing the logic design using the iPLDS, 
let us briefly discuss the iPLDS family of parts to be fa­
miliar with the iPLDS modules. 

Logic Builder (LB) 

The Logic Builder module guides you through the entire 
process of design entry by prompting for necessary infor­
mation and showing a screen display (one primitive at a 
time) with input signals on the left side and output signals 
on the right side. The Logic Builder is used to generate an 
Advanced Design File (or ADF) by inputting the data in 
netlists or Boolean equations. 

After all required data are entered, the Logic Builder 
module indicates whether the circuit is complete and 
properly connected. If any changes need to be made, the 
module enables you to edit the circuit design either by 
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Figure 4. Block Diagram of iPLDS Modules 

systematically scanning through the primitives in the Ad­
vanced Design File (ADF) or by directly finding a primi­
tive by the name of a node connected to it. 

Any circuit may be edited. The Logic Builder reads in the 
ADF and prompts you for changes. The Logic Builder 
also allows two or more partially complete ADF files to 
be MELDED together to form a more complex function. 
This concept is not discussed in this application note but 
will be a topic of a future application note. 

Logic Optimizing Compiler (LOC) 

The Logic Optimizing Compiler provides an easy-to-use 
interface to the Logic User System software. Regardless 
of the type of .design entry method used, the LaC first 
translates an Advanced Design File (ADF) into internal 
logic equations; then it performs a Boolean reduction on 
the translated design, and finally produces a JEDEC Stan­
dard File, which is then used to program an Intel EPLD. 
In addition, you have the option of requesting an analysis 
of the Logic Equation File (LEF) as output by the 
Minimizer module. 

The LaC performs the following functions: 

• The TRANSLATOR translates the ADF into an inter­
mediate Logic Equation File (LEF). (Most errors are 
detected and corrected). 

• The EXPANDER expands the Boolean equations into 
Sum-Of-Products form, removes redundant factors 
from product terms, and produces another LEE 

• The MINIMIZER performs a sophisticated Boolean re­
duction on the translated design to maximize utilization 
of the EPLD . 

• The LEF Analyzer converts the LEF output by the 
MINIMIZER into a human readable file to allow you to 
see your design. (*.LEF) 

• The DEMANDER organizes the file output by the 
MINIMIZER. 
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• The FITTER matches your design requirements with 
the known resources of the Intel device. 

• The ASSEMBLER- converts the fitted requests into 
JEDEC file. 

Logic Programmer Software (LPS) 

The Logic Programmer Software provides a user inter­
face to the JEDEC Standard File output of the Logic Opti­
mizing Compiler and to the Logic Programmer Interface. 
You can use the Logic Programmer Software to view 
JEDEC files and to program your designs into EPLDs. 

The Logic Programmer Software is used 

• to program your designs into EPLDs 

• to verify the validity of data in the device 

• to read data from the device 

• io display JEDEC data graphically 

• to edit JEDEC data 

HARDWARE REQUIREMENTS 

The iPLDS requires an IBM PC XT, PC AT, or other 
compatible computer. A color monitor is preferred. The 
computer must have at . least one 360K double-sided 
double-density disk drive, a second 360K floppy disk or 
hard disk, and at least 512K bytes of RAM memory. 

The iPLDS consists of the Logic Programmer Interface 
card, and the programming unit needed to program and 
verify EPLDs. The Intel iUP 201 with a aUPI adapter 
may be used as an alternate system to program the EPLD 
devices. . 

SOFTWARE REQUIREMENTS 

The personal computer should be capable of running DOS 
V3.0 or a higher version. The Intel Programmable Logic 
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Software (iPLS) that contains the software controlling the 
logic programmer interface and assisting in the design of 
Intel applications is shipped on floppy diskettes. 

PROBLEM DEFINITION 

We are going to use iPLDS to implement a medium com­
plexity logic function. As a vehicle to show the usage of 
the tools and design techniques we will design a circuit 
that will roll and spin a pair of dice. The design has been 
split into multiple stages for illustration purposes. 

This example has been chosen since it incorporates many 
of a typical logic design tradeoffs and also solves many of 
the typical problems a hardware logic designer will 
encounter. 

Appendix A contains some basic definitions that may be 
useful when reading through the design and its 
implementation. 

DESIGN SAMPLE 

Problem Set-up 

The circuit is designed to set both of the dice spinning 
when you push a switch and display a random set of num­
bers when you release the switch. The dice will spin at a 
rate that is visually pleasing and roll at the highest possi­
ble rate to ensure randonmess. 

You will implement the design in the following steps: 

A. One dice that will roll out a number. 

B. Add a s'witch that will control the roll/not roll action, 

C. Add a second dice to roll a number. 

D. Add a spinniI)g option to both dice. 

E. Retro-fit a power save feature to extend battery life. 

Hence, at the end of the five design steps you will have a 
pair of dice spinning and showing a pair of numbers be­
tween I and 6 in a very random manner. At the end of the 
five design steps, you will have added a very realistic and 
practical feature to your design and that is extending the 
battery life by a power saving option. It is important to 
note that the five steps mentioned above are sequential 
steps in that step C can be achieved only after steps A and 
B etc. Let us describe the sample circuit for the dice roll­
ing example. It is a very simple circuit allowing you to 
concentrate upon the design process. It illustrates the pos­
sible design stages and considerations in detail. 
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PART A 

Four Outputs-lA, IB, IC, ID are required to drive the 
LEDs arranged in a DICE pattern as shown in Figure 5. 

1B • 

10 • 

1C • 
• 1A 

• 1C 

• 10 

• 1B 

Figure 5. Dice Configuration 

2452 

Operating sequence-Rolling dice. from I to 6 and the 
block diagram of the circuit, both shown in Figure 6. 

The total number of states that are possible is 16 since the 
four LED pairs generate a permutation of (2**4) = 16. 
The LEDs should be lit up such that any number between 
I and 6 inclusive is shown. Hence, out of the 16 possible 
states, only six states are valid. This leaves ten invalid 
states. 

If the LEDs come up in a valid state upon power up, then a 
number between I and 6 will be displayed. 

However, if the LEDs come up in an invalid state upon 
power up, then you have to design the circuit such that any 
one of the ten invalid states will fall into a valid state. 

If the LEDs fall into anyone of the ten invalid states, then 
you have designed the circuit to move into a state where 
lA, IB, IC, ID have zero logic values respectively on the 
next clock edge. Every time a zero logic value appears in 
the invalid states, then at the next clock edge, LED IA 
gets lit up generating a valid state. Since I is a valid state, 
the numbers between I and 6 inclusive will be displayed 
at all subsequent clock edges. 

Listed below are the steps involved in designing the logic 
circuit. 

STEP I. Generate the state diagram to clearly show the 
operating sequence including the status of the outputs for 
each state and the influence of the inputs on the next state 
transitions as shown in Figure 7. We have arbitrarily cho­
sen that the states should count 1,2,3,4,5,6, and repeat. 
You could have implemented the design using any se­
quence but we chose the most obvious. Note how most of 
the invalid states move you to state 0 which then puts us 
into a valid state which then repeats forever. 

STEP 2. Generate a truth table with entries for all availa­
ble states and combinations of inputs, and use the next 
states resulting from these· as shown in Table 3. The 
bracketed numbers, (3) etc., show the number being 
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Figure 6. Rolling Sequence 

displayed on the dice and the 0, 1 values of 10, lC, lB, 
and lA indicate which LEOs should be OFF/ON to dis­
play the required dice pattern. 

STEP 3. Convert the truth table directly into 
Sum-Of-Products equations as shown below: 

OICEIA has four entries; 3 from the valid states and one 
to control the invalid states 

DICE1A ~ (/lM1B*/1C*/1D + 11M1B*/1C*I1D 
+ 11M1B*lC*lD + 11M/lB*/1C*/1D) 

DICEIB has five entries from valid states 

DICE1B ~ (1A*/1B*/1C*/1D + 11M1B*/1C*/1D 
+ lA*lB*/1C*/1D + 11A*lB*lC*/1D 
+ lA*lB*lC*/1D) 

OICEIC has three entries from valid states 

DICE1C ~ (lA*1B*/1C*/1D + 11A*lB*lC*/1D 
+ lA*lB*lC*/1D) 

2451 

.. I·-------�NVAL�D------..... ,~I .. ·-------VALID-------.j'1 
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Figure 7. 
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Table 3. Truth Table for 0lCE1 

Input State Output State 

1A 18 1C 10 1A 18 1C 10 1A 18 1C 10 

Valid state Invalid state 

CHANGE TO THE NEXT VALID. STATE 

1 0 0 0(1) 0 0 0(2) 
0 0 0(2) 1 0 0(3) 
1 0 0(3) 0 0(4) 
0 0(4) 1 0(5) 
1 0(5) 0 1 1 1(6) 
0 1 (6) 0 0 0(1) 

CONTROL THE INVALID STATES 

0 0 0 
1 0 1 0 
0 0 0 
1 0 0 
0 1 0 
1 1 0 
0 0 

0 
1 1 1 

0 0 0 0 

DICElD has one valid entry 

DICE1D = (/lA*lB*lC*lD) 

Note that no attempt has been made to minimize these 
equations - the iPLS software that you will use later con­
tains reducing algorithms and other techniques to opti­
mize the design. This allows you to focus upon the 
problem and not on tasks such as Karnaugh map reduction 
which a computer can often do better anyway. 

Having designed part A of the circuit, you can now move 
on to tool usage to implement the. design. Refer to the 
Intel Programmable Logic Software Manual if you have 
not installed the iPLS software. 

In order to invoke iPLS type the following command 

C:\IPLS>IPLS <Enter> 

The iPLS menu will appear as shown in Screen I. 

The number to the left of each function allows you to se­
lect a function with a function key. Two kinds of function 
keys are available: toggle keys and field keys. < F3 > and 
< F4 > are toggle keys. All other keys are field keys. 
Functions beyond < FlO > are executed by pressing the 
< Shift> key together with the function key. Press 
< F3 > to invoke the Logic Builder and observe the Logic 
Builder menu as shown in Screen 2. 
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0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
1 0 0 0(1) 

The first prompt asks for the file name. If the file already 
exists, its header information and primary inputs and out­
puts are displayed. If you enter a new file name, the Logic 
Builder module prompts for all the functions remaining 
on the screen. 

Enter: DICE1 <Enter> 
Create New Netlist(Y/N):Y 

In this sample session, user entries are all in uppercase 
letters. Note: IPLS is case sensitive. 

When initially invoked, the Logic Builder module dis­
plays its configuration menu. The Logic Builder configu­
ration menu shows "5CI21" as the default Intel part and, 
on the right side of the menu, displays those primitives 
that are legal for use with the 5CI21. As soon as you enter 
another part (e.g. 5C060) the list of primitives changes to 
display the primitives applicable to that specific part. 

Press < F6 > and enter 5C060 when prompted for user 
entry. 

Screen 2 shows the Logic Builder Configuration Menu for 
the5C060. 

• The left side of the screen shows a menu of functions, 
each preceded by a function key number. 
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Intel Programmable Logic Software 

iPLS Version 3.0, Copyright (C) 1985, Intel Corporation 
Copyright (C) 1985, Altera Corporation 

Select a function: 

Builder Config Menu: 

dice 1 
5C060 

Screen 1. 

Intel Programmable Logic System 

March 6, 1986 

<--

Designer: 

Screen 2. 

8·17 
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Table 4. 

Prompt User Entrv 
F6 EPLD 5(060 
F7 Designer Your Name 
F8 Company Your Company 
F9 Date Present Date 
FLO Comment Our first design 
tF1 Part Number 0.1 
tF2 Revision 1.0 
tF3 Inputs CLOCKiill 
tF4 Outputs DICE1Aiill0,DICE1Biil9,DICE1Ciil8,DICE1Diil7 

• The right side of the screen shows the list of available 
primitives (these are discussed in detail later). 

• The two lines at the bottom of the screen are designated 
for comments (first line) and prompts (second line). 

• The center of the screen is used to show a representa­
tion of the primitive; name and pictorial representation 
are in the middle, input signals are to the left, and out­
put signals are to the right of the primitive. 

• The direction of the arrow located on the left side of the 
screen below the list of functions determines the start­
ing point and direction of design entry. If the arrow 
points to the left, entry is from output pins to input 
pins. If the arrow points to the right, entry is from input 
pins to output pins. 

N<YrE 

We have assigned pin numbers to pin names by 
using the "@" symbol within the name of the 
logic variable. Specific pin numbers need not 
be assigned if not desired. In that case, the 
Logic Builder will assign its pin numbers for 
you. 

Type in the· information as given in Table 4 in the Logic 
Builder Config Menu. The information is also shown in 
Screen 3. After entering all of this required information, 
iPLDS will automatically prompt you through defining 
the circuit, starting with a primitive to drive the last out­
put specified. 

Once in the Logic Builder main menu, you are guided 
with prompts to enter information as follows: 

Enter the name of the primitive to connect to the first 
node. The name may be entered by typing the name of the 
primitive, which highlights the appropriate primitive on 
the right side of the menu, then pressing < Enter>. 

Subsequently, a representation of the primitive is dis­
played in the center of the screen surrounded by input and 
output signals. You are prompted for names of nodes to 
connect to each of the signals. The Design Primitives li­
brary contains approximately 80 basic functional blocks 
needed for designing circuits in programmable logic 
products. 
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Design Primitives are divided into the following groups: 

• Input Primitives (INP,LINP) 

• Logic Priniitives 
(AND,GND,CLKB,Nar,VCC,OR,NAND,NOR,XOR) 

• Equation Primitives (EQN) 

• 110 Primitives (JOJF, NOJF, NORF, RORF, etc) 

Refer to Appendix A for an explanation of the Primi­
tives used in this example. 

The logic is based on input clock transitions. At the rising 
edge of the clock we want the LEDs to generate a particu­
lar state depending on the input state. You want the output 
of the LEDs to follow the input, which is basically a 
D-TYPE FLIP-FLOP. You also require the feedback to 
generate the next state, which means that you should use a 
D-TYPE FLIP-FLOP with FEEDBACK or RORF as 
shown in Screen 4. 

N<YrE 

The Logic Builder module starts with the last 
output entered. 

When you are prompted to select a primitive to drive 
DlCElD enter: 

Select a primitive to drive DICE1D@7: 
RORF <Enter> 

Now you are prompted for the remaining connections: 

For FBK: 1D <Enter> 

For OE, P, C: Press <Enter> (VCC, GND are 
the defaults). 

For D: IN1D <Enter> 

For ClK: CLOCK <Enter> 

Select a primitive to drive CLOCK: INP 
<Enter> 
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Intel Programmable Logic System 

Builder Config Menu: 

dice 1 
5C060 
Your name 
Your company 
March 6, 1986 
Our first design 
0.1 
1.0 
clockiill 
DICE1Aiill0,DICE1Biil9,DICE1Ciil8,DICE1DiiI? 

Outputs:DICE1Aiill0,DICE1Biil9,DICE1Ciil8,DICE1DiiI? 

Logic Builder Main Menu: 
FL· 
F2 
F3 
F4 
F5 
F6 
F? 
F8 
F9 

<-­
Pin=? 

Fbk:ld 

Screen 3. 

Intel Programmable Logic System 

Oe 
P 
C 
D 

Clk 

RORF 

Screen 4. 
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Out diceld 
Fbk 
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In: CLOCI( <Enter> 

Select a primitive to,drive IN1D: EQN 
<Enter> 

To save the configuration and return to iPLS menu you 
must press < F6> (Save-Exit). 

After you are prompted for the equation, type it in as de­
rived in the Problem Set-up seCtion. Please note that" I" 
indicates a logical "Nor". "*" indicates a logical 
"AND", and" + " indicates a logical "OR". The equa­
tion is terminated by a ";" as shown in Screen s. 

Note that you are saving the Advanced Design File (ADF) 
that is generated by the Logic Builder. 

You can print the ADF file that has been created at the end 
of this session if you so desire. You can use <FlO> 
when in the iPLS main menu to print the ADF file for a 
listing. You can verify your file with the DICEI.ADF file 
given in Appendix D. If you desire a listing, while you are 
in the iPLS main menu, type the following: 

INU = (1A * 18 * lC * 11D) ~ <Enter> 

The following prompts and design entries, as shown in 
Thble 5, are needed to complete the design entries for 
DICEIC, DICEIB, and DICEIA respectively. 

<FlO> <Enter> 

PRINT »lCn. ADF <Enter> 
The Logic Builder will stop prompting for primitives once 
you have entered the complete design. 

Press < F8 > to show the design so far as shown in' 
Screen 6. 

Submitting the ADF to the LOe 

This ADF file is now compiled using the Logic Optimiz­
ing Compiler. To enter the ADF created with the Logic 
Builder module into the Logic Optimizing Compiler 
(LOC), press <F4> to access the LOC menu. 

Press < F2 > to exit. 

The Logic Builder main menu is cleared, replaced by the 
Logic Builder exit menu. 

TableS. 

, PROMPT USER ENTRY 

Select a primitive to drive 1C: ftOftf <Enter> 
Out: ])ICE1C <Enter> 
Oe: ' VCC<Enter> 
p: GN]) <Enter> 
C: GND <Enter> 
]): IN1C <Enter> 
Select a primitive to drive IN1C: EQN <Enter> 
IN1C: (1A*18*/1C*/1]»+(/1A*18*1C*/1]»+(1A*18*1C*/1]» \ 

<Enter> 
Select a primi tive to drive 18: ftOftF <Enter> 
Out: ])ICE18 <Enter> 
Oe: VCC <Enter> 
p: GN]) <Enter> 
C: GN]) <Enter> 
]): IN1B <Enter> 
Select a primi tive to drive IN:L8: EQN <Enter> 
IN:L8: (1A*/18*/:LC*/:L]»+(/:LA*18*/1C*/:L]»+(1A*18*/1C*/1]» 

+(/1A*18*1C*/1D)+(:LA*18*:LC*/1D);<Enter> 
Select a primitive todrive :LA: ftOftF <Enter> 
Out: ])ICE1A <Enter> 
Oe: VCC <Enter> 
p: GN]) <Enter> 
C: GN]) <Enter> 
]): IN1A <Enter> 
Select a primi tive to drive IN1A: EQN <Enter> 
IN1A: (/1A*18*/:LC*/1]»+(/1A*:L8*:LC*/:L]»+(/1A*18*1C*1]» 

+(/1A*/18*/1C*/1]»;<Enter> 

8-20 
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Intel Programmable Logic System 

Logic Builder Main Menu: 
F1Hil 
F2 '.' 

F3 
F4· 
F5 'tii 
Fb~d 
F7 ' .. e.o. 

~~,;: 

<-­
Pin=7 

vee 
GND 
GND 

inld 
clock 

Oe 
P 
e 
D 

elk 

RORF 

Out diceld 
Fbk ld 

ScreenS. 

Once the LOC menu is displayed, you are prompted 
through the LOC menu functions as follows: 

The Input Format prompts you to specify your form of 
input: If input is in the form of a pinlist as output by 
DASH-2, enter P, if input is an Advanced Design File, 
enter an ADF or press < Enter> (ADF is the default). If 
output is a component list from PCAD, enter C. 

INPUT FORMAT: A <Enter> 

FILE NAME: DICE1 <Enter> 

MINIMIZATION: <Enter to select def aul t> 

INVERSION CONTROL: <Enter to select 
default> 

LEF ANAL YSIS: <Enter to se~ect def aul t> 

After you have answered all the prompts, you are asked if 
you wish to run under the above conditions as shown in 
Screen 7., 

DO YOU WISH TO RUN UNDER THE ABOVE CONDI­
TIONS [Y IN]? 

Enter: Y 
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Finally you are prompted with: 

WOULD YOU LIKE TO IMPLEMENT ANOTHER DE­
SIGN [YIN]? 

Enter: N 

Note that the LOC generates a synopsis of its progress as 
shown in Screen 8. You are returned to the iPLS menu. 

At the end of the LOC a JEDEC Standard File has been 
created which we will use in the Logic Programmer, 
DICEI.JED. 

Also at the end of the LOC a report file is created, 
DICEl.RPf, which gives the pin configuration menu of 
the device. The DICEI.RPf file is given in Appendix D. 

ProgrammIng the EPLD 

Finally, you submit your design to the Logic Programmer. 
In order for you to use the Logic Programmer, you must 
have the programming card plugged in. Please refer to the 
Intel Programmable Logic Software User Manual for in­

. stallation instructions. 

Alternatively you can use Intel's GUPI (Generic Universal 
Programmer Interface) to program your device. 
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clockilL 
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diceLcill! 
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lod 
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clock 
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dicd 
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Intel Programmable Logic ~ystem 

Screen 6. 

Intel Programmable Logic ,System 

Do you wish to run under the abo~e conditions [Y/Nl? 

'Screen 7. 

The iUP-GUPI and assorted GUPILOGIC adaptors pro­
vide an alternative programming solution for Intel's 
H-series and EPLD devices, when purchased with the 
iPLS. This complete set of software is available without 
the Logic Programmer pod and the mM interface card. ' 
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While you are still in the iPLS menu, press < FS > . This 
function allows you to access the Logic Programmer Soft­
ware, The Logic Programmer will now come up as shown 
in Screen 9. 
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Intel Programmable Logic Software 

ADF Minimization LEF-Analysis 
dicel 

***INFO-LOC-Begin execution 
***INFO-LOC-ADF converted to LEF 
***INFO-LOC-S.O.p. LEF produced 
***INFO-LOC-LEF reduced 
***INFO-LOC-LEF analyzed 
***INFO-LOC-Resource demand determined 
***INFO-LOC-Design fitting complete 
***INFO-LOC-JEDEC file output 

LOC cycle successfully completed 

Would you like to implement another design [YIN]? 

Screen S. 

Use the cursor keys to select "Program Device" option. 

When you are prompted 

EnterJEDEC file name 

Enter: DICE1. JED <Enter> 

When you are prompted for: 

Select Device For Programming 

Enter: 5C060 <Enter> 

When you are prompted for: 

Do you wish to enable verify protection? [Y / N]? 

Enter: N 

When you are prompted for: 

Do you ~ish to enable turbo-bit? [Y / N ] ? 

Enter: N 

Once you have answered all the prompts, the device is 
programmed and ready to be used in an actual circuit, as 
shown in Screen 10. 

Exit from the Logic Programmer after saving the JEDEC 
file by using the "EXIT" option. 
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This completes part A of the design, which was to roll a 
single dice. The programmed device can be tested as de­
scribed in Appendix C. 

PARTB 

Now that you have a good understanding of the manner in 
which a circuit is designed and also a good understanding 
of how the programming tools are used to program the 
device, you can proceed to the next step in the five stages 
of the dice design. According to the truth table generated 
in part A, the dice will roll a number between I and 6 
inclusive as long as you supply a power source. When you 
disconnect the power source, all the LEDs will tum off. 
This will not be much help since you can only see the dice 
roll, but not actually see a number displayed. 

Let us include an additional feature into the rolling dice. 
Let us include a switch to control the rolling and display 
of the dice. 

You could choose to gate the clock of the dice or add the 
necessary inputs to the product terms to effect this design. 
If you were to stop after this step, then gating the clock 
would be a simpler choice, however, you will require the 
dice to roll during part D of the design; so we will choose 
to add product terms at this stage. This also results in a 
better engineering solution since gated clocks often cause 
problems in large systems, and it has been shown that 
synchronous systems are more reliable. 
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HELP 

Change Disk 
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Program Device 
Enter JEDEC file name [·JED]: DICE1.JED 

ctory of .JED files for: C:\IPLS 

Screen 9. 

Designer: Your Name 
Company: Your Company 
Part I: 
Revision: 0.0 
EPLD: 5C060 
Device code: 

Comment: PART A: DICE ROLLING 
LB Version 3.0, Baseline 17x, 9/26/85 

the socket 

Screen 10. 

8·24 



AP-279 

Since you already have a proven design of a rolling dice 
from part A, we shall use the Logic Builder and edit that 
design. You may wish to save the original design at this 
stage. You can do this by using the <FlO> key in the 
Main Menu. Press <FlO> and issue the following com­
mand before re-entering the iPLS menu: 

COPYDICE1.* DICE1A.* 

The truth table is shown in Thble 6. 

Now you can use the iPLDS to design and program the 
device. 

Go through the same steps to program the device as in 
Part A of the design example. Use the Logic builder, the 
Logic Optimizing Compiler, and the Logic Programmer 
respectively. The Logic Optimizing Compiler and the 
Logic Programmer steps are identical to the correspond­
ing steps explained in part A of the design example. How­
ever, the Logic Builder will be used to edit the existing 
file, DICE I , to include the switch feature as follows: 

Invoke the Logic Builder Menu from the iPLS main menu 
by pressing the < F3 > key. Once you obtain the Logic 
Builder Configuration Menu, type in DlCEI as your input 
file name. 

Use (Shift)(F3) to get the Inputs option and then add 
switch at pin #2 to it. 

Inputs: CLOCK, SWITCH@2 <Enter> 

Now press < F2 > to exit to the Logic Builder Main 
Menu and answer the prompts as given in Table 7. 

All that is left to do now is to edit the four equations, 
INlA, INIB, INIC, INlD to add the SWITCH option to 
it. Edit the four equations as follows: 

Edit Function 

When you press the "Edit" function key, < F6 >, while 
in the main menu, the edit menu is displayed on the left 
side of the screen as shown in Screen II. If you wish to 
edit an EQN Primitive displayed on the screen, press 
< F6 >. Then the equation is moved to the prompt line 
where it can be edited. 

Hence, the Boolean expressions for this case would con­
sider the situations of when the switch was ON as well as 
OFF. The Boolean equations would contain the expres­
sion for the switch as follows. 

8-25 

DICE1A = ((lM/1B*/1C*/1D)+(lA**lB*11C*I1D) 
+(lA*lB*lC*I1D) 
+ (l1A*/1 B*/1 C*11 D))*ISWITCH 
+ ((11A* 1 B*11 C*/1 D) + (l1A* 1 B* 1 C*11 D) 
+(l1M1B*lC*1D) 
+ (l1A*'1 B*11 C*11 D))*SWITCH 

DICE1B = ((l1A*lB*11C*I1D)+(lA*lB*11C*I1D) 
+(l1A*lB*lC*11D)+(lA*lB*lC*/1D) 
+(/1A*lB*lC*lD))*/SWITCH 
+ ((1 MI1B*I1C*/1D) 
+(l1A*lB*I1C*/1D)+(lA*lB*11C*11D) 
+(l1A*lB*lC*11D) 
+(lA*lB*lC*I1D))*SWITCH 

DICE1C ((/1A*lB*lC*11D) 
+(lM1B*lC*/1D) 
+(l1A*lB*lC*lD))*ISWITCH 
+ ((lA*l B*11C*11 D) + (/1A*1 B*lC*11 D) 
+(lA*lB*lC*I1D))*SWITCH 

DICE1D (l1A*lB*lC*1D)*ISWITCH 
+(lM1B*lC*11D)*SWITCH 

The equation primitive must be displayed on the screen in 
order to edit that equation. In order to display the equa­
tion on the screen, use the "Find" command, < F5 >, to 
find it. 

The "Find" command prompts for a node name: then 
searches the design for that node and displays it. If the 
direction arrow points to the left, the primitive on the out­
put side of the node is shown. If the direction arrow points 
to the right, the first primitive on the input side is shown. 

After you have modified all four equations to include the 
SWITCH feature, return to the iPLDS main menu using 
the < F5 > key and save the design using the < F6 > key. 
You can verify your ADF file with the ADF file for part B 
given in Appendix D. 

The file is ready to be compiled using the LOC, and the 
device is ready to be programmed using the LP. 

The steps required to use the LOC and the LP are identi­
cal to the steps in part A. 

Now the device that has been programmed is ready to be 
tested. At this stage in the design, you have completed 
part B of the design which is to add a switch to give the 
roll/no-roll option. 

The programmed device can be tested as described in 
AppendixC. 

Let us summarize before moving on to the next part of the 
design. 
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Table 6. Truth Table for 0lCE1 

Input State Output State 

SWITCH 1A 18 1C 10 1A 18 1C 10 1A 18 1C 10 

Valid state Invalid state 

REMAIN IN THE SAME STATE 

0 1 0 0 0 1 0 0 0(1) 
0 0 0 0 0 0 0(2) 
0 1 0 0 1 0 0(3) 
0 0 1 0 0 1 0(4) 
0 1 1 0 1 1 0(5) 
0 0 1 1 0 1 1 (6) 

CONTROL THE INVALID STATES 
0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 
0 0 1 0 0 0 0 0 
0 1 1 0 0 0 0 0 
0 0 0 1 0 0 0 0 
0 1 1 1 1. 0 0 0 0 
0 0 0 0 0 1 0 0 0(1 ) 

CHANGETO THE NEXT VALID STATE" 

1 0 0 0(1) 0 0 0(2) 
0 1 0 0(2) 1 0 .0(3) 
1 1 0 0(3) 0 1 0(4) 
0 0(4) 1 1 0(5) 
1 0(5) 0 1 1 1 (6) 
0 1 (6) 1 0 0 0(1) 

CONTROL THE INVALID STATES 

0 0 0 0 0 0 0 
1 0 1 0 0 0 0 .0 
0 0 0 0 0 0 0 
1 0 0 0 0 0 0 
0 1 0 0 0 0 0 
1 1 0 0 0 0 0 
0 0 0 0 0 0 
1 0 1 1 0 0 0 0 
1 1 1 1 0 0 0 0 
0 0 0 0 1 0 0 0(1) 

Note: This part of the truth table is identical to Table 3. 

We have briefly discussed the EPLD and the IPLDS fam- Builder, Logic Optimizing Compiler, and the Logic 
ily of parts. We have also defined the design problem. We Programmer. 
have implemented the design using the state equations and 
the truth table, edited an existing design to add features, Ourlogic in implementing the dice example is to use the 
~and actually programmed a· device using the Logic LED pairs in outputs lA, IB, IC, and ID respectively as 
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Table 7. 

Prompts UserEn~ 

Select a primitive for switchGl2 to drive: INP <Enter> 
Out: SWITCH<Enter> 
Select a primitive for switch to drive: EQN<Enter> 

shown in Figure 8. These LEDs are lit up to generate 
numbers between I and 6 inclusive. We are using a 
D-TYPE FLIP-FLOP to implement the truth table. The 
clock is a free running clock. A push button switch is also 
supplied to give the roll/no-roll option. Whenever the 
switch is ON, the LEDs roll, and when the switch is OFF, 
the LEDs display a number between I and 6, as long as 
the clock is supplied to the device. 

After seeing the dice roll and display a number, you can 
either quit or move onto parts C, D and E of the design 
process. The following three parts describe a versatile use 
of the EPLD concept. 

PARTe 

We are using an EPLD 5C060 which is a 24 pin, 600 gate 
device. It has four dedicated input pins and 16 
input/output pins. Up to this point you have used only one 
input pin which is the switch and only four input/output 
pins for the four LEDs lA, lB, IC, lD. 

Part C of the design is to include a second dice with the 
first dice. This is a step towards real-world application 
since dice are usually rolled in pairs. At the end of this 
section, you will have a pair of dice rolling and displaying 
a pair of numbers. All the conditions and truth tables and 
Boolean expressions that were designed for part B, hold 
good for DICE 1. The equations for DICE2 would change 
slightly as explained below. 

You have designed a 6 state counter and can define a carry 
out (fortunately you can use state 6 and do not require 
extra logic). You can use the carry out as an enable input 
to form two cascaded counters. 

The carry out of ID is used as an enable input to DICE2. 
Hence, ID performs the same function as the push button 
switch performed in dice 1. Therefore, whenever ID is 
enabled or logic high, DICE2 is enabled and rolls a num­
ber. DICE2 displays the number when ID is disabled or 
logic is low. This configuration is shown in Figure 9. 

Intel Programmable Logic System 

Logic Builder Main Menu 
Fl H~~P 
F2 e:1lIt 
F3 "IEiIl/ 
F4~pelJ 
F5 find 
F6 Edit 
F7CClnfl.~< 
F8 NOde.Ust 
F9 RedraW 

--> 

la 
lb IEQNI inld 
lc 
ld 

inld=(la*lb*lc*/ldl; 
inld=(/la*lb*lc*ldl*/switch+(/la*lb*lc*ldl*switch; 

Screen 11. 
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Table 8. 

PROMPTS 
Find: 
(NolII use the <cursor left> key to obtain the EQN Primi tive.) 
Edit: 

IN1D= (/1A*lB*lC*lD)*ISWITCH+(lA*lB*lC*/1D)*SWITCH;<Enter> 

Find: 
(NolII use the !=cursor left> key to obtain theEQN Primitive.) 
Edit: 

INJ.C = «/1A*lB*lC*/1D)+(lA*lB*lC*/1D)+(/1A*lB*lC*lD»*ISWITCH' 
+«lA*lB*/1C*/1D)+(/1A*lB*lC*/1D)+(lA*lB*lC*/1D»*SWITCH; 
<Enter> 

Find: 
(NolII use the <cursor left> key to obtain the EQN Primi tive.) 

, , 

Edit: 
IN1B = «/1A*lB*/1C*/1D)+(lA*lB*/1C*/1D)+(/1A*lB*lC*lD)+(lA*1B*lC*/1D) 

+(/1A*lB*lC*lD»*ISWITCH 
+«lA*/1B*/1C*/1D)+(/1A*lB*/J.C*/J.D)+(J.A*J.B*/1C*/J.D)+ 
(/J.A*J.B*J.C*/1D)+(J.A*J.B*J.C*/J.D»*SWITCH;<Enter> 

Find: 
(NolII use the <cursor left> key to obtain the EQN Primitive.) 
Edit: 
INJ.A=«J.A*/J.B*/J.C*/1D)+(J.A*lB*/1C*/J.D)+(J.A*J.B*J.C*/J.D)+ 
(/1A*/1B*/1C*/1D»*ISWITCH+«/1A*lB*/1C*/1D)+(/1A*lB*1C*/1D) 
+(/1A*lB*lC*lD)+(/1A*/1B*/1C*/1D»*SWITCH;<Ente~> 

The two conditions obtained are as follows: 

When power is ON and 10 is enabled, DICE2 will roll .. 

When power is ON and 10 is disabled, DICE2 will dis­
play. 

For DICE!, the logic conditions remain the same as in 
partA. Just as you used the switch to enable and disable 

ENABLE IN 

CLOCK 

USER ENTRY 
INlD <Enter> 

IN1C <Enter> 

IN1B <Enter> 

INLA <Enter> 

1A 

1B 

1C 

10 

1A 

1B 

1C 

10 

CARRVOUT 

2A 
ClK 2B 

2 
2C 

CARRVOUT aD 
2447 

2446 

Figure 8. Figure 9. 
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DlCE1, you will use the switch as well as the output of 
LED ID to enable and disable DlCE2; because the num­
ber on DlCE2 is a function of both the switch and the 
present state of LED ID, as explained above. 

Now. write down the truth table since the state diagrams 
can easily be inferred from the truth table. Please note 
that the truth table is identical to the one for DlCEI ex­
cept for the switch input. For DlCE2, you will have the 
combination of the switch and the ID, as shown in 
Thble9. 

The Boolean expressions for part C will consider the situ­
ation when the switch is ON as well as OFF and also ID 
enabled or disabled respectively. The Boolean equations 
will contain the expression for the switch and LED lD, as 
shown below. 

DICE2A = «2A*/2B*/2C*/2Dj+(2A*2B*,2C*/2Dj 
+ (2A*2B*2C*/2Dj + (/2A*/2B*,2C*/2Djj 
*(/SWllCH*,lDj 
+ «/2A*2B*,2C*/2Dj + (/2A*2B*2C*/2Dj 
+ (/2A*2B*2C*2Dj + (/2A*/2B*/2C*/2D)) 
*(SWllCH*lDj 

DICE2B = «/2A*2B*,2C*/2Dj + (2A*2B*/2C*/2Dj 
+ (/2A*2B*2C*/2Dj + (2A*2B*2C*,2Dj 
+ (/2A*2B*2C*2D))*(/SWllCH*,1 Dj 
+ «2A*,2B*/2C*,2Dj 
+ (/2A*2B*/2C*,2Dj +(2A*2B*/2C*/2Dj 
+(/2A*2B*2C*/2Dj 
+(2A*2B*2C*/2D))*(SWllCH*lDj 

DICE2C = «/2A*2B*2C*/2Dj": (2A*2B*2C*/2Dj 
+(/2A*2B*2C*2Djj*(/SWllCH*/l Dj 
+ «2A*2B*/2C*,2Dj 
+ (/2A*2B*2C*/2Dj +(2A*2B*2C*/2Djj 
*(SWllCH*1Dj 

DICE2D = (/2A*2B*2C*2Dj*(/SWllCH*,lDj 
+ (2A*2B*2C*/2Dj*(SWllCH* 1 Dj 

Now you can use the iPLDS to program and test the de­
vice as explained in appendix C. At this stage in design, 
you have completed part C of the design which is to add a 
second DICE to the first one giving the the roll/no-roll 
option. 

In part C of the design process, you have used one dedi­
cated input which is the switch, and a total of eight output 
pins for the two pairs of LEDs, lA, IB,lC, 10 and 2A, 
2B, 2C, 2D respectively. You have also used the RORF 
primitive, since the design logic was the same for DlCE2 
as it was for DICE!. This leaves 3 dedicated inputs and 8 
1/0 pins on the 5C06O device. 

You can stop the design now or go onto part D which gives 
the next option, which is adding the spin. 

. PARTD 

This is the fourth step in our design process and adds the 
spin option to the two dice that are rolling when the switch 
is pushed and display a number when the switch is re­
leased. The logic used to implement the spin concept is as 
follows: 

When the power is ON and the switch is OFF, DlCEI and 
DlCE2 display a random number according to the logic 
defined in parts B and C respectively. 

But, when power is ON and the switch is ON, the two dice 
spin by lighting the LEDs B, C, and D. That is, DlCEl 
will light LEDs IB, lC, 10 while DlCE2 will light LEDs 
2B, 2C, and 2D. This pattern on the LEOs will generate 
the spinning pattern. The logic is shown in the truth table 
in Thble 10. The schematic is shown in Figure 10. 

As you can see from the truth table, when the present state 
is any of the three valid states, then the two dice will spin. 
The dice will also spin if the present state is an invalid 
state, because all the invalid states go to"O 0 0 0" in the 
next state. But from the truth table in Thble 10, you see 
that this particular state is a valid state lighting LED C. 

The spin frequency should be chosen to be visually ap­
pealing and should be high enough to ensure randomness 
of the dice. If we use the "carry out" state ofDICE2, then 
the spin pattern will only change once for every combina­
tion of the two dice. This will ensure randomness. The 
"carry out" of DICE2 is signal 2d; we do not need extra 
terms to derive it. 

Thus we have achieved our objective of adding the spin­
ning option to the two dice. 

The Boolean equations that are obtained from the above 
truth table are as follows: 

SPIN1B = (SWITCH*2d*/S1D*/S1C*/S1B*S1Aj. 

SPIN1C = (SWITCH*2d*/S1D*/S1C*/S1B*/S1Aj 

SPIN1D = (SWITCH*2d*/S1D*S1C*/S1B*/S1Aj 

SPIN2B = (SWITCH*2d*/S2D*/S2C*/S2B*S2Aj 

SPIN2C = (SWITCH*2d*/S2D*/S2C*/S2B*/S2Aj 

SPIN2D = (SWITCH*2d*/S2D*S2C*/S2B*/S2Aj 

Please note in the above equations that A, B, C, and D 
refer to both DICE 1 and DlCE2. For DlCEI the above set 
of equations would be lA, IB, lC, and 10. For DlCE2 
the above set of equations would be 2A, 2B, 2C, and 2D 
respectively. SD is the feedback obtained from IN D of 
both DlCEI and DlCE2 respectively. If the switch is not 
ON, the dice will not spin and a random pair of numbers 
will be displayed by the two dice; but, if the switch is ON, 
then the two dice will spin according to the truth table and 
Boolean expression given in Thble 10. 
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Table 9. li'uth Table for 0lCE2 

Input State Output State 
" 

(SWITCH * 1 0) 2A 28 1C 20 2A 28 2C 20 2A 28 2C 20 

Valid state Invalid state 

REMAIN IN THE SAME.STATE 

0 1 0 0 0 1 0 0 0(1) 
0 0 1 0 0 0 1 0 0(2) 
0 1 1 0 0 1 1 0 0(3) 
0 0 1 1 0 0 1 1 0(4) . 
0 1 1 1 0 1 . 1 1 0(5) 
0 0 1 1 1 0 1 1 1(6) 

CONTROL THE INVALID STATES 
0 0 0 1 0 0 0 0 0 
O. 1 0 1 0 0 0 0 0 
.0 0 0 0 1 0 0 0 0 
(j 1 0 0 1 0 0 0 0 

'0 0 1 0 1. 0 0 0 0 
0 1 1 0 i 0 0 0 0 
0 0 0 1 1 0 0 0 0 
0 1 1 1 1 0 0 0 0 
0 0 0 0 0 1 0 0 0(1) 

CHANGE TO THE NEXT VALID STATE" 

1 1 0 0 0(1) 0 1 0 0(2) 
1 0 1 0 0(2) 1 1 0 0(3) 
1 1 1 0 0(3) 0 1 1 0(4) 
1 0 1 1 0(4) 1 1 1 0(5) 

. 1 1 1 1 0(5) 0 1 1 1(6) 
1 0 1 1 1(6) 1 0 0 0(1) 

CONTROL THE INVALID STATES 

1 0 0 1 0 0 0 0 0 
1 1 0 1 0 0 0 0 0 
1 0 0 0 1 0 0 0 0 
1 1 0 0 1 0 0 0 0 
1 0 1 0 1 0 0 0 0 
1 1 1 0 1 0 0 0 0 
1 0 0 1 1 0 0 0 0 '. 

1 1 0 1 1 0 0 0 0 
:1 1 1 1 1 0 0 0 0 
1 0 0 0 0 1 0 0 0(1) 

Note the extreme similarity between this tr,uth table and the one given in Table 3 .. 
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Table 10. Truth Table to Spin Two Dice spinning when the switch is on and displaying a number 

Input State Output State 

SWITCH A B C 0 A B C 0 

CHANGE TO THE NEXT VALID STATE 

1 0 0 0 0 0 0 1 0 
1 0 0 0 1 0 1 0 0 
1 0 0 1 0 0 0 0 1 
1 0 1 0 0 0 0 0 0 

ROLLING INTO A VALID STATE 

1 1 0 0 0 0 0 0 0 
1 1 1 0 0 0 0 0 0 
1 1 0 1 0 0 0 0 0 
1 0 1 1 0 0 0 0 0 
1 1 1 1 0 0 0 0 0 
1 1 0 0 1 0 0 0 0 
1 0 1 0 1 0 0 0 0 
1 1 . 1 0 1 0 0 0 0 
1 0 0 1 1 0 0 0 0 
1 1 0 1 1 0 0 0 0 
1 0 1 1 1 0 0 0 0 
1 1 1 1 1 0 0 0 0 

We have chosen the following two primitives for part D: 

Registered Output Registered Feedback (RORF) 

No output IK Feedback (NOJF) 

For the dice spinning option you will use the RORF and 
for the dice not spinning option you will use the NaIF, 
while using the Logic Builder. 

When you add the spinning option to the pair of rolling 
dice, you obtain the following boolean equations. (These 
Boolean equations satisfy the requirements of the two dice 

ROLL 
REGIS· 
TERS 

SWITCH +---..L...._-f--'" 

ENABLE 

when the switch is off). 

SPIN1A = (/SWliCH*1A) 

SPIN1B = (/SWITCH*1B) 
+ (SWITCH*2d*/S1 0*/S1 C*/S1 B*S1 A) 

SPIN1C = (/SWITCH*1C) 
+ (SWITCH*2d*/S1 0*/S1 C*/S1 B*/S1A) 

SPIN1D = (/SWITCH*1D) 
+ (SWITCH*2d*/S1 0*S1C*/S1 B*/S1 A) 

SPIN2A = (/SWITCH*2A) 

SPIN2B = (/SWITCH*2B) 
. + (SWITCH*2d*/S20*/S2C*/S2B*S2A) 

SPIN2C = (/SWITCH*2C) 
+ (SWITCH*2d*/S20*/S2C*/S2B*/S2A) 

SPIN20 = (/SWITCH*20) 
+ (SWITCH*2d*/S20*S2C*/S2B*/S2A) 

At the end of the design step, you have completed all the 
design steps. You can now program the device using 
iPLDS. 

The correct ADF file is included in Appendix D for your 
reference. You can refer to it to verify the ADF file you 
have created. 

The programmed device can be tested on: 

• A PCB with slow clock 

For information on this board and on testing your design, 
please refer to Appendix C. 

It works! 

SPIN 
REGISTERS 1---,-- DISPLAY 

2448 

Figure 10 •. 
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*LATE NEWS FLASH* 

The PCBs have been made and we have units in the field. 
Now Marketing wants the design updated! Field trials of 
the dice showed that the battery needed to last longer. A 
simple mod to the design, chop the drive to the LEDs, 
extends the battery life. 

This is very simple using the EPLDs. Reprogram the 
EPLD and test it. Imagine how difficult it would have 
been without using EPLDs. 

PARTE 

This step of the design process is to modify the existing 
circuit to add the power save feature which will extend the 
battery life. This can easily be done by chopping the drive 
to the LEDs. Chopping the drive.to the LEDs can be done 
as follows: 

When you designed the circuit and implemented it using 
the iPLS, you have set the output enable (Oe) to VCC 
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supply. This means that the LEOs are enabled 100% of 
the time. You can "chop" the drive to the LEDs with a 
conveniant high (above 50Hz) signal that will not be visi­
ble to the human eye. 

Next set Output enable (De) to the clock signal. Thus, 
depending on the clock input the LEDs will only be on 
50% of the time and battery life is extended as required. 
You can easily modify the ADF file to change the De input 
from VCC to CLOCK and then test the design using the 
PCB as ~xplained in Appendix C. 

CONCLUSION 

You should now have a comprehensive knowledge of 
Intel's EPLD and iPLDS family of devices. 

With this knowledge you will be able to implement de­
signs using the iPLDS tools. 

Good Luck! 
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BASIC DEFINITIONS 

Logic Design - A systematic procedure for realizing 
specified terminal characterisitics of digital networks, at 
either the device or system level. 

CLOCKED FLIP-FLOP - Output determined by the 
leading or trailing edge of clock pulse. 

T FLIP-FLOP - Output changes value with every input 
clock pulse. 

T FLIP-FLOP 

D FLIP-FLOP - Output determined by the input signal 
when clock pulse present. 

x~====-::~:~~~I:=====: 
o FLIP-FLOP 

S-R FLIP-FLOP - Output states synchronized with the 
clock pulse and controlled by the input signals, Sand R. 

----~IL·~ __ ~-----: 
S-R FLIP-FLOP 

J-K FLIP-FLOP - Output states synchronized with the 
clock pulse and controlled by the input signals, J and K. 

----r:k~t-__ A 

------IlK A 
~9~--

R 

J-K FLIP-FLOP 

COMBINATORIAL CIRCUIT - Output determined by 
current value of input signal. 

REGISTERED CIRCUIT - Output determined by se­
quence of input signals. 

Intel Schematic Primitive - One of the basic functional 
blocks needed to design circuits for Intel programmable 
logic products. 

Truth Table - A list of all the input-output possibilities of 
a logic circuit. 

Boolean Logic - Describes logic that obeys the theorems 
of Boolean algebra. The Boolean portion of a design is 
that portion which can be implemented in the AND-OR 
matrix. 

State Diagram - A diagram that shows the succession of 
output states through which the circuit passes as its input 
signals vary. 

INP- Input 

8-34. 

PIN-NAME c::=>-----­
INP 

Input Primitive 

GND - Ground. 

GND 

Ground Signal Name 



VCC,-: Signal 

Vee 

T 
Signal Name 

EQN - Equation 

o = ARBITRARY BOOLEAN EXPRESSION; 

EQN 

Equation Name 

Registered Output Registered Feedback (RORF) 

~--r'PIH-HAME 

F 

No Output Registered Feedback (NORF) 

HORI' 
F----J 

AP-279 
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No Output JK Feedback (NOJF) 

HOJI' 
F-----' 

JK Output JK Feedback (JOJF) 

JOJI' 

~--C:>PIH-NAME 

f----' 

Security Bit - A feature that prevents the device from 
being interrogated or being accidentally programmed. 

Thrbo-bit - A control bit that allows you to choose the 
speed and power characteristics of the device. If the in­
puts are static for approximately 50 ns and the Thrbo-bit 
is not programmed, the device will enter power down 
mode. When the input changes, the device will take an 
extra 3-5 ns to wake-up and react to the change. Program­
ming the Thrbo-bit inhibits the power down. 

Macrocell - A basic building block of Intel's program­
mable logic devices. A macrocell consists of two sections: 
combinatorial logic and output logic. The combinatorial 
logic allows a wide variety of logic functions. The output 
logic has two data paths: one leads to the other macrocells 
or feeds back to the macrocell itself: the other is confi­
gured as a pin configuration acting as input, output, or 
bi-directional 1/0 port on the chip. 

Node - A wire connecting two or more primitives in a 
schematic. 

Pin - A node that is connected to an input or 1/0 primi­
tive on one end and a pin of the 'chip on the other end. 

Product tern (P-Term) - Two or more factors in a boolean 
expression combined with the AND operator consitutes a 
logic product term. 
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JEDEC Standard File - An industry-wide standard for 
the transfer of information between a data preparation 
system and a logic device programmer. 

EPLD PROGRAMMING TE:CtiNIQUES 

You can enter your design in the following ways 

1. BOOLEAN EQUATION - entering the design in 
BOOLEAN equations or expressions. 
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2. NETLiST CAPfURE - selecting components and 
specifying interconnections until all elements are 
specified. 

3. SCHEMATIC CAPrURE - using a mouse and 
menu driven enviroJunent. 

4. STATE MACHINE - specifying states and condi­
tional branches and also inputs/outputs to the state 
machines. 
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APPENDIX B: 
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COMPONENTS USED IN DESIGN 

In order to implement the EPLD program, you should use 
the following: 

• An 5C060 EPLD 

• A pair of seven discrete LEDs (Dice I, Dice 2) 

• A timer to generate a clock signal (NE555) 

• A voltage regulator to generate a fixed voltage of 5 
volts (7805) 

8-38 

• A push button switch to control the spinning 
mechanism ' 

• A 9-Volt DC battery source to generate the power 
supply 

• Capacitors C1 = 0.1 MF, C2 = 0.01 MF 

• Resistors R1 = 390K, R2 = lOOK 

• A PCB as explained in Appendix C 
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r---------------------------- ---j VOLTAGE 

I' ! REGULATOR 

+' ;IN 7805 OUT I' 

POWER: 

c 11-----=;~ 
T I' Rl 

1 ! 2 

1 
i 
I 2 2 

555 

I 6 U2 
: + L.:'---""T71--' I 

:' C1 ! 
~;-T--------------- ------;:iM~R 

T 

r------------
: 1 , , 
113 

DICE2 

2449 

Figure C-1 

You can test each part of your design using the PCB with a 
slow clock on it. -

The PCB is a board that is very specific to the dice exam­
ple. The PCB is portable, approximately 2" x 3". All 
the components except for the EPLD are easily available 
commercially. A complete list of all the components that 
are required for the PCB is given in Appendix B. The 
circuit can easily be connected and tested using the circuit 
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diagram given below. After the four steps of the design 
are completed, the PCB can be used to throw a pair of 
dice in any home games such as Monopoly etc. 

After the EPLD is programmed using the Logic Program­
mer, it can be inserted into the PCB. For design steps B, 
C, and D the push button switch can be used to generate 
the roll/no-roll or the spin/no spin option. 
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Figure C-2 
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ADF FOR PART A: SINGLE DICE ROLLING 

Lakshmi Jayanthi 
DSO Applic: .. tions 
February 19, 1986 

5C060 

Part A: D ICE ROLLI NG 

LB Version 3.0, Baseline 17K, 9/26/85 
PART: 5C060 

INPUTS: c: le.c:k 1 

OUTPUTS, dic:ela~10,dic:elb@9,dic:elc:@8,dic:eld@7 

NETWORf<: 

dic:e1a,l .. 
dic:elb,lb 
dic:elc:,Ic: 
dic:eld,ld 

RORF (inla,c:loc:kl;GND,GND,VCC) 
RORF (inlb,c:loc:kl,GND,GND,VCC) 
RORF (inlc:,c:loc:kl,GND,GND,VCC) 
RORF (inld,c:loc:k1,GND,GND,VCC) 

c:lockl = INP (cloc:kl) 

EQUATIONS, 

inl. =(/la*lb*/lc:*/ldl 
+(/la*lb*Ic:*/1d) 
+( 11 .. *lb·"lc·"ld I 
+(/la*/lb*/lc:*/ld); 

inlb =(la*/lb*/lc:*/idl 
+(/la*lb*/lc:*/1dl 
+(la*lb*/lc:*/ld) 
+(/la*lb*lc:*/ld) 
+(la*lb*lc:*/ldl; 

inlc a(la*lb*/lc:*/ldl 
+(/la*lb*lc:*/ldl 
+(1a*lb*1c:*/ldl; 

inld =(la*lb*lc*/ldl; 

END$ 
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RPT FUR PART A: SINGLE DICE ROLLI hlG 

Logic Optimizing Compiler Utilization Report 

***** Design implemented successfully 

Lakshmi Jayanthi 
DSO Appl ic:atic:orls 
February 19, 1986 

5C060 

Part A: !:lICE ROLLING 

LEi Ver's iClii 3.0, Eiaseline 17H, 9/26/85 

5C060 

clockl -I 1 241-' Vcc 
GND ~- I 2 23:- GNO 
GND -I 3 221-~ GND 
GND -. : 4 21: - GND 
GND -I 5 201- GND 
GND ._. I 6 1.91- GND 

dice1d _.J 7 18:- GND 
dicel.c _.J 8 1'7:- GND 
dice1b -: 9 16:- GND 
dicela -110 151- GND 

GND -Ill 14:- GI\lD 
GND -112 13:- GND 

**INPUTS** 

Name Pin Resource MCel1 # 

clc,ck1 INP 

Name Pin Resource MCel1 # 

dic:e1d '7 RORF 13 

dice1c: 8 RDRF 14 

dice1b 9 RDRF 15 

dic:ela 10 RDRF 16 

PTerms 

11 8 

2/ 8 

21 8 

2/ 8 
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Feeds: 
MCells DE Clear Clock 

eLKl 

Feeds: 
MCells DE Clear Clock 

13 
14 
15 
16 

13 
14 
1.5 
16 

13 
14 
15 
16 

13 
14 
15 
16 
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**UNUSED RESOURCES** 

Name Pin ResDw-ce I'1Cell PTerms 

2 
3 9 8 
4 10 8 
5 11 8 
6 12 8 

11 
13 
14 
15 8 8 
16 7 8 
17 6 i3 
18 5 8 
19 4 8 
20 3 8 
21 2 8 
22 1 8 
23 

**PARf UTILIZATION** 

22X Pins 
25K MacrDCells 
5~ F:terms 

NOfE: Since part A is a simple design, the part utilization is very low. 
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ADF FUR PART B: SINGLE DICE ROLL/NOT ROLL 

Lakshmi Jayanthi 
DSO ?\pplicatic.ns 
February 19, 1986 

5C060 

PART B: DICE ROLL AND NOT ROLL 

LB Version 3.0, Baseline 17M, 9/26/85 
PART: 5C060 

I~PUTS: clockl,switch@2 

OUTPUTS: dicela@10,dicelb@9,dicelc@8,diceld@7 

NETWORK: 

diee1a,la 
dicelb,1b 
dicelc,lc 
diceld,ld 

RORF (inla,clockl,GND,GND,VCCI 
RORF (inlb,clockl,GND,GND,VCCI 
RORF (inlc,clockl,GND,GND,VCCI 
RORF (in1d,clockl,GND,GND,VCCI 

clock1 INP (elcock1 I 

switch II~P(switchl 

EQUATIONS: 

inla -(/la*/lb*/lc*/ld*/switchl 
+(la*/lb*/le*/ld*/switchl 
+(la*lb*/lc*/ld*/switchl 
+(la*lb*lc*/ld*/switchl 
+(/la*/lb*/lc*/ld*switchl 
+(/la*lb*/lc*/ld*switchl 
+(/la*lb*lc*/ld*switchl 
+(/la*lb*lc*ld*switchl; 

inlb =(/la*lb*/lc*/ld*/SW1T,CIlI 
+(la*lb*/lc*/ld*/switchl 
+(/la*lb*lc*/ld*/switchl 
+(la*lb*lc*/ld*/switehl 
+(/la*lb*lc*ld*/switchl 
+(la*/lb*/lc*/ld*switchl 
+(/la*lb*/lc*/ld*switchl 
+(la*lb*/lc*/ld*switchl 
+(/la*lb*lc*/ld*switchl 
+(la*lb*lc*/ld*switehl; 

inle =(/la*lb*lc*/ld*/switchl 
+(la*lb*lc*/ld*/switchl 
+(/la*lb*lc*ld*/switchl 
+(la*lb*/lc*/ld*switchl 
+(/la*1b*1c*/ld*switchl 
+(1a*1b*lc*/ld*switchl; 

inld =(/la*lb*le*1d*/switchl 
+(la*lb*lc*/ld*switchl; 

END$ 
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RPT FOR PART B: SINGLE DICE ROLL/NOT ROLL 

Logic Optimizing Compiler Utilization Report 

***** Design implemented sLiccessfLllly 

Lakshmi Jayanthi 
DBO Applications 
FebrLlary 19, 1986 

5CC>60 

PART B: DICE ROLL AND NOT ROLL 

LB Version 3.0, Baseline 17>:, 9/26/85 

5C06Q 

clockl -: 24 - Vcc 
switch -: 2 23 - GND 

GND -: 3 22 - GND 
GND -: 4 21 GND 
GND -: 5 20 - GND 
GND -: 6 19 - GND 

diceld -: 7 18 - GND 
dicelc -: 8 17 - GND 
dicelb -: 9 16 .- GND 
dicela -: 10 1 ,,-_. - GND 

GND -: 11 14 - GND 
GND -: 12 13 - GND 

**INPUTS** 

Name Pin ResoLirce MCel1 # 

clockl INP 

switc:h 2 INP' 

Name Pi n ResoLtrc:e MCell # 

diceld '7 RORF 13 

dicelc 8 RCIRF 14 

PTerms 

PTer-Als 

2/ 8 

3/ 8 
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Feeds: 
Meells ClE Clear- Cloc:k 

13 
14 
15 
16 

Feeds: 

Cl.K1 

MCeils DE Clear· Clock 

13 
14 
15 
16 

13 
14 
15 
16 
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dic:elb 9 RORF 

dic:ela 10 RORF 

**UNUSED RESOURCES** 

Name Pin Resourc:e 

3 
4 
5 
6 

11 
13 
1"4 
15 
16 
17 
18 
F~ 

20 
21 
22 
23 

**PART UTILIZATION** 

27Y. Pins . 
25Y. Mac:roCells· 
lOY. Pterms 

15 

16 

MCell 

9 
10 
11 
12 

8 
7 
6 
5 
4 
3 

·2 
1 

AP-279 

31 8 

51 8 

PTerms 

8 
8 
8 
8 

8 
8 
8 
8 
8 
8 
'8 
8 

13 
14 
15 
16 

13 
14 
15 
16 

NaTE: Part B of the design gets more complicated, hence the part utilization of the pins, 
macrocells and the Pterms is higher. 
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AUF FOR PART C: TWO DICE ROLLING 

Lakshmi Jiayan-thi 
DSO Applications 
February 19, 1986 

5C060 

PART C: TWO DICE ROLL AND NOT ROLL 

B Version 3.0, Baseline 17M, 9/26/85 
PART: 5C060 

INPUTS: clockl,clock2,switch82 

OUTPUTS: dicela810,dicelb89,dicelc88,diceld87,dice2a819,dice2b@20,dice2c@21,dicE 
2d822 

NETWORI<: 

dicela,la 
dicelb,lb 
dicelc,lc 
diceld,ld 

RORF (inla,clockl,GND,GND,VCC) 
RORF (inlb,clockl,GND,GND,VCC) 
RORF (inlc,clockl,GND,GND,VCC) 
RORF (inld,clockl,GND,GND,VCC) 

dice2a,2a 
dice2b,2b 
dice2c,2r.: 
dice2d,2d 

RORF (in2a,clock2,GND,GND,VCC) 
RORF (in2b,ciock2,GND,GND,VCC) 
RORF (in2c,clock2,GND,GND,VCC) 
RORF (in2d,clock2,GND,GND,VCC) 

c le.ckl 
clocl:2 

switch 

II\lP (clockl) 
INP (cic'ck2) 

INP (switch) 

EQUATIONS: 

inla =(/la*/lb*/lc*/ld*/switch) 
+(la*/lb*/lc*/ld*/switch) 
+(la*lb*/lc*/ld*/switch) 
+(la*lb*lc*/ld*/switch) 
+(/la*/lb*/lc*/ld*switch) 
+(/la*lb*/lc*/ld*switch) 
+(/la*lb*lc*/ld*switch)­
+(/la*lb*lc*ld*switch); 

lnlb =(/la*lb*/lc*/ld*/switch) 
+(la*lb*/lc*/ld*/switchl 
+(/la*lb*lc*/ld*/switch) 
+(la*lb*lc*/ld*/switch) 
+\/la*lb*lc*ld*/switchl 
T(la*/lb*/lc*/ld*switchl 
+(!la*lb*/lc*/ld*switch) 
+\la*lb*/lc*/ld*switchl 
+(/la*lb*lc*/ld*switchl 
T\la*lb*lc*/ld*switch); 

:nle =(;la*lb*lc*/ld*/switch) 
T\la*lb*lc*/ld*/switchl 
+(/la*lb*lc*ld*/switch) 
+(la*lb*/lc*/ld*switch) 
+1/la*lb*lc*/ld*switchl 
+lla.lb*lc*/ld*switch); 

lnld =l/la*lb*lc*ld*/swltchl 
+(la*lb*lc*/ld*swltch); 
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lG~. =1!2.~/2b~/2c~/2d~/(ld*switch» 

.!2.~!2b*!2c~/2d*/(ld*switch» 

~(2a*2b*/2c*/2d*/(ld*switch» 
.(2 •• 2b*2c*/2d~l(ld*switch» 
+(/2.*/2b*/2c*/2d*(ld*switch» 
+(/2.*2b*/2c*/2d*(ld*swltch» 
+(i2.*2b*2c~/2d*(ld*switch» 

+,/2 •• 2b~2c~2d*(ld*switch»; 
ln2c =(/2.*2b*/2c*/2d*/(ld*switch» 

+(2a*2b*/2c*/2d*/(ld*switch» 
+(/2a*2b*2c*/2d*/(ld*switch» 
+(2a*2b*2c*/2d*/(ld*s~itch» 
.,i2a*2b*2c*2d*/(ld*switch» 
+(2a*/2b*/2c*/2d*(ld*switch» 
+(/2a*2b*/2c*/2d*(ld*switch» 
+(2a*2b*/2c*/2d*(ld*switch» 
+(/2a*2b*2e*/2d*(ld*switch» 
+(2a*2b*2e*/2d*(ld*switch»; 

,n2e =(/2a*2b*2c*/2d*/(ld*switch» 
+(2a*2b*2e*/2d*/(ld*switch» 
+(/2a*2b*2e*2d*/(ld*switch» 
+(2a*2b*/2c*/2d*(ld*switch» 
+(/2a*2b*2c*/2d*(ld*switch» 
+(2a*2b*2e*/2d*lld*switch»; 

.n2d ='/2a*2b*2c*2d*/(ld*switch» 
+(2a*2b*2c*/2d*lld*switch»; 
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RPT F6R PART C: TWO DICE ROLLING 

LDgic Optimizing Compiler Utilization Report 

***** Design implemented successfully 

L"kshmi Jayanthi 
DSO Applications 
February 19, 1986 

5C060 

PART C: TWO DICE ROLL AND NOT ROLL 

B Version 3.0, Baseline 17K, 9/26/85 

5C060 

clockl -I 1 24:- Vcc 
switch -~ : 2 231- GND 

GND - 3 2'::)1 c.: I -- d i c:e2d 
GND -I 4 21: - dice2c 
GND -I 5 201- dice2b 
GND -I 6 191- dice2a 

diceld - 7 lSI- GND 
dicelc -I 8 1"-n -, . GND 
dicelb -I 9 16: -- GND 
dice1a -: 10 151- GND 

GND -: 11 14: .-. GND 
GND -: 12 131- clock2 

**INPUTS** 

Name Pin Resource MCel1 # 

INP 

switch 2 INP 

c 1 c.ck2 13 INP 

**OUTPUTS** 

Name Pin Resource MCel1 # 

diceld 7 RORF 13 

PTerms 

2/ 8 
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Feeds: 
MCells OE Clear Clock 

1 
2 
3 
4 

13 
14 
15 
16 

Feeds: 

CLKI 

CLK2 

MCells DE Clear Clock 

1 
2 
3 
4 

13 
14 
15 
16 
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dice1c 8 ROf~F 

dice1b 9 RORF 

dice1a 10 RORF 

di.ce2a 19 RORF 

dice2b 20 ROF~F 

dice2c 21 RORF 

dice2d 22 RtJRF 

**UNUSED RESOURCESH' 

Name Pin Resource 

3 
4 
5 
6 

11 
1'_ 
15 
16 
17 
18 
23 

**PART UTILIZATION** 

50X Pins 
50% MacroCells 
24% Ptel-ms 

14 

16 

4 

3 

2 

MCeil 

9 
10 
11 
12 

8 
"1 
6 
5 

Ap·279 

3/ 8 

3/ 8 

!:j/ 8 

'71 8 

41 8 

41 8 

31 8 

PTerms 

8 
8 
8 
8 

8 
8 
8 
8 

1:3 
14 
15 
16 

1 ::1 
14 
15 
16 

13 
14 
15 
16 

1 
2 
3 
'f 

2 
3 
4 

2 
:-l 
4 

1 
2 
3 

'-

NafE: in part C of the design you have added the second dice. Hence you can see that fifty 
percent of the device has been used. 
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Lakshmi Jayanthi 
DSO Applications 
F.~bl-Llary 19, 1986 

5C060 

PART D: TWO DICE SPINNING 

B Version 3.0, Baseline 17x, 9/26/85 
PART: 5C060 

INPUTS: clockl,clock2,switch@2 

AP·279 

OUTPUTS: spinla@10,spinlb@9,spinlc@8,spinld@7,spin2a@19,spin2b@20,spin2c@21,spir 
2d;j)22 

NETWORK: 

la NOJF (inla,clockl,inlia,GND,GND) 
lb NOJF Cinlb,clockl,inllb,GND,GND) 
lc NOJF (inlc,cloc:kl,inllc,GND,GND) 
ld NOJF (inld,cloc:kl,inl1d,GND,GND) 

2a NOJF (in2a,clock2,in22a,GND,GND) 
2b NOJF (in2b,cl.ock2,in22b,GND,GND) 
2c NOJF (in2c,clock2,in22c,GND,GND) 
2d NOJF Cin2d,clock2,in22d,GND,GND) 

inl1a 
inl1b 
inlle: 
inl1d 

in22a 
in22b 
in22c 
in22d 

NOT( inial 
NOT(inlbl 
NOT(inlc) 
NOTe inld) 

NOT C i n2a) 
NOT ( i n2b) 
NUT ( i n2c) 
NUT ( i n2d) 

spinla,sia 
spinlb,slb 
spinlc,slc 
spinld,sld 

RURF (insla,clockl,GND,GND,VCC) 
RURF Cinslb,clockl,GND,GND,VCC) 
RURF (inslc,clockl,GND,GND,VCC) 
RORF (insld,c:lockl,GND,GND,VCC) 

sp i n2a , s;-3a 
spin2b,s2b 
spin2c,s2c 
spin2d,s;2d 

RORF eins2a,clock2,GND,GND,VCC) 
RORF (lns2b,clock2,GND,GND,VCC) 
RORF (ins2c:,c:lock2,GND,GND,VCC) 
RORF (lns2d,clock2,GND,GND,VCC) 

clock1 
clock:::! 

switch 

H,IP (clockl I 
INP (clock2) 

II\IF' (switch) 

EG1U1~TIC.il\lS : 

inla =(/la*/lb*/lc*/ld*/switch) 
+(la*/lb*/le:*/ld*/switch) 
+(la*lb*/lc*/ld*/switch) 
+(la*lb*lc*/ld*/switch) 
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+(/la*/lb*/lc*/ld*switch) 
+(/la*lb*/lc*/ld*switch) 
+(/la*lb*lc*/ld*switch) 
+(/la*lb*lc*ld*switch); 

inlb =(/la*lb*/lc*/ld*/switch) 
+(la*lb*/lc*/ld*/switch) 
+(/la*lb*lc*/ld*/switch) 
+(la*lb*lc*/ld*/switch) 
+(/la*lb*lc*ld*/switchl 
+(la*/lb*/lc*/ld*switchl 
+(/la*lb*/lc*/ld*switch) 
+(la*lb*/lc*/ld*switeh) 
+(/la*lb*le*/ld*switch) 
+(la*lb*lc*/ld*switeh); 

inle =(/la*lb*lc*/ld*/switch) 
+(la*lb*lc*/ld*/switeh) 
+(/la*lb*lc*ld*/switeh) 
+(la*lb*/le*/ld*switeh) 
+(/la*lb*lc*/ld*switchl 
+(la*lb*lc*/ld*switeh); 

inld =(/la*lb*lc*ld*/switch) 
+(la*lb*le*/ld*switeh); 

in2a =(/2a*/2b*/2e*/2d*/(ld*switeh» 
+(2a*/2b*/2e*/2d*/(ld*switeh)\ 
+(2a*2b*/2c*/2d*/(ld*switeh» 
+(~a*2b*2e*/2d./(ld.9witeh» 
+(/2a*/2b*/2e*/2d*(ld*switch» 
+(/2a*2b*/2e*/2d*(ld*switch» 
+(/2a*2b*2c*/2d*(ld*switch» 
+(/2a*2b*2c*2d*lld*switch»; 

in2b =1/2a*2b*/2e*/2d*/(ld*switch» 
+12a*2b*/2c*/2d*/lld*switeh» 
+(/2a*2b*2c*/2d*/(ld*switch» 
+(2a*2b*2c*/2d*/lld*switeh» 
+1/2a*2b*2c*2d*/(ld*switch» 
+(2a*/2b*/2c*/2d*(ld*switeh» 
+(/2a*2b*/2c*/2d*(ld*switch» 
+(2a*2b*/2c*/2d*(ld*switch» 
+(/2a*2b*2c*/2d*(ld*switeh» 
+(2a*2b*2e*/2d*(ld*switehl); 

in2e -1/2a*2b*2c*/2d*/(ld*switeh» 
+(2a*2b*2e*/2d*/(ld*switeh» 
+(/2a*2b*2e*2d*/(ld*switch» 
+(2a*2b*/2c*/2d*(ld*switch» 
+(/2a*2b*2c*/2d*(ld*switchll 
+(2a*2b*2c*/2d*(ld*switchl); 

in2d =(/2a*2b*2c*2d*/(ld*switch)I 
+(2a*2b*2c*/2d*(ld*switch)I; 

(iswitch*la) ; insla 
inslb 

inslc 

insld 

(/switch*lbl 
+1(2d*switch)*sid*isic*/sib*/sia); 
(/swi tc:h*·lc I 
+«2d*switeh)*/sla*/slb*/slc*/sld); 
(/switeh*ld) 
+112d*switchl*/sla*/slb*slc*/sld); 

i n=~2a 
ins2b 

i nsF-2c: 

ins2d 

I/switch*·2a) ; 
(/swltch*2bl 
+(12d*switch)*s2d*/s2c*/s2b*/s2a); 
(/switch*2c) 
+«2d*switchl*/s2a*/s2b*/s2c*/s2d); 
(/switch*2d) 
+1 (2d*switch)*/s2a*/s2b*s2c*/s2d); 
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LEF FOR PART 0: TWO DICE SPINNING 

Lakshmi :Jayanth i 
DSO ApplicatiDns 
February 19, 1986 

5C060 

PART: 
5C060 

INPUTS, 

clock1, clock2, switch@2 

UU'fPUTS: 

Ap·279 

spinla@10, spinlb@9, spinlc@8, spinld@7, spin2a@19, spin2b@20,. 
sp i n2c;j)21, 5p i n2d;j)22 

clockl 
clock2 

switch 

spinia, 
spinlb, 
spinic, 
spinld, 

spin2a, 
spin2b, 
spin2c, 
!5pin2d, 

x *** 

II'IP(clocki ) 
II'1P (c lock2) 

IN!'" (!.'~i tch) 

sla I:::ORF' ( i n51a, 
sib RORF( inslb, 
s1.c: HORF(ins1c, 
sId RORF(insld, 

s2a HOHF ( i rls2a, 
s2b r~()f,F ( i ns2b , 
sE~c RORF ( i ns2c , 
s2d RORF ( i ns2d , 

clc.ckl, GND, 
e:le.dd, 8ND, 
clockJ. , 81'1D, 
clc.ck1, I3ND, 

c lClckE~ ~ 8ND, 
clC1ck[~, GND, 
clDck2, GND, 
clc1ck2, GND, 

ResClLlrce, l'lOJF, was minimized 

2d = NOPF( •• SGOO7D, clock2, GND, GND) 

~~ **-JiI' Rescl\ .. lrce, NOJ"F , was minimized 

2c = NOTF( •• SGOO6D, clock2, GND, GND) 

~~ *** Resource, NOJF, was minimized 

E~b ... N[mF ( .. SG005D, clc1ck2, 8ND, GND) 

~~ ***. R€~sc,u)'"ce , NOJF, was minimized 

2a = NORF ( .• SG004D, clclckc!, GND, GND) 

% -H.** Resource, NOJF, was minimized 

1d = NORF( .• S800:3D, clockl, GIIlD, 8ND) 

% * ii:. * I~esc,u)-CE." , NOJF, WL~S minimized 

lc .- IIlORF ( .• 8130020, clc.ckl, I3ND, GND) 

8-55 

8ND, VCC) 
13ND, VC~) 

GND, VCC) 
131\10, vec) 

8NO, Vee) 
I3ND, vee) 
GND, VC:C) 
GND, VCC) 

tCI NOPF *** X 

te. NOTF -!E' i(. * ~{ 

to NORF ** .. l<- X 

te. NOm' 1E.*.JE. ~/~ 

to NORF *.~ .... X 

te. NORF '*~"IE' %. 
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K *** Resource, NOJF, was minimized to NORF *** K 

Ib = NORF( •• SGOOID, clockl, GND, 8ND) 

K *** Rese.urce, NOJF, was minimized to NORF *** K 

1~ = NORFI •• 88000D, clockl, 8ND, 8ND) 

EQUATIONS: 

ins2d = switch' * 2d 
+ 2d * switch * s2a' * s2b' * s2c * s2d'; 

ins2c = switch' * 2c 
+ 2d * switch * s2a' * s2b' * s2c' * s2d'; 

ins2b = switch', * 2b 
+ 2d * switch * s2d * s2c' * s2b' * s2a'; 

ins2a = switch' * 2a 

ins1d = switch' * 1d 
+ 2d * switch * s1a' * s1b' * s1c * s1d'; 

ins1 c = switch' * 1 c 
+ 2d * switch * s1a' * s1b' * s1c' * s1d'; 

ins1b = switch' * 1b 
+ 2d * switch * s1d * s1c' * s1b' * s1a'; 

insla = switch' * la; 

•• S8000D la' * lb' * lc' * ld' 
+ la * Ic' * ld~ * switch' 
+ la' * lb * Id' * switch 
+ la * Ib * Id' * switch' 
+ la' * Ib * Ic * switch; 

•• 880010 lb * Id' 

•• 88002D 

• • 86003D 

+ lb * la' * Ic * switch' 
+ la * lc' * ld' * switch; 

Ic * Ib • Id' 
0t- Ic * la' ,M, Ib * swit'ch' 
+ la * lb • Id' • switch; 

ld • la' • lb * lc * switch' 
+ Id' • l:a • Ib * lc • switch; 

• .88004D 2a'. 2b ,. • 2c' • 2d' 
+ 2a • 2c' • 2d' • Id' 

• • 88005D 

+ 2a * 2c' • 2d' • switch' 
+ 2a • 2b • 2d' • Id' 
+ 2a * 2b • 2d',,* switc.h' 
+ 2a' • 2b * 2d' * Id * switch 
+ 2a' * 2b * 2c * Id * switch; 

2b * ,2d' 
+ 2b * 2a' * 2c. • Id' 
+ 2b * 2a' * 2c * switch' 
+ 2a * 2c' * 2d' * Id * switch; 
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END$ 

•. 8G0060 2c * 2b' 
+ 2c * 2" * 2d 
+ 2c * 2d * ld * switch 
+ 2c' * 2a * 2b * 2d' * ld * switch; 

•• 880070 2d * 2a' * 2b * 2c * switch' 
+ 2d * 2a' * 2b * 2c * ld' 
+ 2d' * 2a * 2b * 2c * ld * switch; 

NOfE: PLease note how the IPLS software has simplified the equations for you. You need not 
worry about minimization. The complicated Boolean expressions have been minimized to a 
great extent. 
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RPT FOR PART D, TWO DICE SPINNING 

LDgic Optimizing ComplIer Utilization Report 

••• ** Design implemented successfully 

Lakshmi Jayanthi 
DBO Applications 
February 19, 1986 

5C060 

PART D: TWO DICE SPINNING 

B Version 3.0, Baseline 17x, 9/26/85 

5C060 

clock1 -: 24:- Vee 
S," itch -: " 2~-:J: - GI\ID '"-

RESERVED -: 3 22: -- spin2d 
RESERVED -: 4 211- spin2c 
HE SERVED - 5 20:·- sp i ni;ob 
PESERVED - 6 19: -. spin2a 

spinld -: "7 lB:- RESERVED 
spin1c -I 8 17: -- RESERVED 
spin1b .- 9 161- PESERVED 
spin1a -: 10 15:- RESEHVED 

GND -:-: 11 14:- GND 
GND -112 1.;31- clock2 

•• INPUTS."· 

Name Pin Resource 

clock1 INP 

switch 2 INP 

c Ic:.ck2 13 INP 

F'TI:2roms 
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Feeds: 
MCeils DE Clear Clock 

~) 

"7 
8 
9 

10 
11 
12 
13 
14 
1 ~:.) 
16 

CL..1<1 

CLKE! 
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15 NORF 

~I NORF 

NORF 

5 NORF 

6 NURF 

**UNUSED RESOURCES** 

Name Pin Resource 

11 
14 
23 

**PART UTILIZATION** 

86Y. 
100% 

Pins 
MacrDCells 
'Pter'ms 

8 

9 

10 

11 

1 '.0 
~, 

MCell 

AP-279 

71 8 

21 El 

3/ 8 

31 8 

5/ 8 

PTerms 

4 
5 
6 
'7, 
8 

5 
6 

''7 

8 
9 

10 
11 
12 
1:3 

9 
10 
II 
:lE! 
14 

9 
10 
1.1 
12 
is 

~; 

10 
11 
12 
16 

NaTE: Part D of the design example utilizes the device in a very optimum manner. You have 
utilized all the macrocells and also 86% of the pins but only 35% of the product terms. 

You have not used three of the input pins. 

Consider this: 

Make these three pins a mode select on this dice example - if all of these three additional 
inputs are high then the dice will function as described (this condition must be added to each 
product term). You now have seven other modes in which to operate this DICE. Anyone want 
to "load" the odds for "boxcars" or "snake-eyes"? You have 65 % more product terms to use 
so you can be very creative. What else could you add to this EPLD? 
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Order NOW! 
To order your PCB card and diskette with pre-entered design files, simply fill out the form 
below. Send a check, money order, or use your VISA or MasterCard, or call toll-free 
800-548-4725. 

Mail to: Intel Literature Sales, SC6-41 
P.o. Box 58130 
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Must add local sales tax 
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$12.00 each 

1DTAL 

Company __________________________________________ ___ 
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If paying by check or money order, please make payable to Intel Literature Sales. 
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LITERATURE 
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MEMORY COMPONENTS HANDBOOK 
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ALABAMA 

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

tHamliton/Avnet Electronics 
4812 Commercial Drive N.W. 
Huntsville 35805 

~~g~b~16?ll~~ 
Pioneer/Technologles Group Inc. 

~~~~s~~,~~~k~5Square 
Tel: (205) 837·9300 
TWX: 610-726-2197 

ARIZONA 

tHamilton/Avnet Electronics 
505 S. Madison Drive 
Tempe 85281 
Tel: (602) 231-5100 
TWX: 910-950-0077 

Kierulff Electronics 
4134 E. Wood Streel 
Phoenix 65040 
Tel: (602) 437-0750 
TWX: 910-951-1550 
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Phoenix 85023 
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Arrow Electronics, tnc. 
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Arrow Electronics, Inc. 
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tAvnet Electronics 
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tHamil~on/Avnet Electronics 
4545 Vlewridge Avenue 

~:I~ (~~eN)05~~~;~OO 
TWX: 910-595-2638 

tHamilton/Avnet Electronics 
20501 Plummer Street 
Chatsworth 91311 
Tel: (818) 700·6271 
TWX: 910-494-2207 

~6~it:r~~~~tet Electronics 

Ontari091311 
Tel: (714) 989-9411 

Hamilton/Avnet Electronics 
19515 So. Vermont Avenue 
Torrance 90502 
Tel: (213) 615-3909 
TWX: 910-349-6263 

Hamilton Electro Sales 
9650 De Soto Avenue 
Chatsworth 91311 
Tel: (818) 700-6500 

tHamiiton Electro Sales 
10950 W. Washington Boulevard 
Culver Cit~ 90230 

iVJlJ~b_~~~~56~ 

DOMESTIC DISTRIBUTORS 
CALIFORNIA (Conl'd) 

Hamilton Electro Sales 
1361 B West 190th Street 
Gardena 90248 
Tel: (213) 558-2131 

!~:Q1~~::n;~~i::';tales 
Costa Mesa 92626 

~:gJ~ke:9~~~08 
KlerulH Electronics 

b~~:s~~:Jreet 
Tel: (714) 220-6300 

Kierulff Electronics, Inc. 
14101 Franklin Avenue 
Tustin 92680 

~:J(J~b?~'5~5~\ 
tKierullf Electronics. Inc. 
5650 Jillson Street 
Commerce 90040 
Tel: (213) 725·0325 
TWX: 910-580·3666 

Wyle Distributlol1 Group 
26560 Agoura Street 
Calabasas 91302 

~J~J~h~8l2:0020jl2 

l~l~~~~~~~u~?r~~roup 
i~~(~~3df2~~:i50 
TWX: 91b-348-7140 or 7111 

l~~~ g~~~~u~~~n~~oup 
Irvine 92714 
Tel: (714) 843-9953 
TWX: 9tO-595·1572 

tWyle Distribution Group 
l1t51 Sun Center Drive 
Rancho Cordova 95670 
Tel: (916) 638-5282 

tWyle Distribution Group 
9525 Chesapeake Drive 

~:I~ (~~e~)05~~!i~71 
TWX: 910·335-1590 

fWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (408) 727·2500 
TWX: 910-338-0296 

WyleMilitary 
18910 Teller Avenue 
Irvine 92750 

~lJtb~3571;:9~5:7 
Wyle Systems 
7382 Lampson Avenue 
Garden Grove 92641 
Tel: (714) 851-9953 
TWX: 910-595-2642 

COLORADO 

Arrow Electronics, Inc. 
1390 S. Potomac Street 
Suite 136 
Aurora 80012 
Tel: (303) 696·1111 

~~~5~~OO{~;~rdt ~~~XOl1jCS 
Suite 708 
Englewood 80111 

~J~g~b?9~~_~071l7 
tWyle Distribution Group 
451 E. 124th Avenue 
Thornton 80241 

~J~g~b~5;6:09757~ 
CONNECTICUT 

tArrow Electronics, Inc. 
12 Beaumont Road 

fe~:tI\~~mrg6~~~~ 1 
TWX: 710-476-0162 

tHamiitonjAvnet Electronics 
Commerce Industrial Park 
Commerce Drive 

~:I~?20~)0::i_~800 
TWX: 710-456-9974 

CONNECTICUT (Conl'dl 

tPloneer Northeast Electronics 
112 Main Street 
Norwalk 06851 

~J~~~b~:6~'t3 
FLORIDA 

fArrow Electronics, Inc. 
350 Fairway Drive 
Deerfield Stlach 33441 

~J~~b~~5~240s06 
tArrow Electronics, Inc. 
1001 N.W. 62nd Street 
Suite 108 
Ft. lauderdale 33309 
Tel: (305) 776-7790 
TWX: 510-955-9456 

fArrow Electronics, Il1c. 
50 Woodlake Drive W., Bldg. B 

;:I~:5r ?::~~80 
TWX: 510-959-6337 

tHamllton/Avnet Electronics 

~~0~a~d~;d~1!\;V3ad9 
~i~g~b~5~~3~7 
tHamiiton/Avnet Electronics 
3197 Tech Drive North 
St. Petersburg 33702 
Tel: (813) 576-3930 
TWX: 810·863-0374 

!PiOl1eer Electronics 
2t N. Lake Boulevard 

Suite 412 

~~~ (~8;t;:f.~~5 32701 
TWX: 81b-853-0284 
tPioneer Electronics 
674 S. Military Trail 
Deerfield Beach 33442 

~i3~n~2585~8ll3 
GEORGIA 

fArrow Electronics, Inc. 
3155 Northwoods Parkway, Suite A 
Norcross 30071 
Te!: (404) 449-8252 
TWX: 810-766-0439 

~:~I~nt~g~:r:~e~t~~~~;~ 
Norcross 30092 
Tel: (404) 447-7500 
TWX: 810-766·0432 

Pioneer Electronics 
5835B Peachtree Corners E 
Norcross 30092 
Te!: (404) 448-1711 
TWX: 810-766-4515 

ILLINOIS 

tHamilton/Avnet Electronics 
1130 Thorndale Avenue 
Bensenvllle 60106 
Te!: (312) 860-7780 
TWX: 910·227-0060 

MTI Systems Sales 
1100 West Thorndale 
lIasca60143 
Tel: (312) 773-2300 

tPioneer Electronics 
1551 Carmen Drive 
Elk Grove Vitlaee 60007 

~:J~J~b~3Ii.,~83~ 
INDIANA 

~:5~~~~:Or1!eElectronics 
Carmel 46032 

~J~Jn~66:3a::6 

INDIANA (Cont'd) 

~~~~~=~~v. 
IndlanafJlis 46250 

~~Jlb~~,~ 
KANSAS 

;~::~:'~:~~~lectron~ 
Overland Park 66215 

~~~~~sn3:5 
KENTUCKY 

~~~iI~n~:::~~ E,!:,:onlcs 
Lexington 40511 

MARYLAND 

Arrow Electronics, Inc. 
8300 Gullord Aoad #H 
Rivers Center 
Columbia 21046 

~i~~~b~i6~5 
~~:2"~~~{f'~r~~~~tronlcs 
Columbia 21045 
Tel: (301) 995-3500 
TWX: 710-862-1861 

MASSACHUSETTS 

tArrow Electronics, Inc. 
1 Arrow Drive 
Woburn 01801 

~J:6jfb~~~~j~~ 
tHamliton/Avnet Electronics 
100 Centennial Drive 

~:~~gf1) ~1~~g701 
TWX: 710-393-0382 

MTI Systems Sales 
13 Fortune Drive 
Billerica 01821 

Pioneer Northeast Electronics 

MICHIGAN 

Arrow Electronics, Inc. 
755 Phoenix Drive 
Ann Arbor 48104 

~J~Jn~12~~io~Oo 
tHamillon/Avnet Electronics 
32487 Schoolcraft Road 
Uvol1ia 48150 

~J~Jn~~~j[7~05 

~2nil~~hAsfr:~r~,t~onlcs 
Space AS 
Grand Rapids 49506 
Tel: (616) 243-8805 
TWX: 810-273-6921 

fPioneer Electronics 
13485 Stamford 
Livol1ia 48150 

~:J~J~b~2~52.1~ 
MINNESOTA 

fArrow Electrol1ics, Inc. 
5230 W. 73rd Street 
Edina 55435 
Tel: (612) 830-1800 
TWX: 910-578-3125 

Hamilton/Avnet Electronics 
10300 Bren Road East 
Mil1netol1ka 55343 
Tel: (612) 932-0600 
TWX: (910) 576·2720 

tPioneer Electronics 
10203 Bren Road East 
Minnetol1ka 55343 

~J~J~b~:'56~24f3~ 
fMicrocomputer System Technical Demonstrator CMter' 
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intJ 
MISSOURI 

tArrow Electronics. Inc. 
2380 Schuetz 
SI. Louis 63141 
Tel: (314) 567·6888 
TWX: 910-764-0862 

tHamillon/Avnet Electronics 
13743 Shoreline Court 
Earth City 63045 

~;~~J:b~~t1~~ 
NEW HAMPSHIRE 

JAp~~j~it~;~6~~S' tnc. 
Manchester 03103 
Tel: (603) 666-6968 
TWX: 710-220-1664 

Hamllton/Avnel Electronics 
444 E. Industrial Drive 
Manchester 03104 
Tei: (603) 824·9400 

NEW JERSEY 

fArrow Electronics, Inc. 
6000 Uncoln East 
Marlton 06053 
Tel: (609) 596-8000 
TWX: 710·897·0829 

tArrow Electronics, Inc. 
:? Industrial Road 
Fairfield 07006 
Tel: (201) 575-5300 
TWX: 710·998·2206 

tHamillon/Avnet Electronics 
1 Keystone Avenue 
Bldg. 36 

~~I~{~O~)II~g~?g131 0 
TWX: 710-940-0262 

tHamllton/Avnet Electronics 
10lndustnal 
Fairfield 07006 
Tel: (201) 575-3390 
TWX: 701-734-4388 

tPloneer Northeast Electronics 
45 Route 46 
Pinebrook 07058 
Tel: (201) 575-3510 
TWX: 710-734-4382 

tMTI Systems Sales 
383 Route 46 W 
Fairfield 07006 
Tel: (201) 227-5552 

NEW MEXICO 

Alliance Electro~ics Inc. 
11030 Cochiti S.E. 

~~~:u(~05)~:2~JJ:g 
TWX: 910-989-1151 

Hamilton/Avnet Electronics 
2524 Baylor Drive S.E. 

*~:u~o5{~~35~IJ88 
TWX: 910-989-0614 

NEW YORK 

tArrow ElectrOnics. Inc. 
25 Hub Drive 
Melville 11747 
Te!; (516) 694-6800 
TWX: 510-224-6126 

tArrow ElectrOrllcs, Inc. 
3375 Brighton-Henrietta Townhne Road 
Rochester 14623 

~~:7J~b~2l3~37~06 

Arrow Electronics. Inc. 
20 Oser Avenue 

~:I~~~:6)g:31 ~ I8go 
TWX: 510-227-6623 

Hamilton/Avnet Electronics 
333 Metro Park 
Rochester 14623 

iV'JJ;Jn~5~?5~37~ 
Hamilton/Avnet Electronics 
103 Twin Oaks Drive 
Syracuse 13206 
Tel: (315) 437-2641 
TWX: 710-541-1560 

DOMESTIC DISTRIBUTORS 
NEW YORK (Conl'd) 

tHamiltonfAvnet ElectroniCS 
933 Motor Parkway 

~:I~~~,a6)g:3~~J:& 
TWX: 510·224-6166 

l~~~~~:~~~kSO:~v~ 
P.O. BOK 271 
Port Washln~ton 11050 

~:x(~J~b~l23~02:6 
tPionoor Northeast Electronics 
1806 Vestal Parkway East 
Vestal 13850 
Tel; (607) 748-8211 
TWX: 510-252-0893 

tPloneer Northeast Electronics 
60 Crossway Park West 

~~:o(~~~)Y9i,~~~Joland 11797 

TWX: 510·221-2184 

Pioneer Northeast Electronics 
840 Fairport Park 
Fairport 14450 
Tel: (716) 381-7070 
TWX: 510-253-7001 

NORTH CAROLINA 

Arrow Electronics. Inc 
5240 Greendalry Road 

~:Ij:e;§~ 917867~~3132 
TWX: 510·928-1856 

tHamiiton/Avnet Electronics 

~~1~ Sti217eo~orest Drive 

Tel: (§19) 878-0819 
TWX: 510-928-1836 

Pioneer ElectroniCs 
9801 A-Southern Pine Boulevard 
Charlotte 28210 
Tel: (704) 524-8188 
TWX' 810-621·0366 

OHIO 

Arrow ElectrOnics. Inc. 
7620 McEwen Road 
Centerville 45459 
Tel: (513) 435-5563 
TWX: 810-459-1611 

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

tHamilton/Avnel Electronics 
954 Senate Drive 
Dayton 45459 
Tel: (513) 433-0610 
TWX: 810-450-2531 

tHamilton/Avnet EI~ctronlcs 
4588 Emery Industrial Parkway 

~~~(216)i~l~j~0~S 44128 
TWX: 810-427-9452 

tPione.er Ele~tronics 
4433lnterp0lnt Boulevard 

~:r(~~:)5:~:_9900 
TWX: 810-459-1622 

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

OKLAHOMA 

Arrow Electronics, Inc. 
4719 S. Memorial Drive 
Tulsa 74145 
Tel: (918)665-7700 

OREGON 

tAlmac Electronics Corporation 
1885 N.W. 169th Place 
Beaverton 97006 
Tel: (503) 629·8090 
TWX: 910--467-8746 

Hamilton/Avnet Electronics 
6024 S.W. Jean Road 
Bldg. C, Suite 10 
Lake oswe~o 97034 

~:~~~ib~:5?t,'7~ 

f~o ~~~t~~I~~~~~g~PparkWay 
Suite 600 
HlIIsboro 97124 
Tel: (503) 640-6000 
TWX: 910-460-2203 

PENNSYLVANIA 

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

Pioneer Electronics 
259 Kappa Dr/ve 
PitlSburt'5238 

~ti,b:7~~~3~~2 

!~;oG?~;a~~~cUg~dcs 
Horsham 19044 
Tel: (215) 674·4000 
TWX: 510-665-6778 

TEXAS 

JAnow ElectrOrllCS, Inc. 
220 Commander Drive 

Carrollton 75006 

~J~~~b~8~OO~5\6f7 
tArrowElectronics, Inc. 
10899 Klnghurst 
Suite 100 
Houston 77099 

~:~.7Jfb~~o14C309 
Arrow Electronics. Inc. 
10125 Metropolitan 
Austin 78758 
Tel: (512) 835-4180 
TWX: 910·874·1348 

tHami!tonjAvnet Electronics 
1807W. Braker Lane 
Austin 78758 
Tel: (512) 837-8911 
TWX: 910-874-1319 

tHamillon/Avnet Electronics 
2111 W. Walnut Hill Lane 
IrvlOg75062 

~~~~~~b~85690~~209 
tHamiltonhAvnet Electronics 

~~~~t~~ih~~~ad #190 

Tel: (713) 780-1771 
TWX: 910-881-5523 

tPioneer Electronics 
9901 Burnet Road 
Austin 78758 
Tel: (512) 835-4000 
TWX: 910-874-1323 

Pioneer Electronics 

~~il!~ ?~~a Road 
Tel: (214) 386-7300 
TWX: 910-850-5563 

Pioneer Electronics 
5853 POInt West Drive 
Houston 77036 
Tel: (713) 988·5555 
TWX: 910-881-1606 

UTAH 

tHamiitonjAvnet Electronics 
1585 West 2100 South 

¥:IJ Mo~) ~i~-::JJ 9 
TWX: 910-925-4018 

Wyle Distribution Group 
1959 South 4130 West. Unit B 

~:I~ (~O~) ~il_~;J84 
WASHINGTON 

tAlmac Electronics Corporation 
14360 S.E. Eastgate Way 
Bellevue 98007 
Tel: (206) 643-9992 
TWX: 910-444-2067 

Arrow Electronics, Inc. 
14320 N.E. 21st Street 
Bellevue 98007 

~:l~n~44f4~800,~ 
HamiitonjAvnet Electronics 
14212 N.E. 21st Street 
Bellevue 98005 
Tel: (206) 453-5874 
TWX: 910-443·2469 

WISCONSIN 

tArrow Electronics, Inc. 
430 W. Rausson Avenue 
Oakcreek 53154 
Tel: (414) 764-6600 
TWX: 910-262-1193 

WISCONSIN (Cont'd) 

Hamillon/Avnet Electronics 
2975 Moorland Road 
New Berlin 53151 
Tel: (414)784-4510 
TWX: 910-262-1182 

CANADA 
ALBERTA 

Hamllton/Avnet ElectrOnics 
6845 AeKwood Road Unit 6 

¥~~s(~16)B~7~4~io L4V1R2 

Zentronics 

~~ON,04t~ Avenue N.E. 

~:II?(~63j~2~~21 
BRITISH COLUMBIA 

Hamilt0"ejAvnet Electronics 

~~;~;I~ ~~Mn3g3 Road 
Tel: (604) 272-4242 

Zentronics 

~?~~I~g ~6~~Wrt Road 
Tel: (604) 273-5575 
TWX: 04-5077-89 

MANITOBA 

Zentronlcs 
590 Berry Street 

f~r(fQ.fj ~15~8~~1 
ONTARIO 

Arrow Electronics Inc. 
24 Martin Ross Avenue 
Downsview M3J 2K9 

i~U;.r66~~180ll30 
Arrow Electronics Inc. 
148 Colonnade Road 
Nepean K2E 7 J5 
Tel: (613) 226-6903 

tHamilton/Avnet Electronics 
6845 AeKwood Road 
UnitsG&:H 
Mississau~a L4V lR2 

tytjtJ1b.l:/8~3l7 
tHamillonjAvnet Electronics 
~1 0 Colonnade Road South 
Nepean K2E 7L5 
Tel: (613)226-1700 
TWX: 05-349-71 

tZentronics 
8 Tilbury Court 

~~t(f,t6) 4~~~9~~~ 
TWX: 06--976-78 

Zentronics 
564/10 Weber Street North 
Waterloo N2L 5C6 
Tel: (519) 884-5700 

Zentronics 
155 Colonnade Road 
Unit 17 
Nepean K2E 7Kl 
Tel: (613) 225-8840 
TWX: 06-976-78 

QUEBEC 

Arrow Electronics Inc. 
4050 Jean Talon Quest 
Montreal H4P 1 WI 

i~IL~5i:~l~~t95~ 1 

Arrow Electronics Inc. 
909 Charest Blvd. 
Quebec61N 269 
Tel: (418) 687-4231 
TLX: 05-13388 

Hamilton/Avnet Electronics 
2795 Rue Halpern 
SI. Laurent H4S 1 P8 

~:~:5J1~:'-_1°7~~ 

tMicrocomputer System Technical Demonstrator Centers 
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BELGIUM 

Intel Corporation S.A. 

~~~c dsue~Oulin a Papiar 51 
BOite 1 
B-1160 Brussels 
Tel: (02) 661 07 11 
TELEX: 24B14 

DENMARK 

Intel Denmark AlS' 
Glentevej 6 I - 3rd Floor 
OK·2400 Copenhagen 

~~U~? 1~5g~·33 
FINLAND 

Intel Finland OY 
Auosllantie 2 
000390 Helsinki 

i~UO~:5,~\ 6:a~ 
FRANCE 

Intel Paris 
1 Rue Edison, BP 303 
78054 Saint-Quentin en YVEtlines 

+~U3i:) d9~g,5l7io 00 

EUROPEAN SALES OFFICES 
FRANCE (Cont'd) 

Intel Corporation, S.A.R.L 
Iml'l'l8uble BBC 
4 Quai des Etroi!s 
69005 'i.0n 

i~ILr~: 3~5i~:9 
WEST GERMANY 

Intel Semiconductor GmbH' 
7 

Intel Semiconductor GmbH" 
Mainzerstrasse 75 
0·6200 Wlesbaden 1 

fEIL~~:2Jllg8~~;tNiw 0 

Intel Semiconductor GmbH 
Bruckstrasse 61 
7012 Fellbach 

~~I:tt~~7 58 00 82 
TEL~X: 1254826 INTS 0 

Intel Semiconductor GmbH" 
Hohenzollernstrasse S' 
3000 Hannover 1 

t~U~: 'J23j6~g r~TH 0 

ISRAEL 

Intel Semiconductors Ud' 
Atidim Industrial Park 
Neve Sharet 
ovora Hanevia 
Bldg. No. 13. 4th Floor 
P.O. Box 43202 
Tel Aviv 61430 

+~I~~x~9i7~9i!: 
ITALY 

rn~al Corporation Italia Sps' 
Mllanofiorl, Palazzo E!3 

?~~962~~~a.(I~J~~lanO) 
TEL~X: 3151B31NTMIL 

NETHERLANDS 

Intal Semiconductor Nederland B,V.' 
Aleunderpoort Building 
Marten Meesweg 93 
3068 Rotterdam 

i~IL~~) :i2~~ 77 

NORWAY 

W~~ ~~~:l A!S 
Hvamveien 4 
N·2013 

~~i:e~)n742 420 
TELEX: 18018 

SPAIN 

Intel Iberia 
Calle Zurbaran 
28-1·IZQOA 
28010 Madrid 

i~t~a:) ~~~O 40 04 

SWEDEN 

Intel Sweden A,B.· 
Dalvagen 24 
5·171 36 Solna 

f~IL:~31~~~~O 
SWITZERLAND 
Intel Semiconductor A.a .. 
Ta!ackerstrasse 17 
8152 Glattbrugg postfach 
CH-8065 Zurich 

t:t~~? :i:8~~J~ CH 

UNITED KINGDOM 

~~~r~Wa0ratlon (U.K.) .Lt~.' 
Swlndon, ~lItshlre SN3 1 RJ 

i~IL.f:3l:1464~~~T SWN 

-Field Application Location 

EUROPEAN DISTRIBUTORS/REPRESENTATIVES 
AUSTRIA 

Bacher Elektronische Ges.m.b,H. 
~~if~~~~e~auPts\ra'3se 78 

Tal; (222)83 56 46 
TELEX: 11532 BASAT A 

Moor Ges.m.b.H. 

~:~;5~e~:~se 1/1/1 

Tel: 222-85 86 46 

BELGIUM 

SA )nelco Belgium 
Ave, des Croix de Guerre 94 
B1120 Brussels 
Tel; i02) 216 01 60 
TELEX: 25441 

In Electronic Components 
rue Colonel Bourgstr. 105a (Bte 
3) 
B·t140 Brussels 
Tel: (02) 735-7125 

DENMARK 

In MultiKomponent A!S 
Naverland 29 
0+<:·2600 Groskrup 

i~~: r5W5~56 66 45 

FINLAND 

Oy Fintronlc AS 
Melkonkalu 24 A 
SF·00210 Helsinki 21 

t~U~:619f4 6~2~2Ftron SF 

FRANCE 

Generim 
Z.A. de Courtaboeuf 
Allenue de la Baltlque 
F-91943 Les Utis Cede)(-B.P. 88 
Tel: (1) 69 07 78 76 
TELEX: F691700 

Jermyn 
16, Avenue de Jean·Jaures 
94600 ChoisY-Le.ROi 

+~IL~~:16g sJ~ 00 

Tekelec Ah1ronlc 
Cite des Bruyeres 
Rue Carle Vernet B.P. 2 
92310 Sevre 5 

i~U~:\5J;l25 35 

WEST GERMANY 

Electronic 2000 Vertriebs A.G. 

~6~~t~~i~~6~ 12 
Tel: (89) 42 00 10 
TELEX: 522561 EEC D 

Jermyn GmbH 
Postfach 11 BO 
Schulslrasse 84 
6277 Bad Camberg 
Tel: (06434) 231 
TELEX: 484426 JERM 0 

CES Computer Electronics Systems 
GmbH 
'AM Moosfeld 37 
8000 Munich B2 

i~UOx~9J,~g2~gO 
Metrologie GmbH 
Hansaslrasse 15 
8000 Munich 21 

i~t~8:) :l,~i:~ 
Proelectron Vertrlebs AG 
Ma)( Planc~ Sirasse 1-3 
6072 Oreieich 
Tel: (6103)3040 
TELEX: 417983 

ITT·Mullikomponent 
Bahnhofstrasse 44 

~~no~~:?li~i;g 
IRELAND 

~li~~~g~:~eg~Pce Park 
Glenageary 
Co. Dublin 

~Et~~: 8i, ~~488 
ISRAEL 

Eastronics Ltd. 
11 Rozanis Street 
P.O. Box 39300 
Tel Aviv 61392 

+~a~:\'3~1il 
ITALY 

Eledtra 3S S.P.A. 
Via G. Watt, 37 
I 20143 Milano 
Tel: (2) 81 82 1 
TELEX; 332332 

ITALY (Cont'd) 

Inles+ 
Mllanofiori E/5 
20090 ASS~O 

iEU~:B:f14,f~1 
lasi Elel1ronica S.P.A. 
V, Le Fulvio Testi, 126 
20092 Cinisello Balsamo (Milano) 
Tel: 02/2440012 
TELEX: 352040 LASIMII 
TELEFAX: 2487717 

NETHERLANDS 

~b.i~O~ ~:rmanElectrotechniek B.V. 

2600 AC Delft 
Tel: 15 609·906 
TELEX: 31528 

NORWAY 

Nordisk Eleklrontc A/S 
Post Office Box 130 
N-,364 Hvalstad 

i~IL~~;S:765~~0 
PORTUGAL 

Ditram 
Avenida Miguel Bombarda, 133 
P-l000 Lisboa 

+~U~:"5441:~ ~~Ieks-p 
SPAIN 

ITT SESA 

~~dr1a ~8g~~ 21·3 

i~U~:~i4~1 00 

Diode 
Calle Gandesa 10-4 
08028 Barcelona 
Tel: (3)322·12-51 
TELEX: 42148 

SWEDEN 

Nordisk Elactronlk AB 
Huvudstagatan 1 
Box 1409 
5-171 27 Solna 

+~U~?13tis~j 70 

SWITZERLAND 

Industrade AG 
Hertlstrasse 
CH·8304 Walllsellen 

+~IL~O~/ ~i708t~~gEL CH 

UNITED KINGDOM 

Accent Electronic Components. Ltd. 
Jubilee House 
Jubilee Way 
Letchworth 
Hertfordshlre SG6 lQH 

+~UO:6:J:28::6e 

~~~~~~~iern Center 
Western Industrial Estate 
Bracknell 
Berkshire RG121RW 

+~IL~O:~~:l:'1 
Comway Microsystems Ltd. 
Market Street 
Bracknell 
Berkshire 

i~l~&~~:i:~l 
IBR Microcomputers Ltd. 
Unit 2 Western Center 
Western Industrial Estate 
Bracknell 
Berkshire RG121RW 

+~I~&~~l:::1555 
Jermyn Industries Vestry Estate 
Ox1ord Road 
Seven Oaks 
Kent TN 14 5EU 

+~U~3IJ1~~'44 
M.E.D.L 
East Lene Road 

~?~~e'Z:W~17pp 
nU~~~:,3?7 
Rapid Recall, Ltd. 
Rapid House/Denmark SI. 
High Wycombe 
Bucks HP11 2EA 

~~U~~~769~~1 
ISR 
2 The Western Center 
Western Road 
Brecknell, Berkshire 
Tel: (0344) 486-555 

co-n/e/Be 



intJ 
AUSTRALIA 

Inlel Australia Pty. Ltd: 

~gr=~~6m:~::~~ay 
Level 6 
Crows Nest, NSW, 2065 
Tel: 011·61·2·957·27404 
TELEX: 970-20097 
FAX: 011-61-2-957-2744 

CHINA 

Intel PRC Corporation 

j~~ G~~iMe~ ~i!iiC A~~~~e 
Beijing, PRC 

HONG KONQ 

Intel Semiconductor ltd.' 
1701·3 Connaught Centre 

+e9:°s,n,a.8~~~~~j~_311 
TWX: 60410 ITlHK 

INTERNATIONAL SALES OFFICES 
JAPAN 

Inlet Japan K.K. 
5·6 Takedal. Toyosato-machi 

~:r~2~~i~~~:raki-ken 300-26 
TELEX: 03656-160 

Inlel Japan K.K.· 
Komeshin Bldg. 
2-'-15 Naka-machi 

~~~:u8~6~~23_~~1~ 243 

Inlel Japan K.K,' 
Ayokuchi-Station Bldg. 
2-4-1 Terauchl 

~~to6~~t~o9~a 560 

JAPAN (Conl'd) 

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

Inlel Japan K.K.' 
Flower-Hill Shin-machi East Bldg 
1-23-9 Shmmachl 

~:~:a83!:2~~22T3~kyO 154 

~!~~~~G:i~~i-~~sashi-KOSU9i Bldg. 
915-20 Shinmaruko, Nakahara-ku 
Kawasaki-Shi, Kanagawa 211 
Tel: 044-733-7011 

Intel Japan K.K. 
Mishima Tokyo-Kaijo Bldg. 
1-1 Shibahon-cho 
Mishima-shi 
Shizuoka-Ken 411 
Tel: 0559-72-4121 

KOREA 

Intel Semiconductor Asia ltd. 

~~~~s~;iao~~g~g~~~~ono~d:~~;PO_KU 
Seoul 150 
Tel: 011-82-2-784-8186 or 8286 
TELEX: K293121NTElKO 

SINGAPORE 

Intel Semiconductor Ltd. 
101 Thomson Aoad 
21-06 Goldhill Square 
Singapore 1130 
Tel: 011-65-250-7811 
TWX: AS 39921 

TAIWAN 

Intel Semiconductor Ltd. 

~.r6 ~i~' ~i~n~h~:~f~oad 
Taipei 
Tel: 011-886-2-716-9660 

'Field Application location 

INTERNATIONAL 
DISTRIBUTORS/ REPRESENTATIVES 

ARGENTINA 

VlC S.R.l. Bartalome Mitre 1711 
3 Piso 
1037 Buenos Aires 
Tel: 011-54-1-49-2092 
TELEX: 17575 EOARG-AR 

AUSTRALIA 

Total Electronics 
~Mailing AddreSs) 

B~~~~:8i~r~ria 3125 

~SA~ft..~?s~~:tess) 
Burwood 
Victoria 3125 
Tel: 011-61-3-288-4044 
TELEX: AA 31261 

Total Electronics 
P~O. Box 139 
Artemon, ~.S.w, 2064 
Tel: 011-61-02-438-1855 
TELEX: 26297 

BRAZIL 

Elebra Microelectronica S/A 
A. Florida, 1821-8 ander 
04571" - Sao Paulo-SP 
Tel: 011-55-11-533-9977 
TELEX: 1125957 

CHILE 

DIN Instruments 
Casilla 6055, Correo 22 

~:~~~~~8139 
TELEX: 440422 Rudy CZ 

(Shipping Address) 
Al02 Greenville Center 
3801 Kennett Pike 
Wilmington, Delaware 19807 

CHINA 

CHINA (Cont'd) 

Schmidt & Co. Ltd. 
18/F. Gr.eat Eagle Centre 
Wanchal 

~~tgt~~8~2-5.822-0222 
TWX: 74766 SCHMC HK 

HONG KONG 

Schmidt & Co. Ltd. 
18/F. Great Eagle Centre 
Wanchai 
Tet: 01' -852-5·822-0222 
TWX: 74766 SCHMC HK 

INDIA 

Micronic Devices 
65 Arun Complex 
DVGAoad 
Basavan Gudi 

~~~%1Ir!:, ~:~ 2~g~O-631 
TELEX: 011-5947 MDEV 

Micronic Devices 
104/109C Nirmallndustrial Estate 
Sion(E) 

~~1~81al_:~~g~l8_61_70 
TELEX: 011-71447 MDEV IN 

Micronlc DeviCes 
A-694 New ASjinder Nager 
New Delhi 110060 

JAPAN 

Asahi Electronics Co. Ltd. 
KMM Bldg. Room 407 
2-14·1 Asano, Kokurakita-Ku 

~:~k~~r51~i!L~~2 
TEl~X: AEC!<Y 7126-16 

C. 1100 Micronics Corp. 
OS 85 Bldg. 2-6-5 Suda-Cho 

~:~d63T~~~~-'~u, Tokyo 101 

TEl~X: (03) 252·3774 

J~PAN (Cont'd) 

Ayoyo Electric Corporallon 
Shuwa Sakurabashi Bldg. 
4-5-4 Hatchobori 
Chuo-Ku. Tokyo 104 
Tel: (03) 555-4811 

Tokyo Electron Lid 
Shinjuku. N<?mura. Bldg 
1·26·2 Nlshl-Shlnluku 
Shinjuku-Ku, Tokyo 160 
Tel: (03) 343-4411 
TELEX: 232·2220 LABTEL J 

KOREA 

J-TEK Corporation 
2nd Floor, Government Pension Bldg 

~~~3n~~~dnOggg_~u 
Seoul 150 
Tel: 011-82-2·782·8039 
TELEX; KODIGIT K25299 

~~~SttBong Bang Bldg 
t502-KA Taepyung-RU 
Chung-Ku 
Seoul 

. Tel: 777-78 
TELEX 27970 KORSST K 

MEXICO 

OICOPEl SA 
Tochtli 368 Fracc. Ind. San Antonio 

~~~~g2j6~~~exlco, D.F. 
Tel: 90115255613211 
TELEX: 1773790 DICOME 

NEW ZEALAND 

Northrup Instruments & Systems Lid. 

~~6.'tlg:9~g:: ~eo;~arket 
Auckland 1 . 
Tel: 011-64-9-501-2,9, 501-801, 587-037 
TELEX: NZ21570 THERMAL 

Northrup Instruments & Systems Ltd. 
P.O. Box 2406 

f~~~i:I~~~~~~58 

PAKISTAN 

computer Applications Ltd. 
70 Gizri Boulevard 
Defence 
Karachi·46 
Tel: 011-92-21-530-306 
TELEX: 24434 GAFAR PK 

Horizon Training Co., inc. (Agent) 
1 Lafayette Center 
1120 20th Street N.W. 
Suite 530 

~~~r~g~lo8~7~1~iJg0036 
TWX: 248890 HORN 

SINGAPORE 

General Engineers Corporation Ply. Ltd. 
203 Henderson Road 
1102 Henderson Industrial Park 0315 
Tel: 011065-271-3163 
TELEX: RS23987 GENERCO 

SOUTH AFRICA 

Electronic Building Elements, Ply. lid. 
(Mailing Address) 
P.O. Box 4609 
Pretoria 0001 
Tej: 011-27-12-469921 
TELEX: 3·22786 SA 

(Shipping Address) 
Pine Square, t 8th Street 
Hazelwood Pretoria 

TAtWAN 

Mitac Corporation 
No. 585 Ming Sheng E. Road 
Taipei 
Tel: 011-96-2-501-8231 
TELEX: 11942 TAIAUTO 

VENEZUELA 

P. Benavides CA 
Arilanes a Rio 
Resdencias Kamarata 
local 4 a lZ 
Caracas 
Tel: (582) 571-0396 

"Field Application location 

CG-1116/86 



ALABAMA 

Intel Corp. 
5015 Bradford Drive, #2 
Huntsville 35805 
Tel: (205) 830·4010 

ARIZONA 

Intel Corp. 
11225 N. 28th Dr. #0214 
Phoenix 85029 
Tel: (602) 869·4980 

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

ARKANSAS 

Intel Corp. 
P.O. Box 206 
Ulm 72170 
Tel: (501) 241·3264 

CALIFORNIA 

Intel Corp. 
21515 Vanowen 
Suite 116 

¥:r~af8r~~~8\300~ 
Intel Corp. 
2250 E. Imperial Highway 
Suite 218 
EI Segundo 90245 
Tel: 1·800·468·3548 

Intel Corp. 

~~?sOo~~j5~3~~~5~~' 
Tel: (916) 351·6143 

Inlel Corp 
1350 Shorebird Way 
Mt. View 94043 
Tel: (415) 968·8211 
TWX: 910·339·9279 
910·338·0255 

~nri6b Ctfih Street 
Suite 110 
Santa Ana 92705 
Tel: 1·800·468·3548 
TWX: 910·595-2475 

Inlel Corp. 
2700 San Tomas EKpressway 
Sanla Clara 95051 
Tel: (408) 970-1740 

Intel Corp. 
4350 Executive Drive 
Suite 150 

~:r (~~ea)04~~~~J80 
COLORADO 

Intel Corp. 
650 South Cherry 
Suite 915 
Denver B0222 
Tel: (303) 321-8086 
TWX: 910-931·2289 

CALIFORNIA 

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

DOMESTIC SERVICE OFFICES 
CONNECTICUT MICHIGAN 

Intel Corp. 
26 Mill Plain Road 

Inlel Corp. 
7071 Orchard Lake Road 

~:r1~~)0::J_1'30 SuUe 100 
West Bloomfield 48033 

FLORIDA 
Tel: (313) 851·8905 

MISSOURI 

~;~ ~~re: 6th Way Intel Corp. 
SUite 100 4203 Earth City Expressway 
Ft. L.auderdale 33309 Suite 143 
Tel: (305) 771-0600 
TWX: 510-956·9407 

Earth City 63045 
Tel: (314)291.2015 

Intet Corp. 
242 N. Westmonte Drive 

NEW JERSEY 

Suite 105 Intet Corp. 

~~~(30~)e 8~~~~~l8 32714 
365 Sylvan Avenue 
Englewood Cliffs 07632 

~~:X(:2~~ b~9s:,'~885~~ GEORGIA 

Intel Corp. ~!~It~~~aza III 328U Pointe Parkway 
Suite 200 Raritan Canter 
Norcross 30092 Edison 08817 
Tel: (404) 441·1171 Tet: (201) 225·3000 

ILLINOIS NORTH CAROLINA 

knJ~I~O'%"rtingale Rd. 
Intel Corp. 
2306 W. Meadowview Road 

SUite 300 Suite 206 

~~r(3~~~~0~gJ5t Greensboro 27407 
Tel:.(919) 294·1541 

INDIANA OHIO 

Intel Corp. tntel Corp. 
8777 Purdue Rd., #125 Chagrin-Brainard Bldg. 
Indianapolis 46268 Suite 305 
Tet: (317) 875·0623 ~~~~:la~~a24;n2~.oulavard 
KANSAS ~:)t2Jn~S:i~~158 
Intel Corp. 
8400 W. 11 Oth Street Intel Corp. 
Suite 170 6500 Poe 
Overland Park 66210 Dayton 45414 
Tel: (913) 345-2727 Tel: (513) 890·5350 

KENTUCKY OREGON 

Intel Corp. 
3525 Tatescreek Road, ~~~~~~. Beaverton-Hillsdale 
#51 ~~~~w:l ~:~i(2cm) 2~02:g~45 Beaverton 97005 

~{ijx(:5gn:t6j~~~~ MARYlAND 

Intel Corp. ~nJ~h ~~W'Elam Young Parkway 4th Floor Product Service 
7833 Walker Drive Hillsboro 97123 
Greenbelt 20770 Tel: (503)681·8080 
Tei: (301)220-3313 

MASSACHUSETTS 

Intel Corp. 
3 Carlisle Road 
Westford 01886 
Tel: (617) 692-1060 

CUSTOMER TRAINING CENTERS 
ILLINOIS 

~~~~m~~~jngg~~l3OO 
Te', (312) 3¥O.5700 

MASSACHUSEns 

3 Carlisle Road 
Westford 01886 
Tel: (617) 692-1000 

PENNSYLVANIA 

Intel Corp. 
201 Penn Center Boulevard 
Suite 301 W 

~~~:s~~r~t3~~~~0 
TEXAS 

Intel Corp. 
313 E. Anderson L.ane 
Suite 314 
Austin 16752 
Tel: (512)454-3628 
TWX: 910-874·1347 

Intel Corp. 
12300 Ford Road 
Suite 380 
Dallas 75234 
Tet: (214) 241·2820 
TWX: 910-860-5617 

Intel Corp. 
8815 Dyer St., Suite 225 
EI Paso 79904 
Tel: (915) 751-0186 

VIRGINIA 

Intel Corp. 
1603 Santa Rosa Rd., #109 
Richmond 23288 
Tel: (804) 262·5668 

WASHINGTON 

Intel Corp. 
110 110th Avenue N.E. 
Suite 510 
Bellevve 96004 
Tel: '·800·468-3548 
TWX: 910·443·3002 

WISCONSIN 

Intal Corp. 
450 N. Sunnyslope Road 
Suite 130 
Brookfield 53005 
Tel: (414) 784·8087 

CANADA 
Intel Corp. • 
190 Attwell Drive, Suite 103 
Rexdale, Ontario 
Canada M9W 6Ha 
Tel: (416)675.2105 

~~~I ~~Tean Blvd. 
Pointe Claire, Quebec 
Canada H9R 3K2 
Tel: (514) 694-9130 

Intel Corp. 
\ 2650 Queensvlew Drlva, #250 

Ottawa, Ontario, 
Canada K2B 8H6 
Tel: (613)829-9714 

MARYlAND 

7833 Walker Or., 4th Roor 
Greenbelt 20770 
Tel: (301) 221)..3380 

CG-1118/88 




