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iPLDS Il
THE INTEL PROGRAMMABLE LOGIC
DEVELOPMENT SYSTEM VERSION Il

Hardware and Software Necessary to

Turn Design Concepts into Functional
Erasable Programmable Logic Devices
(EPLDs)

Menu-driven Software with On-line Help
Messages for All Stages of the Design
Process

iUP-PC Hardware Programs Intel
EPLD’s, EPROM’s, E2PROM’s,
Peripherals, and Microcontrollers with
one PC-based System

All Equipment Interfaces with the IBM
PC/XT*, PC/AT*, and True Compatibles

JEDEC Standard Design File, Part
Utilization Report, Minimized Equation
File, and Compiler Error File All
Available as Outputs

m Supports a Variety of Input Methods:
‘Schematic Entry '

— TTL Library
— EPLD Primitives Library

Text Editor Entry
— State Machine
— Boolean Equations

Macro Expander Accepts TTL, and
User-Defined Macros and Expands
Them into Equivalent EPLD Primitives

m Espresso’” Minimizer Reduces Logic

Equations to Least Number of Product
Terms

Supports All Intel EPLD’s Including the
5AC312, 5AC324, and 85C508

Release 2.0 of Intel’'s Programmable Logic Development System Il (iPLDS 11) is a powerful set of tools for

transforming a logic design into customized silicon. The system provides design entry, logic compilation, and
device programming capability on a desktop using an IBM PC/XT, PC/AT, or compatible.

]

290134-1

iPLDS Il Components Picture

*IBM PC/XT, PC/AT are registered trademarks of International Business Machines Corporation.

**ESPRESSO is a copyrighted b;l the University of California at Berkeley and is used with permission.
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INTRODUCTION TO PROGRAMMABLE
LOGIC DESIGN

When performing a programmable logic design on a
CAD system, the design must first be entered using
one of a variety of entry methods. These methods
typically include schematic capture or Boolean
equation entry using a standard text editor. Less typ-

ical entry methods include netlist entry, whereby a

hand drawn schematic can be entered in a node-by-
- node fashion, or state machine entry in a text or
graphical mode.

Once the design has been entered into the CAD
package, several processing steps may occur. The
design is usually translated into a format usable by
the software, ‘logic reduction may be performed,
and, finally, some form of programming file can be
produced. Most CAD packages also produce docu-
mentation of the minimization and device fitting re-
sults, including the final pin assignments.

- Once the programming file has been generated, the
design can be transferred into silicon in a program-
ming manner similar to that used for EPROMSs.

,FUNCTIONAL DESCRIPTION OF

42

iPLDS 11

All of the design entry methods with the exception of
graphic state machine entry are supported by the
iPLDS |l software. iPLDS Il supports netlist and Boo-
lean equation entry using any standard text editor.
State machine software and schematic capture li-
braries are also available from Intel as optional entry
methods. Depending on the entry format used, the
design may require translation into Advanced De-
sign File (ADF) format. Once the design is in ADF
form, the Logic Optimizing Compiler expands any
macros, minimizes all equations, and fits the design
into a device-specific JEDEC Design File. The
JEDEC Design File is programmed into the EPLD by
the Logic Programmer Software using the iUP-PC
hardware. Thus, the circuit design is transformed
into an operating EPLD on one workstation.

The Intel Programmable Logic Software Il (iPLS ll) is
composed of four functional modules: design entry,
netlist conversion, file compilation and device pro-
gramming.

Design Entry
Désigh entry is typically accomplished by creating an

ADF using an ASCII text editor, or by using a sche-
matic capture package.



Intel Programmable Logic
Development System Il
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Netlist Conversion

If schematic capture of state machine entry is used,
the design must be converted into an ADF format.
The optional SCHEMA |I-PLD schematic capture
package is a low-cost way- to enter schematic de-
signs. SCHEMA |I-PLD supports EPLD primitives
and TTL or user-defined macro symbols. It also out-
puts directly in ADF .format. SCHEMA [I-PLD con-
tains the EPLD Manager, which provides a single
user interface to both SCHEMA II-PLD and iPLS II
software.

The P-CADTt and Futurenett systems may be used
to capture EPLD symbols provided the EPLD librar-
ies and ADF convertors are used. State machine en-
try may be performed via the iSTATE software and a
standard text editor.

TFuturenet is a registered trademark of FutureNet Corpora-
tion.

TTP-CAD is a registered trademark of P-CAD Corporation.

File Compilation

File compilatibn is performed by the LOGIC OPTI-
MIZING COMPILER. The LOC accepts an ADF and
converts it into an industry standard JEDEC file

‘which is used to program the device. As a part of

this process, the LOC expands TTL macros into
equivalent EPLD logic, minimizes the logic equations
using the Espresso algorithm, and maps the network
and logic equations into a cell map for the selected
device. The final output of the LOC is a JEDEC De-
sign File. The JEDEC Design File describes the input
design for the designated EPLD in JEDEC standard
format.

For designs using the 5AC312 or 5AC324 iPLS Il
R2.0 utilizes proprietary algorithms to efficiently use
the device resources. The improved Fitter in R2.0
optimizes fitting for all devices.

Inlel Prooramn:

XCONTROL:

-4 m.
~ADF
XA INFO-LOC—-Sum
KXKINFO-LOC-LEF
XK INFO-LOC-LEF

¥XKINFO-LOC-Des

LOC cycle succe

Would you like to-implement another d

ADF Minimizataon LEF~falysis

¥EKINFO-LOC-Regin executidn

¥R INFO-LOC~-Resource demand determined

*XXINFO-LOC-JEDEC file output

ble Lugic Software 11

acrofunctions resolved in XCONTROL -
converted to LEF: XCONTROL

OfF Products (S.0.F) LEF produced
reduced

analyzed

ign fitting complete

sefully completed

esign LY/NI?

290134-9
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Device Programming

The programming hardware is controlled by the
LOGIC PROGRAMMER SOFTWARE. LPS takes the
JEDEC file produced by the LOC and programs it
into the device. LPS can also read a programmed
device or verify that a device has been programmed
correctly.

The Intel Universal Programmer for the Personal
Computer (iUP-PC) is a versatile programming solu-
tion in a PC-based system. Installed in an IBM
PC/XT, PC/AT or compatible host, the iUP-PC emu-
lates the performance of the standalone INTEL
iUP-200A Universal Programmers. As such, it sup-
ports the iUP Generic Universal Programmer Inter-
face (iUP-GUPI). With the appropriate socket adapt-
ers for the iUP-GUPI, the iUP-PC supports all Intel
EPLDs. .Future EPLDs will be supported by new
GUPI adapters or adapter upgrades. Many other In-
tel devices—EPROMs, EEPROMSs, and microcon-
trollers—are also supported by the GUPI. The iUP-
PC is controlled by the LPS or the iPPS (Intel PROM
Programmer Software). iPLDS Il includes the iUP-
PC, which contains the iPPS, PCPP programming
card, interconnect cable, and the GUPI base. GUPI
adapters are available separately.

iPLS Il SOFTWARE

The Intel Programmable Logic Software Il (iPLS )
has many options and enhancements for implement-
ing a logic design. iPLS |l accommodates a wide va-
riety of design input methods. Schematics, state ma-
chines or Boolean equations may all be used provid-
ed the proper formats and convertors are imple-
mented as needed. No matter what method is cho-
sen, the Logic Optimizing Compiler will minimize and
fit the design during compilation. Finally, iPLS Il con-
tains the Logic Programmer Software which controls
the iUP-PC programming hardware for all Intel
EPLDs.

I Desngn Input

The entire spectrum of deSIgn input methods is
available to the logic designer in iPLS II. Everything
from TTL schematics to Boolean equations are ac-
cepted and processed by the LOC.

45

A, TTL SCHEMATIC ENTRY

SCHEMA [I-PLD is an optional software package
that allows EPLD design to be implemented with
standard TTL functions. SCHEMA II-PLD contains a
symbol library that includes common SSI/MSI TTL
symbols. SCHEMA [I-PLD also outputs directly in
ADF format. The TTL symbols appear in the ADF in
the form of macro calls. During compilation, iPLS Il
automatically expands these calls from its TTL mac-
ro library. Thus, with SCHEMA 1I-PLD, conversion to
EPLD logic primitives is performed automatically in a
manner completely transparent to the user.

Only parts supported by the SCHEMA |I-PLD TTL
symbol library and the iPLS Il TTL macro definition
library may be used for TTL schematic entry. In most
cases, this won’t be a’ limitation as the most com-
mon parts are included in both libraries. Parts not in
the macro libraries may be created by the user and
stored in proprietary user libraries. SCHEMA 1I-PLD

.also supports creating of user-defined macro sym-

bols. The iPLS Il Macro Librarian supports creation
of iPLS Il macro libraries.

B. SCHEMATIC ENTRY WITH
INTEL SYMBOL LIBRARY

If the user prefers designing with EPLD logic primi-
tives but stil wants to use schematic entry,
SCHEMA II-PLD, in addition to supporting TTL sche-
matic capture, also  supports design using EPLD
primitive symbols. Users can enter their design and
have both a schematic drawing and an ADF version
of the design. The logic symbols are loaded from the
Intel library and connected in the usual manner. For
quicker use of EPLD primitives, a second library,
EPLDMAC.LIB is available for use. Optional symbol
libraries are also available for PC-CAPS* by P-CAD
Corporation and DASH-2, -3, -4** by FutureNet
(iISLIBPCAD, iSLIBFNET). The iSIMLIB optional li-
brary is available for simulating logic designs with P-
CAD’s PC-LOGS logic simulator. '

*PC-CAPS and PC-LOGS are registered trademarks of
P-CAD Corporation.

**DASH-2, -3, -4 are registered trademarks of FutureNet
Corporation.
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C. TEXT EDITOR ENTRY

Designers who are familiar with-the logic primitives
and the Advanced Design File format can directly
enter ADFs with a standard text editor. The bulk of
the design entry can be accomplished using Boolean
Equations obtained from a Karnaugh map or truth
table. Hence, the need for conversion to gates is
eliminated. This method of entry is useful for.sub-cir-
cuits that will be incorporated into larger designs.

‘D. STATE MACHINE ENTRY

In the past, state diagrams or flowcharts (ASM

charts) were merely abstractions used to obtain the
logic equations necessary to implement TTL de-
signs. With the advent of the iPLS Il state machine
convertor (ISTATE), this is no longer the case. Using
an IF THEN / ELSE format, the designer may -enter
the state machine description without having to ex-
tract the logic and convert the equations into TTL
components. The state machine to Boolean logic
conversion is handled by the state machine conver-
tor, provided the input file adheres to the specified
State Machine File (SMF) format.

Summary of Optional Entry'Reqﬁirements:"

TTL Schematic Capture

1. TTL Macro Library

2. EPLD Custom Macro Library
3. SCHEMA II-PLD

PC-CAPS _

1. Intel Library used to design logic circuit -

2. Component List Output -

3. PCAD convertor used in LOC ~ )
(Library and convertor contamed in |SLIBPCAD)'

DASH-2, -3, -4
1. Intel Library used to design logic circuit
2. Pin List Output
3.-FutureNet convertor used-in LOC
(Library and convertor contained in iSLIBFNET)

State Machines

1. State Machine File (SMF) format used

2. Optional state machine convertor used in LOC
(Convertor contained in iSTATE)

ll. Logic File Compilation

Before programming the part, the designer must
compile the input design Afile into a JEDEC standard
file. This function is performed by the Logic Optumlz-
mg Compiler. :

LOGIC OPTIMIZING COMPILER (LOC)

Once the input file is in Advanced Design File (ADF)
format, the LOC will compile it into a device-specific
JEDEC Design File. The first phase of this compila-
tion is performed by the MACRO EXPANDER. The
Macro Expander expands Intel or TTL macros into
equivalent EPLD equations. The second phase is
performed by the ESPRESSO MINIMIZER. The min-
imizer reduces all the -logic equations to their sim-
plest form using the ESPRESSO [I-MV algorithm.
The final phase of compilation is performed by the
FITTER. The Fitter creates a cell map of the mini-
mized equations according to the resources avail-
able within the specified device.

MACRO EXPANDER

The input design file is initially passed through the
MACRO EXPANDER. The Macro Expander
searches the file for any non-EPLD network ele-
ments. If found, the Expander then searches the
User Libraries and TTL Library for the unidentified
element. Once the element is located, the design file
element is replaced by the equivalent EPLD primitive
implementation found in the library. Having the Ex-
pander search the User Libraries allows the user to
create his own macros. User macro files are created
with a standard ASCII text editor and are stored in
libraries by the iPLS Il Macro Librarian.

ESPRESSO MINIMIZER ‘

The minimization in the LOC is performed by the
ESPRESSO I-MV MINIMIZER. Developed by the
University of California at Berkeley, the ESPRESSO
1I-MV algorithm is regarded by many as being the
best minimization method available. ESPRESSO |I-
MV uses DeMorgan’s and other logic theorems to
reduce the equations.to the least number of product
terms possible. Since product terms are the key vari-

“able in the EPLD architecture, the ESPRESSO II-MV

Minimizer provides the simplest equations possible.
As a result, the success rate for fitting large designs
is dramatically increased.

FITTER

The FITTER examines the architecture of the speci-
fied device, then tries to map the minimized equa-
tions into the resources available. The Fitter auto-
matically assigns pins unless pin assignments are



intel

iPLDS I

PRELIMINARY

already speeified in the design input file. The'ﬁtting

sequence continues until a successful fit is accom-
plished or all possible implementations are exhaust-
ed. Release 2.0 of iPLS Il includes a new, faster
Fitter that supports PGA packages and the 5AC312,
5AC324, and 85C508. Also included in this new Fit-
ter is the capability to allocate p-terms to adjacent
macrocells for devices such as the 5AC312 and
‘5AC324 that support p-term allocation.

OUTPUT FILES

— JEDEC Design File
A properly designed circuit results in the desired
file from the LOC—the JEDEC Design File. The
JEDEC Design File is a device-tailored EPROM
cell programming map expressed in JEDEC stan-
dard format.

Resource Utilization Report

The Resource Utilization Report gives an in-
- depth view of what was used inside the EPLD.

ltems such as device pinout, macrocell usage,

and feedback arrangements are all listed. Un-

used resources are also listed to aid the user.in

adding logic or merging EPLD designs.

Logic Equation File

The LEF file lists the logic equations after they
have passed through the minimizer. It is these
equations that are actually implemented in the
final design. :

Compiler Error File

If a logic circuit is incorrectly desugned mes-
sages are produced by the LOC denoting the er-
"rors. To assist the redesign, these errors are
placed into the Compiler Error File for later refer-
ence.

FILE MERGING

Once a design is successfully implemented, the LOC
can merge it with other designs by simultaneously
running the two ADF’s. In this manner, LSI circuits
can be broken into manageable chunks that can be

LOGIC PROGRAMMER SOFTWARE

To program a device with the LPS, the user enters
the file name and device to be programmed. The
LPS checks if the device is blank, programs the de-
vice, then verifies that the device was programmed
correctly. As a part of the Intel EPLD Programming
Algorithm, each programmed cell is checked. Add-
ing the complete device check after programming
gives double verification that the part has been suc-

~cessfully programmed.

It is also possible to read a pre-programmed device

" and program other devices with the program read.

The JEDEC Editor in LPS provides a hierarchical
view of the device from the pin level, to the macro-
cell level, to the product term level. At the product
term level, individual EPROM cells may be set or
reset to connect or disconnect the logic equation
inputs.

If the user does not want an EPLD to be read, the
Security bit may be set when running the LPS. The
Security Bit prevents a device from being examined
after it has been programmed. This function is useful
for protecting confidential designs.

iUP-PC HARDWARE

The Intel Universal Programmer for the Personal
Computer consists of the PCPP programming card,
50-lead interconnect cable, GUPI base and GUPI
adapter Together-they form. a system for program-
ming most. PROM-type Intel devices directly from

-the PC host.

PCPP

The Personal Computer Personal Programmer
(PCPP) is the programmer interface. card that fits

- into the IBM AT/XT or true compatible. It is capable
of driving both the iUP-GUPI base and' the iUP-

implemented and tested individually. After each por-

tion is completed, the subcircuits can be merged |nto
one ADF to implement the total design.

lil. Device Programming

After the design has been successfully entered, min-
imized and fitted, the designer programs his part us-
ing the JEDEC file produced by the LOC. Program-
ming is accomplished by running the Logic Program-
mer Software

FAST27K personality module. The PCPP emulates
the performance of the Intel iUP-200A. The LPS or
iPPS (Intel PROM Programmer Software) controls

.the PCPP, causing the programming card to gener-

ate the control signals for the GUPI base.

_GUPI BASE

. The Generic,UﬁiversaI Programmer Interface (GUPI)

4-7

is used for all pﬁogrammable logic support. As all
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The Intel Universal Programmer for the Persqnal Compdter (iUP-PC) )

signal generation to devices is done by the GUPI,
the programming waveforms are extremely reliable.
Using the GUPI also allows upgrading for future de-
vices with the simple addition of'a plug-in adaptor.
Future Intel EPLDs will be supported by the GUPI
system.

GUPI ADAPTERS

Table 1 details the GUPI adapters required for the
logic devices. The adapters available for program-
ming EPROM’s, E2PROM’s and:- microcontrollers
can be found in the data sheet for the iUP-PC (Intel
. order number 290130). The adapters contain the de-

vice description data for.a family of similar devices.
New devices will be supported by new adapters or -
by upgrades to existing adapters.:

SPECIFICATIONS .

Host Systemx

The iPLDS Il software requires an IBM PC/XT,
PC/AT or other true compatible computer capable
of running MS-DOS* version 3.0 or later. The com-
puter must have a 360KB double-sided, double-den-
sity diskdrive, a hard disk, and 512KB of RAM. Addi-

Table 1. Intel Programmable Logic Development System Il Programming Support

Device Number of iUP-GUPI Package Type =
. Macrocells Adapter Supported
5C031, EP310 8 . GUPI LOGIC-12 - 20PinDIP
5C032, EP320 8 GUPI LOGIC-12 20PinDIP
5C060, EP600 16 - GUPI LOGIC-IID 24 Pin DIP
5C090, EP900 24 "~ - GUPI LOGIC-IID 40 Pin DIP
5C121, EP1200 28 GUPI LOGIC-12 40 Pin DIP
5C180, EP1800 48 GUPI LOGIC-18 68 Pin PLCC and JLCC
5C180PGA 48 GUPI LOGIC-18PGA 68 Pin PGA
5CBIC ' (i'nPLU):VB' GUPI LOGIC-BIC 44 Pin PLCC
(# of Ports):5 )

5AC312 12 GUPI LOGIC-IID 24PinDIP

. 5AC324 24 GUPI40D44J 40-Pin DIP
85C508 8 GUPIB5EPLD28 28-Pin DIP and PLCC

(EPXXX Devices from Altera Corp.)

4-8
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tional memory is recommended (640K) and is re-
quired for the optional schematic capture programs.
A color monitor is recommended, as the color graph-
ics available provide a better representation of the
data than a monochrome display. The PCPP pro-
gramming card requires one full-size card slot in the
host computer. iPLSIl (Intel Programmable Logic
Software) can run on the IBM PS/2.

*MS-DOS is a trademark of Microsoft Corporation
Operating Environment

Electricai Characteristics
.PCPP: Worst Case Power Consumption at IBM

PC 1/0 Channel
Supply | Voltage |Personality Max. Current
Voltage| Variance | Module Drain
+5V | +5%, —4%|FAST27K 1.898 A .
—12V | +10%, —9% |FAST27K 102.9 mA
+12V | +5%, —4%|GUPI 530 mA

Physical Chafacferistics

PCPP: -

Length: 13.3 inches (33.9 cm)
Height: 3.9 inches (10.0 cm)

INTERCONNECT CABLE:

50 lead ribbon cable
Length: 3.0 feet (91.4 cm)
Width: 2.43 inches (5.5 cm)

GUPI:

Length: 7.0 inches (17.8 cm)
Width: 5.5 inches (1.4 cm)
Height: 1.6 inches (4.1 cm)

Environmental Characteristics

Operating Temperature: 10°C to 40°C
Operating Relative Humidity: 85% Maximum

Equipment Supplied

HARDWARE

— PCPP programming card

— Interconnect cable

— GUPI base .

— (GUPI-LOGIC adaptors purchased separately)

SOFTWARE

—iPLSI
— iPPS
— PLDUTIL

DOCUMENTATION

— iPLSI User’s Guide-V2.0 (order number 450196)
— PCPP User’s Guide (order number 168161)
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ORDERING INFORMATION

Order Code
iPLDS Il

iPLS I

iUP-PC

MLIB

iSTATE

iSLIBFNET

iSLIBPCAD

iSIMLIB

Product Description

Intel Programmable Logic De-
velopment System II: iPLS
software, iUP-PC, iPLS Il Us-
er's Guide

Intel Programmable Logic
Software II: Logic Builder de-
sign entry, Logic Optimizing
Compiler, Logic Programmer
Software, iPLS Il User's Guide

Intel Universal Programmer
for the Personal Computer:
PCPP programming card, in-
terconnect cable, UP-GUPI
base, Intel PROM Program-
ming Software PCPP User's
Guide

iPLS Il Macro Librarian: Macro
Librarian Software and User’'s
Guide ‘Supplement for creat-
ing user-defined macro librar-
ies.

PLDUTIL

iUP-GUPI

PLD Utilities:
Functional Simulatory
TTL Macro Library

. 'EPLD Custom Macro Library

Intel 'Universal Programmer—

~ -Generic Universal Programmer

GUPI LOGIC-IID

GUPI LOGIC-12

. GUPI-LOGIC-18

~ GUPI LOGIC-

Intel State Machine Software:

Entry format documentation,
state machine convertor for
LOC

Intel Symbol Library—Future-
Net: EPLD symbol library for
FutureNet DASH-2 schematic
capture package, Futurenet
Pinlist convertor for LOC

Intel Symbol Library—PCAD:
EPLD symbol library for PCAD
PC-CAPS schematic capture
package, PCAD Component
List convertor for LOC

Intel Simulation Library (PC-
LOGS): EPLD simulation li-
brary for PC-LOGS simulator
by PCAD

18PGA
GUPI-LOGIC-BIC

GUPI40D44J
GUPI8B5EPLD28

ADAPT24TO28

ADAPT40TO44

4-10

Interface: Generic programmer
base which holds GUPI adaptors

GUPI Adaptor for the 5AC312,
5C060 and 5C090.

GUPI Adaptor for the 5C031,
5C032, 5C121 and future 20 DIP
EPLDs

GUPI Adaptor for the 5C180 and
future 68 pin PLCC and JLCC
EPLDs

'GUPI Adaptor for the 5C180 de-

vice in a 68 pin PGA package.

GUPI Adaptor for the 5CBIC and
follow-on products

GUPI Adaptor for the 5AC324;
includes 40-pin DIP and 44-pin
JLCC sockets.

GUPI Adaptor for the 85C508; in-
cludes 28-pin DIP and JLCC
sockets.

Adapts 24 pin DIP socket to 28
pin PLCC socket; for use with
GUPI LOGIC-09 and GUPI
LOGIC-IID.

Adapts 40 pin DIP socket to 44
pin PLCC socket; for use with
GUPI LOGIC-09 and GUPI
LOGIC-IID.



. iUP-PC
INTEL UNIVERSAL PROGRAMMER
FOR THE PERSONAL COMPUTER

Personal Computer Version of the iUP- m Easily Upgradable for new Devices

200A/201A Universal Programmers Through Low-Cost Plug-In Adapters
Runs on an IBM PC/AT*, PC/XT* or.- m Extremely Versatile—Programs Intel or
True Compatible Intel-Compatible EPROM, E2PROMSs,
GUPI and FAST27K Personality EPLDs, Peripherals and Micro-

Controllers, Including the Latest Intel

Modules Provide Support for Numerous EPLDs ~

Device Families

Utilizes the inteligent™ and Quick-
Pulse Programming™ Algorithms

The Intel Universal Programmer for the Personal Computer, iUP-PC, provides a high performance program-
ming solution from a PC host. Through plug-in adapters for the Generic Universal Programmer Interface (iUP-
GUPI), the iUP-PC supports all Intel EPLDs and most other Intel programmable devices. Upgrades for new
devices are made by the simple addition of a GUPI adapter or the upgrade of an existing adapter.

NOTE

290130-1

GUPI Adapter NOT included.
*IBM PC/AT and PC/XT are registered trademarks of International Business Machines Corporation.

October 1988
4-11 Order Number: 290130-003
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FUNCTIONAL DESCRIPTION

The iUP-PC provides a fast, versatile and reliable
programming solution from a Personal Computer
host. Downloading to a stand-alone programmer or
moving from one workstation to another is no longer
required. With the iUP-PC, the designer may do his
development and programming on one workstation.
Through the Generic Universal Programmer Inter-
face (ilUP-GUPI), the iUP-PC is-made. extremely ver-
satile. With the iUP-GUPI the designer may program
across EPROM, E2PROM, Microcontroller, Peripher-
al and EPLD device categories with the mere
change of a plug in adapter. No other hardware -or
software addition is needed. As all of the program-
ming signals are generated at the GUPI base, ex-
tremely reliable waveforms reach the device.

COMPONENTS

The iUP-PC programming system consists of five
components:

PCPP—The Personal Computer Personal Program-
mer (PCPP) is an IBM PC/XT form factor expansion

card which fits into an-IBM PC/XT, PC/AT or true .

compatible.

Interconnect Cable—A 50 lead ribbon cable con-
nects the PCPP to the iUP-GUPI.

iUP-GUPI—The Intel Universal Programmer—Ge-
neric Universal Programmer Interface (i{UP-GUPI) is

the programmmg base which holds the device
adapters.

GUPI Adapters*—The GUPI Adapters plug-in to the
iUP-GUPI base. They carry the sockets and hard- -
ware for a particular device family.

iPPS—The Intel PROM Programmer Software (iPPS)
runs on a personal computer under DOS and con-
trols the PCPP/host communication. .

: *NOTE:
Though the iUP-GUPI base is included in the iUP-
PC package, the GUPI Adapters are NOT included.
The desired adapters must be ordered separately.

PCPP CARD

-The bCPP is an 8085-based co-processor board.
.Communication between the host and the PCPP

may be controlled by the iPPS or LPS (Logic Pro-
grammer Software). Version 2.3 or greater of iPPS is
required for running the iUP-PC on a personal com-
puter. LPS is the programming software included in
Intel’s Programmable Logic Software Il (iPLS lI). -

The PCPP is capable of driving the iUP-GUPI and
FAST27/K modules. Future Intel EPLDs will be sup-
ported by an iUP-GUPI adapter or adapter upgrade.

P L L

-----------------
L L L L R R L T T ey

PCPP T
PROGRAMMING CARD

(SIDE VIEW OF P.C. HOST)

~ INTERCONNECT CABLE

iUP = GUPI ADAPTER

iUP = GUPI BASE MODULE
290130-2

Figure 1. The Intel Universal Programmer for the Personal Computer (iUP-PC)
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iUP-GUPI MODULE

The iUP-GUPI is a generic base module that enables
the iUP-PC system to accept low-cost plug-in adapt-
ers. These adapters configure the system to support
a wide variety of programmable devices—EPROMSs,
microcontrollers, and EPLDs—as well as device
package types.

The iUP-GUPI module connects to the PCPP card
via a ribbon cable. An opening in the top of the iUP-
GUPI provides easy plug-in installation of the GUPI
adapters (refer to Figure 2).

The iUP-GUPI offers the programming performance
of earlier Intel personality modules, with the fastest
Intel programming algorithms for each device type.
For example, the iUP-GUPI uses the new Quick-
Pulse Programming algorithm to program the 1-Meg
EPROM in seconds.

iUP-GUPI
GENERIC BASE MODULE

290130-3

Figure 2. GUPI Adapter Iinstallation

GUPI ADAPTERS

The iUP-GUPI adapters provide the final link of the
iUP-PC programming system. The adapters provide
the proper sockets and characteristic information for
families of Intel devices.

The iUP-GUPI LOGIC adapters complete the pro-
gramming solution of the Intel Programmable Logic
Development System |I (iPLDS Il). The GUPI LOGIC
adapters provide support for the entire range of
Erasable Programmable Logic Devices (EPLDs).
The adapters support families EPLDs with similar ar-
chitecture, such as the 5C060 and 5C090. All future
EPLDs will be supported by the GUPI LOGIC adapt-
er system.

Intel's one megabit EPROMs are also supported
with GUPI adapters. Adapters are available for the
27010, 27011, and 27210. The page mode of the
27011 is supported by the GUPI 27011 adapter. Oth-
er Intel EPROM support is provided with the
FAST27/K personality module. ) .

Intel’s first flash memory products are supported by
the GUPI FLASH Adapter. .

The MCS-51 and MCS-96 microcontroller families
are supported by the GUPI MSC-51 and GUPI 8796
adapters. Supplemental adapters provide support
for the variety of microcontroller package types. The
8741 and 8742 peripheral components are support-
ed by the GUPI 8742 adapter.

Table 1 displays a cross-reference of the EPLD

" GUPI adapters and the devices they support. Table

2 displays a cross-reference of the EPROM/Micro-
controller adapters and the devices they support.
Note that these tables are current at the time of*
printing. Contact your Intel sales representative for
information on current support.

Table 1. EPLD GUPI Module Adapters

Device GUPI GUPI GUPI GUPI GUPI GUPI GUPI
Type Logic-lID | Logic-12 | 40D44J | Logic-18 | -Logic-18PGA | 85EPLD28 | Logic-BIC.
EPLD 5C031
5C032
5C060
5C090
5C121
5C180 .
5C180G
5CBIC
5AC312 '
5AC324
o 85C508
Package DIP* DIP DIP PLCC PGA DIP PLCC
Types PLCC CJ PLCC

*ADAPT units available to adapt DIP socket for PLCC package.
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GUPI

GUPI

GUPI

GUPI

‘GUPI

GUPI.

Device GUPI GUPI GUPI .. GUPI
Type © 27010 | 27011 | 27210 | FLASH 8742 MCS-51 | 8796 . | 8796LCC | 87C51GB | MCS-96LCC
EPROM 27010 : ' g / ' )
B 27011 | 27210 | © .
Flash 27F64 :
. 27F256
o - 28F256 '
Peripheral ' 8741AH
e o | 8742AH | -
Microcontroller B ~ 8751H
- " . 87C51
8752BH
87C51FA
87C51FB
- 8794BH
8795BH .
8796BH | - 8796BH -
8797BH | 8797BH
. 87C51GB
o .8797BH
. . 87C196KB
Package Types DIP DIP DIP DIP - DIP PLCC PGA Lcc PLCC PLCC -
SR _ DIP DIP : -

siajdepy a|npol 1dND 13]1013uU020121IN/NOHd3 T dlqel

P
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-The iUP-Fast 27/K Personality Module

With the iUP-Fast 27/K personality module the user
can program, read, and verify the contents of Intel’s
high density EPROMs, from the page-programmable
(512K) 27513, to the CMOS 27C64, 27C256, and
87C64 EPROMSs. This personality module supports
the intgligent Programming algorithms and the
intgligent Identifier™. The intgligent Identifier lets
the personality module interrogate the PROM device
in the program/master socket. It determines wheth-
er the type selected matches the type of PROM de-
vice installed and then selects the proper intgligent
Programming algorithm. The intgligent Programming
algorithms reduce programming time up to a factor
of 10.

Low cost, plug-in upgrade kits allow addition of sup-
port for Intel’s latest EPROMs. The first upgrade kit
added support for the 27512 and innovative page-
programmable 27513 plus the 27128A and 2817A. It
has now been replaced by a second upgrade kit,
iUP-Fast 27/K-U2 adding support for Intel's new
CMOS EPROMSs. (refer to Table 3). -

As shown in Figure 3 the iUP-Fast 27/K personality
module contains two 28-pin sockets, a hexadecimal
display (0 through F), and a red LED that indicates
when power is being applied to a socket. The pro-
gram socket holds the device being programmed.
The master socket will be used in future upgrades.

A\
W
&
MASTER PROGRAM
SOCKET SOCKET
0-2764
2764A
1{ 27c64 PROM
87C64
2 2-27128 DEVICE
PIN 1 3-27128A TYPE
37258 HEXADECIMAL
4 DISPLAY
27C256
5-27512
6-27513
7-2817A
ACTIVE 8-27916
SOCKET :
socker L™ ke - J|
POWER N\ LOCKING '
INDICATOR ARMS 2901304

Figure 3. iUP-Fast 27/K Personality Module with U2 Upgrade
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The hexadecnmal dlsplay shows the PROM devnce '

type selected

Table 3. FAST27/ K Module Device Support

Prom | Fast - ‘ Fast ‘Fast
Type 27/K | 27/KuU2 | 27/K-CON*
Module Kit Kit
EPROM I o
‘ . 2764 | 2764 2764
2764A 2764A 2764A
27Ce4 | 27C64
. | 87c64 87C64
27128 27128 27128
27128A 27128A
27256 27256 27256
27C256 27C256
27512 27512
27513 27513
E2PROM 2817A 2817A

+ *Uses Quick-Pulse Programming Algorithm.

iPPS SOFTWARE

:The iPPS software, included with the iUP-PC brings
increased flexibility to PROM programming. The
iPPS software provides user control through an
easy-to-use interactive interface and performs the
following functions to make programming quick and
easy: i

® Reads PROMs, ROMs and EPLDs.

® Programs PROMs directly or from a file.

* Verifies PROM data with buffer data.

- e Prints PROM buffer, or devnce file contents on the
system pnnter

® Performs interactive formattlng operatlons such.
as interleaving, nibble swapplng, blt reversal and’

block moves.

® Programs multxple PROMs from the source file,

prompting the user to insert new PROMs.-
* Uses a buffer to change PROM contente.

With the iPPS software the user can load pr'ograms“

from system memory or directly from a disk file. Ac-
cess to the disk lets the user create and manipulate
data in a virtual buffer. This block of data can be
formatted into different PROM word sizes for pro-
gram storage into several different PROM types. In
addition, a program stored in the target PROM, the
system memory, or a system disk file can be inter-
leaved with a second program and entered into a
specific target PROM or PROMs.

{

The iPPS software supports data manipulation in the

following Intel formats: 8080 hexadecimal ASCII,

8080 absolute object, 8086 hexadecimal ASCII,
8086 absolute object, 80286 -absolute: object, and
80386 bootloadable object. Addresses and data can
be displayed in binary, octal, decimal, or hexadeci-
mal. The user.can . easily change default data for-
mats. as well as number bases

iUP-PC SPECiFICATIONS
HOST SYSTEM o
The ii:’PS will run on an IBM PC/XT, PC/AT or other

true compatible with a DOS operating system. The
PCPP requires one full-sized card slot inside the PC.

OPERATING ENVIRONMENT

Electrical Characteristics

PCPP:

" Worst Case Power Consumption at

IBM PC 1/0 Channel

Supply | Voltage |Personality|Max. Current
Voltage| Variance -Module Drain
+5V | +5%, —4% | FAST27K | 1.898 A
—12V [+10%, —9%| FAST27K | 102.9mA
+12V | +5%, —4% GUPI 530 mA

‘Physical Characteristics

PCPP:

‘Length: 13.3 inches (33.9 cm)
- Height: 3.9 inches (10.0 cm)

Interconnect Cable:
/50 lead ribbon cable
- Length: 3.0 feet (91.4 cm)-
Width: 2.43 inches (5.5 cm)
iUP-GUPI: _
Lehgth: 7.0 inches (17.8 cm)

Width: 5.5 inches (1.4 cm)
Height: 1.6 inches (4.1 cm)
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nvironment isti ADAPT24TO28 28-Pin PLCC Socket Adapter
Environmental Characteristics P! LoaionD
Environmental Class: B ADAPT40TO44  44-Pin PLCC Socket Adapter
T ) for GUPI LOGIC-IID
smperature: Operating 10 to 40 degrees C piUPGUPI Generic Universal Programmer

Non-Operating —40 to 70 degrees C

Relative Humidity:
Operating
Non-Operating

DOCUMENTATION
168161—PCPP User's Guide

85% Maximum
95% Maximum

166428—iUP-GUP| Module User’s Guide

User’s Guideé for Adaptors, FAST 27/K Modules,
and upgrades included with respective units.

ORDERING INFORMATION

Order Code
iUPPC

Product Description

Universal Programmer for the
Personal Computer: PCPP Pro-
gramming Card, 50-Lead Inter-
connect Cable, iUP-GUPI,
iPPS, PCPP User’s Guide

4-17

GUPI LOGICIID
GUPI40D44J
GUPIB5EPLD28
GUPI LOGIC12
GUPI LOGIC18
GUPI LOGIC18PGA

GUPI LOGICBIC
GUPI27010
GUPI27011
GUPI27210
GUPI8742
GUPIMCS51

GUPI87C51GB
GUPI8796
GUPI8796LCC

piUPFAST 27K
iUPFAST 27KU2
iUPFAST 27KCON

iUPFAST 27KIT

Interface (Base)

GUPI Logic Adapter
GUPI Logic Adapter
GUPI Logic Adapter
GUPI Logic Adapter
GUPI Logic Adapter

GUPI Logic Adapter for 5C180
PGA

GUPI Logic Adapter
iUP-GUPI EPROM Adapter
iUP-GUPI EPROM Adapter
iUP-GUPI EPROM Adapter
iUP-GUPI Peripheral Adapter
iUP-GUPI Microcontroller
Adapter

iUP-GUPI Microcontroller
Adapter

iUP-GUPI Microcontroller
Adapter

iUP-GUPI Microcontroller
Adapter '
EPROM Personality Module
FAST 27/K Upgrade Kit
Adds Quick-Pulse algorithm
and device support »

Combines piUPFAST 27K and
iUPFAST 27KU2



iUP-200A/iUP-201A UNIVERSAL
' PROM PROGRAMMERS

MAJOR iUP-200A/iUP-201A FEATURES:

m Personality Module Plug-Iins Provide
Programming Support for Intel and
Intel-Compatible EPROMSs, EPLDs,
Microcontrollers, Flash Memories, and
other Programmable Devices

m PROM Programmlng Software ('iPPS)‘

Makes Programming Easy with IBM PC,

XT, AT, and PC Compatibles

H Supports Personality Modules and’
GUPI Base W/Adaptors

m iUP-200A Provides On-Line Operation

with a Built-In Serial RS232 Interface
and Software for a PC Environment

iUP-201A Provides Same On-Line
Performance and Adds Keyboard and
Display for Stand-Alone Use

iUP-201A Stand-Alone Capability
Includes Device Previewing, Editing,
Duplication, and Download from any
Source Over RS232C Port

Updates and Add-Ons Have Mamtamed _
Even the Earliest iUP-200 and iUP-201
Users at the State-of-Art

The iUP-200A and iUP-201A universal programmers program and verify data in Intel and Intel compatible,
programmable devices. The iUP-200A and iUP-201A universal programmers provide on-line programmlng and
verification in a growing variety of development environments using the Intel PROM programming software
(iPPS). In addition, the iUP-201A universal programmer supports off-line, stand-alone program editing, duplica-
tion, and memory locking. The iUP-200A universal programmer is expandable to an iUP-201A model.

210319-1

October 1988
Order Number: 210319-005
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FUNCTIONAL DESCRIPTION

The iUP-200A universal programmer operates in on-
line mode. The iUP-201A universal programmer op-
erates in both on-line and off-line mode.

On-Line System Hardware

The iUP-200A and iUP-201A universal programmers
are free-standing units that, when connected to a
host computer with at least 64K bytes of memory,
provide on-line programming and verification of Intel
programmable devices. In addition, the universal
programmer can read the contents of the ROM ver-
sions of supported devices.

The universal programmer communicates with the
host through a standard RS232C serial data link. Dif-
ferent versions of the iUP-200A and iUP-201A are
equipped with different cables, including the cable
most commonly used for interfacing to that host.
Care should be taken that the version with the cor-
rect cable for your particular system is selected, as
cable requirements can vary with your host configu-
ration. A serial converter is needed when using the
MDS 800 as a host system. (Serial converters are
available from other manufacturers.)

Each universal programmer contains the CPU, se-
lectable power, supply, static RAM, programmable
timer, interface for personality modules, RS232C in-
terface for the host system, and control firmware in
EPROM. The iUP-201A also has a keyboard and dis-

play.

A personality module or GUPI Adaptor adapts the
universal programmer to a family of devices; it con-
tains all the hardware and software necessary to
program either-a family of Intel devices or a single
Intel device. The user inserts the personality module
into the universal programmer front panel.

On-Line System Software

The iUP-200A and iUP201A includes your choice of
one copy of Intel's PROM Programming software
iPPS, selected from a list of versions for different
operating systems and hosts. Each version includes
the software implementation designed for that host
and O.S. and the RS232C cable most commonly
used. Additional versions may be purchased sepa-
rately if you decide to change hosts at a later date.
The iPPS software provides user control through an
easy-to-use interactive interface. The iPPS software
performs the following functions to make EPROM
programming quick and easy:

* Reads devices
® Programs devices directly or from a file

Verifies device data with buffer data

Locks device memory from unauthorized access
(on devices which support this feature)

Prints device contents on the network or devel-
opment system printer

Performs interactive formatting operations such
as interleaving, nibble swapping, bit reversal, and
block moves

Programs multiplé devices from the source file,
prompting the user to insert new devices

® Uses a buffer to change device contents

All iPPS commands, as well as program address and
data information, are entered through the host sys-
tem ASCII keyboard and displayed on the system
CRT.

The iPPS software supports data manipulation in the
following Intel formats: 8080 hexadecimal ASCII,
8080 absolute object, 8086 hexadecimal ASCII,
8086 absolute object, and 80286 absolute object.
Addresses and data can be displayed in binary, oc-
tal, decimal, or hexadecimal. The user can easily
change default data formats as well as number bas-
es. iPPS can also access disk files.

For programming Intel EPLDs, the iUP-200A/201A
can be controlled by Intel’s Logic Programming Soft-
ware (LPS). LPS programs EPLDs from JEDEC files
produced by Intel’s logic compiler. (iPPS can also
program EPLDs, but only from pre-programmed de-
vice masters.)

System Expansion

The iUP-200A universal programmer can be easily
upgraded (by the user) to an iUP-201A universal pro-
grammer for off-line operation. The upgrade kit (iUP-
PAK-A) is available from Intel or your local Intel dis-
tributor.

Off-Line System

The iUP-201A universal programmer has all the on-
line features of the iUP-200A universal programmer
plus off-line editing, device duplication, program veri-
fication, and locking of device memory independent
of the host system. The iUP-201A universal pro-
grammer also accepts Intel hexadecimal programs
developed on non-Intel development systems. Just
a few keystrokes download the program into the iUP
RAM for editing and loading into a device.

Off-line commands are entered via a 16-character
keypad. A 24-character display shows programmer
status.

419
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SYSTEM DIAGNOSTICS

Both the iUP-200A and iUP-201A universal program-
mers include self-contained system diagnostics that
verify system operation and aid the user in fault iso-
lation.

PERSONALITY MODULES

For some devices, a personality module is the inter-
face between the iUP-200A/iUP-201A universal pro-
grammer (or an iPDS system) and a selected device.
Personality modules contain all the hardware and
firmware for reading and programming a family of
Intel devices. Table 1 lists the devices supported by
the different modules. ) .

‘For most devices, the GUPI module and inter-
changeable GUPI Adaptors provide the interface be-
tween the programmer and the device being pro-
grammed (see Figure 1). the GUPI (Generic Univer-
sal Programmer Interface) module is a base module
that intefaces to the iUP-200A/201A and GUPI

Adaptors. GUPI Adaptors tailor the GUPI module
base signals to a family of devices or an individual
device. The GUPI module and GUPI Adaptors pro-
vide a lower-cost method of device support than if
unique Personality Modules were offered for each
device/family. Tables 2 and 3 show which Adaptors
support which devices. .

iUP-GUPI
- GENERIC BASE MODULE

210319-12

Figure 1. GUPI Adaptor
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Table 1. iUP Personality Programming Modules

Device Type Fast 27/K l‘Fast 27/K U2 | Fast 27/K-CON* F27/128 F87/ 44A F87/51A
. Module Kit Kit Module Module Module
EPROM 2716
2732
2732A
2764 2764 2764 2764
2764A 2764A 2764A
27C64 27C64
87Co64 87C64
27128 27128 27128 27128
27128A 27128A
27256 27256 27256
27C256 27C256
27512 27512
27513 27513
E2PROM 2815
: 2816
2817A 2817A
Microcontroller 8041A 8748
8042 8748H
8044AH
8741H 8749H
8742 8751
8744H 8751H
8048
8048H
8049
8049H
8050H
8051
8755A

*Quick-Pulse Programming™ algorithm
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Table 2. iUP-GUPI Adaptors for Programming Memories

Device GUPI | GUPI| GUPI | GUPI | GUPI | GUPI | GUPI GUPI GUPI
Type 27011|27210| Flash | 8742 | MCS-51 | 8796 |8796LCC|87C51GB|MCS-96LCC
EPROM ’
27011|27210
Flash 27F64
27F256
28F256
Peripheral 8741AH
8742AH
Microcontroller 8751H
87C51
8752BH
87C51FA|8794BH
87C51FB|8795BH
8796BH| 8796BH
8797BH| 8797BH
87C51GB
8797BH
87C196KB
Package DIP-{ DIP | DIP DIP PLCC PGA LCC PLCC PLCC
Types DIP DIP
Table 3. Programming Adaptors for EPLDs
Device GUPI GUPI GUPI GUPI GUPI GUPI
Type Logic-lID | Logic-12' | 40D44J | Logic-18 | Logic-18PGA | 85EPLD28 | Logic-BIC
EPLD 5C031 '
5C032
5C121
5C180
5C180G
5CBIC
5AC312 .
5AC324
' 85C508
Package DIP DIP PLCC PGA DIP PLCC
Types PLCC CJ PLCC

*ADAPT units available to adapt DIP socket for PLCC package.
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iUP-200A/iUP201A SPECIFICATIONS

Control Processor

Intel 8085A microprocéssor
6.144 MHz clock rate

Memory

RAM—4.3 bytes static
ROM—12K bytes EPROM

Interfaces

Keyboard: 16-character hexadecimal and 12-func-
tion keypad (ilUP-201A model only)

Display: 24-character alphanumeric (iUP-201A
model only)

Software

Monitor— system controller in pre-programmed
EPROM

iPPS — Intel PROM programming software on

supplied diskette

" Physical Characteristics
Depth: 15 inches (38.1 cm)
Width: 15 inches (38.1 cm)
Height: 6 inches (15.2 cm)
Weight: 15 pounds (6.9 kg)

Electrical Characteristics

Selectable 100, 120, 200, or 240 Vac *+ 10%; 50-60
Hz )

Maximum power consumption—80 watts

Environmental Characteristics

Reading Temperature: 10°C to 40°C
Programming Temperature: 25°C £5°

Operating Humidity: 10% to 85% relative
humidity

Reference Material
166041-001— /UP-200A/201A Universal Program-
mer User’s Guide.

166042-001— Getting Started with the iUP-200A/
201A (For ISIS/iINDX Users).

4-23

166043-001— Getting Started with the iUP-200A/
201A (For DOS Users).

—{UP-200A/201A Universal Program-
mer Pocket Reference.

164853

ORDERING INFORMATION
Product
Order Code

iUP-200A 211A

Description

On-Line PROM programmer with
iPPS rel 1.4 on Single density ISIS
Il floppy

On-Line PROM programmer with
iPPS rel 1.4 on Double density
ISIS Il floppy

On-Line PROM programmer with
iPPS rel 2.0 for Series IV, on mini-
floppy

On-Line PROM programmer with
iPPS rel 2.0 for PC/DOS, and ca-
ble for PC or XT

On-Line PROM programmer with
iPPS rel 2.0 for PC/DOS, and ca-
ble for AT

Off-Line and on-line PROM pro-
grammer with iPPS rel 1.4 on Sin-
gle density ISIS Il floppy

Off-Line and on-line PROM pro-
grammer with iPPS rel 1.4 on Dou-
ble density ISIS Il floppy

Off-Line and on-line PROM pro-
grammer with iPPS rel 2.0 for Se-
ries |V on mini-floppy

Off-Line and on-line PROM pro-
grammer with iPPS rel 2.0 for PC/
DOS, and cable for PC or XT

Off-Line and on-line PROM pro-
grammer with iPPS rel 2.0 for PC/
DOS, and cable for AT

Upgrades an iUP-200/201 univer-
sal programmer to an iUP-200A/
201A universal programmer

Download Support Kit for iUP-
200A/201A upgrades program-
mer to support adaptors that use
software programming (.DSS)
files.

Upgrades an iUP-200/A universal
programmer to an iUP-201A uni-
versal programmer

*Most personality modules can be used only with
an iUP-200A/201A universal programmer or an
iUP-200/iUP201 universal programmer upgraded to
an A with the iUP-200/iUP-201 U1 upgrade kit.

iUP-200A 212B
iUP-200A 213C
iUP-200A 216D
iUP-200A 217D
iUP-201A 211A
iUP-201A 212B
iUP-201A 213C
iUP-201A 216D
iUP-201A 217D
iUP-200/201 U1*

Upgrade Kit

iUP-DL

iUP-PAK-A
Upgrade Kit
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Product : Product
Order Code Description Order
piUP-GUPI Generic Universal Programmer In- Code Description
terface (Base) 213C PROM programming software rel 2.0 for

Series IV on mini-floppy
216D PROM programming software rel 2.0 for

Software Sold Separately PC/DOS with cable for PG or PC XT
Product . 217D PROM programming software rel 2.0 for
Order PC/DOS with cable for PC AT

Code  Description

211A PROM programming software rel 1.4 on
Single density ISIS |l floppy

212B PROM . programming software rel 1.4 on
- Double density ISIS Il floppy
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SCHEMA II-PLD

SCHEMA II-PLD is a low-cost schematic capture software for designing with Intel EPLDs and with
standard MSI, SSI, and discrete components. For EPLD designs, SCHEMA 1I-PLD outputs Advanced
Design Files (ADFs) that can subsequently be compiled by iPLS Il software. Figure 1 shows the flow
to generate a drawing file and convert it to an ADF for processing by iPLS Il. SCHEMA II-PLD supports
EPLD design primitive symbols as well as MSI and SSI macro symbols, allowing designers to combine
TTL and EPLD symbols as needed. An EPLD Custom library supports groups of EPLD symbols and
“generic” function symbols such as counter, multiplexers, etc. The ability to create user-defined
symbols that can be translated into ADF macro calls adds to SCHEMA 1I-PLD’s power and versatility.

SCHEMA 1I-PLD provides fast, smooth panning, combined mouse/keyboard support, instant com-
mand execution, and automatic “step and repeat” to make schematic capture as quick and easy as
possible. In addition to the symbol libraries targeted for EPLD design, SCHEMA II-PLD provides over
10 symbol libraries for standard PCB design. Its sophisticated library management routines, reentrant
object editor, and true “hierarchical” design capability makes SCHEMA 1I-PLD a powerful tool for
professional designers. ‘

The EPLD Manager software included with SCHEM 1I-PLD provides a single user interface to both
SCHEMA 1I-PLD and iPLS Il software modules. EPLD Manager software is also available separately
to users who already own SCHEMA .

Order Codes: SCHEMA II-PLD (SCHEMA 1l and EPLD Manager)

EPLDMGR (EPLD Manager)
[t 1
I |
| EPLDMGR |
| MENU |
| |
| P _.I_ ]

F—————————— - - e -~ —»-

| CAPTURE SCHEMATIC ! NETLIST TO ADF

v ; INTERFACE

. - - TOIPLS Il
SCHDRAW |— SCHADF

SYMBOL
LIBRARIES

i¢—— device.LBR
TTL.LBR
4——  EPLDMAC.LBR
€¢————— userlBR .
4——  PCB LIBRARIES (10)

F100139

Figure 1. SCHEMA II-PLD Schematic Capture Flow for EPLD Designs
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iPLS Il MACRO LIBRARIAN

The iPLS Il Macro Librarian (MLIB) is a software package that allows designers to build user-defined
macro definition libraries for EPLD designs. Macro libraries can include TTL macros available from
Intel, or proprietary- macros developed by a user. User-defined macros are developed as individual
macro files using a text editor, and then are combined into macro libraries by MLIB, where they can
be accessed by the LOC. Figure 1-shows the flow to build a macro library. Use of macros in ADFs
(Advanced Design Files) allows EPLD design to proceed at a hlgher level than with EPLD primitives
alone.

Macro files are standard ASCII files that describe the function of the macro. The Network and Equa- -
tions sections of macro files follow ADF format. The header section, which differs from ADF format,
defines the macro name, calling sequence, and defaults: MLIB combines these files into a library that
can be accessed by the macro expander in the LOC (Logic Optimizing Compiler). MLIB can be invoked
from the command line, from command files, or from a combination of both. The macro expander
identifies and expands each macro call in an ADF with the corresponding macro definition from macro
libraries. The first occurrence of a macro is used.

Two preconfigured libraries are available from Intel: (1) TTL macro library, and (2) an EPLD Custom
macro Library. These libraries are described in the “PLDUTIL” Product Brief.

Order Code: MLIB

TEXT COMMAND'
EDITOR * “TFiLE

MACRO
LIBRARY

MACRO
LIBRARIES ARE
ACCESSED BY
LOGIC COMPILER

TEXT
EDITOR

LIBRARY
LISTING

F100138

Figure 1. Flow to Build a Macro Library -
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PLDUTIL

PLDUTIL V1.0 contains the following utilities for designing with Intel EPLDs:

® SIM, version 2.1 of a basic Functional Simulator for EPLD designs

® TTL.LIB, version 3.6 of Intel's TTL _maci'o definition library
o EPLDMAC.LIB, version 1.0 of Intel's EPLD custom macro definition library.

Functional Simulator

The Functional Simulator allows deS|gners to perform basic function simulation of EPLD desugns By
verifying proper operation of a design with the Simulator, designers can catch logic errors before

devices are programmed and installed in products.

Design information is provided by the minimized LEF (Logic Equation File) generated by the iPLS Il
logic compiler. Input stimulus for the Simulator is in the form of a user-generated ASCII vector file
containing strings of 1s and Os (see Figure 1). Vector files can also contain expected output values
to serve as a reference for the simulated outputs. The simulator produces state machine or waveform
output and supports bidirectional signals. Output registers can be preloaded to speed the process of
simulating counter and state machine transitions.:

The Functional Simulator operates on any IBM PC/XT, PC/AT, or compatible computer A.C. t|m|ng

simulation is not supported.

SIM

SCREEN
PRINTER
DISK FILE

v

TEXT >
- EDITOR .

Figure 1. Functional Simulator Flow

SIM
OUTPUT

STATE TABLE OUTPUT
-001- 00
-00%- 01
-003- 01
-004- 00
-005- 00
-006- 01
-007- 11
-008- 01

00—
10—
10—
00—
00—
10—
11—
11—

WAVEFORM OUTPUT

-001-
-00R-
-003-
-004-
-005-
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TTL Macro Library

The TTL Macro Library contains macro deflnltlons for most common 74-series TTL devices. The
library is accessed by the iPLS Il macro expander module when compiling an ADF (Advanced Design
File). When the macro expander identifies a macro call in an ADF, it searches available libraries for
the respective ADF macro definition, and replaces the macro call by the ADF implementation.

Macro definitions implement the TTL functions via EPLD design primitives and Boolean equations.
In some cases, precise TTL emulation is not possible. In addtion to the built TTL macro library, the
TTL.LIB-disk contains the individual device files (.DEV) used for each macro, and document files
(.DOC) describing the implementation details for each macro. The device files can be used to build
user-defined macro libraries using the iPLS Il Macro Librarian.

TTL.LIB provides the ADF macro definitions for compilation. Macro symbols for use with supported -
schematic capture packages are prowded with the schematic capture software. A complete listing of
the contents of the TTL macros in the library is provided in Applications Brief AB-18, TTL Macro
Library Listing for EPLD Designs.

EPLD Custom Macro Library

The EPLD Custom Macro Library contains macro deflnltlons for a set of common EPLD primitive
. groups and “generic” logic functions. Included in the library are groups of INPs, CONFs, RORFs, etc.

Also included are frequently used counters, multiplexers, decoders, etc. The library is accessed by
the iPLS Il macro expander module when compiling an ADF (Advanced Design File). When the macro
expander identifies a macro call in an ADF, it searches available libraries for the respectlve ADF macro
definition, and replaces the macro call by the ADF implementation.

In addition to the built library, the EPLDMAC.LIB disk contains the individual device files (. DEV) used
for each macro, and document files (.DOC) describing the implementation details for each macro.
The device files can be used to build user-defined macro libraries using the iPLS Il Macro Librarian.

EPLDMAC.LIB provides the ADF macro definitions for compilation. Macro symbols for use with
supported schematic capture packages are provided with the schematic capture software. A complete
listing of the contents of EPLD Custom Macro Library is provided in Applications Brief AB-21, EPLD
Custom Macro Library Listing for EPLD Designs.

Order Code: PLDUTIL (Functional Simulator, TTL.LIB, EPLDMAC.LIB and User
’ Documentation)
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UTILITIES

PAL2ADF UTILITY

Description

This document is a brief note on the use of the PAL2ADF program in translating PALASM 1 files
into Intel's Advanced Design File (ADF) format. Descriptions for actual use can be found on the
- accompanying Manual page in the file PAL2ADF.MAN.

The PALASM file serves as a template for mapping the PALASM equations into ADF. The
translation is performed as follows:
1) Read PAL description, and set the PAL pins to their appropnate EPLD primitive
counterparts
2) Parse file and produce network description
3) Translate equations to ADF

PAL Configuration Database
When it is translatmg a PALASM file, PAL2ADF reads a database (default:PAL2ADF.DAT) that
tells it: .
* How many pins the PAL has -
* Which default EPLD to translate to
-+ What pins are special inputs (Clock and Output Enable defaults)
* What EPLD /O primitives to use for each PAL pin

The EPLD 1/O primitives specify the network.architecture that the EPLD must take on in order
to mimic the functionality of the PAL. See the PAL2ADF.DAT file for more information.

Reconfiguring Outputs

In step (2) above, several checks are done in order to make sure that the network is configured
appropriately. These primarily involve output pins, although input pins can be specified as well.

The first reconfiguration is for active low outputs in their equations. i.e.,

PALASM: /SIGNAL = A*/B + C
" becomes .
ADF: SIGNAL = /(A*/B + C);

The other reconfigurations are slightly more complex. Consider a PAL pin X which is an output
with a D-latch. The output value is fed back into the P-term array after the Output Enable. This
is described as a Registered Output Reglstered Feedback (RORF) in the Intel EPLDs. The default

network description for this pin then is:

NETWORK:

X X = RORF (Xp,CLK,;GND,GND,OE)

where CLK and OE are the default Clock and Output Enable signals.

Normally, there would be an equation that would describe Xp. (The ‘p’ is used to name the
P-term value.) If, however, the X feedback is never used in an equation, then the /0 macrocell
is reconfigured to a Registered Output No Feedback (RONF).
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NETWORK: -
X = RONF (Xp,CLK,GND,GND,OE)

For those 1/0O pins - on the PAL which are used strictly as inputs, these use the Combinatorial
Output I/O Feedback (COIF) primitive, with the Output Enable shut off (GND). The P-term is tied
to the feedback, in order to satisfy the semantics of ADF.

NETWORK:

YY,YY = COIF (YYp,GND)

EQUATIONS
YYp =YY;

If the PAL pin is being used strictly as an output and is never used in an equation, then the
primitive is reconfigured to a Combinatorial Output No Feedback (CONF).

NETWORK:

YY,YY = COIF (YYp,GND)

This is the same as above where a RORF is reconfigured to'a RONF.

Multiple PAL Designs into 1 EPLD

It is possible to incorporate multiple PALASM descrlptlons lnto one EPLD. If each PALASM
description is disjoint, (i.e., they have different pin names for each pin) then you can simply
translate each file (with the pinlist information OFF) and compile them together with the iPLS
Logic Optimizing Compiler (LOC).

The compiler allows you to specify multiple ADF files, allowing. different subnetworks within one
EPLD. You will probably want to use a larger EPLD to fit all the designs in.

If the PAL designs are not disjoint, then there are some steps that can be done by hand to
integrate the designs. A simple example would be where one PAL feeds another a signal, and
the second uses that to generate another signal.

A
B

\

SNO

PAL1 C
PAL2" X
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In this case, C is an output of PAL1, and an input to PAL2. In PAL2, C,Z, and W generate the
signal X. Suppose we have the equations:

PAL1
/IC=A*/B

PAL2
X = [C*Z*W
+ C/Z'W.

In the resulting ADFs, the foIIowmg NETWORKS are produced:

ADF for PAL1:
NETWORK:
A = INP(A)
B = INP(B)
C = CONF(Cp,VCC)
EQUATIONS:
C = /(A*/B);

ADF for PAL2:

NETWORK:

Z = INP(2)

W = INP(W)

C = INP(C)

X,X = RORF(Xp, CLK, GND, GND, OE)
EQUATIONS:

Xp = /IC*Z*W

+ C*/Z*W;

These can be joined together into a single ADF:

NETWORK:
A = INP(A)
B = INP(B) -
Z = INP(2Z)
= INP(W)
X X = RORF (Xp, CLK, GND GND, OE)
EQUATIONS
= /(A /B);
Xp = |C*Z*W
+ C*Z*'W;
Notice how C is now an intermediate variable rather than an actual signal. This is obviously a
simple example, yet similar techniques can be applied to more complex cases. As much more
logic can be placed into larger EPLDs, the job of splitting functions across muitiple devices is
reduced.

Availability

The PAL2ADF utility is available at no cost to Intel EPLD customers. Contact your local Intel
sales office.
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JED2HEX CONVERSION UTILITY - -

Description
JED2HEX is a utility to convert JEDEC files created by iPLS (. JED) into Intellec HEX files which
canthen be read by Intel's iPPS software. This allows programming of EPLDs via Intel's iUP200A/
201A using a GUP | base and the appropriate adaptor (e.g. LOGIC-12). The followmg diagram
represents a typical development cycle.

iPLS - JED | JED2HEX |  HEX | iPPS

JTF

Y
Y

INSTALLATION: To install the utility and its device specific files, place the master disk in drive
A: and invoke the JINSTALL.BAT batch file with the destination path for the utlllty and device
files. Example:

A:JINSTALL C: MYPATH

When using JED2HEX, attach the package description Ietter when entenng the ‘device type.
That is, enter 5C121D for a 5C121 ceramic DIP when prompted for the device type Entering
- 5C121 will result in:

***ERROR: Device File Missing

To determine the packages supported in your JED2HEX software, examine all the .ttf exten5|on
flles it is the ttf files which the device type command attempts to match. '

When using iPPS, a file format of 8080 or 8086 must be specmed when. copylng the JED2HEX
generated HEX file to the buffer or directly into a device. If 8080 or 8086 is not specified, the
default file format type of 80386 will be chosen and a “GENERAL ERROR — ILLEGAL FILE
TYPE SPECIFIED” will result. An example of the: proper COPY format

PPS> COPY a: fllename HEX TO PROM 86

Availability

The JED2HEX Conversion Utility is available at no cost to Intel EPLD Customers Contact your
Iocal Intel sales offlce v
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TTL Macros

The following is a list of TTL macros that are in
TTL.LIB version 3.6. This libraty is available through
the Intel EPLD customer hot line.

These macros are called from an Advanced Design File
(ADF). Schematic capture packages such as Schema II-
PLD create ADFs with the correct macro invocation
for each TTL device listed here.

Macros listed here are grouped by general function.

SS| GATES

7400 2 Input NAND
7402 2 Input NOR

7404 1 Input INVERTER
7408 2 Input AND '
_ 7410 3 Input NAND

7411 3 Input AND
7420 4 Input NAND
7421 4 Input AND

7427 3 Input NOR
7430 8 Input NAND
7432 2 Input OR
7486 2 Input XOR

MSI FUNCTIONS

Decoders/Demultiplexers
7442 (10) BCD to Decimal

7444 (10) Excess-3-Gray to Decimal _

7447X (7) BCD to 7-Segment—Active Low Out-
put

7449 (7) BCD to 7-Segment—Active High
Output i

74138 (8) 1-of-8 Decoder

74139 (4) Single 1-of-4 Decoder

74145 (10) BCD to Decimal

74154 (16) 1-of-16 Decoder

74155 (8) Dual 1-of-4

74156 (8) Dual 1-of-4

Multiplexers

74151 (2) 8-to-1

74153, (2) Dual 4-to-1—Active High Output

74157 (4) Quad 2-to-1—Active High Output

74158 (4) Quad 2-to-1—Active Low Output

74253 (2) Dual 4-to-1—Three-State Output

74257X (4) Quad 2-to-1—Active High, Three-

) State Output

74258X - (4) Quad’ 2-to-l—Active Low, Three-
State Output

74298XA  (4) Quad 2-fo-1—Active High with Stor-
age . .

74298XB  (4) Quad 2-to-1—Active High with Stor-
age

74352 (2) Dual 4-to-1—Active Low Output
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Counters

Type
BCD Decade
Bi-Quinary
BCD Decade
4-Bit Binary
BCD Decade
4-Bit Binary
BCD Decade
4-Bit Binary
BCD Decade
Bi-Quinary
4-Bit Binary
BCD Decade
BCD Decade
4-Bit Binary

"BCD Decade
Bi-Quinary
Bi-Quinary/BCD
4-Bit Binary
4-Bit Binary

7490XD  (4)
7490XQ  (4)
74160 (5)
74161 (5)
74162 (5)
74163 -(5)
74168 (5)
74169 (5)
74176XD  (4)
74176XQ  (4)
74177X 4)
74190XA  (6)
74190XB  (6)
74191XA  (7)
74290XD  (4)
74290XQ (4)
74390X (4)
74393XA  (4)
74393XB- (4)
S = Synchronous

A = Asynchronous
9 = Synchronous Set-to-9

U/D = Up/Down

RCO = Ripple Carry Output
MM = Max/Min Output .

Single Flip-Flops

v Latches
T472XA (2) AND-Gated JK Master/Slave 7475X
7472XB  (2) AND-Gated JK Master/Slave 7477X
7473X (2) JK with Clear . 74259XA
7474X (2) D with Preset and Clear 74259XB
74112XA  (3) JK with Preset and Clear 74373X
74112XB |

(2) JK with Clear

Clear L

[-%

| vo>>00

| >>» > |

|

| | | connwmwnonnnnnnnmnool

>>> 00|

R = Rising-Edge Triggered '
F = Falling-Edge Triggered

Muitiple Flip-Flops (Registers)

74174X . (6) Hex D B

74175X (8) Quad D with Q and /Q
74273X  (8) OctalD

74377 (8) Octal D with Common Enable
74378 (6) Hex D :
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Extras

RCO
RCO
RCO
RCO
U/D, RCO
U/D, RCO

U/D, RCO, MM
U/D, RCO, MM
U/D, RCO, MM

AR EEEEEEEEEEEEEEEE}®

(8) 4-Bit Bistable
(4) Quad D-Type
(8) Octal Addressable D-Type
(8) Octal Addressable D-Type
(8) Octal D-Type



intel

AB-18

Shift Registers

7491 (8) 8-Bit—Serial-In, Serial-Out
7495XA  (4) 4-Bit—Serial-In/Parallel-In,
: Parallel-Out
7495XB  (4) 4-Bit—Serial-In/Parallel-In,
Parallel-Out '
7495XC (4) 4-Bit—Serial-In/Parallel-In,
Paralle]-Out
7496X ) 5- Blt—Senal In/Parallel-In,
Parallel-Out
74164 (8) 8-Bit—Serial-In,
) Parallel-Out
74165X (9). 8-Bit—Serial-In/Parallel-In,
Ser1a1 Out
74194 ). 4- B1t B1-D1rect10nal—
Serial-In/Parallel-In, Parallel-Out
74395XA  (5) 4-Bit Cascadable— -
, Serial-In/Parallel-In, Parallel-Out
74395XB  (5) 4-Bit Cascadable— -

Serial-In/Parallel-In;: Parallel-Out

Miscellaneous

7482X" (4) 2-Bit Adder
7483X (8) 4-Bit Adder
7485X (7) 4-Bit Magnitude Comparator
- 7487 (4) 4-Bit True/Complement Element
74143X  (17) 4-Bit Counter; 4-Bit Latch; 7 Segment
) Decoder .
74180X “) 8- Bit Parity Generator/Checker
74180XA . (4) 8-Bit Parity Generatog/ Checker, -
74182 (5) Look-Ahead Car;"y Generator
74183 (2) Single-Bit Full Adder
with Carry/Save
74280X (5) 9-Bit Odd/Even Parity Generator/

Checker

DEMORGAN EQUIVALENTS
(BUBBLE GATES)

Bubble Bubble
AND NAND.
(NOR) (OR)
BAND2 BNAND2
BAND3 BNAND3
BAND4 BNAND4
BAND6 BNAND6
BAND8 BNANDS8
BAND12 BNAND12

Bubble
-OR
(NAND)
.BOR2
BORS3
BOR4
BOR6
BOR8
BOR12

“ Bubble
. NOR
. (AND)

'BNOR 2
BNOR 3

‘BNOR 4
BNOR 6
BNOR 8
BNOR 12

2 Input
3 Input
4 Input
6 Input
8 Input
12 Input

INPUT/OUTPUT MAC‘ROS

INPUT N/A Generates Input Pm and Node in
ADF
OUTPUT (l) Generates Enabled Output Buffer in
ADF
AOU_TP~ (¢)] Output Pm (Used in SCHEMA 1I-
| PLD)
74125 . (1) Single Three-State Output, Active
L Low Enable
74126 . . (1) Single Three-State Output, Active

4-36

High Enable

NOTES: i
1. All TTL macros duplicate TTL function only. They
DO NOT DUPLICATE performance characteristics
such as open-collector, totem-pole, or hlgh -drive out-
put.’
2. Any TTL macros which deviate in some way from
standard TTL function are denoted with an appended
“X” (see device .DOC file for details). Appended
“D”s and “Q”s indicate counters configured to Deci-
mal or bi-Quinary mode; appended “A”s and “B”s in-
dicate a macro configured for .a family of EPLD de-
vices (e.g. 5C060, 5C090, 5C180)
3. The (#) indicates the maximum number of EPLD
macrocells consumed if all outputs are used. If an out-
put is not used, the macro compression phase of the
Macro Expander will remove the signal unless it is
used as feedback inside the macro definition.
4. /Q’s should be avoided as pin outputs if possible.
The EPLD is structured such that the Q is readily
available as a pin output and both the Q and /Q are
readily available as feedbacks.. Using /Q as a pin out-
put, however, requires an extra macrocell and adds to
the propagation delay :
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EPLD CUSTOM MACROS

The following is a list of the macros contained in version 1.0 of Intel’s EPLD Custom Macro Library
(EPLDMAC.LIB). This library is available through the Intel EPLD customer hot line.

These macros are called from an Advanced Design File (ADF). Schematic capture packages such as SCHEMA II-
PLD create an ADF with the correct macro invocation syntax for each macro listed here.

The macros are grouped by function.' The macro name is followed by the least number of macrocells used and a
description of the macro’s function. .

INPUTS
2INP (0) 2 Input Pins .
4INP - . (0) 4 Input Pins
6INP (0) 6 Input Pins

_ 8INP (0) 8 Input Pins

BURIED FEEDBACK

4NOCF (4) 4 “No Output Combinational Feedback” 1/0 Primitives
6NOCF (6) 6 “No Output Combinational Feedback” I/0 Primitives
8NOCF (8) 8 “No Output Combinational Feedback” 1/0 Primitives

COMBINATIONAL 1/0

4CONF (4) 4 “Combinational Outplit No Feedback” 1/0 Primitives
6CONF (6) ' 6 “Combinational Output No Feedback” I/O Primitives
8CONF (8) 8 “Combinational Output No Feedback” 1/0 Primitives
4COIF (4) 4 “Combinational Output Input Feedback” I/O Primitives
6COIF @©6) 6 “Combinational Output Input Feedback” I/0 Primitives
8COIF (8) 8 “Combinational Output Input Feedback” 1/0 Primitives

REGISTERED 1/0

4RONF  (4) 4 “Registered Output No Feedback” 1/0 Primitives
6RONF (6) 6 “Registered Output No Feedback” I/0 Primitives

8RONF  (8) 8 “Registered Output No Feedback” I/0 Primitives
. 4ROIF (4) 4 “Registered Output Input Feedback” I/0 Primitives
6ROIF (6) 6 “Registered Output Input Feedback” 1/O Primitives
8ROIF (8) 8 “Registered Output Input Feedback” I/O Primitives
4RORF (4) 4 “Registered Output Registered Feedback” 1/0 Primitives
6RORF (6) 6 “Registered Output Registered Feedback” 1/0 Primitives
8RORF (8) 8 “Registered Output Registered Feedback” I/O‘Ptimit'ives
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LATCHES/REGISTERS

4REG (4) 4 Registers with Common Clock and Clear

6REG (6) 6 Registers with Common Clock and Clear

8REG (8) 8 Registers with Common Clock and Clear
4LATCH (4) 4 Transparent Data Latches with Common Enable
6LATCH (6) 6 Transparent Data Latches with Common Enable
SLATCH (8) 8 Transparent Data Latches with Common Enable
8TRANS (8) 8-Bit Bi-Directional Data Transceiver

RSLATCH (1) Set-Reset Latch

DLATCH (1) Standard D-Type, Transparent Latch

DFFPRE D Flip-Flop with Preset and Clear

@

MULTIPLEXERS/ENCODERS

2MUX
D2MUX

| Q2MUX
4MUX
8MUX
16MUX

©
©
©
©
©
©

10MUXBCD (0)

2-to-1 Multiplexer

Two 2-to-1 Multiplexers with Common Select
Four 2-to-1 Multiplexers with Common Select
4-to-1 Multiplexer

8-to-1 Multiplexer

16-to-1 Multiplexer

10-to-4 BCD Encoder

CONVERTERS/DECODERS

BINGRY '(0) 4-Bit Binary to Gray Code Converter
GRYBIN (0) 4-Bit Gray Code to Binary Converter
1DEC (0) 1-to-2 Decoder '

2DEC (0) 2-to-4 Decoder

4DEC (0) 4-to-16 Decoder

3DEC (0) 3-to-8 Decoder

7SEG (0) 4-Bits to Seven Segment Display Decoder-
COUNTERS/DIVIDERS

2CNT (2) 2-Bit Counter with Preload and Clear
4CNT (4) 4-Bit Counter with Preload and Clear
8CNT (8) 8-Bit Counter with Preload and Clear
16CNT (16) 16-Bit Counter with Preload and Clear
BCDCNT (4) 4-Bit BCD Counter with Preload and Clear
FDIV2 .(4) Divides Input Frequency By 2, 4, 8, and 16
FDIVS5 @

Divides Input Frequency By 5, 10, 15, and 20
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SHIFT REGISTERS

2SHIFT  (2)
4SHIFT  (4)

'2-Bit Serial or Parallel In Shift Register with Enable

4-Bit Serial or Parallel In Shift Register with Epable

8SHIFT  (8) 8-Bit Serial or Parallel In Shift Register with Enable
16SHIFT  (16) 16-Bit Serial or Parallel In Shift Register with Enable

ARITHMETIC OPERATIONS

IADD (0
JMULT  (0)
4COMP  (0)
8COMP  (2)

8PAREVN (2)
SPARODD (2)

1-Bit Full Adder

2-Bit Multiplier

4-Bit Magnitude Comparator...Equality Only
8-Bit Magnitude Comparator...Equality Only -
8-Bit Even Parity Generator ‘

8-Bit Odd Parity Generator
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INTRODUCTION

The iPLS II (Intel Programmable Logic Software) Log-
ic Optimizing Compiler includes a Macro Expander
that supports the use of macros in EPLD designs. This
application note shows how to use the TTL and EPLD
Custom macros available from Intel with ADFs created
by a text editor. Included are descriptions of macro file
support, guidelines for using macros, and two design
examples.

OVERVIEW

iPLS II allows designers to include macro calls in de-
sign files to implement common circuit functions. Mac-
ro calls are subsequently expanded by the LOC (Logic

Optimizing Compiler) into ADF network and/or equa- -

tion entries required to perform the desired functions.
Use of macros allows designs to proceed at a high level,
which simplifies and shortens the design process. Mac-
ros can be connected together or used in conjunction
with standard iPLS II EPLD primitives. Designing
with macros is analogous in many ways to using sub-
routines in software.

Macros can be used in ADFs (Advanced Design Files)

created by a text editor, or by several schematic capture

software products. This application note covers use of

macros in ADFs created by a text editor. Macro sup-

port at this level includes the following:

® A TTL macro library (TTL.LIB) for de51gnmg with
common TTL circuit equivalents

© An EPLD custom macro library (EPLDMAC.LIB)
for designing with “generic” macros.

® A Macro Expander in the LOC that expands macro
calls in ADFs with the contents of the correspond-
ing macros from libraries.

Figure 1 shows text editor/ADF macro support for
iPLS II. Note that the ADF can be created by any
standard ASCII text editor (text editor supplied by
user). Creation of user-defined macros is covered in ap-
plication note, AP-312 “Creating Macros for EPLD
Designs”, order number 292040. Use of macros with
schematic capture software is covered in the documen-
tation for the respective software package.

This note discusses use of macros under the following
headings:

® Macro Libraries, briefly describes the two libraries
available from Intel. -

® Using Macros, describes macro files, how to call
macros, the process of macro expansion, calling
multiple macro calls, and some ‘basic guidelines to
follow and pitfalls to avoid.

® Two examples showing use of TTL macros, and
mixing macros and EPLD primitives.

MACRO LIBRARIES

Intel offers two macro libraries: a TTL Library and an
EPLD Custom Library.

TTL Macro Library

A TTL macro library (TTL.LIB) is available from Intel
to support design entry using familiar 74-series logic

JPLS T LOC
TEXT MACRO | ESPRESSO
EDITOR ADF EXPANDER | MINIMizER |  FITTER JEDEC
A
MACRO

LIBRARIES

j&— TTL

- ee=o=aed— USER

EPLD CUSTOM
292039-1

Figure 1. Text Editor/ADF Macro Support for iPLS Il
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devices. The library contains macros that implement
the most widely used 74-series device functions as well
as macros for some members of other logic families.
Each device in the library is supported by a .DOC file.
The .DOC file describes the macro syntax and lists any
notable differences between the macro implementation
and the TTL part.

EPLD Custom Macro Library

An EPLD custom macro library (EPLDMAC.LIB) is
available from Intel to support design entry using
groups of EPLD primitives or “generic” functions such
as latches, registers, counters, decoders, etc.

USING MACROS -

The iPLS II Macro Expander is automatically invoked
by the LOC when an ADF is submitted to the compil-
er. When invoked, the Macro Expander identifies mac-
‘ro calls in ADFs, searches macro libraries for a corre-
sponding macro, and expands the call with ADF net-
work and equation entries from the macro file. The
expanded file is then compiled normally.

Macro Files

Figure 2 shows the macro file for a 74138 TTL device,
a commonly used one-of-eight decoder. Note that the

first line contains the name and 1/0 signals for the

device. Signals are listed in the order in which they
appear on the actual TTL device, including VCC and
GND (i.e., A = pin 1, B = pin 2, ..., VCC = pin 16).
The sequence of signals in this line determines how the
macro is “called” from an ADF.

Some of the macros in the TTL library have an “X”
suffix appended to the filename, for example 74138X.
This suffix indicates that the macro is device-specific
(not supported on all EPLDs) or that there is some
difference from the TTL device. This information is
described in the .DOC file for each macro.

The second line of the macro file contains defaults for
each input and place holders (blanks) for each output.
The default for an input sets the input to an intelligent
level (i.e., enables are enabled, clears, preset, loads are
disabled, etc.).

Macro files can contain a Network section, an Equation
section, or both. A Network section is not needed when
the macro functions can all be implemented in Boolean
equations. When used, the Network section contains
EPLD design primitives. An Equations section is not
needed when the macro functions can all be implement- -
ed in the Network section. Macro files end with the
keyword “ENDEF”.

Macro Calls

All macro calls appear in the Network section of an
ADF. Macro calls use the same part/function name
and signal sequence used on the first line of the macro
file. The signal names in the macro and the macro call
do not need to match, but the order of signals in the
call is crucial to proper implementation of the macro
function. For example, the macro call for the 74138
device could be any one of the following examples:

74138(A,B,C,G2A,G2B,G1,Y7,GND, ¥6,Y5,
Y4,Y3,Y2,Y1,Y0,VCC)

74138 (D1,D2,D3,EN1,EN2,EN3,07,GND, 06,
05,04,03,02,01,00,VCC)

74138(A,B,C,nG2A,nG2B,G1,nY7,GND,nY6,nY5,nY4,nY3,nY2,nY1,nY0, VCC)
DEFAULT: (GND,GND,GND,GND,GND, VCC, ,GND, , ,,,,,,VCC) B
NETWORK :
EQUATIONS :
nYO = I(!lA * IB * IC * InG2A * InG2B * G1);
nY1 = I(A * IB * IC * InG2A * InG2B * G1);
ny2 = !I(!A * B * IC * InG2A * InG2B * G1);
nY3 = I(A * B * IC * InG2A * !nG2B * G1);
nY4 = I1(lA * IB * C * InG2A * InG2B * G1);
nY5 = (A * IB * C * InG2A * .InG2B * G1);
nYé = !I(!A *B * C * InG2A * InG2B * G1);
nY?7 = I(A *B * C * InG2A * InG2B * G1);
ENDEF
$
292039-2

Figure 2. Sample TTL Macro File (74138.DEV)
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74138 (A,B,C,ENA,ENB,ENC, Y7 GND; YG Y5
Y4,Y3,Y2,Y1, YO ,VCC)

In each case, the part name corresponds to the macro
part name. The names of the signals differ, but the or-
der of signals match the macro. During processing, the
Macro expander assigns node connections between the
macro call and the macro file based on the positions of
signals, not the names of the signals. For.example, note
the following macro call to macro ﬁle s:gnal assngn-
ments: :

74138 ( A, B, C, EN1, EN2, EN3, YCS, ...

,~74l38 ( A, B, C, nG2A, nG2B, G1, nY7, ...
292039-3

ADF MACRO CALL

MACRO FILE SYNTAX

TTL macro signals originating outside the target EPLD
require a prior INPUT macro call in the Network sec-
tion. All signals used as outputs require a prior OUT-
PUT macro call in the Network section. Figure 3 shows
a sample ADF that uses the 74138 macro. Each input is
listed in the INPUTS: declaration and has an INPUT
macro call. Outputs are listed in the QUTPUTS: decla-
_ration and have OUTPUT macro calls (EPLD INP
and CONF primitive statements may also be used in
place of INPUT and OUTPUT macro calls, if des1red )

Gate arrays support 4 much richel' selection of ‘input
and output types than EPLDs. Gate array signals origi-
nating outside the target gate array device require the

appropriate gate array input or output macro calls.
When using gate array macros with EPLDs, the 1/0
macros are implemented in terms of EPLD primitives.
Note that when designs targeted for gate ‘arrays are
partitioned for multiple EPLDs, many internal gate ar-
ray signals are transformed into EPLD input and out-
put signals. These signals must be supported by INPUT
and OUTPUT macro calls.

Macro Expansion

The Macro Expander identifies and expands each mac-

ro call in an ADF with the corresponding macro defini-

tion from macro libraries (the TTL library in the case

of the 74138). The Macro Expander searches libraries

in the following order and in the directories listed:

® MACRO.LIB—first in the current directory, then
in other directories specxﬁed by the DOS “PATH”
variable.:

o -user libraries (ﬁlename LIB)——names for user librar-

. ies are specified in.the “IPLS” environment vari-
able. If a pathname and filename are both specified
(SET IPLS = C:\MACLIB\USR1.LIB;), the pathis
treated. as an absolute path. If a filename alone is
specified (set IPLS=USRI1.LIB;),  the Macro Ex-
pander searches for that library in the directories
spec1ﬁed by the “PATH” variable. (IPLS can be set
in an AUTOEXEC.BAT file.)

e TTL macro l1brary (TTL.LIB)—first in the current

" directory, then in other directories specxﬁed by the
“DOS “PATH” variable.

YOUR NAME

YOUR COMPANY

DATE

1

A

5C060

One-of El ght Decoder

OPTIONS: TURBO=OFF

PART: 5C060

INPUTS: A,B,C,G2A,G2B, Gl

OUTPUTS: Y7,Y6,Y5,Y4,Y3,Y2,Y1,Y0 '

NETWORK :

INPUT(A,A)
INPUT(B,B)
INPUT(C,C)
INPUT (G2A,G2A)
INPUT (G2B,G2B)
INPUT(G1,G1)
OUTPUT(Y7,Y7)
- OUTPUT(Y6,Y6)
OUTPUT(Y5,Y5)
QUTPUT(Y4,Y4)
OQUTPUT(Y3,Y3)
OUTPUT(Y2,Y2)
OUTPUT(Y1,Y1)
OUTPUT(YO, YO)

END$

74138(A,B,C,G2A,G2B,G1,Y7,GND,Y6,Y5,Y4,Y3,Y2,Y1,Y0,vCC)

292039-4

Figure 3. ADF File Calling the 74138 Macro
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® EPLD Custom macro library (EPLDMAC.LIB)—
first in the current directory, then in other directo-
ries specified by the DOS “PATH” variable.

® reserved library (INTEL.LIB)—first in the current
directory, then in other directories specified by the
DOS “PATH?” variable.

Only the first occurrence of a macro is used. The names
TTL.LIB, EPLDMAC.LIB, and INTEL.LIB are re-
served by Intel. They may not be used for user libraries
and may not be specified in the “IPLS” variable. The
“IPLS” variable can contain more. than one library
name. Each library can have an absolute path or can
rely on the “PATH” variable to determine the search
path.

The Macro Expander uses the ADF Network and
Equation entries from the macro libraries and assigns
the appropriate primitives for INPUT and OUTPUT
calls. INP primitives are assigned to replace the IN-
PUT macro calls. The OUTPUT calls are assigned
primitives with output pins and output enables are sup-
plied where needed.

Combination of primitives is automatically performed
when needed. For example, when a feedback primitive
such as a NORF feeds an output primitive such as a
RONF, the Macro Expander combines the two primi-
tives into a RORF. Combination of primitives con-
serves resources and results in the shortest possible de-
lay path through the device.

During macro expansion, unused nodes are eliminated.
For example, the VCC and GND nodes that corre-
spond to TTL power and ground pins are eliminated. If
an input node is not connected to a node in the ADF,
the default value for that node is assigned from the

NETWORK :

INPUT (A, A)
A=INP(A)
‘INPUT (B, B)
B=INP(B)
INPUT(C,C)
C=INP(C)
INPUT (G2A,G2A)
G2A=INP(G2A)
INPUT (G2B, G2B)
G2B=INP(G2B)
INPUT(G1,G1)
G1=INP(G1)
OUTPUT(Y7,Y7)
Y7=CONF (Y7,VCC)
OUTPUT(Y6,Y6)
Y6=CONF (Y6,VCC)
OUTPUT(Y5,Y5)
Y5=CONF (Y5, VCC)
OUTPUT(Y4,Y4)
Y4=CONF (Y4, VCC)
OUTPUT(Y3,Y3)
Y3=CONF (Y3,VCC) .
OUTPUT(Y2,Y2)
Y2=CONF (Y2, VCC)
OUTPUT(Y1,Y1)
Y1=CONF (Y1,VCC)
OUTPUT(YO,Y0) %

YO=CONF (YO, VCC) -
74138(A,B,C,G2A,G2B,G1,Y7,GND, Y6,

%

>

%

>

%

>

%

>

>

R R R R R R R

%

>

>

>
R

>

R OR R R R R

>

>

%
%
%
%
%
%
%

>

>

RRRRRRNRVRV R RN NRRRRRRRRRNRRNRR

EQUAT IONS :
% YO=!(!A*IB*|C*|G2A*1G2B*G1);
Y1=! (A% IB*IC*|G2A* |G2B*G1) ;
Y2=! (| A*B*IC*1G2A* 1G2B*G1);
Y3=! (A*B*IC* 1G2A*1G2B*G1) ;
Y4=| (A*IB*C* 1G2A* |G2B*G1) ;
Y5=! (A*IB*C* IG2A* |G2B*G1) ;
Y6=! (|A*B*C* 1G2A* |G2B*G1) ;
Y7=1(A*B*C* !|G2A* 1G2B*G1) ;

>

>

> > >
RNRRVRRRRNRRNR

>

aeaeaexassexae

Y5,Y4,Y3,Y2,Y1,Y0,VvCC) %

292039-5

Figure 4. Network and Equations for 74138.SDF
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DEFAULT: section of the macro file. Note, however,
that the default value for each input in the macro file
may be the.value that disables the input or, for data

The Macro Expander uses the first three ASCII charac-
ters after the first percent sign (%), except for white

space, to create instance numbers. For example, inter-

inputs, is usually a logic 0. To be certain of the level
used, specify a “VCC” or “GND” in the macro call for

unused inputs.

The INPUT and OUTPUT calls and the original mac-
ro.call are “commented out” by surrounding them with
percent (%) signs. The %*% string is placed at the
start of lines where primitives are created by the Macro
Expander. The fully expanded file is written to the disk
using the original filename and a .SDF extension. Fig-
ure 4 shows the Network and Equation sectlons for the
74138 SDF.

One final note with regard to compiling ADFs that use
macros. Warning messages are typically encountered
while compiling files that use macros. The most com-
mon message is “***WARN-XLT-Node Missing Des-
tination”. This message is displayed as unused nodes
from a macro are deleted. For example, if a macro us-
ing a NOCF primitive is combined with a CONF and
the original feedback is not needed, the warning is dis-
played as the feedback is deleted.

Multiple Macro Calls

The Macro Expander allows use of more than one mac-
ro in ADFs. Each macro must have its own call, even
when the same macro is used more than once.

For example, to implement two 74138s, each case or
“instance” must have its own call:

74138(A,B,C,G2A,G2B,G1,Y7,GND, Y¥6,Y5,
Y4,Y3,Y2,Y1,Y0,VCC)

'74138 (A,B,C,G34A, GSB Gl,YF,GND, YE YD,
YC,YB,YA,Y9,Y8,VCC)

In this example, many of the inputs are routed to both
devices. The Macro Expander automatically generates
internal nodes for each instance of the macro. Each
node is assigned a unique number based on the position
of the macro in the Network section (i.e., . . 0140,

. 0141, etc. for nodes connecting to the 14th primitive
in the Network section).

" For traceability, you can define your own instance
names for nodes of different macros by including the
instance name in a comment immediately following the
macro call. For example, to call two 74161 macros, one
as Shift Register A and the other as Shift Register B,
enter the calls as follows:

74161 (CLR, CK, A,B,C,D,ENP, ,.LD,ENT,QD,
QC,QB,QA,RDL,) % SFA % .

74161 (CLR, CK,E,F,G,H,ENP, ,LD,ENT, QH,
QG,QF,QE,RC2,) % SFB %

4-46

nal nodes for the first three signals of each macro call
will be: '
««SFAN1,

. «SFAN2, ..SFAN3,

..SFBN1, ..SFBN2, ..SFBN3

where SFA/SFB are the user-defined instance names
and N1, N2, N3 are the node numbers associated with
each instance. For cases where no internal nodes num-
bers are generated, the Macro Expander simply ignores
the instance name.

Outputs from one macro call can be used as inputs for
other calls, as follows:

74138 (A,B,C,G24,G2B,G1,Y7,GND,Y6,Y5,
Y4,Y3,Y¥2,Y1,Y0,VCC)

74138(A,B,C,Y7,G63B,G1l,YF,GND,YE, YD, YC,
YB,YA,Y9,Y¥8,VCC)

Here the Y7 output from the first decoder feeds an
enable input of the second decoder.

Different macros are connected in the same manner.
For example, the following macro calls connect the out-
puts from a 74138 decoder to the inputs of 74175 latch-
es: : :

74138(A,B,C,G2A,G2B,G1,Y7,GND, YG Y5,
Y4,Y3,Y2,Y1,Y0,VCC)

74175 (CLR,0Q,n0Q,Y0,Y1,nlq, lQ GND, CLK,
2Q, n2Q,Y2,Y3,n3Q,3Q,VCC)

74175(CLR,4Q,n4Q,Y4,Y5,n5Q,5Q,GND,CLK,
6Q, néQ,Y6,Y7,n7Q,7Q,VCC)

Each decoder output is routed to a 74175 input. The
74175 macro produces both true and complement
latched outputs.

Guidelines/Pitfalls

The following paragraphs discuss some general guide-
lines for using macros:

e Because the Macro Expander supports only one lev-
el of hierarchy, there is a tendency for p-terms to
multiply quickly when several macros are connected
together. In many cases, the total number of p-terms
exceeds the capacity of the target EPLD. One meth-
od of avoiding problems with excessive p-terms is to
route the outputs from a macro function through
EPLD macrocells and use the feedbacks from the
macrocells as inputs to the subsequent macro func-
tions. This partitioning of functions trades off device
resources for a lower p-term count.
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¢ Implementation of some TTL macros requires prim-
itives that are not supported on all devices. The
.DOC file for a device notes any device dependency.
In many cases, a modification to the basic TTL
functions results in device independence. For exam-
ple, a NOCF, which is not supported on all EPLDs,
can be changed to a COIF, which is supported on
all devices.

Some macros use primitives that specify an output
pin (COIF, CONF, ROREF, etc.). These primitives
must be supported with a signal name in the OUT-
PUTS: declaration and by an OUTPUT call in the
Network Section of the ADF. Failure to provide
this support causes the following error message dur-
ing compilation:

***ERR-XLT-undeclared output name

If you encounter this error, check the macro file for
output primitives that require ADF support.

Macro Usage Summary

ADF macro calls must observe the following guide-

lines:

® Macros are called from the Network Section of an
ADF.

The name in the call must match the name in the
macro file (e.g., 74138 = 74138).

All input and output pins on the target device must
have both: (1) a corresponding signal name in the
INPUTS: or OUTPUTS: declaration, and (2) a cor-
responding INPUT or OUTPUT macro call in the
Network section. It is recommended that the same
node name be used on both sides of each INPUT
and OUTPUT macro call. This is required when
macros containing CONFs are used. (EPLD INP
and CONF primitives may also be used).

All INPUT and OUTPUT calls in the Network sec-
tion must precede any other macro call.

Node connections within an ADF are made based
on the names of the nodes. '

Connections between the macro call and macro files
are based on the position of signal names in the call.
Therefore, the sequence of inputs and outputs in a
macro call must match the sequence of inputs and
outputs in the corresponding macro file.

EXAMPLE 1: TTL MACROS

This section provides an example design using TTL
macros. )

Circuit
The design is a two-stage decoder using a 74138 macro

and two 74139 macros. Figure 5 shows the schematic
for the circuit. Each 74139 macro represents one half of

. a TTL 74139 device. Note that two of the outputs from

the 74138 are routed back to enable the two 74139 de-
coders.

O w>

74138

EN { ——————eee(]
EN2 —————————e(]
EN3

YCS
YCE

pb———————cE0
P CE
S ——
D————CE3

74139

S ———
D CS 1
p—————————CS2
S ————— ]

74139

292039-6

Figure 5. Schematic Diagram
for Two-Stage Decoder

Figure 6 shows the ADF file containing the macro calls
that implement the circuit. The two internal feedback
signals (YCS ‘and YCE) do not show up in the IN-
PUTS: or OUTPUTS: declarations and are not repre-
sented by INPUT or OUTPUT calls in the Network
section. The sequence of signals in the INPUTS: and
OUTPUTS: declarations of the ADF is not important.

In the NETWORK: section',. however, order is impor-
tant. INPUT and OUTPUT calls must be listed before
any other macro calls. This is a requlrement of the

‘Macro Expander "The sequence of signals within the

4-47

ADF macro call is critical, as the Macro Expander au-
tomatically assigns macro call SIgnals to macro ﬁle sig-
nals based on position. S :

Internal connections between macros are established by
assigning the same name to the respective signals. For
example, YCS in the 74138 macro call in Figure 7 rep-
resents the nY6 output from the 74138, while YCS in
the 74139 macro call represents the 1G input to one
74139 decoder. Use of the same name establishes the
connection. In the same manner, use of the signal name
YCE connects the nY7 output from the 74138 to the
1G input of the second 74139.
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DANIEL E. SMITH
. INTEL CORPORATION.
2/27/87

b ,

A

5C090 -
TWO-STAGE DECODER

OPTIONS: TURBO=OFF

PART: 5C090

INPUTS: A,B,C,D,E,EN1,EN2,EN3

OUTPUTS Yo, Y1 Y2, Y3 Y4 Y5,Cso, CSI cs2,Cs3,

NETWORK :

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
OUTPUT
OUTPUT
- OUTPUT
OuUTPUT
OUTPUT
© OUTPUT'
OUTPUT
OUTPUT
OUTPUT
OUTPUT"
OUTPUT"
OUTPUT
OUTPUT
OUTPUT

(A,A)
(B,B)
(c,c)
(D,D)
(E,E).
(EN1,EN1)
(EN2,EN2)
(EN3,EN3)
(Y0, Y0)
(Y1,Y1)
(Y2,Y2)
(Y3,Y3)
(Y4,Y4)
(Y5,Y5)
(Cs0,Cs0)
(Cs1,Cs1)
(Cs2,cs2)
(CS3,Cs3)
(CEO,CEO)
(CE1,CE1)
(CE2,CE2)
(CE3,CE3)

74139(YCs,D,E, CSO Cs1,Cs2,Cs3,GND, VCC)
74139(YCE,D,E,CEO,CE1,CE2,CE3,GND, VCC)

_ENDS$

CEO,CE1,CE2,CE3 .

74138(A,B,C,EN1,EN2, EN3 YCs,GND,.YCE,Y5,Y4,Y3,Y2,Y1, YO VCC)

'202039-7

Flgure 6. ADF Flle for Two-Stage Decoder Usmg TTL Macros

Sample Session’

This session assumes fam111ar1ty with the iPLS II Loglc
Optimizing Compiler (LOC). For detailed information
on the LOGC, refer to Chapter 4 of the iPLS II User’s
Guide, order number: 450196. Proceed as follows to
lmplement the TTL macro des1gn shown here:

1. Use a standard ASCII text editor to create the ADF
shown in Flgure 7 under the name DECODE. ADF

2. Invoke the iPLS II Menu by entering: :

IPLS <Enter>

TN

3. Invoke the LOC from the Main Menu by pressing

- <F4>.

. 4. Answer the LOC promts as follows

Input Format?
~File Name?
Minimization?

- Inversion Control?

LEF Analysis?
Error Message File

4-48

{Ehter>'
DECODE <Enter>

.Y

N

Y.
<Enter>
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The LOC then asks:

Do you wish to run under the above
conditions [Y/N]?

Enter: Y

The LOC expands the macros and compiles
the expanded .file to produce a JEDEC pro-
gramming file (DECODE.JED), a utilization re-
port file (DECODE. RPT), a minimized equa-
tion file (DECODE. LEF), and an error mes-
sage file (DECODE.ERR). For tracability, a
file called DECODE.SDF is created to show
the expanded form of the ADF output by the
Macro Expander.

5. The LOC terminates execution with the following
message:

- LOC cycle successfully completed

You can examine the LEF file to see the minimized
form of the design. The LEF shows the EPLD primi-
tives used to implement the design. Macro calls are not
shown. If you wish, you can also use LPS (Logic Pro-
grammer Software) to program a part.

EXAMPLE 2: MIXING MACROS AND
EPLD PRIMITIVES

- This final example uses TTL macros together with
standard EPLD primitives.

Circuit

The example circuit here is the 74138 macro used in
example 1 with two of the outputs routed through addi-
tional combinatorial logic and RONF (Registered Out-
put — No Feedback) primitives. Figure 7 shows the

circuit. CS2 and CS3 are qualified by two additional
inputs (RD* and WR?*) to set or clear two latches. This
is a configuration commonly used in microcomputer
systems, where control signals are set and reset based
on the address and command signals but not on a data
value. A read to the port decoded by CS2 sets output
LCS2 (Latched CS2) high. A write to that same port
clears LCS2 low.

Figure 8 shows the ADF that implements the example
circuit. This is the same ADF used in Figure 6, with
the addition of several primitives and equations. The
data inputs to both latches are tied to VCC. When RD*
and the chip enable are both low, the respective clock
signal goes low. As RD* or chip enable go high, the
rising edge of the clock signal triggers the register, driv-
ing the output high.

Note that many Intel EPLDs do not support multiple
product terms for register clocks. Therefore, the clock
buffer primitive is driven by a macrocell configured as a
COIF (Combinatorial Output—Input Feedback). Con-
trol signals (Clear and Preset) for many EPLDs also
support only one product term. In this case, however,
the NOR gate driving the clear input to the RONFs
can be minimized to a single p-term. Thus a low on
WR* and chip enable clears the respective latch to logic
0. (The intermediate macrocell for the Read function
can be omitted for EPLDs that support two p-terms on

register clocks.)

The connections between the TTL macros and the
EPLD primitive are made by assigning the appropriate
names to the input and output nodes. The CS2 and CS3
signals from the first example are no longer outputs,
‘but are simply inputs to equations that feed the LCS2

~and LCS3 RONF primitives.
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Figure 7. Schematic of Decoder Circuit with Latched Outputs
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DANIEL E. SMITH

INTEL CORPORATION

2/27/87

1

A

5C090

DECODER WITH TWO LATCHED OUTPUTS

OPTIONS: TURBO=OFF

PART: 5C080

INPUTS: A,B,C,D,E,EN1,EN2,EN3,RD*,WR*
OUTPUTS:

NETWORK :

INPUT
INPUT
INPUT
INPUT
"INPUT
INPUT
INPUT
INPUT
ouTPUT
OUTPUT
QUTPUT
OUTPUT
OUTPUT
OUTPUT
OUTPUT
ouTPUT
OUTPUT
OUTPUT
OuUTPUT
OUTPUT

(A,A)
(B,B)
(c,C)
(D,D)
(E,E)
(EN1,EN1)
(EN2,EN2)
(EN3,EN3)
(YO0, Y0)
(Y1,v1)
(Y2,v2)
(Y3,Y3)
(Ya,Y4)
(Y5,Y5)
(Cs0,Cs0)
(Cs1,cs1)
(CEO,CEO)
(CE1,CE1)
(CE2,CE2)
(CE3,CE3)

74139(YCSs,D,E,CS0,CS1,CS2,CS3,GND, VCC)
74139(YCE,D,E,CEO,CE1,CE2,CE3,GND,VCC)
RD = INP(RD*)

WR = INP(WR*)

LCS2 = RONF(VCC,SET2,CLR2,GND,VCC)
LCs3 RONF (VCC,SET3,CLR3,GND, VCC)
SET2 = CLKB(SET2c) '

SET3 = CLKB(SET3c)

SET2¢c,SET2¢c = COIF(ST2,VCC)
SET3c,SET3c = COIF(ST3,VCC)

EQUATIONS :

ST2 = RD + CS2;

CLR2 /(WR + CS2);

ST3 = RD + CS3;

CLR3 = /(WR + CS3); .

END$

SET2¢,SET3¢c,Y0,Y1,Y2,Y3,Y4,Y5,CS0,CS1,LCS2,LCS3,CEO,CE1,CE2,CEJ

74138(A,B,C,EN1,EN2,EN3, YCS,GND, YCE,Y5,Y4,Y3,Y2,Y1,Y0,VCC)

292039-12

Figure 8. ADF File for Decoder with Latched Outputs

~ Sample Session

To implement this ADF in an actual session, follow the
steps described for Example 1, substituting the name
LDECODE for DECODE. iPLS II produces a JEDEC
programming file (LDECODE.JED), a utilization re-
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port file (LDECODE.RPT), a minimized equation file
(LDECODE.LEF), and an error message file
(LDECODE.ERR). For traceability, a file called
LDECODE.SDF is created to show the expanded form
of the ADF output by the Macro Expander.
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INTRODUCTION

The iPLS II (Intel Programmable Logic Software II)
Logic Optimizing Compiler includes a Macro Expan-
der that supports the use of macros in EPLD designs.
These macros can include TTL and EPLD custom
macros available from Intel, or proprietary macros de-
veloped by a user. This application note shows how to
create user-defined macros and how to build macro li-
braries with Intel’s Macro Librarian, an optional soft-
ware package for use with iPLS II. A design example
also shows creation of a user-defined macro and its use
in an ADF (Advanced Design File). Detailed informa-
tion on using the TTL Macros in iPLS II ADFs are
described in a companion application note, AP-311
“Using Macros in EPLD Designs”, Order Number:
292039. This application note concentrates on creating
macros; it assumes that you have read and understood
the discussion on using macros in AP-311.

OVERVIEW

iPLS II allows. designers to include macro calls in de-
sign files to implement common circuit functions. Mac-
ros calls are subsequently expanded by the LOC (Logic
Optimizing Compiler) into the ADF network and/or
equation entries required to perform the desired func-
tions. Macros can be connected together or used in con-
junction with standard iPLS II EPLD primitives.

By following the macro file format described in this
note, users can also create their own proprietary mac-
ros with an ASCII text editor. These macro files can
then be stored in user-defined libraries by using Intel’s
Macro Librarian software. User-defined macros can be
called from ADFs created by a text editor or by sche-
matic capture software that supports user-defined sym-
bols and that outputs in ADF format. User-defined
macros can optimize development of EPLD designs by
modularizing the design process and by allowing the
design process to proceed at a higher level than with
EPLD primitives alone. iPLS II support for user-de-
fined macros (see in Figure 1) includes the following: _

e MLIB, the optional iPLS II Macro Librarian for
“creating macro libraries from individual user-de-
fined macro files.

® a Macro Expander-in tﬁe LOC that expands macro
calls in ADFs with the contents of the correspond-
ing macros from libraries.

This application note describes how to create macro
files, store them in libraries with MLIB, and shows how
to call them from ADFs created by a text editor. For
information on creating user-defined macro symbols

- with schematic capture packages, refer to the appropriate

manual for the schematic capture package you are us-
ing. SCHEMA II-PLD available from Intel supports
user-defined symbols and outputs in ADF format.

‘| SCHEMATIC
CAPTURE

'S

SYMBOL
LIBRARY

TEXT
EDITOR

MACRO
LIBRARIAN.
TEXT
EDITOR MLB

iPLS T LOC
MACRO | EsPressO |- |
EXPANDER | MiNmizer | FITTER
A

MACRO
LIBRARIES s

l¢— TTL.LIB

— EPLDMAC.LIB

USER = DEFINED (*.LIB)

292040-1

Figure 1. Macro Support for iPLS Il
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(SCHEMA II-PLD is based on' SCHEMA' II from
Omation, Inc. The Intel EPLD Design Manager, also
available from Intel, allows existing:SCHEMA II users
to demgn with EPLDs and macros) .

MACRO FILES

This section describes iPLS II macro files. User-defined
macro files must follow the guidelines presented here to
be successfully - processed by the Macro Librarian
(MLIB) and expanded by the iPLS II LOC Macro Ex-
pander.

Macro filenames follow DOS conventions. It is recom-
mended that macro filenames end with the extension
.DEV, which is the default for MLIB. Only one macro
can be contained in a macro file. Macro files are com-
prised of three sections:

® Header
® Network -Section
° Equat1on Section

All macro files must end w1th the literal “ENDEF” .

Figure 2 shows a sample macro file for a proprietary
part (16207), a “black box” containing random logic. -

16207(A,B,C,D,E,F,U,V,W,X,Y,Z)
DEFAULT : (GND,GND,GND, VCC,VCC,VCC, ,,,,,)
EQUATIONS :

/(A * B);

/(/E * A * B);

/(D * C * A * /E);

/(/D * E);

/(F * D * A);

F *= /E;

N<XZE<C

ENDEF
292040-2

Figure 2. Sample Macro File for
“Black Box” (16207.DEV)

Header

Headers for macro files contain two lines. The first line
includes the name of the macro function and a list of

16207 (A,B,C,D,EF,U,V,W,X,Y,Z)
16207 (B.D,ARZUW.CEXEY)
16207 (ZYXWVUFEDCBA)

Note-that this first lme of the header forms the tem-
plate used to call the Macro from the ADF. The Macro
Expander connects ADF nodes in the macro call to
1/0 signals in the macro file on the basxs of posmon,
not on the basis of node name. -

The second line in the header specifies defaults for in-
puts (VCC or GND) in cases where those signals are
left unconnected. The DEFAULT: line must be includ-
ed in the macro definition file, even when no defaults
are used in the ADF. The keyword DEFAULT: is the
first entry in this line. The default values for all signals
follow immediately and are enclosed in parentheses. In-
put defaults may be VCC or GND. The position of the
default value corresponds to the signal listed in the pre-
vious line. : !

Defaults for outputs are blank, but a comma (,) must be
present (place holder) for each output signal except the
last. For example, the 16207 black box contains six in-
puts (A through F) and six outputs (U through Z). The
first two lines for thlS macro mlght be .

16207(ABCDEFUVWXYZ)

- DEFAULT: (GND,GND,GND,VCC, VCC VCC,,,,,,)

Defaults for inputs A through C are GND; defaults for
inputs D through F are VCC. Defaults for the outputs
are not specified, but the comma denotes the positions
for those signals.

Defaults should be chosen with care. Clears, Presets,
Loads, etc. should be disabled in most cases. Enables
should be enabled. Input defaults can also be left blank
as long as those inputs are connected to nodes in the
ADF that calls the macro, but it is recommended that
they be specified in the macro file.

. Network Sectlon

inputs‘and outputs for the macro. The second line con-

tains defaults for the device.

The name of the macro can be a device number (16207,
83546, etc.), function name (ADDRCNT, CMDLO,
etc.), or any name up to eight characters long No
spaces or comments precede the name.

Inputs and Outputs follow lmmedlately afte'r the macro
name and are enclosed in parentheses. I/O signal
names may be up to eight characters long, but may not
contain pin numbers. For user-defined macros, signals
may be listed in any order desired. For example, any of
the following entrles are legal: - :

The NETWORK sectxon lists the EPLD primitives
used to implement the desired functions. The Network
Section follows ADF syntax rules. As far as possible,
the macros should be implemented in equations to elim-
inate concern about feedbacks and output enables. In
the case of a circuit that requires macrocell registers,
the feeback-only form of the primitive should be used
so that the Macro Expander can make the correct pin

‘connections. The following éxample shows this:

4-54
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During' processing, the Macro Expander connects the
feedback to an output (if necessary) and supplies the
required output enable node name. The Macro Expan-
der also eliminates unneeded Network and Equations
entries if they are not used by an ADF.

If no network entries are required (i.e., a macro imple-
mented entirely in equations), the entire Network sec-
tion may be omitted, including the keyword NET-
WORK:. In many cases, equations alone can imple-
ment the desired functions.

MACRO LIBRARIAN

The Macro Librarian (MLIB) is an optional software
package that combines individual macro files into mac-
ro libraries. These libraries are in turn used by the LOC
Macro Expander. MLIB can be invoked from the com-
mand line, from command files, or from a combination
of both. Figure 3 shows a block diagram of the Macro
Librarian.

Syntax for MLIB command lines is as follows:

] ) MLIB [ -options] [ @cmdfile] [ filel file2 ... ]
Equations Section <Enter> , :
The EQUATIONS: section lists the Boolean equations -d ?}ilre;t;)ry. Dbis.plays ditr e(;:tory information for
for the desired functions and follows ADF syntax rules, e library being created.
with one exception; intermediate equations are not per- -v verbose. Print status during processing. When
mitted in macro files. If no equation entries are re- not specified, status messages are suppressed.
quired (i.e., a macro implemented entirely in the Net-  _[Ijb  list. Lists the contents of existing macro li-
work Section), the entire Equation section may be omit- brary to console. This option may not be used
ted, including the keyword EQUATIONS.:. while building a library.
-0lib name of the target macro library
'MACRO.LIB is the default when no name is
Comments and White Space specified. TTL.LIB, EPLDMAC.LIB, and
Comments can be placed anywhere in a macro ﬁle ex- INTEL.LIB are reserved for Intel hbranes
cept before the name and signals on the first line. Com- and may not be used.
ments must be enclosed in percent signs, as follows: -s string include version stamp in macro library. The
) version string.can be up to 7 characters long.
% THIS IS A SAMPLE COMMENT % “V1.00” is the default stamp.
White space can appear on any line except the first two
lines. .
TEXT COMMAND
EDITQR : FILE -
-
TEXT i MACRO MACRO
- EDITOR —> FILES MF_IB, LIBRARY
LIBRARY
LISTING ~
292040-3

Figure 3. Macro Librarian Block Diagram- -
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-cstring include copyright string in macro library.
The copyright string can be up to 61 charac-
ters long and, if blanks are used, must. be
contained in quotatlon marks, for example,

“texta textb’

- @cmdfile name of command file. The command file
- can include options and macro filenames.
The @ symbol must precede the filename.

filel ... name of device files to be included in the
macro library. Separate files by spaces.

For example, the following command line:
MLIB -v -s 2.00 -o USER.LIB @USERLIST <Enter>

creates a library called USER.LIB that includes all the
individual macro files contained in the command file
USERLIST. MLIB displays status messages as it pro-
cesses the macro files in USERLIST (-v). The library is
created as version 2. 00 (-s).

Macro hbrary filenames follows DOS conventions and
" should end with the extension .LIB to be recognized by

the Macro Expander. TTL.LIB, EPLDMAC.LIB, and,

INTEL LIB are reserved and may not be used.

USERLIST is the name of the command file and must
be preceded by the @ symbol. The command file is
simply an ASCII text file that can be modified to con-
tain any number of macros desired. MLIB processes
the entire list of macros on each invocation. To add a
new macro to an existing library, add the name of the
macro to USERLIST, and create the new library by
entering the command line shown above. Command file
names follow DOS conventions. MLIB supplies a .DEV
extension if no extension is specified. MLIB searches.
first in the current directory, then along the DEV envi-
ronment variable, and finally along the PATH env1ron~
ment variable for the files.

In order to connect inut and output primitives, the files
INPUT.DEV and OUTPUT.DEV must be included in
at least one of the libraries. These files are contained in
the TTL macro library. '

Figure 4 shows a sample MLIB command file that in-
cludes options, the library name, and the names of sev-
en macro files to be included in the library in addition
to the INPUT and OUTPUT macros. The format of
the command file is free form. Note that comments can
be included in the command file and must be contained
within percent (%) signs.

- Note that the -1 option cannot be included in an MLIB

command file; it can only appear on the command line. -

The -1 option lists the contents of existing libraries; it
does not list library contents while building a library.

-0 PROJA.LIB % macro |lbrary name %

-v o . . .

-s V1.50 % version number % §

-c "Copyright (C) Date,.Your Company, Your Name"
% copyright Information %

-d % display directory %

% Include the following macros %

INPUT.DEV - OUTPUT.DEV 7408.DEV
7487.DEV  '74138.DEV 74139.DEV

74151.DEV .74157.DEV  74251.DEV

292040-4

Figure 4. Sample Command File for MLIB

The command line to process the file shown in Figure 4
is as follows:

MLIB @SAMPLE <Enter>
where: SAMPLE is ‘the name of the command ﬁle

To list the contents of PROJA LIB after creatlon, in-
voke MLIB as follows: : ‘ -

MLIB -1 PROJA.LIB

This command line lists the macros in PROJA.LIB to
the screen. The DOS file redirection capability can also
be used to create a disk file llstlng the contents of macro
libraries. For example: - . o

MLIB -1'PROJA.LIB >. PROJA.DOC
SAMPLE SESSION: COMMAND
DECODER USING MACROS

Decoding logic is one common function implemented
by programmable logic devices. The target circuit for

" this. example is a device that decodes microprocessor

command signals in selected address ranges. The target
application and decoder requirements are as follows:

® The target application is a 16-bit microcomputer
system with 1-Megabyte of memory and about two
dozen 1/0 ports. -

¢ The memory is divided into shared memory (lower
512K bytes) and local memory (upper 512K bytes).
Shared memory resides off the processor board and
requires active low memory command signals. Local
memory resides on-board and requires active high
memory command signals.

® I/0 ports are also split between on-board devices
requiring active high signals and off-board devices
requiring active low signals. I/O devices between
the add;ess range FOOO-FFFFH are on-board; de-
'vices below that range (0000-EFFFH) are off-board.
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o All interrupt requests are resolved by an on-board
interrupt controller. Therefore, only an active high
" on-board interrupt acknowledge signal is needed.

® On-board control signals are always high or low,
never three-stated. Off-board control signals are
three-stated when not being used to execute a bus
cycle. An external bus arbiter accepts a request sig-
nal from the command decoder and, after gaining

control of the bus, sends address enable and com-
mand enable signals back to the command decoder.

Figure 5 shows a block diagram of the application, in-
cluding the target EPLD design. The three functional
blocks to be included in the EPLD are highlighted (not
shaded).

ADDRESS AND [
: DATA BUS : :

COMMAND

OFF = BOARD

SYSTEM BUS
N\

SIGNALS COMMAND
DECODER

ADDRESS -
DECODE

‘ COMMAND
—:'|> DECODER
ENABLE 4

292040-5

Figure 5. Block Diagram of Target Circuit and Application
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Creatmg the Macro

Figure 6 shows a schematic dlagram for the active low
command decoder implemented with OR gates (low in-
puts enable the outputs; high inputs disable the out-
puts). Figure 7 shows the macro file that implements
the circuit (CMDLO.DEYV). This file was created with
an ASCII text editor. Used as is, it provides the active
low outputs for the design. With inputs RD, WR, and
‘INTAIN inverted, it also provides the active high out-
‘puts for the design. This design uses CONF primitives
to implement the three-state outputs in the macro. As
an’ alternative, equations alone could have been used
‘with the CONFs included in the ADF.

':D_%—MRD o
v +— '
C DB
MWT
<
All— 1
| v
[
MIO D$—IOW '
CMDEN = .
e ,
INTAIN g——mm ‘
AEN
2020406

Figure 6. Schematic Diagram of -
Command Decoder

Bulldmg the lerary

Use your text editor to create an MLIB command file
that includes CMDLO.DEV, INPUT.DEV, and OUT-
PUT.DEV. The following example shows a sample
command file named MACLIST.

v % show status % .

-c “1987, AP-312 Sample Macro Library”
-0 AP312.LIB

-d % show the list %

- 9% include the following macros %

CMDLO.DEV INPUT.DEV OUTPUT.DEV

Invoke the Macro Librarian with the following. com-
and line:

MLIB @MACLIST

The Macro Librarian processes the three macro files

"and stores them in a user library named AP312.LIB.

The library contains the copyright statement “1987,
AP-312 Sample Macro Library”. When processing is
complete, MLIB returns control to DOS.

Creating the ADF

Figure 8 shows.a schematic diagram for the target

“circuit. Figure 9 shows the ADF for the circuit (COM-

CODE.ADF), -which invokes both instances of the
CMDLO macro and contains equations used to enable
the decoders under the proper conditions. The ADF
signal named ONBEN (On-Board Enable) enables the
active high decoder). The AEN (Address Enable) input
to the on-board decoder is left unconnected. The de-.
fault (always enabled) will be used

DEFAULT: (GND, VCC, VCC, VCC,GND,GND, , , , , )
NETWORK :

MRD = CONF (MRDc,AEN)
MWT = CONF(MWTc,AEN)
IOR = CONF ( 10Rc,AEN)
IOW = CONF ( 10Wc,AEN)
INTA = CONF(INTAIN,AEN)

EQUATIONS::
MRDc = /MIO + RD +
MWTc = /MIO + WR +
IORc = MIO + RD + CMDEN;
IOWec = MIO + WR +

ENDEF

CMDLO(M1O, RD,WR, INTAIN,CMDEN, AEN,MRD,MWT, IOR, IOW, INTA)

292040-7

Figure 7. Macro File for Command Decoder (CMDLO.DEV)
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INTAIN® > NINT_["OFF ~ BOARD |~ INTA
MIO DECODER
M/10* > ———————{"> MRD
RD* > {>c NRD  — 2 U
L D(,L NWR ——pD>wor
CMDEN AN D> iow
! T 1 A Vee
OFF - BOARD
MIO DECODER > vrocs
RD { mwrcH
WR
{> I0RC*
CMDEN AEN > lower
CMDEN* >~ T
AENIC>
INEI > : ) ont
ON2
AF
AE UPPER T
AD v 1 ON3
AC
. ) ON4
NMIO
)\ __oF _
1 ) OFBEN
NA13
: OF2 Vee
OFFBDEN®
OF3
NUPPER
) OF4

292040-8

. Figure 8. Schematic Diagram for COMCODE.ADF
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INPUT(MIO,MI10)
INPUT (RD,RD)

INPUT (WR,WR)

INPUT ( INTAIN, INTAIN)
INPUT (CMDEN, CMDEN)
INPUT (AEN1, AEN1)
INPUT(A13,A13)
INPUT (AF ,AF)

INPUT (AE, AE)

INPUT (AD,AD)

INPUT (AC,AC)

OUTPUT (MRD,MRD)
OUTPUT (MWT ,MWT)
OUTPUT(IOR, IOR)
OUTPUT(1OW, I0OW)
OUTPUT( INTA, INTA)
OUTPUT (MRDC,MRDC)
OUTPUT (MWTC,MWTC)
OUTPUT ( IORC, IORC)
OUTPUT( IOWC, 10WC)

. OFFBDEN = CONF (OFBEN,VCC)
OFBEN = NOR(OF1,0F2,0F3,0F4)
ONBEN = NOR(ON1,0N2,0N3,0N4)
NRD = NOT(RD)

NWR = NOT(WR)

NINT = NOT(INTAIN)

NMIO = NOT.(MI0O)

NUPPER = NOT(UPPER)

NA13 = NOT(A13)

EQUATIONS :

UPPER = (AF * AE * AD * AC);
ON1 = (MIO * A13 * NRD);

ON2 = (MIO * A13 * NWR);
ON3 = (NMIO * UPPER * NRD);
ON4 = (NMIO * UPPER * NWR);
OF1 = (MIO * NA13 * NRD);
OF2 = (MIO * NA13 * NWR);
OF3 = (NMI1O * NUPPER * NRD);
OF4 = (NMIO * NUPPER * NWR);
ENDS

IORC, IOWC, OFFBDEN

4/7/87

1

A

16209-001

COMMAND DECODER

OPTIONS: TURBO=ON

PART: 5C090

INPUTS: MIO, RD, WR, INTAIN, CMDEN, .AEN1, A13, AF, AE, AD, AC
OUTPUTS: MRD, MWT, I0R, IOW, INTA, MRDC, MWTC,

NETWORK :

CMDLO(M10,RD,WR, ,CMDEN, AEN1,MRDC,MWTC, IORC, IOWC,) % OFB %

CMDLO(M10, NRD, NWR, NINT,ONBEN, VCC,MRD,MWT, IOR, IOW, INTA) % ONB %

292040-9

Figure 9. ADF for COMCODE.ADF

OFFBEN (Off-Board Enable) requests permission to
access the off-board bus from the external bus arbiter.
The bus arbiter enables the off-board decoder via
AENI1 (Address Enable 1) and CMDEN (Command
Enable). CMDEN allows the appropriate signal to go
high or low, and AEN1 causes the outputs to indepen-
dently enter or exit a high impedance state (three-state)."

4-60

Note the same name is used for both nodes of each
INPUT and OUTPUT macro call. Use of the same
name ensures proper connection when the Macro Ex-
pander eliminates redundant primitives (for example, a
CONF feeding another CONF).
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Compiling the Design

Proceed as follows to compile the ADF.

1.

Include AP312.LIB in the IPLS environment vari-
able. From the DOS command prompt, type:

SET IPLS=C:\IPLSII\AP312.LIB; ... <Enter>
For user-defined macro libraries that are regularly

accessed, the IPLS variable can be set in an
AUTOEXEC.BAT file.

. Invoke the iPLS II Menu by entering:

IPLS <Enter>

. Invoke the LOC from the Main Menu by pressing

<F4>.
. Answer the LOC pfompts as follows:
Input Format? - ' <Enter>
File Name? COMCODE <Enter>
Minimization? . Y ! :

Inversion Control? N -
LEF Analysis? Y ‘
Error Messagé Filee COMCODE.ERR <Enter>

4-61

The LOC then asks:

‘Do you wish to run under the above conditions
[y/N]?

Enter: Y

The LOC expands the macros and compiles the
expanded file to produce a JEDEC programming file
(COMCODE.JED), a utilization report file
(COMCODE.RPT), a minimized logic equation file
(COMCODE.LEF) and an error message file (COM-
CODE.ERR). For traceability, a file called COM-
CODE.SDF is created to show the expanded form of
the ADF output by the Macro Expander.’

5. The LOC terminates execution with the following
message: ‘

LOC cycle successfully completed

You can examine the LEF file to see the minimized
form of the design. The LEF shows the EPLD primi-
tives used to implement the design. Macro calls are not
shown in the LEF. If you wish, you can also use LPS
(Logic Programmer.Software) to program a part.
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lntroductlon.

The purpose of this paper is to describe a design methodology for -

Programmable Logic Devices(PLD's) and to survey current PLD
optimization techniques.

1. Perspective: Where do PLD's fit in?

The use of Programmable Logic Devices(FLD's) represents a
middle ground in logic design. The two common approaches to
logic implementation in today's market are Board Design
methods(building a solution frorn a selection of pre-fabricated -
standard parts - TTL/88]/MSI) and Custony/Semi-Custom design
methods(fabricating a custom logic chip to solve the problem at
hand, and thep building a much simpler board).

With the Board Design approach, PCB's carry the

fruit of a designer's labor to the customer. Many little black boxes
and other electrical circuit components make up the brunt of a
PCB's load. Many times there are large islands of functionality to
be connected together via encoding/decoding and timing circuits.
The islands of functionality (i.e. microprocessor, microcontroller,
RAM, EPROM, wransciever, etc.) all have different protocols, and
all speak different languages at different speads. .

Integrating the major devices of a board together involves much
“glue" logic. The typical designer spends time and effort looking
through a TTL parts catalog to find the best fit for a design based
on functionality, performance and price. After & preliminary
function-based board is laid out, modification passes are made
based on the parts needed and their availability. Large designs
increase the length and risk of this process. Even though most
major CAD vendors are addressing the problem of beard design,
simulation, test and interface with the Custom/Semi-Custom
arena, board design and manufacturing tools are rapidly becoming
the primary practical obstacle to effective production of end-user
systems. PLD's reduce the complexity of the end-user board,
hence reducing the length and risk of the implementation and
manufacturing process.

With the Custora/Semi-Custom design approach, the designer is
free to address functionality directly. The designer has much
flexibility in the functionality, speed and integration facets of logic
design. Certainly, the number of parts on an end-user PCB can
be greatly reduced by integrating most of a board's function into a
few custor devices. The problems associated with all the
flexibility lie in the physical design, modeling, and tools areas.
Specifically, in the physical design area, problems include
pracess specific bottlenecks, NRE charges and long lead times.

In the modeling area, extensive simulations must occur before
and after the device is built, as each device is custom crafted.
Finally, in the CAD tools area, a highly functional, but hard to use
set of tools guide and control the whole process. The tools are
the best in terms of functionality, but the worst in terms of cost
and ease of use.

The job of ASIC vendors in the next ten years is to make the -
Custom/Semi-Custom problems disappear or become acceptable

' to the logic designer of the next generation. The facts are clear.

Without advanced tools which automate much of the logic
designer's work, the Custom/Semi-Custom approach only works
for large scale, large volume or special purpose devices. Silicon
compilers and other Custom/Semi-Custom design methodologies
are working hard to overcome the inherent problems of this type
of design.

The use of PLD's in a design is a compromise between the
flexibility of a Custom/Semi-Custom design, and the standard
Board design methodolgy .

The definition of PLD which I am using for the purposes of this
paper is very general. A Programmable Logic Device is any
device, which can be programmed by the user, to realize a chunk
of combinatorial or sequential logic. A subset of the most
popular, or newest types of PLD's are: PAL's, PLE's(Monolithic
Memories), EPLD's(Intel, Altera), EEPLD's(Lattice), FPLA's,
FPLS's(Signetics), LCA's(Xilinx), and ERASIC's(Exel). All
except the last two are based on some form of two-
level(AND/OR) registered array logic. [ will mainly be concemned
with two-level array logic devices.

The good points of designing with PLD's are:

1. . The integration of many small chunks of TTL and SSI/MSI
logic into afew PLDs. Essential for efficient use of resources.

2. Aneasier overall development cycle than the Customy/Semi-
Custom route. Also easier than standard board TTL development
cycle once the learning curve is passed.

3. Much cheaper than the Custom/Semi-Custom design
methed for all but large volume designs. Usually cheaper than
standard board TTL design rmethod.

4. The breadboard character and medifiability of PLDs makes
thern an excellent R&D and learning vehicle in the design
environment.
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5. PLD CAD development tools are available to convert
standard TTL logic representations into the complicated fixed
architectures of an individual device. The CAD tools automate
this process, to a large degree, so that the user can use their own
design techniques.

The bad points of designing with PLDs' are:

1. Forlarge designs, using PLD's is not as functional or robust
as using CustonvSerm-Custom logic.

2. The CAD tools avaﬂable for PLD design are not as useful in
automating the whole design process as those in the
Custom/Semi-Custom arena. In fact, most of the tools are
derived from those used in CustomySemi-Custom design.

3. The speed and function constraints of the fixed device
architectures can be inhibiting. For example, not all types of
designs fit well into two-level array logic..

2. The PLD Development Environment

There are three pieces ina PLD development environment. First
is the input part. The design specification needs to be entered in
sorne form, such as a schematic, a finite state machine, or a high
level language description. Second is the processing part This
must include some kind of compilation of the input into object

code(JEDEC code), and usually also includes optimization of the .

design. Thirdis the output part. This includes the object -
code(JEDEC), test results/vectors, and statistics.

A PLD development environment has an underlying language for
representing design specifications, which is usually more general
than the intended devices. Often, the system provides means for
accepting input in other forms, which then translates into the
underlying language. We shall use the standard term "Hardware
Description Language"(HDL) when refering to this language, as
this is where these languages are heading in terms of complexity
and future directions.Examples of PLD HDLs' are ABEL by
Data/10-Futurenet, CUPL by Assisted Technology, ADF by.
Intel(Altera), PALASM by Monolithic Memories, LOG/IC by
Kontron, and AMAZE by Signetics.

There are four questions one can ask about a PLD development
environment and it's HDL. The answers to these questions
determine, for the user, which systems to use. The four
questions are:

Question I: s it easy to learm and easy to use(User-Friendly) ?

Question 2: s it generic enough to support the current
applications and new devices yet to come ? (HDL expressiveness
and functionality)

Question 3 Does the compiler use optimization techniques to
produce JEDEC code ? (Le. logic minimization)

Question 4: Are there alternate logic entry tools; like schernatic
capture and Finte State Machine entry, are there hooks for
simulation and other design methodologies, like gate arrays ?

As an exarnple, we answer the four questions for the HDL of the
Intel Programmable Logic Development System(iPLDS)(Altera).
The HDL of iPLDS is called Advanced Design File(ADF).

Question 1: 1s it easy to learn and éasy to use ?(User-Friendly)

+ Answer: The ADF language is made easier to learn for the

novice user by two items:

a Graphical Interface Tools

Logic Builder(LB): A graphical netlist entry and syntax
checking aid to the user entering designs which have already -
been written down on paper in a schematic fashion.

Logic Programming(LP): A graphical JEDEC file editor,
which allows the user to modify the JEDEC file. More
importantly, the tool allows the user to investigate and learn the
device architecture via a user-oriented graphical interface, and
then to program the part directly from this interface.

b. Frimitives:

Alarge(“80) set of logic and [/O Macrocell primitives which
capture all of the current standard ways to represent small chunks
of memory and combinational logic. This is useful for the novice
and occasional user, who doesn't have the time, or want to learn
the abstractions involved in rore generic HDLs".

Question 2: s it generic enough to support the current
applications and new devices yet to come ? (HDL expressiveness
and functionality)

Answer: Yes, itis generic enough to support those current
and future architectures based on two-level registered logic, -
which are produced by Intel and Altera. The large number of
primitives make the language unwieldly for support of new
devices not falling into this realm. Finally, it supports only Intel
and Altera devices.

Question 3: Does the compiler use optimization techniques to
produce JEDEC code ? (Le. logic minimization)

Answer:  Yes, logic minimization, DeMorgan's inversion of
outputs, ‘outputs, and automatic fitting of resources and pins to the given
device are <upported in an integrated fashion.

Question 4: Are there alternate logic entry tools, like schematic
capture and Finte State Machine entry; are there hooks for -
simulation and other design methodclogies, like gate arrays ?
Answer: Alternate enrty methods include schematic capture,
FSM entry, and Graphical Netlist entry(LB). There are currently
no tools for functional sirnulation, nor is ther any way of
interfacing to other design tools. Both topics are being -
considered for the future.

The third party HDLs', like ABEL, CUPL, and LOG/IC are, in
general, harder to learn and use. They afford greater
expressivness and generality in addressing design problems.
Because of the need to-work with most devices-on the market, -
these HDL's resemble more closely their high-power cousins in
the Custor/Semi-Custom design arena. They have no automatic
resource fitting and pin-assignment, but do have a robust set of
integrated tools involving functional simulation, =~chemauc capture
and FSM entry available.

3. PLD Optimization Tools

Here we introduce and describe the current rnix of optimization
tools in the PLD development workshap. The goal of CAD
optirnization tools for PLD design is to speed up the design cycle
by reducing designer time, and to cram larger designs into a fixed
device. The optimization tools of a typical PLD development




system usually reside in the HDL compiler. The tools can be
viewed as compiler optimization tools.

The four optimization tools of concemn to us are:

1. Logic Minimization - Atoolto reduce the complexity ol
the logic equations implementing a design.

2. Finite State Machine(FSM) Compiler - Atcol which
takes.an FSM description and uanslates or compiles itinto an
HDL.

3. DeMorgan's Inversion - A tool which can reduce the
amount ogf logic needed by inverting the sense of some of the
output signals of the device.

4. Fitting and Pin Assignment - A tool which automatically
fits the resources and pins which the user chooses not to.

We discuss each topic seperately, and illustrate, by the use of the
Dice Example, (Figuresi-3) most of these features.

Loglc Mlmmlzauon'

Logic minimization is currently the best optirization tool available
for PLDs". Logic minimization for current PLD development .
systems is ‘strictly a two-level logic tool, and totally replaces, for
combinational logic purposes, the Karnaugh Map and Quine-
McCluskey Algorithm methodology for finding the miniraum size
set of equations. For two-level logic(AND/OR), most cormnpilers
use a single or multiple output heuristic minirnizer. University
research and industrial experience show that the NP-complete
problem of two-level logic minimization has been effectively
solved for the size of problems currently being considered in
practice.: Currently, the most effective minimizers are Espresso,
McBoole, and Presto-II. Espresso has been shown, in
aggregate, to be within one-percent of the minimurn answer on * -
104 test cases. On current PLD size problems, the test cases
indicate that Espresso will find the minimum olution almost
always [1, 2 3, 4]

The user of minirnization tools usually has a concem about the
process. The minimization tools have the side-effect of
producing a reduced equation set that doesn't always reflect the
designer's thought process relative to the un-minimized equation
set. This results in confusion in trying to understand the design
from the reduced equation set. For the same reason, editing a
JEDEC file to change a few bits of a design is error-prone and to.
be avoided. To independently verify the meaning of the design
and the resulting minimized boolean equations, functional test
vectors should be created and run through a functional sirulator. .
This will catch design errors and give a truth-table verification of
the design. For some HDLS', there are tools available that will
autornatically generate test vectors. Actually, due to the fived
architectures of PLDs', automatic test generation is much more
feasible in the PLD arena than in the Custora/Semi-Custom area.
Of course, a designer can chocse to not have the equations
minimized if they already fit into the target device before
minimization, but in complicated designs, this is rarely the case, as
the Dice Exarnple at the end of this paper shows.

Future PLD tools- will depend more and more on logic
minirnization. Just as a high-level language prograramer looks

less and less at the object code produced by a compiler, the logic
designer will not be concerned with the minimized code output
of the PLD logic compiler.

FSM Compiler:

An FSM compiler is included in the list of PLD optimization tools
because it allows for a compact representation of a sequential
circuit. This leads to ways to introduce systematic optirization
techniques like logic minimization and autornatic state assignment
ata transparent level for the user. Designing at the level of states
and transitions results in a more cormpact HDL description for the
same logic function, with fewer mistakes being made. FSM
description also allows the user to change memory element types
and state assignments in an error-free manner. FSM's are also
well understood, theoretically, and are a ripe area for future tool
developrnent. Most logic texts present many hand tabular
methods for optimizing FSM designs. These hand methods can
be autornated and extended to praduce new tools for FSM based
design.

DeMorgan's Inversion:

DeMorgan's inversion, in AND/OR type PLD architectures, with
inversion control inthe /0 macrocells, refers to logically inverting
an output signal phase in such a way that the number of p-terms
realizing the complement function is less than the original
function. This can save the user from an un-solvable p-term fitting
problem due to too many p-terms when using one sense of an
equation. For devices with single output macrocells, like PALS,
and EPLDs, thecormplement of the single output equation is
cornputed and then minimized The sense of the equation with
the least nurber of p-terms is then the one that is implemented
in the device under programming.

Fitting and Pin Assignment.

The fitting and pin assignment problem refers to compiling a
design file, and having the corpiler automatically choose those
device resources and pins that the user did not assign in the
design file. In the past, device architectures have been sirple
enough and small enough so that fitting and pin assignment ‘were
not a problem for the user. Now, with increasing size, complexty,
and non-homogeneity of the device architecture, a heuristic CAD
tool, which is like an automatic place and route tool, is a necessity.
If & device architecture is homogeneous with respect to structure
and resources, fitting is not a probler, as there is no contention
for resources or placernent of those resources. Fitting is a
problem when there are multiple clocks and types of clacks,
multiple device sections(like quadrants), varying numbers of p-
terms per quadrant, product terr sharing and steering, input pins,
I/0 raacrocells of varying types, or buried registers. The greatér
the nuraber and size of the features, the greater the fitting
problem. Without a tool to help, the designer must do the fitting
by hand, leading to errors and not finding an allowable fit

Some of the large scale devices that exhibit these problermns are
Intel's{Altera's) SC1Z1(EP1210) and SC180{EP1800) . The fitting
and automatic pin assignrent tools of iPLD3 relieve the user
from having to deal with this problem.
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3. Future PLD Optimization Tools
This section describes new directions for,PED debeiobmeni

systems optirnization tools. Optimization tools must be near
transparent to the user to get universal acceptance. Of the four

optimization tools mentioried above, all but the FSM compller tool,

satisfy that criterion.

There are basically two types of 0pﬁmization tob]s which will
appear in the PLD arena. The first type are tools which are
ported [ram or interfaced to the Custom/Semi-Custom

environment. The current logic description and synthesis tools of

silicon compilers and CustonySemi-Custom CAD tools fit into
this classification. The second type are new tools which will
address the architecture-specific optimization issues. The tools in
this group will use methods based on logic optimization and
expert-system techniques. These two methodologies will be
applied to taking abstact specifications and realizing them
automatically into multiple devices, or in taking multiple abstract
specifications and realizing them in one device.

Portation of Custom/Semi-Custdm Tools:

Available ideas ready for porting to the PLD environment down
the HDL path include implementing a subset of VHDL(VHSIC
Hardware Description Language) (5], and having the compiler -
produce an EDIF(Electronic Design Interchange Format) [6]
intermediate format. In this.way, interfacing with other toolboxes

of any tvpe will be easier.- New device support will also be- easwr ;

given the generic nature of VHDL: Using VHDL would also -
standardize an HDL, and allow designers to learn one HDL *

which will last for a long time.. Also, PLD tocls which interface |

with the (‘ustomlSerm-Cuswm tonlset involving board design,
testing and manufacturing is needed now, and is being addressed
by the raajor CAD vendars. Standardization, likeé VHDL and-
EDIF will, eventually, lower the cost of these interfaces.

The new logic minirization algorithras, like Espresso, and new
state assignment tools, like K133[7] and STASH [8]can be used in
the PLD environraent.  The algorithms and methods of tools
involving placement and routing can be applied to the fitting/pin
assignment problern. On the logic synthesis side, new tools
which combine expert-systems with multi-level logic optimization
can be applied to PLD devices which allow multi-level logic to be
easily implernented.

The key point, irregardless of the actual tools from the
Custom/Semi-Custorn arena which are productized is that the
user have an essentially transparent view of any new optimization
tools.

Once a PLD is manufactured, the functionality cannot be
changed. This fact leads to the belief that tools can be created
which map logic, which is too big or too slow, intc multiple
devices by doing automatc logic partitioning. The converse
problem of fitting rultiple chunks of communicating logic into one
device may also be addressed. Tools to fit multiple state
machines into one device, or to partition a schematic or FSM into
two or more devices is a. first step. For example, the Dice
Exarnple(Figures 1-3) has three small state machines, which are
mtegrated into one device and design file. Expert-systems can
capture the rules for partitioring, and the database of all allowable
devices, while optirization technigues can make the expert-
systems work as swell as, or better than a logic designer.

Conclusion:

We have surveyed the reasons for, and components of PLD
development systems, with emphasis on the Hardware
Description Languages, and optimization methods in such
systems. The conclusions of the survey are that the HDL's are
the essential cornerstone of any PLD system, and will control the
future directions of any new PLD development tools. The second -
conclusion is that two-level logic minimization, FSM compiler,
and autornatic fitting tools are the most important in the PLD
optimization area. Also, recent breakthroughs and public
availability of heuristic minimizers point to increased use of such
tools. Finally, future directions, and an expanding market indicate
a wide range of new tools will appear. The key emphasis will be
on making them transparent to the user, who, when all is said and
done, knows how to design logic best!
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bice Example Description

Problem: Design a circuit that.will roll two dice. Push a switch to
start the dice rolling. When the switch is released, .2 (pseudo)
random set of numbers will be d:splayed

The example is written using the FSM commler module of iPLDS.
This example is a modification of . an existing Application Note[AP-
279] design, which is written in ADF language. .

The Dice Example pseudc-randomly rolls two dice. 'l'he Dice
Example is composed of three FSMs'. The first two are essentially
up-counters, which count from one to six, using the notation groups
of ane or two LED's, for each of louv outputs, to represent the six
faces of a die. A picture which i the LED gr b:
listing the output signal name next to the LED controlied by it, is
given in Diagram 1. The groupings.for bolh die are identical, and
hence, listed next to-each other.

The third machine generates a short pseudo—nndom bit sequnce by
implementing a Lmear Feedback Shift Register(LFSR) , with three
registers. The p bit from the LFSR are
used to add probiblllsm: transitions to the up-counter model of
each die. The implementation of the LFSR is by straight
memorization of the sequence, by means of the state variables of an
up-counter. .

_ Dice LED Encoding -
1b,2b % o % 1c, 2c
1q,2d % ; % % 'lrd.z‘.d '
1c, 2 %'Ia‘, 7a % Ib,2b

Die 1 Signals: 1a, 1b, 1c, 1d -
Die 2 Signals: 2a, Zb, 2c, 2d

- Figure 1.

The Dice Example shows the usefulness of logic minimization.
Figure 2 shaws the FSM Language(State Machine File)
representation of the Dice Example under the iPLDS system.
Figure 3 shows the ADF code which resulted, as an mtennednm
step, in the compilation process.

The target device, ‘the 5C060, has 16 IIO_ macrocells, but each

Il has only h room for 8 p-terms. There are 11
equations that result from the Dice Example design. :Four for each
die, to control the LED's, and three from the state vanables of the
Linear Feedback Shift Register..

We pnsem a before 'and after minimization table, showmg the effect
of lhe mmlmnzatlon and the automatic DeMorgan s lnvtrston s!ep

ﬁems p-terms

: ... .. before after
Equation _Inputs min. min
Sv3.d 3 3 2
Sv2.d 3 3 2: .
Svtd o003 3 2
2d.d 6. 3 L3
20d [3 9 4
2b.d 6 3 4
2ad 6 10 6
1d.d 6 3 3
led [ 4
1b.d 6 § . 4
tad 3 0. 7

A necessary condition to fitinto the 5C060 is that all of the numbers
in the last column be no mare than 8, as there are no more than 8
p-terms ted to any {l. This particular problem took 2
minutes of CPU time on an 8Mhz PCIAT Reducing these equations
by hand, even for this simple example, would be difficult. The need
for the automatic minimizer is clear in this example. Withoutit, a
designer would either have to reduce the eqations resulting from the
FSM Language. by hand, or not use an FSM Language at all, and do
the whole design using hand-crafted methods.
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intel
Dice Examp.le

FSM Language(SMF) Description

Alan Coppola

Intel

July 21, 1986

Part No.: LasVegas

Ver. 3.0

5C060

Roll a pair of die

LB Version 4.01, Baseline 27.1 4/9{86
PART: 5C060

% No pins assigned:
Automatic Pin Assignment and Fitting %

INPUTS: clki, clk2, Go
OUTPUTS: 1a, 1b, 1c, 1d, 2a, 2b, 2¢, 2d

NETWORK:
clki = INP(clk1)
clk2 = INP(clk2)
Go = INP(Go)

Three term LFSR, implemented by storing sequence
in state variables, which act as flipping coins. ’
% . .

MACHINE: LFSR

CLOCK: clk2

STATES: [Coint Coin2 Coin3]
S0 [000]

st (o0

S2 1101

S3 [011]

S4 Qo1

§& [010]

S6 [001]

%

State equations are:

Coin2 := Caint

Coin3 := Coin2

Coin1 := {(Coin2 xor Coin3)

MACHINE: Die_Roll_1
CLOCK: clk1

x

State variables are used as outputs to die.
Each state encodes the set of LED's to light
to realize that die value.

%

STATES: [1a 1b 1c 1d]

Reset [000 0]
One {1000
Two [0100]
Three [1100]
Four [0110]
Five [1110"
Six [0111]
%

Coin2 is a pseuda-random coin, which controls the
up-counter transitions, so that the dice roll is
pseudo-random.

%

Reset:
it Go Then One
" One:
it GoXCoin2 Then Two
Two: :
.If Go®Coin2 Then Three
Three: .
If Go®Coin2 Then 'Four -
Four: :
If GoXCoin2 Then Five

Five:
_ It Go®Coin2 Then  Six

ix:
If Go¥Coin2 Then One

MACHINE: Die_Roll_2
%

_Duplicate of Die_Roll_1 machine, except for
a different die, using a different pseudo-random coin.
3 ’ :

CLOCK: clk2
STATES: [2a 2b 2¢ 2d]
ResetDie2 [000 0]
OneDie2 [100 0]
TwoDie2 [0100]
ThreeDie2 [1t100]
FourDie2 [0110 "
« FiveDie2 [111.0]

SixDie2 [011 1]
ResetDie2:

It Go¥Coin3 Then OneDie2
OneDie2:

it Go*Coin3 Then TwoDie2
TwoDie2:

If Go*Coin3 Then ThreeDie2
ThreeDie2:

!f Go®Coin3 Then FourDie2
FourDie2:

if Go®Coin3 Then FiveDie2
FiveDie2: )

If Go¥Coin3 Then SixDie2
SixDie2:

If Go¥Coin3 Then OneDie2
END$§

Figure 2.
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Dice Example

Hardware Description Language(ADF)

Alan Coppola

Intel

July 21, 1986

Part No.: LasVegas

Ver. 3.0

5C060

Roll a pair of die

LB Version 4.01, Baseline 27.1 4/9/86

SMV Version 1.01 BETA2 Baseline 26.1 4/3/86
PART: 5C060

INPUTS:
clkt, clk2, Go
OUTPUTS:
1a, 1b, 1c, 1d, 2a, 2b, 2¢, 2d
NETWORK:

clk! = INP(clkt)

clk2 = INP(clk2)

= INP(Go)

%
Three term LFSR, impl d by storing

in state variables, which act as flipping cains.
X

lIO's for State Machine “LFSR™

Comi ‘NORF(Coml .d, clk2, GND, GND)
Coin2 = NORF(Coin2.d, cik2, GND, GND)
Com3 NORF(Coin3.d, clk2, GND, GND)

IIO s for State Machine “Die_Roll_1"

h 1a = RORF{1a.d, clk1, GND, GND, VCC}
" 1b, 1b = RORF(1b.d, clki, GND, GND, VCC)
1c, 1c = RORF(1c.d, clki, GND, GND, VCC)
1d, 1d = RORF(1d.d, clki, GND, GND, VCC)

% )
1/0's for State Machine “Die_Roll_2"
% .

2a, 2a = RORF(2a.d, cik2, GND, GND, VCC)
2b, 2b = RORF(2b.d, clk2, GND, GND, VCC)
2¢, 2¢ = RORF(2¢.d, clk2, GND, GND, VCC)
2d, 2d = RORF(2d d, clk2, GND, GND, VCC)

EQUATIONS:
X

Boolean Equations for State Machine “LFSR™
X

% .
Current State Equations for "LFSR"
%

S0 = Coin1'%Coin2'¥Cain3’;
81 = Coin1¥Coin2'¥Coin3’;
Coin1®%Coin2®Cain3’;
0in1"%¥Coin2%Coin3;
0in1%Coin2"%Coin3;
S5 = Coin1'®Coin2®Coin3";
is = Coin1"¥Coin2"%Cain3;

SV Defining Equations for State Machine "LFSR”

%

Coinl.d=S1t.n + S2.n + S4.n;
Coin2.d=52.n+ S3.n +S5.n;
Coin3.d=S3.n+ S4n +S6.n;

%
Next State E. i for State Machine "LFSR"
*

St.n=S80;
S2.n=851;
£3.n = 8§2;
S4.n = 83;

§5.n = §4;
S6.n = S5;
X

Boolean Equations for S(-ate Machine “Die_Roll_1"
% .

% R
Current State Equations for “Die_Roll_1"
%

Reset = 1a'¥1h'®1c'*¥1d";
One = 1a¥b'®c'®d";
Two = 1a’¥1b®¥1c'Md";
Three = 1a¥1b¥ic'¥1d';
Four = 1a"%1b¥{cE1d";
Five = 1a¥1b¥1c¥1d’;
Six = 1a'¥b¥{ cX1d;

%

SV Defining Equations for Staté Machine "Die_Roll_1"
x

1a.d = One.n + Three.n + Five.n;.

1b.d' = One.n + Reset.n;

1c.d = Four.n + Five.n + Six.n;

1d.d = Six.n;

% .
Next State Equations for State Machine "Die_Roll_1"
%

One.n = Six ® Go ¥ Coin2 + One ¥ (Go * Com2)
+ Reset ® Go;

. Reset.n = Reset ¥ (Go)';

Three.n = Three ® (Go ® Coin2)’ + Two X Go ¥ Coin2;
Four.n = Four ® (Go ® Coin2)'  + Three ¥ Go ¥ Coin2;
Five.n = Five ¥ (Go * Coin2)’ + Four ¥ Go ¥® Coin2;

Six.n = Six ¥ (Go X Coin2)' + Five ® Go * Coin2;
X i

Boolean Equations for State Machine “Die_Roll_2"

%

Current State Equations for "Die_Roli_2"
%

ResetDie2 = 2a"%2b'%2¢'%2d";
OneDie2 = 2a¥2b™®2¢"¥2d";
TwoDie2 = 2a'%2b¥2¢'%2d";
ThreeDie2 = 2a%2b¥2¢'%2d";
FourDie2 = 2a'%2b¥2c¥2d’;
FiveDie2 = 2a%2b¥2¢¥2d";
SixDie2 = 2a'¥2b®2c%2d;

%

’s‘v Defining E i for State Machine “Die_Roll_2"
2a.d = OneDie2.n + ThreeDie2.n "+ FiveDie2.n;

2b.d’ = OneDie2.n + ResetDie2.n;

2¢.d = FourDie2.n + FiveDie2.n + SixDie2.n;

2d.d = SixDie2.n;

x

zex\ State Equations for State Machine "Die_Roll_2"

OneDie2.n = SixDie2 ® Go * Coin3

+ OneDie2 * (Go % Coin3)’

+ ResetDie2 ® Go ® Coin3;
ResetDie2.n = ResetDie2 * (Go * Coin3)’;
ThreeDie2.n = ThreeDie2 * (Go ¥ Coin3)’

+ TwoDie2 ® Go * Cain3;
FourDie2.n = FourDie2 ® {Go ¥ Coin3)’

+ ThreeDie2 ¥ Go * Coin3;
FiveDie2.n = FiveDie2 ¥ (Go * Coin3)’

+ FourDie2 ¥ Go * Coin3;
SixDie2.n = SixDie2 * (Go ¥ Coin3)’

+ FiveDie2 ¥ Go ¥ Coin3;

END$

» Figure 3.
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EPLD THIRD PARTY PROGRAMMING SUPPORT*

Company

" Adaptor

Model | Type | Module ‘Devices Supported
Adams/Macdonald | P11 Universal | — ' PA-1 5C031, 032,060
Enterprises ‘ : , - )
(Promac) Sprint Plus | Universal | — — 5C031, 032, 060
Data l/0 298 Universal | LogicPack | 303A-010 V.2 5C090,121 _
V4 - | 303A-011A V.7 5C031, 032, 060, 5AC312
‘ 303A-011B (PLCC) | 5C060
.140 Universal | — — 5C031,032_, 060, 090, 121
‘ ) Chipsite (PLCC) | 5C060, 090, 180
60A/H |Logic |— — 5C031, 032, 060
Unisite Uni\'/er‘sai‘ — Site 40 5C031, 5C032, 5C060, 5C090,
oo N 5C121,5AC312
) Chipsite (PLCC) | 5C090, 180
DigéIec 803-LDC |PLD — — " 5C031, 060, 121
803-DP5 |Logic |— — 5C0831, 060, 121
Kontron - - EPP-80 |Universal|UPM/B |— |5C031, 032, 060 ,
: ‘ 1 UPM/C — 15C031, 032, 060,090, 121 .
Oliver Advanced | Omni 64 | Universal [ — OM-S-20 LCC 5C031
Engineering - = OM-S-24 LCC 5C060, 090, 121
Stag ZL30 Logic — — ' 5c031‘, 032, 060 ‘
ZL30A Logic —_ —_ 5C031, 032, 060
' 30A640 50031 032, 060, 090, 121, 180
ZL33 Gang — — 5C031, 060
PPZ Universal | ZM2200 | — 5C031, 032, 060, 090, 121

*Claimed by the manufacturer to support the listed devices, Not qualified by Intel.
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_ PLA TO EPLD REPLACEMENT

Already in wide use throughbut the electronics in-
dustry are numerous different Programmable Logic
Devices. Many of these are PALs from MMI. Cur-

rently, two of our EPLD products, the 5C060 and
5C031 can functionally replace most 24-pin and 20- °

pin PALs, respectively. A third product, the 5AC312,

with its architecturally advanced features, can re- .

place most designs using. more complex PALs such
as the 20RA10, 22Y10, and 32V10.

The 5C031

The 5C031'is a d_irect, dirop-in{replacement for most .
20-pin PALs, although some PALs have an'incom- .

patible architecture.

The 5C060

The 5C060 is NOT a drop-m replacement for any 24- .
pin PAL, though it can functlonally replace most. The ..
reason for this is that pin 1 is used as the main clock .
on registered PALs and as an input on non-regis- .

tered. Also, pin-13 is.used-as an OE line on some
PALs, and as an input on others. The 5C060, howev-
er, uses pin 1 as the:left-half synchronous clock in-

input.

put and pin'13 as ‘the right-half synchronous clock- ‘

While that may not be’afprob'lem in some PALﬂde- -

signs, those designs that: require clocking or inputs

~on pins 1 or 13 will necessitate hardware modifica- -
tions. In the case of.the registered PALs, the con- -
nection to'pin 1 must be rerouted to pin 13 and the -
OE connected to one of the available inputs (lf )
used). In this manner, the 50060 can functlonally :

replace the PAL.

The 5AC312

The 5AC312 is a direct, drop-in replacement for the
20RA10 as well as many of the other simple 24-pin
logic devices. The 5AC312 can also serve as a drop-
in replacement for most designs using the 22V10 or
32V10 devices.

5C031/5C032 As a 20-Pin PAL Replacement

- -100% . Functionally
Compatible Compatible
10H8, -2
12H6, -2
14H4, -2
~16H2, -2
+10L8,-2
12L6, -2 16R6A
16L8, A-2, A-4 16R4A
16R4, A-2, A-4 16L8A
1414, -2 16RP6A
16L2, -2 " 16RP4A
16R8, A-2, A-4 16P8A
16R6, A-2, A-4 16R8A
16P8, -2 - - 16RP8A
16RP8, -2
16RP6, -2 -~ i
16RP4, -2
. 16V8
These are -~ These are -
25 ns-45ns PALs 15 ns PALs.

5C060 As a 24-Pin PAL Replacement

‘Modified  Functionally
Replacement . Compatible
a2L10 . o 20L8A .
14L8 20R8A
16L6 20R6A
18L4 " 20R4A
20L2
20L10 . .
20L8
20R8
20R6
20R4 ,

. .20RA10 |
. 'With hardware Theseare -
modifications

15 ns PALs.

5AC312 As a 24-Pin PAL Replacement

100%
100% .

" - Compatible
Compatible (Qualified)
20L8 22V10
20R8 32V10
20R6 Dependent on the
20R4 number of product
20RA10 terms used.




ORDERING INFORMATION

Intel EPLDs are identified as follows:

M D 5 (¥ X - X X - S S

—— -/ — — — J —
Device Speed
Technology
C —CHMOS

AC — Advanced CHMOS

Package Type
A — Hermetic, Pin Grid Array
D — Hermetic, Type D (Cerdip) Dip
N — Plastic, Leaded Chip Carrier
CJ — Ceramic, J Leaded Chip Carrier
P — Plastic Dip and Plastic Flatpack
R - — Hermetic, Leadless Chip Carrier
X — Unpackaged Device
A — Indicates automotive operating temperature range (—40°C to +125°C) .

J — Indicates a JAN qualified device, but is for internal identification purposes only. All JAN devices must
be ordered by M38510 part number. (Example: M38510/42001 BQB), and will be marked in accord-
ance with MIL-M-38510 specifications.

L — Indicates extended operatlng temperature range (—40°C to +85°C) express product with 160
+8 hrs. dynamic burn-in.

M — Indicates military operating temperature range (—55°C to + 125°C)

Q — Indicates commercial temperature range (0°C to 70°C) express product with 160 +8 hrs. dynamic
burn-in.

T — Indicates extended temperature range (—40°C to +85°C) express product without burn-in.
— No letter indicates commercial temperature range (0°C to 70°C) without burn-in.

Examples:
QD5C060-45 Commercial with burn-in, ceramic Dip, 060 (600 gate) device, 45 nanosecond.
*On military temperature devices, B suffix indicates MIL-STD-883C level B processing.
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Device Feature Comparison

5C180 - 5CBIC 5AC312 5AC324

5C031 5C032 5C060 5C090 5C121

INPUTS : .
Dedicated 10 10 4 12 12 12 8 10 12
Maximum 18 18 20 . .36 36 60 ‘16 22 36
Input Latches : Y Y Y Y
170 ¥
Number 8 8 16 24 24 48 32 12 24
Tri-State Y Y Y Y Y | Y Y Y Y
Programmable Y Y Y Y Y Y Y Y Y

Polarity .
MACROCELLS 8 8 16 24 8 48 8 12 24
REGISTERS : C : o :
Number 8 8 16 24 - 28 48 8 120 24
Types D D o/T/ D/T/ . D . ..D/T/ DIT/- D/T/  DIT/

RS/JK RS/JK RS/JK . RS/JK - RS/JK  RS/JK

Buried Reg.'S 4 o ‘
Preload ' Y Y Y Y Y Y Y Y Y
By-Pass Y Y Y Y Y Y Y Y Y
Reset. B 4 Y ¢ Y Yo Y . Y Y Y
Preset 2 C o Y Y. Y
PRODUCT TERMS S I I D o
Number 74 72 160 240 236 480 12 ‘200 394
Sharing i B Y- : : SR
Variable Prod. . Y

Term Distribution
LOCAL/GLOBAL BUSSES ‘ Y Y
CLOCKS 11 2 2 2 4 2 2
Asynchronous Y Y Y Y Y Y

Clocking '
Programmabie Y

Clock Edges
SECURITY BIT Y Y Y Y FY Y Y Y Y
TURBO BIT ,

(LOW POWER) Y Y Y Y Y Y Y Y
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ELPD CUSTOMER SUPPORT

Hotline "

The Intel EPLD Technical Hotline is manned by ap-
plication personnel from 8:00 a.m. to 5:00 p.m.
(PST) every business day. The number for the Unit-
ed States and Canada is 1-800-323-EPLD (1-800-
323-3753). Outside of the U.S. and Canada, contact
your local Intel Sales Office. The Hotline is provided
to assist with technical questions concerning Intel
EPLDs.

BBS

Intel has a Bulletin Board System for registered iPLS
and iPLS [l customers to electronically transfer infor-
mation. Any registered person with a modem can log
onto the system. The current number is (916) 985-
2308. If your communication software supports file
transfers, you can receive utilities, software updates,
and the latest information on EPLDs via the Bulletin
Board.

Data format for the BBS is as follows:
Start Bits: 1

Stop Bits: 1

Data Bits: 8

Speed: 300 or 1200 BAUD

-ASCH"™

Transmit/receive protocols supported are:

XMODEM
KERMIT

- TELINK i '

Cyclic Redundancy on XMODEM

EPLD Customer Design
Support Center

Intel has a Customer Design Support Center to help
customers who are implementing EPLD designs.
Service includes answering questions, device selec-
tion assistance, and design partitioning as well as
limited prototyping, and product/design evaluation
and implementation. For more information on the
Design Support Center, contact your local Intel field
sales office.



COMPATIBLE COMPUTERS FOR iPLDS I

A partial list of computers that have been verified to be software compatible with the Intel Programmable Logic
Development System (iPLDS 1) is given below: -

AT&T 6300 and 6300+

Compagq family of PCs (88 86, 286, 386)

IBM AT

IBM XT

IBM XT-286

IBM Personal System Il Model 30

HP Vectra

Sperry IT

Tandy 3000 HD

The IBM Personal System Il Models 50, 60, 70 and 80 can run iPLS Il (Intel Programmable Logic Software)
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ALABAMA

.1.015 C:?lord Or., #2

Huntsville 35805
Tel: (205) 830-4010

ARIZONA
Intel .
{1 225‘;{“58\7! Dr.
Suite D-214
Phoenix
Tel: (602) 869-4980
Intel Coa)
I!G! N. El Dorado Place
Suite 301
Tucson 85715
Tel: (602) 299-6815
‘CALIFORNIA

{intel Corp.
2151 S‘ngwen Street

Suite
ja Park 91303

Tel: (¢ |B) 704-8500
%250 E. Imporiul Highway

uite
Tol??l 3) 340-6040 .
+intel Cory
lSlDNdeﬂ W Smxe 101
Sacramento
Tel: (916) 920-8096

Intel Corp.
1350 Executive Drive
Su ite 105

92121

Tal (619) 452-5880

Intel Corp.
00 N. ;"t)mﬁn Avenue

TW){79|))-595-||14

;Ian’l'sl Corp.*
Tomas 4
2700 San Tomas

DOMESTIC SALES OFFICES

GEORGIA

Tel: (404) 449-0541
ILLINOIS

Intel Corp.*
300 N. Martin nlenl;oad. Suite 400

Schaumbur 1
Tel: (312) -8031
FAX: 312-605-9762
INDIANA

Intel Co
777 Pur jue Road

nd an -s 46268
Tel: (317) 875-0623

IoOWA

Intel Corp.
1830 St. Andrews Drive N.E.
Floor

Cedar Rapids 52402
Tor (319) o3 510

KANSAS
tintel Corp.
10985 Cogé St.
Suite 140, Bidg. D
rerland Park 1
Tel: (913) 345-2727
MARYLAND
tintel Corp.*
7321 Parkway Drive South-
Suite C
Hanover 21076
Tel: (301) 796-7500
=71 -1944
Intel .
833 V%:Irlger Drive
Suite 550

Greenbelt 20770
Tel: (301) 441-1020

nd
Santa Clara 95051
Tel: (408

TWX: 91 255
FAX: 408-727-2620

‘COLORADO

Inte! .
14"45 mpuk Drive

Suite 100
jorado s 80907
Tel: (719) 22

Ilsr:)S MS( . Suite 915
Tww 9@|-2209

‘CONNECTICUT
Intel Corp.
16 Mill Plain Road

WZ& 745-3130

56-1199
FLORIDA

z tel .
NW. SVI;Wﬂ , Suite 100

-956-9407
FAX: 305-772—8193

Intel Corp.

&50 T.G. Lee Bivd.

Suite 340

Orlando 32822

Tel (40 240-8000
-AX: 407-240-8097

tintel Corp.

naoo#n Street North

St. Petersburg 33716
Tel: (813) 577-2413
FAX: 813-578-1607

@

les and Service Office
“Field Application Location

tintel Corp.*
w‘gsallovd Corp. Center

Wesuord 01886
Tel: (508) 692-3222
Al

MICHIGAN
tintel
7071 o(:roc;-pw Lake Road
Tel: (313) BSI<BO96
MINNESOTA

Intel Corp.
;500 W. eom St., Suite 360
Bloomu |
Tel:
TWX: 91 0-576-2867
MISSOURI
tintel Corp.
4203 Earth City Expressway
Suite 131
Earth Cif
Tel: (314?291-1990
NEW JERSEY

;arkway 09 Olﬁce Center
328 Newman Springs Road
Red Bank 07701

Tel: (201) 747-2233

Intel Corp.

80 Corporate Center
75 Livingston Avenue
First Floor
Roseland 07068
Tel: (201) 740-0111
FAX: 201-740-0626

NEW MEXICO

xSOO Mennul Boulevard N.E.

Ye'Iw%Osqi’S ue 87112

NEW YORK

Bmgharnlon 13905;
FAX 509 723-2677

;50 Cross ngs Office Park,
16 425-2750
253-7391
;950& ressway Dr., South
Sute 130 o
Isllndla 11722
5 6) 231-3300
0-227-6236

tintel Corp.
usiness Center
ute 9

Tel: 14) 897-3860
FAX: 914-897-3125
NORTH CAROLINA

glnlsl Corp.
Exocmwo Center Dr.

;700 V% cliff Road

s (819) Tats0z2
OHIO

.5401 l;urk Cemer Drive

Sul

Tel 513 8905350
TW} 810-450-2528

Intel Corp.*
5700 Science Park Or., Suite 100

122
Tel 216 464-2736
127-9298

OKLAHOMA

wel Corp.
oadway
Suite

Okishoma City 73162
Tel: (405) 848-8086

OREGON
Ilmsl Corj

5254 N.! \” Greenbrier Parkway
Bunldm

on
Tsl é 5—00
67-8741

PENNSYLVANIA

Intel Corp.
155 Pannsylvama Avenue
Suite 230
Fort Washington 19034
Tel: 215% 641-1000
- 51 1-2077

Intel Corp.*.

00 Paﬂn Center Bivd., Suite 610

l'el (4!1?) 823-4970
PUERTO RICO

tintel Microprocessor Corp.
South Industrial Park
P.O. Box 910

Las Piedras 00671
Tel: (809) 733-8616

Austin 78752
Tel: (512) 454-3628
tintel
12000%%% Road
S 00
Tel: (2“ 2“-8087
FAX: 21 -1180
tintel Corp.*

322 s W. Frocway
Houslon 77074
Tel: (7 13 988-8086

1-2490
UTAH
tintel Corp.
428 Eas:'&oo South
Suite 104
Murra‘ 84107
801) 263-8051

VIRGINIA

+Intel Corp.
1504 Sanla Rosa Road
Suite 108

Richmond 23288
Tel: (804) 282-5668

WASHINGTON
tinte! Corp.

155 lOBlh ‘Avenue N.E.
Suite 386

Bellevue 98004
Tel: !206 453-8086
: 91 3002
1Intel C¢
08 N. &:Ap!lan Road
Su 02
Tel: (509) 928-8086
WISCONSIN
Intel Corp.
330 S. Executive Dr.
Suite 102
Brookfield 53005
Tel: (414) 784-8087
FAX: (414)796-2115
CANADA
BRITISH COLUMBIA/
Intel Semiconductor of Canada, Ltd.
4585 Canada Wa Suite 202
Burnaby V5G 4
Tel: (604)
FAX: (604) 298-8234
ONTARIO
Intel Semiconductor of Canada, Ltd.
650 Queensview Drive
Suite 250
Ottawa K2B 8H6
Tel: (613) 829-9714 .
TLX: 053-4115
fln(el Semmonducmv of Canada, Ltd.
190 Attwell Drive
Suite 500
Rexdale MW 6H8
Tel: (416) 675-2105
TLX: 06983574
FAX: (416) 675-2438
QUEBEC
Intel Semiconductor ol Canada, Ltd.

Tel: (514) 694-9130
TWX: 514-694-9134
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EUROPEAN SALES OFFICES

DENMARK

Intel

Glentevej 61, 3rd Floor
n

Tel: (45) (01) 198033

TLX( 19)5(67)

FINLAND

Intel
R\mllamla 2

I Rue Edison-BP 303
78054 St. Quentin-en-Yvelines Cedex -
Tel (3339((“ 3057 70 00

Intel
" 4, Qual des Etroits
R e
el
TLX: 385‘5;

WEST GERMANY -

|ms|-
rnacher Stras:

8016 Feldklrehen bel Muenchan
( 4

FAX: 9044948

Honenzallem stnsse 5

3000

Tel: (49) 051 1 /:mom

Intel

Abraham Lincoln Strasse 16-18
6200 Wiest n

Tel: (49) 06121/7605-0

TLX: 4-186183

Zetlachnng 10A
7000 St u‘lrt? rt 80
Tel (49% 11/728728-0

ISRAEL

Intel* .

Atidim Industrial Park-Neve Sharet
0. Box 43202

-Aviv 61430

- Tel: (972) 03498080
TLX: 371215

ITALY

Milanofiori Palazzo E
55200

. 20090 Ass
Yoty (02)824 4071
VR

NETHERLANDS

Intel*
Mane: Meesweg 93

3068 AV Rotterdam
Tel: (312 10.407.11.11
TLX: 22283
NORWAY

intel
Hvamveien 4-PO Box 92
%0:::487 (6) 842 420
ol:
TLX: 7301&

SPAIN

Intel
Zurbaran. 28

Tel (3‘6)8800 4004

SWEDEN

Intel*
Dalvagen 24

171 35 Solna

Tel: (46) 8 734 01 00
TLX: 12261
SWITZERLAND

Intel

Zuerichstr

8185 Wlnkel Ruetl bel Zuerich
Tel: (41 0 /

TLX: 825977
UNITED KINGDOM
Imsl'

?:; ndon ‘x’“‘smw 1RJ
(42444 /&

EUROPEAN DISTRIBUTORS/REPRESENTATIVES

AUSTRIA

cher Electronics G.m.b.H.
Rolemnuerlgasse 26

1120 Wien
Tel (433 (0&2) 83 56 46-0

- BELGIUM
Ineico Belgium S..
Av. des Croix de Guene 94
1120 Bruxelles
Oorlogskruisenlaan, 94
}:12 032"'3?’216 0160
R
DENMARK

ITT-Multikomponent
Naveriand 29

Tor s 15ss 645
el:
TR
FINLAND '
OY Fintronic AB
- Metkonkatu 24A
$o|21( 0 Hal‘%i;n(i
el
TLX: 124224
. FRANCE
Gener rlm
Z.A.de
Av. de In Baluque-BP 88
91943 Les Ulis Cedex
Tel: (%33(, 69077370

N 73~73"ruo des Solets

SIII
T I (33:“: "g’l%%%d@: 00
el

Metrologie
Tour d'Asnieres

B,
ToEhe
Tekelec-Airtro

Rue Carle Vemet BP 2
%‘(ga 45347535
TEX: 20’4%%2

*Field Application Location

WEST GERMANY

Electronic 2000 AG
Stahlgruberring 12

luenchen 82
Tel: (49320691420(" -0
TLX: 522561
ITT Multikomy nt GmbH
Postfach 1.
?ﬂrm’sﬂﬁsu 44

ingen

Tk 49 0714174879
TLX: 7264472
Jermyn GmbH
Im Daehssﬁueok 9

% oo 1/508-0
TLX: 415257-0

Melvo jie GmbH
bgomnsse 49

T I (4? Waozm

o

Proelectron Vsmlsbs GmbH
Max P!anck Strasse

Tel: 49 06103 040

TLX:( 41)7903 /3

IRELAND

Micro Marketing Ltd.
Glenageary Office Park
Glenage

Tei (21)(353) (01)856325

ISRAEL |

Eastronics Ltd.
11 Rozanis Street

?él'fé"}' ) 0475151
el:
T

ITALY

Inte:

Divi sione T Indusmes GmbN
Viale Milanofiori

Palazzo E/5

20090 Assago

"}ﬂ 1 ?5’9) 1824701

el

TLX: 3'1%

Lasi El

V.le FuMoTestI 25
200920! isello Balsamo

Milano
g

- NETHERLANDS

Koning en Hartman
rgi

2627 A%’I;':Iﬁ
e

NORWAY

Nordisk Elektronikk (Norge) A/s
gomsedsvlngen 4

Tal (47'9 (OQ) M 6210

. PORTUGAL

A;sslda Marques de Tomar, 46-A
Tel: (351) (u 734834

- sPAIN

ATD Electronica, S.A.
Plaza Ciudad de Viena, 6
0 Madrid

2804¢
Tel: (342 234 40 00
TLX: 42754

cale I;uel Angel, 21-3
Tel: (34) 419 09 57
'I:LX: 461

SWEDEN

. Nordisk Elektronik AB
Huvudstagatan 1

X
17127 Solna

Tel: (46350&734 9770
TLX: 105 47
SWITZERLAND

Industrade A.G.
Henlslusse :lI

8304 Wall
. Tel (416)(001)8305040

TURKEY

EMPA Electronic
Lindwurmstrasse 95A

8000 Muenchen 2
Tek (492 039!53 80570
TLX: 52857:

UNITED KINGDOM
ic Components Ltd.

Jllbllee House. Jubilee Road

, Herts SG6 1TL

TeL (82) (0462) 686666

Wwa Systems
eWes(em ntre

Western R
‘?mc(kael(l RG1)2 1RW
ol: 55333
817201
Jermyn
Vestry Estate
Otford Road
Sevenoaks
Kent TN14 S5EU
Tel: (445) (0732) 450144
TLX: 95142
MMD
Unit 8 Southview Park
Caversham
eading
Berkshire RG4 0AF
Tel: (%41 (0734) 48 16 66
TLX: 846669
Rapid Silicon
Rap;a House
mark Street

HI h
o k?”yhumshlra HP11 2ER
Tel ( ( 94)44

Rapid Systems

ng
romsrire HP11 26R
Tel (ﬁ 0494) 450244

YUGOSLAVIA

elap(lsio Electtonlc Components S.p.a.
ia

34133 Trbsto

ltalia
Tel:(39) 040360555
TLX: 460461
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UNITED STATES
Intel Corporation
3065 Bowers Avenue
Santa Clara, CA 95051

JAPAN

Intel Japan K.K.

5-6 Tokodai, Tsukuba-shi
Ibaraki, 300-26

FRANCE

Intel Corporation S.A.R.L.

1, Rue Edison, BP 303

78054 Saint-Quentin-en-Yvelines Cedex

UNITED KINGDOM

Intel Corporation (U.K.) Ltd.
Pipers Way

Swindon

Wiltshire, England SN3 1IR]

WEST GERMANY

Intel Semiconductor GmbH
Dornacher Strasse 1

8016 Feldkirchen bei Muenchen

HONG KONG

Intel Semiconductor Ltd.
10/F East Tower

Bond Center
Queensway, Central

CANADA

Intel Semiconductor of Canada, Ltd.
190 Attwell Drive, Suite 500
Rexdale, Ontario MO9W 6HS8

. Printed in U S A /0189/55K/RRD LK ISBN 1-55512-076-8

Microcomputer Programmable Logic



