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Cypress Semiconductor Background

Cypress Semiconductor was founded in April 1983 with the
stated goal of serving the high-performance semiconductor mar-
ket. This market is served by producing the highest-performance
integrated circuits using state-of-the-art processes and circuit de-
sign. Cypress is a complete semiconductor manufacturer, per-
forming its own process development, circuit design, wafer fabri-
cation, assembly, and test. The company went public in May
1986 and has been listed on the New York Stock Exchange since
October 1988.

The initial semiconductor process, a CMOS process employing
1.2-micron geometries, was introduced in March 1984. This pro-
cess is used in the manufacturing of Static RAMs and Logic cir-
cuits. In the third quarter of 1984, a 1.2-micron CMOS EPROM
process was introduced for the production of programmable
products. At the time of introduction, these processes were the
most advanced production processes in the industry. Following
the 1.2-micron processes, a 0.8-micron CMOS SRAM process
was implemented in the first quarter of 1986, and a 0.8-micron
EPROM process in the third quarter of 1987.

In keeping with the strategy of serving the high-performance
markets with state-of-the-art integrated circuits, Cypress intro-
duced two new processes in 1989. These were a bipolar submi-
cron process, targeted for ECL circuits, and a BICMOS process
to be used for most types of TTL and ECL circuits.

The circuit design technology used by Cypress is also state of the
art. This design technology, along with advanced process tech-
nology, allows Cypress to introduce the fastest, highest-perfor-
mance circuits in the industry. Cypress’s offers products in four
divisions: the Static Memory Division, the Programmable Prod-
ucts Division, the Computation Products Division, and the Data
Communications Division.

Static Memories Division

Cypress is a market-leading supplier of SRAMs, providing a
wide range of SRAM memories for leading companies world-
wide. SRAMs are used in high-performance personal comput-
ers, workstations, telecommunications systems, industrial sys-
tems, instrumentation devices, and networking products.
Cypress’s lower production cost structure allows the company to
compete effectively in the high-volume personal computer and
workstation market for SRAMs, including providing cache
RAMs to support today’s high-performance microprocessors,
such as Pentium™, and PowerPC™. This business, combined
with upcoming low-voltage products for the cellular communica-
tions, portable instrument, and laptop/notebook PC markets,
positions Cypress for future success in this key product area.

Multichip modules is a fast-growing market segment that con-
sists of multiple semiconductor chips mounted in packages that
can be inserted in a computer circuit board. Cache modules for
personal computers are the mainstay of this product line, and
Cypress has announced major design wins for these products in
IBM’s PS/ValuePoint™ line of PCs, and in Apple Computer’s
highest performing Power Macintosh™ products.

Programmable Products Division

With increasing pressure on system designers to bring products
to market more quickly, programmable logic devices (PLDs) are
becoming extremely popular. PLDs are logic control devices
that can be easily programmed by engineers in the field, and lat-
er erased and reprogrammed. This allows the designers to make

key changes to their systems very late in the development cycle
to ensure competitive advantage. Used extensively in an wide
range of applications, PLDs constitute a large and growing mar-
ket. Cypress’s UltraLogic™ product line addresses the high-den-
sity programmable logic market. UltraLogic includes the
PASIC380 family of field-programmable gate arrays (FPGAs),
the industry’s fastest. It also includes the highest performance
complex PLDs, the FLASH370 family. Both of these product
families are supported by Cypress’s VHDL (Very high-speed in-
tegrated circuit Hardware Description Language) based
Warp3™, the industry‘s most advanced software design tool. Cy-
press pioneered the use of VHDL for PLD programming, and
Warp software is a key factor in the company’s overall success in
the PLD market.

Cypress is a leading provider of the industry-standard 22V10
PLD with a wide range of offerings including a BICMOS 22V10
at 5 ns. Cypress is committed to competing in all ranges of the
PLD market, with small devices, the MAX™ CY7C340 EPLD
line, and the UltraLogic products. To support these products,
Cypress offers one of the industry‘s broadest range of program-
ming tools and software for the programming of its PLDs.

Cypress provides one of the industry’s broadest ranges of CMOS
EPROMs and PROMs. Cypress owns a large share of the high-
speed CMOS PROM market, and with its new cost structure, is
effectively penetrating the mainstream EPROM market with a
popular 256 Kbit EPROM and the introduction of the world’s
fastest 1 Megabit EPROM at 25 ns.

FCT Logic products are used in bus interface and data buffering
applications in almost all digital systems. With the addition of
the FCT logic product line, Cypress now offers over 46 standard
logic and bus interface functions. The products are offered in
the second generation FCT-T format, which is pin-compatible
with the older FCT devices, but adds TTL (transistor-to-transis-
tor logic) outputs for significantly lower ground bounce and im-
proved system noise immunity. Cypress also offers the most
popular devices with on-chip 25-ohm termination resistors
(FCT2-T) to further lower ground bounce with no speed loss.
Included in the new product family is the CYBUS3384, a bus
switch that enables bidirectional data transfer between multiple
bus systems or between 5 volt and 3.3 volt devices. This broad
product offering is produced on Cypress’s high-volume, CMOS
manufacturing lines.

Data Communications Division

This is an especially significant area for Cypress since it repre-
sents a more market-driven orientation for the company in a
fast-growing market segment. As part of the new company strat-
egy, Cypress has dedicated this product line to serve the high-
speed data communications market with a range of products
from the physical connection layer to system-level solutions.
HOTLink ™, high-speed, point-to-point serial communications
chips have been well received. HOTLink, along with the recent-
ly announced SONET,/SDS Serial Transceiver (SST ™), address
the fast-growing market segments of Asynchronous Transfer
Mode (ATM) and Fibre Channel communications. The data
communications division encompasses related products includ-
ing RoboClock, a programmable skew clock buffer that adjusts
complex timing control signals for a broad range of systems. The
division also offers a broad range of First-In, First-Out (FIFO)
memories, used to communicate data between systems operating
at different frequencies, and Dual-Port Memories, used to dis-
tribute data to two different systems simultaneously.
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Computation Products Division

This division focuses on the high-volume, high-growth market
surrounding the desktop computer. It is the second of Cypress's
market-oriented divisions. The division includes timing technol-
ogy products offered through Cypress’s IC Designs Subsidiary in
Kirkland, Washington, and a new line of PC chipsets. IC De-
signs products are used widely in personal computers and disk
drives, and the product line provides Cypress with major inroads
into these growing markets. IC Designs clock oscillators control
the intricate timing of all aspects of a computér system, including
signals for the computer’s central processing unit (CPU), key-
board, disk drives, system bus, serial port, and real-time clock.
They replace all of the metal can oscillators used in the system.
This product line includes QuiXTAL ™ — —a programmable met-
al can oscillator that replaces individual oscillators used to con-
trol timing signals in virtually every type of electronics equip-
ment. Cypress’s chipset offerings include products for 486-based
personal computers, as well as PCI local bus controllers for
graphics and multimedia desktop applications. Cypress has an-
nounced plans to introduce a low-power, 3.3 volt chipset for the
Pentium P54C, as well as P54C bus controller.

Cypress Facilities

Situated in California’s Silicon Valley (San Jose), Round Rock
(Austin), Texas, and Bloomington, Minnesota, Cypress houses
R&D, design, wafer fabrication, and administration. There are
additional Cypress Design Centers in Starkville, Mississippi, Col-
orado Springs, Colorado, and the United Kingdom, and a PLD
software design group in Beaverton, Oregon. The facilities are
designed to the most demanding technical and environmental
specifications in the industry. At the Texas and Minnesota facili-
ties, the entire wafer fabrication area is specified to be a Class 1
environment. This means that the ambient air has less than 1
particle of greater than 0.2 microns in diameter per cubic foot of
air. Other environmental considerations are carefully insured:
temperature is controlled to a +0.1 degree Fahrenheit tolerance;
filtered air is completely exchanged more than 10 times each
minute throughout the fab; and critical equipment is situated on
isolated slabs to minimize vibration.

Attention to assembly is equally critical. Cypress manufactures
100 percent of our wafers in the United States, at our front-end
fabrication sites in California (San Jose), Minnesota (Blooming-
ton), and Texas (Round Rock). Cypress Texas, our largest fab,
and Cypress Minnesota, our newest fab, are both Class 1 facili-
ties.

To improve our global competitiveness, we chose to move most
of our back-end assembly, test, and mark operations to a facility
in Thailand. Be assured that Cypress’s total quality commitment
extends to the new site—Cypress Bangkok.

The move to Bangkok consummated an intense search by Cy-
press for a world-class, environmentally sophisticated facility
that we could bring on line quickly. The Cypress search team
scrutinized fifteen manufacturing facilities in five countries and
chose a site managed by Alphatec Electronics Co., Ltd., a pri-
vately owned, entrepreneurial company promoted by the Thai-
land Board of Investment. Cypress Bangkok occupies almost
25,000 square feet—a significant portion of the manufacturing
floor space available within the facility. The full facility at Bang-
kok occupies more than 85,000 square feet on a site that encom-
passes 25 acres—sufficient room for expansion to a number of
buildings in a campus-like setting.

Manufacturing at the site since 1990 with a charter to specialize
in IC packaging, the Alphatec facility has almost a century of
person-years experience working for U.S. semiconductor suppli-
ers. Thoroughly modern, MIL 883-certified, and with fully devel-
oped administrative, logistic, and manufacturing systems in
place, the facility has earned an exceptional reputation for her-
metic assembly and out-going quality.

Cypress San Jose maintains complete management control of
Cypress Bangkok’s assembly, test, mark, and ship operations
within the facility, thus assuring complete continuity of San
Jose’s back-end operations and quality.

Cypress has added Tape Automated Bonding (TAB) to its pack-
age offering. TAB, a surface-mount packaging technology, pro-
vides the densest lead and package footprint available for fully
tested die.

From Cypress’s facility in Minnesota, a VME Bus Interface
Products group has been in operation since the acquisition of
VTCs fab in 1990. Cypress manufactures VIC and VAC VME
devices on the 0.8 micron CMOS process.

The Cypress motto has always been “only the best—the best fa-
cilities, the best equipment, the best employees . . . all striving to
make the best CMOS, BiCMOS, and bipolar products.”

Cypress Process Technology

In the last decade, there has been a tremendous need for high-
performance semiconductor products manufactured with a bal-
ance of SPEED, RELIABILITY, and POWER. Cypress Semi-
conductor overcame the classically held perceptions that CMOS
was a moderate-performance technology.

Cypress initially introduced a 1.2-micron “N” well technology
with double-layer poly and a single-layer metal. The process
employed lightly doped extensions of the heavily doped source
and drain regions for both “N” and “P” channel transistors for
significant improvement in gate delays. Further improvements in
performance, through the use of substrate bias techniques, have
added the benefit of eliminating the input and output latch-up
characteristics associated with older CMOS technologies.

Cypress pushed process development to new limits in the areas
of PROMs (Programmable Read Only Memory) and EPLDs
(Erasable Programmable Logic Devices). Both PROMs and
EPLDs have existed since the early 1970s in a bipolar process
that employed various fuse technologies and was the only viable
high-speed nonvolatile process available. Cypress PROMs and
EPLDs use EPROM technology, which has been in use in MOS
(Metal Oxide Silicon) since the early 1970s. EPROM technology
has traditionally emphasized density while forsaking perform-
ance. Through improved technology, Cypress produced the first
high-performance CMOS PROMs and EPLDs, replacing their
bipolar counterparts.

To maintain our leadership position in CMOS technology, Cy-
press introduced a sub-micron technology in 1987. This 0.8 mi-
cron breakthrough made Cypress’s CMOS one of the most ad-
vanced production processes in the world. The drive to maintain
leadership in process technology has not stopped with the
0.8-micron devices. Cypress introduced a 0.65-micron process in
1991. A 0.5-micron process is currently in production.

Although not a requirement in the high-performance arena,
CMOS technology substantially reduces the power consumption
for any device. This improves reliability by allowing the device to
operate at a lower die temperature. Now higher levels of integra-
tion are possible without trading performance for power. For in-
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stance, devices may now be delivered in plastic packages without
any impact on reliability.

While addressing the performance issues of CMOS technology,
Cypress has not ignored the quality and reliability aspects of
technology development. Rather, the traditional failure mecha-
nisms of electrostatic discharge (ESD) and latch-up have been
addressed and solved through process and design technology in-
novation.

ESD-induced failure has been a generic problem for many high-
performance MOS and bipolar products. Although in its earliest
years, MOS technology experienced oxide reliability failures, this
problem has largely been eliminated through improved oxide
growth techniques and a better understanding of the ESD prob-
lem. The effort to adequately protect against ESD failures is per-
turbed by circuit delays associated with ESD protection circuits.
Focusing on these constraints, Cypress has developed ESD pro-
tection circuitry specific to 1.2-, 0.8-, 0.65-, and 0.5-micron
CMOS process technology. Cypress products are designed to
withstand voltage and energy levels in excess of 2001 volts and
0.4 milli-joules.

Latch-up, a traditional problem with CMOS technologies, has
been eliminated through the use of substrate bias generation

techniques, the elimination of the “P”” MOS pull-ups in the out-
put drivers, the use of guardring structures and care in the physi-
cal layout of the products.

Cypress has also developed additional process innovations and
enhancements: multilayer metal interconnections, advanced
metal deposition techniques, silicides, exclusive use of plasma for
etching, and 100-percent stepper technology with the world’s
most advanced equipment.

Cypress has developed a BICMOS technology to augment the
capabilities of the Cypress CMOS processes. The new BICMOS
technology is based on the Cypress 0.8-micron CMOS process
for enhanced manufacturability. Like CMOS, the process is scal-
able, to take advantage of finer line lithography. Where speed is
critical, Cypress BiCMOS allows increased transistor perform-
ance. It also allows reduced power in the non-speed critical sec-
tions of the design to optimize the speed/power balance. The
BiCMOS process makes memories and logic operating up to 400
MHz possible.

Cypress technologies have been carefully designed, creating
products that are “only the best” in high-speed, excellent reli-
ability, and low power.

IBM PC and IBM ESCON are registered trademarks of International Business Machines Corporation.
QuickPro II, HOTLink, and Warp2 are trademarks of Cypress Semiconductor Corporation.
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In general, the valid ordering codes for all products follow the format below; e.g., CY7C128—45DMB, PALC16R8L—35PC

PAL & PLD
PREFIX DEVICE  SUFFIX FAMILY

Marc! Trs ' T—25 L M B' 7 PAL20 1
PALC  16R8 L-35 P 8 LOW POWER PAL 20

C

C

C

PAL C 22V10 —-25 W PAL 24 VARIABLE PRODUCT TERMS
PAL CE 16V8 —-25 P FLASH-ERASABLE PAL20
PLDC 20G10 -25 W GENERIC PLD 24
CY 7C330 ~33 P PLD SYNCHRONOUS STATE MACHINE

PROCESSING

B = MIL-STD-883C FOR MILITARY PRODUCT
= LEVEL 2 PROCESSING FOR COMMERCIAL PRODUCT
SURFACE-MOUNTED DEVICES TO BE TAPE AND REELED

R = LEVEL 2 PROCESSING ON TAPE AND REELED DEVICES

TEMPERATURE RANGE

C = COMMERCIAL (0°C TO +70°C)
1 = INDUSTRIAL (—40°C TO +85°C)
M= MILITARY (~55°C TO +125°C)

f—— PACKAGE

“PLASTICPIN GRID ARRAY (PPGA)
=CERAMIC DUAL IN-LINE PACKAGE (CERDIP)/BRAZED DIP
=TAPE AUTOMATED BONDING (TAB)
=FLATPACK (SOLDER-SEALED FLAT PACKAGE)
=PIN GRID ARRAY (PGA
=WINDOWED LEADED CHIP CARRIER
=PLASTIC LEADED CHIP CARRIER (PLCC
=CERPACK (GLASS-SEALED FLAT PACKAGE)
=LEADLESS CHIP CARRIER (LCC
=PLASTIC QUAD FLATPACK (PQFP)
=PLASTIC DUAL IN-LINE (PDIP)
=WINDOWED LEADLESS CHIP CARRIER (LCC)
=WINDOWED PIN GRID ARRAY (PGA)
=SOIC (GULL WING)
=WINDOWED CERPACK
=§g}2AMIC QUAD FLATPACK (CQFP)
=WINDOWED CERAMIC DUAL IN-LINE PACKAGE (CERDIP)
=DICE (WAFFLE PACK)
=CERAMICLEADED CHIP CARRIER
P

HERMETIC DIP (MODULE
HERMETIC VERTICAL DI
PLASTIC FLAT SIP
PLASTIC SIP

=PLASTIC ZIP

BG =BALL GRID ARRAY

Egg%%N%N€<CH‘”WO"UZF‘N"‘IQ”1KTIUW

SPEED (ns or MHz)

L = LOW-POWER OPTION
A, B,C, D, G, CF = REVISION LEVEL

Cypress FSCM #65786
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Cypress Semiconductor Bulletin Board System (BBS) Announcement

Cypress Semiconductor supports a 24-hour electronic Bulletin Board System (BBS) that allows Cypress
Applications to better serve our customers by allowing them to transfer files to and from the BBS.

The BBS is set up to serve in multiple ways. One of its purposes is to allow customers to receive the most
recent versions of programming software. Another is to allow the customers to send PLD programming files
that they are having trouble with to the BBS. Cypress Applications can then find the errors in the files, cor-
rect them, and place them back on the BBS for the customer to download. The customer may also ask ques-
tions in our open forum message area. The sysop (system operator) will forward these questions to the ap-
propriate applications engineer for an answer. The answers then get posted back into the forum. The BBS
also allows the customer to communicate with their local FAE electronically, and to download both applica-
tion notes and the latest versions of selected datasheets.

Communications Set-Up

The BBS uses a USRobotics HST Dual Standard modems capable of 14.4-Kbaud rates without compression
and rates upwards of 19.2-Kbaud with compression. It is compatible with CCITT V.32 bis, V.32, V.22
(2400-baud), Bell 212A (1200-baud), CCITT V.42, and CCITT V.42 bis. It also handles MNP levels 2, 3, 4,
and 5.

To call the BBS, set your communication package parameters as follows:

Baud Rate: 1200 baud to 19.2 Kbaud. Max. is determined by your modem.
Data Bits: 8
Parity: None (N)
Stop Bits: 1

In the U.S. the phone number for the BBS is (408) 943—-2954. In Japan the BBS number is
81-423—69-8220. In Europe the BBS number is 49—810—62—2675. These numbers are for transmitting
data only.

If the line is busy, please retry at a later time. When you access the BBS, an initial screen with the following
statement will appear:

Rybbs Bulletin Board

After you choose the graphics format you want to use, the system will ask for your first and last name. If you
are a first-time user, you will be asked a few questions for the purposes of registration. Otherwise you will be
asked for your password, and then you will be logged onto the BBS, which is completely menu driven.

Downloading Application Notes and Datasheets

A complete listing of files that may be downloaded is included on the BBS. Application notes and selected
datasheets are available for downloading in two formats, PCL and Postscript. An “hp” in front of the file
name indicates it is a PCL file and can be downloaded to Hewlett-Packard LaserJets and compatible print-
ers. Files without the hp preceding them are in Postscript and can be downloaded to any Postscript printer.

If you have any problems or questions regarding the BBS, please contact Cypress Applications at (408)
943-2821 (voice).
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Contact a Cypress representative or use the Cypress Bulletin Board System to get copies of the application notes listed here.

ABEL 4.0/4.1 and the CY7C330, CY7C331, and CY7C332
Bus-Oriented Maskable Interrupt Controller

CMOS PAL Basics

CY7C330 as a Multi-Channel Mbus Arbiter

CY7C331 Asynchronous Self-Timed VMEbus Requestor
CY7C344 as a Second-Level Cache Controller for the 80486
Design Tips for Advanced Max Users

Designing a Multiprocessor Interrupt Distribution Unit with MAX
DMA Control Using the CY7C342 MAX EPLD

FDDI Physical Connection Management Using the CY7C330
FIFO RAM Controller with Programmable Flags

Interfacing PROMs and RAMs to DSP Using Cypress MAX Products
Introduction to Programmable Logic

PAL Design Example: A GCR Encoder/Decoder

pASIC380 Power vs. Operating Frequency

PLD-Based Data Path For SCSI-2

State Machine Design Considerations and Methodologies

T2 Framing Circuitry

Understanding the CY7C330 Synchronous EPLD

Using ABEL to Program the Cypress 22V10

Using ABEL to Program the CY7C330

Using ABEL 3.2 to Program the CY7C331

Using CUPL with Cypress PLDs

Using Log/IC to Program the CY7C330

Using One-Hot-State Coding to Accelerate a MAX State Machine
Using the CY7C330 in Closed-Loop Servo Control

Using the CY7C331 as a Waveform Generator

Using the CY7C344 with the PLD ToolKit

Are Your PLDs Metastable?

State Machine Design Considerations and Methodologies
Designing with the CY7C335 and Warp2 VHDL Compiler

The FLASH370 Family Of CPLDs and Designing with Warp2
Implementing a Reframe Controller for the CY7B933 HOTLink Receiver in a CY7C371 CPLD
Architectures and Technologies for FPGAs

Designing with FPGAs

An Introduction to Cypress’s 380 Family of FPGAs and the Warp3 Design Tool
CY7C380 Family Quick Power Calculator

Using Scan Mode on pASIC380 For In-Circuit Testing

Getting Started Converting .ABL Files to VHDL

Top-Down Design Methodology With VHDL (Designing an Interrupt Controller)
Abel-HDL vs. IEEE—-1076 VHDL

VHDL Techniques for Optimal Design Fitting

Describing State Machines with Warp2 VHDL

Using Hierarchical VHDL Design

Glossary ‘93
Glossary ‘94
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PLDs

Size Organization Pins | PartNumber Speed (ns) (OISE | Packages | Availability

PAL20 16L8 20 PAL16L8 tpp =4.5/5/7 180 D,LP Now

PAL20 16R8 20 PAL16R8 ts/co = 2.5/4.5,2.5/5,3.5/6 180 D,J,P Now

PAL20 16R6 20 |PAL16R6 tppys/Co = 4.5/2.5/4.5,5/2.5/5, 180 D,I,P Now
7/3.5/6

PAL20 16R4 20 | PALI6R4 tepysico = 4.5/2.5/4.5,5/2.5/5, 180 D,JP Now
7/3.5/6

PAL20 16L8 20 PALC16L8/L |tpp =20 70,45 D,L,BQ, VW Now

PAL20 16R8 20 |PALCI6RSL |tsco=15/12 70,45 D,LEQV,W |Now

PAL20 16R6 20 PALC16R6/L | tppss/co = 20/20/15 70,45 D,LEQ, VW Now

PAL20 16R4 20 |PALCI6R4L | tppjsico=20/20/15 70,45 D,LEQVW |Now

PALCE20 | 16V8—Macrocell 20S |PALCE16VE | tppysico=7.5/5/5,10/6/7,15/108 | 115/90/55 |D,I,L,P Now

PALCE24 20V8—Macrocell 24 PALCE20V8 tepysico = 7.5/5/5,10/6/7,15/10/8 | 115/90/55 D,JL,P Q494

PAL24 22V10—Macrocell 24s | PALC22VIOL | topysico=25/15/15 90,55 DJKLEQW | Now

PAL24 22V10—Macrocell 25 |PALC22v10B | tepysico = 15/10/10 9% DHLKL, Now

PQ,

PAL24 22V10—Macrocell 24S | PAL22V10C tPD/S/CO(;??/g’//;.SS, 7.5/3/6, 190 D,J,L,P Now
10/3.6/7..

PAL24 22VP10—Macrocell 24S | PAL22VP10C | tpp/sico= 6/:%5.55, 7.5/3/6, 190 D,JL,P Now
10/3.6/7..

PALCE24 22V10—Macrocell 24 PALC22V10D | tppys/co = 7.5/5/5,10/6/7,15/10/8 | 130/90/90 D,J.L,P Now

PAL24 22V10—Macrocell 24 |PAL22VIOG | tepysico = 5/2.5/4,6/3/5.5 190 D,JL Now

PAL24 22VP10—Macrocell 24 |PAL22VP10G | tppysico = 5/2.5/4,6/3/5.5 190 DJL Now

PLD24 20G10—Generic 248 | PLDC20G10 tppyss/co = 25/15/15 55 D,J,L,.RQ,W Now

PLD24 20G10—Generic 248 | PLDC20G10B | tppysico = 15/12/10 70 D,H,J,LBQ,W [Now

PLD24 20G10—Generic 248 | PLD20G10C | tppysico =7.5/3/6.5,10/3.6/7.5 190 D,J,L,P Now

PLD24 20RA10—Asynchronous | 24S | PLD20RA10 | tppysico = 15/10/15 80 D,H,J,LBQ,W |Now

PLD28 7C330—State Machine 288 | CY7C330 fMax, tis, tco = 66 MHz/3ns/12ns [130@ 50 | D,H,J,L,B,Q,W | Now

MHz
PLD28 7C331R—A§mchéon0us, 288 | CY7C331 teoy/s/co = 20/12/20 120@25ns | D,H,J,L,P,Q,W ] Now
egistere
PLD28 7C335—Universal 25 |cyrcass farax/tis = 100 MHz/2ns, 140 D,HJ,LEQW |Now
Synchronous 83MHz/2ns
CPLDs
Size Organization Pins | PartNumber Speed (ns) I‘(:]Ct{lAﬁB Packages Availability

MAX28 | 7C344—32 Macrocell 285 | CY7C344/B | tepssico = 15/9/10, 10/6/5 200150 | D,HILEW Now

MAX44 | 7C343—64 Macrocell 4 |cyrcaB | tensico = 20112/12,12/806 135125 |HIR Now

MAX68 7C342—128 Macrocell 68 CY7C342/B tppyss/co = 25/15/14,12/8/6 2507225 H,J,R Now

MAX84 7C341—192 Macrocell 84 CY7C341/B tppys/co = 25/20/16,15/10/7 380/360 H,J,R Now

MAX100 7C346—128 Macrocell 84, CY7C346/B tppys/co = 25/15/14,15/10/7 250/225 H,J,N,R Now

100

FLASH370— | 7C371—32-Macrocell |44 CY7C371 fmax/ts/tco=143MHz/6.5ns/6.5ns | 150/TBD LY Now

44 Flash CPLD

FLASH370— | 7C372—64-Macrocell | 44 CY7C372 fvax/tstco=100MHz/6.5ns/6.5ns | 180/TBD 1LY Q494

44 Flash CPLD

FLasH370— | 7C373—64-Macrocell | 84, CY7C373 fmaxits/tco = 100MHz/6.5ns/ 180/TBD AJGY Q494

84 Flash CPLD 100 6.5ns

FLAasH370~ | 7C374—128-Macrocell | 84, CY7C374 fmax/ts/tco = 100 MHz/6.5 ns/ 300/TBD ALGY Now

84 Flash CPLD 100 6.5ns

FLASH370— | 7C375—128-Macrocell | 160 | CY7C375 fmax/ts/tco = 100 MHz/6.5 ns/ 300/TBD A,GU Now

160 Flash CPLD 6.5ns

FLAsH370— | 7C376—192-Macrocell | 160 | CY7C376 fmax/ts/tco = 83 MHz/10ns/10ns | 300/TBD AG Q495

160 Flash CPLD

FrLasi370— | 7C377—192-Macroceli [ 240 | Y7377 fuax/ts/tco=83MHz/10ns/10ns | 300TBD | BGA,N,G Q495

240 Flash CPLD

FLASH370— | 7C378—256-Macrocell | 160 | CY7C378 fMmax/ts/tco =83 MHz/10ns/10ns | 300/TBD AG Q295

160 Flash CPLD

FLASH370— | 7C379—256-Macrocell | 240 | CY7C379 faax/ts/tco = 83MHz/10ns/10ns | 300/TBD | BGA,N,G Q295

240 Flash CPLD




—
[—— vy

Product Selector Guide

§§ # CYPRESS
FPGAs
Size Organization Pins | PartNumber Speed Grade I((:nclflAs)B Packages Availability

pASIC380— | CMOS 812, 1K Gates 44 CYT7C381A -0,-1,-2 Isg=10 J Now
1K FPGA

PASIC380— | CMOS 8x12, 1K Gates 68, |CY7C382A -0,~-1,-2 Isg=10 A,G,J Now
1K FPGA 100

pASIC380— | 3.3VCMOS8x12,1K 44 CY7C3381A -0,-1,-2 Isp=2 ) Q394
1K3.3Vv GatesFPGA
ASIC380— | 3.3VCMOS8x12,1K 68, | CY7C3382A -0,-1,-2 Isp=2 A,GJ Q394
K3.3v GatesFPGA 100

EASIC380 - | CMOS 12x16, 2K Gates 68 CY7C383A -0,-1,-2 Isg=10 J Now
K FPGA

gASIC380 - | CMOS 12x16, 2K Gates 84, CY7C384A -0,~-1,-2 Isg=10 A,G,J Now
K FPGA 100

PASIC380— | CMOS 16x24,4K Gates 84, CY7C385A -0,—-1,-2 Isp=10 Al Now
4K FPGA 100

PASIC380— | CMOS 16x24,4K Gates 144 | CY7C386A -0,-1,~2 Isg=10 A,GU Now
4K FPGA 160

SASICZ’:SO - | CMOS24x32, 8K Gates 144 | CY7C387A -0,~-1,-2 Isg=10 A,G Q195
K FPGA

gASIC380 — | CMOS 24x32, 8K Gates 208 | CY7C388A -0,-1,-2 Isg=10 N,G Q195
K FPGA

pASIC380~ | CMOS32x36,12KGates | 208 | CY7C389A -0,-1,-2 Isg=10 N Q495
12K FPGA

Design and Programming Tools

PartName Type Part Number

Warp2forPC VHDL Design Tool CY3120
Warp2 for Sun 'VHDL Design Tool CY3125
Warp3 for PC VHDL/CAE Design Tool CY3130

Warp3 for Sun VHDL/CAE Design Tool CY3135

Impulse3 Programmer CY3500

Notes:

The above specifications are for the commercial temperature range of 0°C to 70°C. Military temperature range (—55°C to +125°C) product processed
to MIL-STD-883 Revision C is also available for most products. Speed and power selections may vary from those above. Contact your local sales office

for more information.

Commercial grade product is available in plastic, CERDIP, or LCC. Military grade product is available in CERDIF, LCC, or PGA. F, K, and T packages

are special order only.
All power supplies are Ve = 5V £ 10%.

228, 248, 28S stands for 300 mil. 22-pin, 24-pin, 28-pin, respectively. 28.4 stands for 28-pin 400 mil, 24.4 stands for 24-pin 400 mil.

PLCC, SOJ, and SOIC packages are available on
E K, and T packages are special order only.

Package Code:

PLASTIC PIN GRID ARRAY
CERDIP

TAPE AUTOMATED BOND

(TAB)

FLATPACK

PIN GRID ARRAY (PGA)
WINDOWED HERMETIC LCC
PLCC

CERPACK

LEADLESS CHIP CARRIER (LCC)
PLASTIC QUAD FLATPACK
PLASTIC

WINDOWED LCC

WINDOWED PGA

AOWZHAIQM WUOw

some products.

S = SOIC
T = WINDOWED CERPACK
U = CERAMIC QUAD FLATPACK
V = 80J
W = WINDOWED CERDIP
X = DICE
Y = CERAMICLCC
Z = TSOP
HD = HERMETIC DIP (Module)
HV = HERMETIC VERTICAL DIP
PF = PLASTIC FLAT SIP
PS = PLASTIC SIP
PZ = PLASTIC ZIP
BG = BALL GRID ARRAY
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==7# CYPRESS
CYPRESS CYPRESS ALTERA CYPRESS AMD CYPRESS
PALC16L8-25C PALC16L8L-25C 5064JM 7C343-35HMB SMDPN SMDPN
PALC16L8-30M PALC161.8-20M 5064LC 7C343-35JC 5962-8515501RX 5962-88713 09RX
PALC161.8—-35C PALC161.8-25C 5064LC~-1 7C343-25]C 5962-85155 012X 5962-88713 09XX
PALC16L8—40M PALC16L8—-30M 5064L.C-2 7C343-30JC 5962-8515502RX 5962-88713 10RX
PALCI6L8L-35C PALC161.8L.-25C 5128AGC-1 7C342B—12RC 5962-85155 022X 5962-8871310XX
PALC16R4-25C PALC16R4L-25C 5128AGC-2 7C342B-15RC 5962-8515503RX 5962-88713 11RX
PALCI16R4—-30M PALC16R4-20M 5128AGC-3 7C342B—20RC 5962-85155032X 5962-8871311XX
PALCI6R4-35C PALC16R4-25C 5128AJC-1 7C342B—12HC 5962-8515504RX 5962-88713 12RX
PALC16R4—40M PALC16R4-30M 5128AJC-2 7C342B—~15HC 5962-85155 042X 5962-88713 12XX
PALCI6R4L-35C PALC16R4L~-25C 5128AJC-3 7C342B-20HC 5962-8515505RX 5962-8871309RX
PALC16R6—25C PALC16R6L—25C 5128A1LC-1 7C342B—-121C 5962-85155 052X 5962-88713 09XX
PALC16R6—30M PALC16R6—-20M 5128ALC-2 7C342B-15JC 5962-8515506RX 5962-88713 10RX
PALCI6R6—35C PALC16R6-25C 5128ALC-3 7C342B-201C 5962-85155 062X 5962-88713 10XX
PALC16R6—40M PALC16R6—-30M 5128GC 7C342-35RC 5962-8515507RX 5962-88713 11RX
PALC16R6L—35C PALC16R6L—25C 5128GC-1 7C342—25RC 5962-85155072X 5962-8871311XX
PALCI6R8—-25C PALC16R8L-25C 5128GC-2 7C342-30RC 5962-85155 08RX 5962-88713 12RX
PALC16R8—30M PALC16R8—-20M 5128GM 7C342-35RMB 5962-85155 082X 5962-88713 12XX
PALC16R8-35C PALC16R8-25C 5128I1C 7C342—-35HC 5962-8515509RX 5962-92338 0IMRX
PALC16R8—40M PALC16R8-30M 5128]C—1 7C342-25HC 5962-85155 092X 5962-92338 01MXX
PALC16R8L-35C PALC16R8L-25C 5128JC-2 7C342—-30HC 5962-85155 10RX 5962-92338 01MRX
PALC22V10-35C PALC22V10-25C 512811 7C342—-35HI 5962-85155 102X 5962-92338 02MXX
PALC22V10-40M PALC22V10-30M 5128J1-2 7C342—-30HI 5962-8515511RX 5962-92338 03MRX
PALC22V10L-25C PALC22V10-25C 5128]M 7C342-35HMB 5962-85155 112X 5962-92338 03MXX
PALC22V10L-35C PALC22V10L-25C 5128LC 7C342-35JC 5962-85155 12RX 5962-92338 04MRX
PLDC20G10-35C PLDC20G10-25C 5128LC-1 7C342-25]C 5962-85155122X 5962-92338 04MXX
PLDC20G10-40M PLDC20G10-30M 5128LC-2 7C342-30JC 5962-85155 13RX 5962-92338 0IMRX

5128L1 7C342-35]1 5962-85155 14RX 5962-92338 02MRX

ALTERA CYPRESS 5128L1-2 7C342—30HI 5962-85155 15RX 5962-92338 03MRX
PREFIX:EPM PREFIX:CY 5130GC 7C346—35RC 5962-85155 16RX 5962-92338 04AMRX
5032DC 7C344-25WC 5130GC-1 7C346-25RC 5962-8515517RX 5962-92338 0IMRX
5032DC-2 7C344-20WC 5130GC-2 7C346—-30RC 5962-85155 18RX 5962-92338 02MRX
5032DC-15 7C344-15WC 5130GM 7C346—35RM 5962-85155 19RX 5962-92338 03MRX
5032DC-17 Call Factory 5130JC 7C346—35HC 5962-8515520RX 5962-92338 04AMRX
5032DC-20 7C344-20WC 51300C-1 7C346—25HC 5962-86053 01LA 5962-89841 01LX
5032DC-25 7C344-25WC 5130JC-2 7C346—-30HC 5962-86053013A 5962-89841 013X
5032DM 7C344-25WMB 5130JM 7C346—35HM 5962-86053 01KA 5962-89841 01KX
5032DM—25 7C344-25WMB 5130LC 7C346—-351C 5962-86053 02LA 5962-89841 01LX
50321C 7C344-25HC 5130LC-1 7C346—-25JC 5962-86053 023A 5962-89841 013X
5032JC-2 7C344—20HC 5130LC-2 7C346—-30JC 5962-86053 02KA 5962-89841 01KX
50321C-15 7C344-15HC 5130LL 7C346—-35J1 5962-86053 04LA 5962-89841 02LX
5032JC-17 Call Factory 5130LI-2 7C346—3031 5962-86053 043A 5962-89841 023X
5032I1C-20 7C344—20HC 5130QC 7C346~35NC 5962-86053 04KA 5962-89841 02KX
5032JC-25 7C344-25HC 5130QC-1 7C346-25NC 5962-86053053A 5962-89841 063X
50321120 7C344-20HI 5130QC-2 7C346—30NC 5962-86053 0SKA 5962-89841 06KX
5032JM 7C344-25HMB 5130Q1 7C346—35NI 5962-86053 0SLA 5962-89841 06LX
5032IM~25 7C344-25HMB 5192AGC-1 7C341B—15RC 5962-88515 01RX 5962-88713 09RX
5032LC 7C344-25]C 5192AGC-2 7C341B—20RC 5962-88515012X 5962-8871309XX
5032LC—-2 7C344-201C 5192AJC-1 7C341B—15HC 5962-88515 02RX 5962-88713 10RX
5032LC-15 7C344-15]C 5192AJC-2 7C341B-20HC 5962-88515 022X 5962-88713 10XX
5032LC-17 Call Factory 5192ALC-1 7C341B-15JC 5962-8851503RX 5962-88713 11RX
5032L.C-20 7C344-20]C 5192ALC-2 7C431B-20JC 5962-88515 032X 5962-8871311XX
5032L.C-25 7C344-253C 5192GC 7C341-35RC 5962-88515 04RX 5962-88713 12RX
5032PC 7C344-25PC 5192GC-1 7C341-25RC 5962-88515 042X 5962-8871312XX
5032PC-2 7C344-20PC 5192GC~-2 7C341-30RC PREFIX:Am PREFIX:CY
5032PC~—15 7C344-15PC 51921C 7C341-35HC PREFIX:SN PREFIX:CY
5032PC-17 Call Factory 51921C-1 7C341-25HC SUFFIX:B SUFFIX:B
5032PC—-20 7C344-20PC 51921C-2 7C341-30HC SUFFIX:D SUFFIX:DORW
5032PC-25 7C344-25PC 5192J1 7C341-35H1 SUFFIX:F SUFFIX:F
5064JC 7C343-35HC 5192L.C 7C341-35]C SUFFIX:L SUFFIX:L
5064JC—1 7C343-25HC 5192LC-1 7C341-251C SUFFIX:P SUFFIX:P
5064JC-2 7C343-30HC 5192LC-2 7C341-301C MACH110-12JC 7C371-83]C
5064J1 7C343—35HI MACH110-15JC 7C371-661C




Product Line Cross Reference

CYPRESS
CYPRESS AMD CYPRESS

MACH110-20JC 7C371-66JC PAL16R6ALM PALC16R6-30M
MACH110-20/BXA  7C371-66YMB PAL16R6AM PALCI6R6~30M
MACH130-15JC 7C373-831C PAL16R6BM PALCI6R6—-20M
MACH130-20JC 7C373-66JC PAL16R6C PALC16R6-35C
MACH130-20/BXA  7C373-66YMB PALI6R6LC PALC16R6~35C
MACH210-12JC 7C372-100)C PAL16R6LM PALC16R6—-40M
MACH210~-15JC 7C372-83JC PAL16R6M PALC16R6—40M
MACH210-20JC 7C372-66JC PAL16R6QC PALC16R6L—-35C
MACH210-20/BXA  7C372-66YMB PAL16R6QM PALCI6R6—-40M
MACH210A~-10JC 7C372-1251C PAL16R8-4C PAL16R8—4C
MACH210A-12JC 7C372-100JC PAL16R8~5C PAL16R8-5C
MACH230-15JC 7C374-83JC PAL16R8-7C PAL16R8-7C
MACH230—-20JC 7C374-66]C PAL16R8-10/B PAL16R8—-10M
MACH435-15]C 7C374-831C PAL16R8-12/B PAL16R8-10M
MACH435-20JC 7C374-66JC PAL16R8-D/2 PAL16R8-7C
PAL16L8—4C PAL16L8-4C PAL16R8A—-4C PALCI6R8L-35
PAL16L8-5C PAL16L8—-5C PAL16R8A—4M PALC16R8—-40M
PAL16L8—7C PAL16L8-7C PAL16RSAC PALC16R8-25C
PAL16L8—-10/B PAL16L8—-10M PAL16RSALC PALC16R8-25C
PAL16L8—-12/B PAL16L8-10M PAL16RSALM PALC16R8-30M
PAL16L8—-D/2 PAL16L8-7C PAL16R8AM PALC16R8~-30M
PAL16L.8A-4C PALCI16L8L~35C PAL16RSBM PALC16R8—-20M
PAL16L8A—-4M PALC16L8-40M PAL16R8C PALC16R8-35C
PAL16L8AC PALC16L8-25C PAL16RSLC PALC16R8~35C
PAL16LSALC PALC16L8-25C PAL16RSLM PALCI16R8—-40M
PALI6LSALM PALC16L8-30M PAL16R8M PALC16R8—-40M
PAL16L8AM PALC161L8~-30M PAL16R8QC PALCI6R8L—-35
PAL16L8BM PALC16L8-20M PAL16RSQM PALC16R8-40M
PAL161L8C PALC16L8-35C PAL22V10-7JC PALC22V10D-7JC
PAL16L8LC PALC16L8~35C PAL22V10~-7PC PALC22V10D-7PC
PAL16L8LM PALC161.8-40M PAL22V10-10DC PALC22V10D-10DC
PAL16LSM PALC16L8-40M PAL22V10-10JC PALC22V10D-10JC
PAL161.8QC PALC16L8L—-35C PAL22V10-10PC PALC22V10D-10PC
PAL16L8QM PALC16L8—-40M PAL22V10~12/B3A  PALC22V10B-10LMB
PAL16R4~4C PAL16R4—-4C PAL22V10-12/BLA  PALC22V10B-10DMB
PAL16R4~5C PAL16R4-5C PAL22V10-15DC PALC22V10B-15DC
PAL16R4-7C PAL16R4-7C PAL22V10-15JC PALC22V10B-15JC
PAL16R4-10/B PAL16R4-10M PAL22V10-15PC PALC22V10B-15PC
PAL16R4-12/B PAL16R4-10M PAL22V10-20/B3A  PALC22V10B-20LMB
PALI6R4-Dj/2 PAL16R4-7C PAL22V10-20/BLA  PALC22V10B-20DMB
PAL16R4A-4C PALC16R4L~-35C PAL22V10/B3A PALC22V10-35LMB
PAL16R4A—-4M PALC16R4-40M PAL22V10/BLA PALC22V10-35DMB
PALI6R4ALC PALC16R4~-25C PAL22V10A/B3A PALC22V10-25LMB
PALI6R4ALM PALC16R4-30M PAL22V10A/BLA PALC22V10-25DMB
PAL16R4AM PALC16R4-30M PAL22V10ADC PALC22V10-25DC
PAL16R4BM PALC16R4~-20M PAL22V10AIC PALC22V10-25JC
PAL16R4C PALC16R4-35C- PAL22V10APC PALC22V10-25PC
PALI6R4LC PALC16R4~35C PAL22V10DC PALC22V10-35DC
PALI6R4LM PALC16R4—-40M PAL22V10JC PALC22V10-35JC
PAL16R4M PALCI16R4—-40M PAL22V10PC PALC22V10-35PC
PAL16R4QC PALC16R4L-35C PALCE16V8H-7JC/4 PALCE16V8~-7IC
PAL16R4QM PALC16R4-40M PALCE16V8H-7PC/4  PALCE16V8-7PC
PAL16R6—-4C PAL16R6—-4C PALCEI16V8H-10JC/4  PALCE16V8-10JC
PAL16R6—5C PAL16R6-5C PALCEI6V8H-10PC/4 PALCE16V8-10PC
PAL16R6-7C PAL16R6-7C PALCE16V8H-15]1C/4  PALCE16V8-15JC
PAL1I6R6—10/B PAL16R6-10M PALCEI6VS8H-15PC/4 PALCE16V8-15PC
PAL16R6-12/B PAL16R6-10M PALCE16V8H-25]C/4  PALCE16V8-25]C
PAL16R6—-D/2 PAL16R6-7C PALCE16V8H-25PC/4  PALCE16V8-25PC
PAL16R6A~4C PALC16R6L—-35C PALCE16V8Q-15JC/4  PALCE16VSL-15JC
PAL16R6A—4M PALC16R6—-40M PALCE16V8Q-15PC/4  PALCEI16V8L-15PC
PAL16R6AC PALC16R6-25C PALCE16V8Q-25]C/4  PALCE16VS8L~-25IC
PALI6R6ALC PALC16R6-25C PALCE16V8Q-25PC/4 _ PALCE16V8L—25PC

AMD

PALCE22V10H-7JC
PALCE22V10H-10PC
PALCE22V10H-10JC
PALCE22V10H-10PC

PALCE22V10H
-15/B3A

PALCE22V10H
-15/BLA

PALCE22V10H-15JC
PALCE22V10H-15PC

CYPRESS
PALC22V10D-10JC
PALC22V10D-7PC
PALC22V10D-10JC
PALC22V10D-10PC
PALC22V10D
—15LMB
PALC22V10D
-15DMB
PALC22V10D-15]JC
PALC22V10D-15PC

PALCE22V10H PALC22V10D
-20/B3A -20LMB
PALCE22V10H PALC22V10D
-20/BLA -20DMB
PALCE22V10H PALC22V10D
-25/B3A -25LMB
PALCE22V10H PALC22V10D
-25/BLA -25DMB
PALCE22V10H-25JC PALC22V10D-25]JC
PALCE22V10H-25PC  PALC22V10D-25PC
PALCE22V10H PALC22V10D
-30/B3A -25LMB
PALCE22V10H PALC22V10D
-30/BLA -25DMB

ATMEL CYPRESS
PREFIX:AT PREFIX:CY
22V10 PALC22V10
22V10-15 PALC22V10B
HARRIS CYPRESS
PREFIX:HM PREFIX:CY
PREFIX:HPL PREFIX:CY
SUFFIX:§ SUFFIX:B
PREFIX:1 SUFFIX:D
PREFIX:9 SUFFIX:F
PREFIX:4 SUFFIX:L
PREFIX:3 SUFFIX:P
16LC8~5 PALCI16L8L—-35C
16LC8-8 PALC16L8—-40M
16LC8-9 PALC16L8—-40M
16RC4-5 PALC16R4L-35C
16RC4-8 PALCI6R4—-40M
16RC4-9 PALC16R4—-40M
16RC6-5 PALC16R6L—-35C
16RC6-8 PALC16R6~40M
16RC6-9 PALC16R6—40M
16RC8-5 PALC16R8L—35C
16RC8-8 PALC16R8—-40M
16RC8-9 PALC16R8~-40M
INTEL CYPRESS
PREFIX:85C PREFIX:CY
PREFIX:85C PREFIX:PLD
PREFIX:D SUFFIX:D
PREFIX:L SUFFIX:L
PREFIX:P SUFFIX:P
SUFFIX:/B SUFFIX:B
22V10-10C PALC22V10D-7C
22V10-10C PALC22V10D-10C
22V10-10C PAL22V10C-7C+
22V10-10C PAL22V10C-10C+
22V10-15C PALC22V10B-15C
22V10-15C PALC22V10D~-15C

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Icc and 5 mA on Igg

+
#

¥

meets all performance specs but may not meet Icc or Isp
meets all performance specs except 2V data retention—may not meet Icc or Isg
functionally equivalent
SOIC only
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=== CYPRESS

Product Line Cross Reference

LATTICE CYPRESS
PREFIX:EE PREFIX:CY
PREFIX:GAL PREFIX:PALCE
PREFIX:ST PREFIX:CY
SUFFIX:B SUFFIX:B
SUFFIX:D SUFFIX:D
SUFFIX:L SUFFIX:L
SUFFIX:P SUFFIX:P
GAL16V8A~10LJ PALCE16V8-10JC
GAL16V8A—10LP PALCE16V8—10PC
GAL16V8A—15LJ PALCE16V8-15]C
GAL16V8A—15LP PALCE16V8—15PC
GAL16V8A~-15QJ PALCE16VSL-15JC
GAL16V8A—-15QP PALCE16V8L—-15PC
GAL16V8A—-L5LJY PALCE16V8-25]C
GAL16V8A—25LP PALCE16V8-25PC
GAL16V8A-25QJ PALCE16VSL—-25]C
GAL16V8A-25QP PALCE16V8L—25PC
GAL16V8B-TLJ PALCE16V8-7JC

GAL16V8B—7LP PALCE16V8-7PC

GAL16V8B—10LJ PALCE16V8—-10JC

GAL16V8B~—10LJI PALCE16V8~10JI

GAL16V8B—-10LP PALCE16V8-10PC

GAL16V8B—10LPI PALCE16V8—-10PI

GAL16V8B—15LJ1 PALCE16V8—15J1

GAL16V8B—15LPI PALCE16V8-15P1

GAL16V8B—25LJ1 PALCE16V8-25J1

GAL16V8B—-25LPL PALCE16V8~25PI

GAL20V8A PALCE20V8

GAL20V8B PALCE20V8

GAL22V10B-7LJ PALC22V10D~7JC

GAL22V10B-7LP PALC22V10D-7PC

GAL22V10B-10LJ PALC22V10D-10JC

GAL22V10B~10LP  PALC22V10D-10PC

GAL22V10B-15LD PALC22V10D -

/883 15DMB

GAL22V10B-15LJ PALC22V10D-15JC

GAL22V10B—-15LJ1  PALC22V10D-15J1

GAL22VI0B-15LP  PALC22V10D-15PC

GAL22V10B-15LPI  PALC22V10D-15PI

GAL22V10B—-15LR  PALC22V10D-

88 15LMB

GAL22V10B-20LJI = PALC22V10D-15JI

GAL22V10B-20LD  PALC22V10D-

/883 15DMB

GAL22V10B—-20LPI = PALC22V10D-15P1

GAL22V10B—-20LR  PALC22V10D~—

/883 15LMB

GAL22V10B-25LD  PALC22V10D-

/883 MB

GAL22V10B—-25LJ PALC22V10D-25JC

GAL22V10B-25LJI  PALC22V10D-25J1

GAL22V10B-25LP  PALC22V10D-25PC

GAL22V10B-25LPI  PALC22V10D-25PI

GAL22V10B—25LR  PALC22V10D~-

883 25LMB

GAL22V10B-30LD  PALC22V10D~-

/883 25DMB

GAL22V10B—-30LR  PALC22V10D-

/883 25L.MB

GAL22V10C-5LJ PAL22V10G-5JC

GAL22V10C-7LJ PAL22V10D-7JC

GAL22V10C-7PC PAL22V10D~-7PC

CYPRESS
PALC16R8~30M
PALC16R8L~-35C
PALC16R8-40M
PALCI16R8~-20M
PALC16R8-35C
PALC1648L-25C
PALC16R8—40M
PLDC20G10~35C
PLDC20G10—-40M
PLDC20G10-35C
PLDC20G10-30M,
PLDC20G10-35C
PLDC20G10-40M
PLDC20G10-35C
PLDC20G10—-40M
PLDC20G10-35C
PLDC20G10—-40M
PLDC20G10-25C
PLDC20G10—-30M
PLDC20G10-35C
PLDC20G10-40M
PLDC20G10-35C
PLDC20G10—-40M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-35C
PLDC20G10-40M
PLDC20G10-35C
PLDC20G10-40M
PLDC20G10-25C
PLDC20G10~30M
PLDC20G10-35C
PLDC20G10—40M
PLDC20G10-35C
PLDC20G10—40M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-35C
PLDC20G10—40M
PALC22V10-35C

CYPRESS
SUFFIX:B
SUFFIX:F
SUFFIX:D
SUFFIX:L
SUFFIX:P
SUFFIX:B
PLDC20G10-35C
PLDC20G10—-40M
PLDC20G10-35C
PLD20G10—-40M
PLD20G10-35C
PLDC20G10-40M
PALC161L8-35C
PALC161.8—40M
PALC16L8L~35C
PALC16L8-40M
PALC1618-25C
PALC16L.8—-30M
PALC16L8-35C
PALCI16L8—-30M
PALC16L8L-35C
PALC16L8—40M
PALC161.8—20M
PALC1618-35C
PALC1618L~25C
PALC16L8~-30M
PALC16L8—-40M
PALC16R4-35C
PALC16R4-40M
PALC16R4L-35C
PALC16R4—40M
PALC16R4-25C
PALC16R4-30M
PALC16R4-25C

PALC16R4—-30M

PALC16R4L~35C

PALC16R4—-40M

PALC16R4-20M

PALC16R4-35C

PALC16R4L-25C

PALC16R4-40M

PALC16R6-35C

PALC16R6~40M

PALC16R6L-35C

PALC16R6—-40M

PALCI16R6-25C

PALC16R6~30M

PALC16R6—-25C

PALC16R6—30M

PALC16R6L—35C

PALC16R6-—-40M

" PALC16R6—-20M

PALC16R6-35C

PALC16R6L-25C

PALC16R6—40M

PALC16R8-35C

PALCI16R8—-40M

PALC16R8L-35C

PALC16R8—40M

PALC16R8-25C

PALC16R8-30M

PALC16R8-25C

MMI/AMD
PAL16R8B—2M
PAL16R8B—4C
PAL16R8B—4M
PAL16R8BM
PAL16R8C
PAL16R8D—4C
PAL16R8M
PALiSLAC
PAL18LAM
PAL20L10AC
PAL20L10AM
PAL20L10C
PAL20L10M
PAL20L2C
PAL20L2M
PAL20L8A~-2C
PAL20L8A-2M
PAL20L8AC
PAL20L8AM
PAL20L8C
PAL20L8M
PAL20R4A—-2C
PAL20R4A—2M
PAL20R4AC
PAL20R4AM
PAL20R4C
PAL20R4M
PAL20R6A—-2C
PAL20R6A—-2M
PAL20R6AC
PAL20R6AM
PAL20R6C
PAL20R6M
PAL20R8A-2C
PAL20R8A—-2M
PAL20R8AC
PAL20RSAM
PAL20R8C
PAL20R8M
PALC22V10/A

MMI/AMD
SUFFIX:883B
SUFFIX:F
SUFFIX:J
SUFFIX:L
SUFFIX:N
SUFFIX:SHRP
PAL12L10C
PAL12L10M
PAL14L8C
PALI4LSM
PAL16L6C
PAL16L6M
PAL16L8A-2C
PAL16L8A—2M
PAL16L8A-4C
PAL16L8A—4M
PAL16L8AC
PAL16L8AM
PAL16L8B-2C
PAL16L8B-2M
PAL16L8B—4C
PAL16L8B—4M
PAL16L8BM
PAL16L8C
PAL16L8D—4C
PAL16L8D—4M
PAL16LSM
PAL16R4A-2C
PAL16R4A-2M

PAL16R4A—4C

PAL16R4A—4M

PAL16R4AC

PAL16R4AM

PAL16R4B-2C

PAL16R4B-2M

PAL16R4B-4C

PAL16R4B—4M

PAL16R4BM

PAL16R4C

PAL16R4D—-4C

PAL16R4M

PAL16R6A-2C

PAL16R6A~2M

PAL16R6A-4C

PAL16R6A—4M

PAL16R6AC

PAL16R6AM

PAL16R6B—2C

PAL16R6B~2M

PAL16R6B-4C

PAL16R6B—4M

PAL16R6BM

PAL16R6C

PAL16R6D—4C

PAL16R6M

PAL16R8A-2C

PAL16R8A-2M

PAL16R8A—4C

PAL16R8A—4M

PAL16RS8AC

PAL16R8AM

PAL16R8B—2C

CYPRESS
PREFIX:CY
PREFIX:None
PREFIX:CY
PREFIX:CY
PREFIX:CY
SUFFIX:D
SUFFIX:P
PLDC20G10-35C
PLDC20G10-40M
PLDC20G10—-40M
PALC22V10D-15C
PALC22V10D~-151
PALC22V10D-15M
PALC22V10D-25C
PALC22V10D-251
PALC22V10D-25M
PALC16R4—-40M
PALC16L8-35C
PALC16L8-40M
PALC161.8-25C

NATIONAL
PREFIX:DM
PREFIX:GAL
PREIFX:IDM
PREFIX:NM
PREFIX:NMC
SUFFIX:J
SUFFIX:N
18L4C
18L4M
20L2M
GAL22V10-15C
GAL22V10-201
GAL22V10-20M
GAL22V10-25C
GAL22V10-301
GAL22V10-30M
PAL164A2M
PAL16L8A2C
PAL16L8A2M
PAL16LSAC




33 CYPRESS

&

Product Line Cross Reference

NATIONAL
PAL16LSAM
PAL16L8B2C
PAL16L8B2M
PAL16L8B4C
PAL16L8B4M
PAL16L8BM
PAL16L8C
PAL16L8M
PAL16R4A2C
PAL16R4AC
PAL16R4AM
PAL16R4B2C
PAL16R4B2M
PAL16R4B4C
PAL16R4B4M
PAL16R4BM
PAL16R4C
PAL16R4M
PAL16R6A2C
PAL16R6A2M
PAL16R6AC
PAL16R6AM
PAL16R6B2C
PAL16R6B2M
PAL16R6B4C
PAL16R6B4M
PAL16R6BM
PAL16R6C
PAL16R6M
PAL16R8A2C
PAL16R8AZM
PAL16RSAC
PAL16RSAM
PAL16R8B2C
PAL16R8B2M
PAL16R8B4C
PAL16R8B4M
PAL16R8BM
PAL16R8C
PAL16R8M
PAL20L2C
PAL20LBAC
PAL20L8AM
PAL20L8BC
PAL20L8BM
PAI20L.8C
PAL20L8M
PAL20L10B2C
PAL20L10B2M
PAL20L10C
PAL20L10M
PAL20R4AC
PAL20R4AM
PAL20R4BC
PAL20R4BM
PAL20R4C
PAL20R4M
PAL20R6AC
PAL20R6AM
PAL20R6BC
PAL20R6BM
PAL20R6C

CYPRESS
PALC1618-30M
PALC1618-25C
PALC16L8-30M
PALC16L8L~35C
PALC16L8-40M
PALC161.8~-20M
PALC161.8-35C
PALC16L8—-40M
PALC16R4-35C
PALC16R4~25C
PALC16R4-30M
PALC16R4-25C
PALC16R4—-30M
PALC16R4L~35C
PALC16R4-40M
PALC16R4-20M
PALC16R4~35C
PALC16R4~40M
PALC16R6~35C
PALC16R6—40M
PALC16R6-25C
PALC16R6~-30M
PALC16R6—-25C
PALC16R6—-30M
PALC16R6L—-35C
PALC16R6-40M
PALC16R6—20M
PALC16R6-35C
PALC16R6—40M
PALC16R8-35C
PALC16R8-40M
PALC16R8-25C
PALC16R8~-30M
PALC16R8-25C
PALC16R8-30M
PALC16R8L~-35C
PALC16R8-40M
PALC16R8~-20M
PALCI16R8-35C
PALC16R8-40M
PLDC20G10-35C
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-25C
PLDC20G10—-30M
PLDC20G10-35C
PLDC20G10-40M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-35C
PLDC20G10-40M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-35C
PLDC20G10-40M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-25C
PLDC20G10~-30M
PLDC20G10-35C

NATIONAL
PAL20R6M
PAL20R8AC
PAL20R8AM
PAL20RSBC
PAL20RSBM
PAL20R8C
PAL20RSM

CYPRESS

PLDC20G10-40M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-35C
PLDC20G10-40M

QUICKLOGIC
PREFIX:QL
8X12B-*CG68C
8X12B-*CG681
8X12B—-*CG68M
8X12B-*PF100C
8X12B~*PF1001
8X12B-*PLA4C
8X12B-*PLA441
8X12B~*PL68C
8X12B—*PL68I
12X16B-*CG84C
12X16B—*CG841
12X16B—*CG84M
12X16B—*PF100C
12X16B—*PF100I
12X16B—*PL68C
12X16B—*PL68I
12X16B~*PL84C
12X16B~*PL841
16X24B—-*GC144C
16X24B—*GC1441
16X24B~-*GC144M
16X24B-*PF100C
16X24B-*PF100I
16X24B—*PF144C
16X24B—*PF1441
16X24B~-*PL84C
16X24B—*PL841
24X32B—*GC44C
24X32B-*GC1441

24X32B-*GC144MB

24X32B—*GC208C
24X32B—-*GC208I
24X32B~*GC208M
24X32B—*PF144C
24X32B—*PF1441
24X32B—*PF208C
24X32B—*PF2081

CYPRESS
PREFIX:CY
7C382A-*GC
7C382A-*GI
7C382A-*GMB
7C382A—*AC
7C382A—*Al
7C381A—-*JC
7C381A—-*]1
7C382A—*IC
7C382A~*J1
7C384A-*GC
TC384A—*GI
7C384A~*GMB
TC384A-*AC
TC384A—*Al
7C383A-*IC
7C383A-*J1
TC384A~*IC
7C384A—-*]J1
7C386A-*GC
7C386A~*GI
7C386A-*GMB
7C385A-*AC
TC385A~*Al
7C386A—*AC
7C386A~*Al
7C385A~*IC
TC385A—*J1
7C387A-*GC
7C387A-*GI
7C387A-*GMB
7C388A-*GC
7C388A~*GI
7C388A-*GMB
7C387A—-*AC
7C387A—*Al
7C388A-*AC
7C388A~*Al

TI
PREFIX:JBP
PREFIX:PAL
PREFIX:SM
PREFIX:SMJ
PREFIX:SN
PREFIX:TBP
PREFIX:TIB
PREFIX:TMS
SUFFIX:F
SUFFIX:J
SUFFIX:N
22V10AC
22V10AM
PAL161.8-5C

CYPRESS
PREFIX:CY
SUFFIX:P
PREFIX:CY
PREFIX:CY
PREFIX:CY
PREFIX:CY
PREFIX:CY
PREFIX:.CY
SUFFIX:F
SUFFIX:L
SUFFIX:D
PALC22V10-25C
PALC22V10-30M
PAL16L8-5C

TI
PAL16L8-7C
PAL16L8-7M
PAL16L8-10C
PAL16L8—-10M
PAL16L8-12M
PAL16L8~15C
PAL16L8-15M
PAL16L8—-20M
PAL16L8-25C
PAL16L8~-30M
PALI6L8A-2C
PAL16L8A-2M
PAL161.8AC
PAL16L8AM
PAL16R4-5C
PAL16R4-7C
PAL16R4-7M
PAL16R4-10C
PAL16R4—10M
PAL16R4-12M
PAL16R4-15C
PAL16R4-15M
PAL16R4-20M
PAL16R4-25C
PAL16R4-30M
PAL16R4A-2C
PAL16R4A~-2M
PALI6R4AC
PAL16R4AM
PAL16R6~5C
PAL16R6-7C
PAL16R6—7M
PAL16R6—~10C
PAL16R6—10M
PAL16R6—12M
PAL16R6-15C
PAL16R6—-15M
PAL16R6—~20M
PAL16R6-25C
PAL16R6—-30M
PAL16R6A—-2C
PAL16R6A—-2M
PAL16R6AC
PAL16R6AM
PAL16R8-5C
PAL16R8-7C
PAL16R8—7M
PAL16R8-10C
PAL16R8—-10M
PAL16R8—-12M
PAL16R8-15C
PAL16R8~15M
PAL16R8—-20M
PAL16R8~25C
PAL16R8~-30M
PAL16R8A-2C
PAL16R8A-2M
PAL16R8AC
PAL16R8AM
PAI20L8A-2C
PAL20L8A-2M
PAT20L8AC

CYPRESS
PAL16L8-7C
PAL1618-7M
PAL1618-7C
PAL16L8-10M
PAL161.8—-10M
PAL16L8-7C
PAL16L8—-10M
PALC16L8—-20M
PALC1618-25C
PALC161L8-30M
PALC16L8—35C
PALC16L8—-40M
PALC161.8-25C
PALC161.8—-30M
PAL16R4-5C
PAL16R4-7C
PAL16R4~-7M
PAL16R4-7C
PAL16R4-10M
PAL16R4-10M
PAL16R4-7C
PAL16R4-10M
PALC16R4-20M
PALC16R4-25C
PALC16R4-30M
PALC16R4-25C
PALC16R4—40M
PALC16R4-25C
PALC16R4-30M
PAL16R6—-5C
PAL16R6-7C
PAL16R6~-7M
PAL16R6-7C
PAL16R6—-10M
PAL16R6—10M
PAL16R6-7C
PAL16R6~-10M
PALC16R6—20M
PALC16R6-25C
PALC16R6—30M
PALC16R6—-25C
PALC16R6—40M
PALC16R6-25C
PALC16R6~30M
PAL16R8-5C
PAL16R8-7C
PAL16R8—-7M
PAL16R8-7C
PAL16R8-10M
PAL16R8—-10M
PAL16R8-7C
PAL16R8-10M
PALC16R8~20M
PALC16R8-25C
PALC16R8—-30M
PALC16R8-25C
PALC16R8—-40M
PALC16R8-25C
PALC16R8~30M
PLDC20G10~-25C
PLDC20G10-30M
PLDC20G10—-25C

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Icc and 5 mA on Igg

+

¥

"

nn

SOIC only

meets all performance specs but may not meet Icc or Isp
meets all performance specs except 2V data retention—may not meet Icc or Isg
functionally equivalent
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Product Line Cross Reference

PAL20L8AM
PAL20L10A—2C
PAL20L10A—2M
PAL20L10AC
PAL20L10AM
PAL20R4A-2C
PAL20R4A—2M
PAL20R4AC
PAL20R4AM
PAL20R6A—-2C
PAL20R6A—2M
PAL20R6AC
PAL20R6AM
PAL20R8A-2C
PAL20R8A-2M
PAL20RSAC
PAL20RSAM
PAL22V10-7C
PAL22V10-7C
PAL22V10-15C
PAL22V10-20M
PAL22V10AC
PAL22V10AC
PAL22V10AM
PAL22V10AM
PAL22V10C
PAL22V10C

CYPRESS
PLDC20G10-30M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-35C
PLDC20G10~30M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10~-25C
PLDC20G10-30M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-25C
PLDC20G10-30M
PLDC20G10-25C
PLDC20G10-30M
PALC22V10D-7C
PAL22V10C-7C
PALC22V10B-15C
PALC22V10B-20M
PALC22V10~-25C
PALC22V10L-25C
PALC22V10-25MB
PALC22V10~-30MB
PALC22V10-35C
PALC22V10L-35C







Military Overview

Features

Cypress products are designed using our state-of-the-art CMOS
and BiCMOS processes, and they must meet the full — 55to +125
degrees Celsius operational criteria for military use. The commit-
ment continues with the 1986 DESC certification of our auto-
mated U.S. facility in San Jose, California. Cypress meets the
stringent quality and reliability requirements of MIL-STD-883D
and MIL-I-38535B and participates in each of the military pro-
cessing programs: MIL-STD-883D compliant, SMD (Standard-
ized Military Drawing), and QML.

Product Design

Every Cypress product is designed to meet or exceed the full tem-
perature and functional requirements of military product. This
means that Cypress builds military product as a matter of course,
rather than asan accidental benefit of favorable testyield. Designs
are being carried out in our industry-leading 0.65-micron CMOS
and BiCMOS processes. Cypress is able to offer a family of prod-
ucts thatare industry leaders in density, low operating and standby
current, and high speed. In addition, our technology results in
products with very small manufacturable die sizes that will fit into
the LCCs and flatpacks so often used in military programs.

DESC-Certified Facility

On May 8, 1986, the Cypress facility at 3901 North First Street in
San Jose, California was certified by DESC for the production of
JAN Class BCMOS Microcircuits. And, most recently, on Febru-
ary 16, 1994, Cypress received QML (Qualified Manufacturers
List) transitional certification from DESC to the requirements of
MIL—-I-38535B. This certification allows Cypress to continue to
produce JAN products aswell as manufacture deviceslisted on the
QML. QML certification attests to Cypress’ commitment to qual-
ity and reliability through the use of statistical process control and
total quality management. Our wafer fabrication facilities are
Class 10 (San Jose) and Class 1 (Round Rock, TX and Blooming-
ton, MN) manufacturing environments and our assembly facility is
also a clean room.

Datasheet Documentation

Every Cypress final datasheet is a corporate document with arevi-
sion history. The document number and revision appears on each
final data sheet. Cypress maintains a listing of all data sheet docu-
mentation and a copy is available to customers upon request. This
gives a customer the ability to verify the current status of any data
sheet and it also gives that customer the ability to obtain updated
specifications as required.

Every final data sheet also contains detailed Group A subgroup
testing information. Allof the specified parametersthatare tested

at Group A are listed in a table at the end of each final data sheet,
with a notation as to which specific Group A test subgroups apply.

Assembly Traceability Code™

Cypress Semiconductor places an assembly traceability code on
every military package that is large enough to contain the code.
The ATC automatically provides traceability for that product to
the individual wafer lot. This unique code provides Cypress with
the ability to determine which operators and equipment were used
in the manufacture of that product from start to finish.

Quality and Reliability

MIL-STD-883D and MIL-I-38535B spell out the toughest of
quality and reliability standards for military products. Cypress
products meet all of these requirements and more. Our in-house
quality and reliability programs are being updated regularly with
tighter and tighter objectives. Please refer to the chapter on Quali-
ty, Reliability, and Process Flows for further details.

Military Product Offerings
Cypress offers three levels of processing for military product.

First, all Cypress products are available with processing in full
compliance with MIL-STD-883, Revision D.

Second, selected productsare available to the SMD (Standardized
Military Drawing) program administered by DESC. These prod-
ucts are not only fully MIL-STD-883D compliant, but are also
screened to the electrical requirements of the applicable military
drawing.

Third, selected productsare available as JAN devices. These prod-
ucts are processed in full accordance with MIL-I-38535B and they
are screened to the electrical requirements of the applicable JAN
slash sheet.

Product Packaging

All packages for military product are hermetic. Alook at the pack-
age appendix in the back of this data book will give the reader an
appreciation of the variety of packages offered. Included are cer-
DIPs, windowed CerDIPs, leadless chip carriers (LCCs), win-
dowed leadless chip carriers, cerpaks, windowed cerpaks, quad
cerpaks, windowed quad cerpaks, bottom-brazed flatpacks, and
pin grid arrays.

Summary

Cypress Semiconductor is committed to the support of the mili-
tary marketplace. Our commitment is demonstrated by our prod-
uct designs, our DESC-certified facility, our documentation and
traceability, our quality and reliability programs, our support of all
levels of military processing, and by our leadership in special
packaging.

Assembly Traceability Code is a trademark of Cypress Semiconductor Corporation.
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3
PLDs
Organization Pins | PartNumber &Iﬁl/)se%}])* Speed (ns/MHz) (mA @I gg/MHz) Avaifl;:ls)ility
PAL20 | 16L8,16R8,16R6,16R4 |20 PAL16XX 5962-92338(0) | tpp="7,10 180@7 Now
PALC20 | 16L8,16R8,16R6,16R4 20 PALC16XX 5962-88678(W) | tpp = 20,30 70@20 Now
PALC20 {16L8,16R8,16R6,16R4 20 PALC16XX 5962-88713(0) tpp = 20,30 70@20 Now
|PLD24 | 22V10C—Macrocell 248 |PAL22VIOC  |5962-91760(0) | tppsico=103.6/75 |190@10 Now
PLD24 22V10C—Macrocell 248 PAL22VP10C | 5962-91760(0) tppys/co = 10/3.6/7.5 190@ 10 Now
PLDC24 | 22V10—Macrocell 248 PALC22V10 5962-87539(W) | tppys/co = 25/18/15 100@25 Now
PLD24 22V10—Macrocell 24S PALC22V10B | 5962-87539(W) | tppysico = 20/17/15 100 @20 Now
PLDC24 |22Vi0—Macrocell 248 PALC22V10 5962-88670(0) tppys/co = 25/18/15 100 @25 Now
PLD24 22V10—Macrocell 24S PALC22V10B | 5962-88670(0) tppss/co = 15/12/10 120@15 Now
PLDC24 |22V10—Macrocell 248 |PALC22VIOB | M38510/507(W) |tppsico=1512/10 | 120@15 Now
PLDC24 | 22V10—Macrocell 24S  |PALC22VI0B | M38510/508(0) |tppjsico=1512/10 | 120@15 Now
PLDC24 | 22V10D—Macrocell 24S | PALC22V10D | 5962-89841(0) | tppssico=10/6/7 130@10 Now
PLDC24 |20G10—Generic 248 PLDC20G10 5962-88637(0) tppys/co = 20/17/15 80@30 Now
PLDC24 |20RA10—Asynchronous [24S | PLD20RA10  |5962-90555(0) | tppjsuico=20/10/20 |100@25 Now
PLDC28 { 7C330—State Machine 288 CY7C330 5962-89546(W) | 50,40,28 MHz 180 @ 40MHz Now
PLDC28 | 7C330—State Machine 28S CY7C330 5926-90802(0) 50,40,28 MHz 180 @ 40 MHz Now
PLDC28 [ 7C331—Asynchronous 28S CY7C331 5962-90754(W) | tpp = 25,30,40 200 @20MHz Now
PLDC28 | 7C331—Asynchronous 288 CY7C331 5962-89855(0) tpp = 25,30,40 200 @ 20 MHz Now
PLDC28 | 7C332—Combinatorial 288 CY7C332 5962-91584(W) | tpp =20,25,30 200 @ 24 MHz Now
PLD28 7C335—Synchronous 28S CY7C335 5862-94510(W) | fmaxs = 66.6,50,83 160 @ 66.6 MHz | Now
CPLDs
Organization Pins | PartNumber Nﬂ?}:ﬁ%ﬁ « Speed (ns/MHz) (mA @I gg/MHz) Avaislgls)ility
MAX28 | 7C344—32Macrocell 28S CY7C344 5962-90611(W) | tpp =25,35 220@25 Now
MAX40 [ 7C343—64 Macrocell 40/44 | CY7C343 5962-92158(W) | tpp =25,30,35 225@?25 Now
MAX68 |7C342—128Macrocell |68 CY7C342 5962-89468(W) | tpp = 30,35,40 320@30 Now
MAXS84 | 7C341—192 Macrocell 84 CY7C341 5962-92062(W) tpp = 30, 35,40 480@30 Now
MAX100 | 7C346—128 Macrocell 84/100 | CY7C346 5962-91344(W) | tpp =30,35 320@35 Now
PLDC28 | 7C361-—State Machine 28S CY7C361 100, 83,66 MHz 150@ 100MHz | Now
Frasu370 | 7C371—32 Macrocell 44 CY7C371 5962-94684(0) fMax/ts/tco=83MHz/ | 260@83 Now
—~44 10/10
FLASH370 | 7C372—64 Macrocell 44 CY7C372 fuax/ts/tco=83MHz/ | 300@83 3Q94
—44 8/8
FLasH370 | 7C373-—64 Macrocell 84 CY7C373 fpax/ts/tco=83MHz/ | 300@83 3Q94
- : 8/8
FLAsH370 | 7C374—128 Macrocell 84 CY7C374 fmax/ts/tco=83MHz/ | 370@83 Now
84 8/8
FLASH370 | 7C375—128 Macrocell | 160 | CY7C375 fuax/ts/ltco=83MHz/ | 370@8$3 Now
~160 8/8
msoasm 7C376—192Macrocell | 160 | CY7C376 fuax/ts/tco=83MHz/ | 300/TBD 4Q95
—16l 12/12
FLZZ%H37O 7C377—192 Macrocell 240 CY7C377 fmax/ts/tco=83MHz/ | 300/TBD 4Q95
- 12/12
FLASH370 | 7C378—256 Macrocell | 160 | CY7C378 fvax/ts/tco=83MHz/ | 300/TBD 2Q95
~160 12/12
FLASH370 | 7C379—256 Macrocell | 240 | CY7C379 fyax/ts/tco=83MHz/ | 300/TBD 2Q95
~240 12/12
FPGAs
Organization Pins Part Number ﬁ]ﬁése%}} * Speed (ns/MHz) (mA @I gg/MHz) Avaislnsiility
1KFPGA | CMOS8x12 68 CY7C382A -0,-1 20 3Q9%4
2KFPGA | CMOS12x16 84 CY7C384A -0,-1 20 4Q9%4
4KFPGA | CMOS 16x24 145/ CY7C386A —0,-1 20 Now
160
8KFPGA | CMOS24x32 145/ CY7C387A/8A -0,—-1 20 1Q95
160/
208
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Notes:

The Cypress facility at 3901 North First Street in San Jose, CA is DESC-certified for JAN class B production.

All of the above products are available with processing to MIL-STD-883D at a minimum. Many of these products are also available either to SMD
(Standardized Military Drawings) or to JAN slash sheets.

The speed and power specifications listed above cover the full military temperature range.

228 stands for 22-pin 300-mil DIP.
248 stands for 24-pin 300-mil DIP.
288 stands for 28-pin 300-mil DIP.

328 stands for 32-pin 300-mil DIP.
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Military Ordering Information

Cypress Semiconductor fully supports the DESC standardized
Military Drawing Program for devices that are compliant to the
Class B requirements of MIL-STD-883D.

Listed below are the SMDs for which Cypress is an approved
source of supply. Please contact your local Cypress representa-

tive for the latest SMD update.

DESC SMD (Standardized Military Drawing) Approvalsu

Packagel3]
ress[2] .

SMD Number ng’tpNu:nber Description Type Dgsrc‘:'(iill;tci:m
5962—-87539  01LX PALC22V10-25WMB 243 DIP wi4 24-Pin CMOS UV EPLD
5962—87539 013X PALC22V10-25QMB 28SLCC Q64 24-Pin CMOS UV EPLD
596287539 02LX PALC22V10-30WMB 243 DIP wi4 24-Pin CMOS UV EPLD
5962—87539 023X PALC22V10-30QMB 28SLCC Q64 24-Pin CMOS UV EPLD
5962-87539  03LX PALC22V10-40WMB 24.3 DIP W14 24-Pin CMOS UV EPLD
5962—87539 04LX PALC22V10B—-20WMB 243 DIP w14 24-Pin CMOS UV EPLD
5962—87539 043X PALC22V10B—-20QMB 28 SLCC Q64 24-Pin CMOS UV EPLD
5962—-88637 01KX PLDC20G10—-40KMB 24 Cp K73 Generic CMOS PLD
5962—-88637 01LX PLDC20G10-40DMB 243 DIP D14 Generic CMOS PLD
5962—88637 02KX PLDC20G10—-30KMB 24 CP K73 Generic CMOS PLD
5962-88637 02LX PLDC20G10-30DMB 243 DIP D14 Generic CMOS PLD
5962—88637 023X PLDC20G10-30LMB 28 SLCC L64 Generic CMOS PLD
5962—88670 01KX PALC22V10-25KMB 24 CP K73 24-Pin CMOS PLD
5962—-88670 01LX PALC22V10-25DMB 24.3 DIP D14 24-Pin CMOS PLD
5962—88670 013X PALC22V10—-25LMB 28 SLCC Lo4 24-Pin CMOS PLD
5962—-88670 02KX PALC22V10-30KMB 24 CP K73 24-Pin CMOS PLD
5962-88670 02LX PALC22V10-30DMB 24.3 DIP D14 24-Pin CMOS PLD
5962—-88670 023X PALC22V10-30LMB 28 SLCC Lo64 24-Pin CMOS PLD
5962—-88670 03KX PALC22V10-40KMB 24 CP K73 24-Pin CMOS PLD
5962-88670 03LX PALC22V10-40DMB 24.3 DIP D14 24-Pin CMOS PLD
5962—88670 04KX PALC22V10B~-20KMB 24 CpP K73 24-Pin CMOS PLD
5962—88670 04LX PALC22V10B—-20DMB 24.3 DIP D14 24-Pin CMOS PLD
5962—-88670 043X PALC22V10B—-20LMB 28SLCC L64 24-Pin CMOS PLD
5962—-88670 05KX PALC22V10B--15KMB 24 CP K73 24-Pin CMOS PLD
5962—-88670 OSLX PALC22V10B-15DMB 243 DIP Di4 24-Pin CMOS PLD
5962—88670 053X PALC22V10B—-15LMB 28SLCC Lo64 24-Pin CMOS PLD
5962—-88678 01XX PALC16L8—-40QMB 20SLCC Q61 20-Pin CMOS UV EPLD
5962—88678  02XX PALC16R8-40QMB 20SLCC Q61 20-Pin CMOS UV EPLD
5962—-88678 03RX PALC16R6—-40WMB 20.3 DIP w6 20-Pin CMOS UV EPLD
596288678 03XX PALC16R6—40QMB 20SLCC Q61 20-Pin CMOS UV EPLD
5962—88678 04RX PALC16R4-40WMB 20.3 DIP W6 20-Pin CMOS UV EPLD
5962—88678 04XX PALC16R4-40QMB 20SLCC Q61 20-Pin CMOS UV EPLD
5962—88678 07XX PALC16R6—30QMB 20SLCC Q61 20-Pin CMOS UV EPLD
596288678 09RX PALC16L8-20WMB 20.3 DIP W6 20-Pin CMOS UV EPLD
5962—-88678 09XX PALC16L8~20QMB 20SLCC Q61 20-Pin CMOS UV EPLD
5962—-88678 10RX PALC16R8-20WMB 20.3 DIP W6 20-Pin CMOS UV EPLD
5962—88678 10XX PALC16R8—-20QMB 20SLCC Q61 20-Pin CMOS UV EPLD
5962—88678 11RX PALC16R6-20WMB 20.3 DIP w6 20-Pin CMOS UV EPLD
5962—88678 11XX PALC16R6—~20QMB 20S1LCC Q61 20-Pin CMOS UV EPLD
5962—-88678 12RX PALC16R4-20WMB 20.3 DIP N3 20-Pin CMOS UV EPLD
5962—88678 12XX PALC16R4-20QMB 20S LCC Q61 20-Pin CMOS UV EPLD
5962—88713 (01RX PALC16L8~-40DMB 20.3 DIP D6 20-Pin CMOS PLD
5962~88713 0SRX PALC16L8-30DMB 20.3 DIP D6 20-Pin CMOS PLD
5962—88713  05XX PALC16L8~-30LMB 20SLCC L61 20-Pin CMOS PLD
5962—88713 06RX PALC16R8-30DMB 20.3 DIP D6 20-Pin CMOS PLD
5962—-88713 07RX PALC16R6—30DMB 20.3 DIP D6 20-Pin CMOS PLD
5962—88713  07XX PALC16R6—30LMB 20SLCC L61 20-Pin CMOS PLD
5962—88713 08RX PALC16R4-30DMB 20.3 DIP D6 20-Pin CMOS PLD
5962—88713 08XX PALC16R4-30LMB 20SLCC Lot 20-Pin CMOS PLD
5962—88713 09RX PALC16L8-20DMB 20.3 DIP D6 20-Pin CMOS PLD
5962—88713 09XX PALC16L8~-20LMB 20SLCC Lé61 20-Pin CMOS PLD
5962—88713 10RX PALC16R8—20DMB 20.3 DIP D6 20-Pin CMOS PLD
5962—88713  10XX PALC16R8~20LMB 20SLCC L61 20-Pin CMOS PLD
5962—88713 11RX PALC16R6~20DMB 20.3 DIP D6 20-Pin CMOS PLD
5962—-88713 11XX PALC16R6—20LMB 20SLCC L61 20-Pin CMOS PLD
5962—-88713 12RX PALC16R4—-20DMB 20.3 DIP D6 20-Pin CMOS PLD
5962—-88713 12XX PALC16R4—-20LMB 20S1L.CC L6l 20-Pin CMOS PLD
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DESC SMD (Standardized Military Drawing) Approvalsi (continued)

Packagel3]
[21

SMD Number Pflytpll‘}?:lber Description Type D:‘sl::'til]l)]tci:)n
5962-89468 01XX CY7C342~35RMB 68 PGA H81 128-Macrocell UV EPLD
5962-89468 01YX CY7C342—-35HMB 68 SOJ R68 128-Macrocell UV EPLD
5962—-89468 01ZX CY7C342-35TMB 68 QFP T91 128-Macrocell UV EPLD
5962—-89546 01XX CY7C330-28WMB 28.3 DIP w22 PLD State Machine
5962-89546 02XX CY7C330—-40WMB 28.3 DIP w22 PLD State Machine
5962-89546 02YX CY7C330-40TMB 28 CP T74 PLD State Machine
5962~—89546 023X - CY7C330—-40QMB 28SLCC Q64 PLD State Machine
5962-89546 03XX CY7C330-50WMB 28.3 DIP w22 PLD State Machine
5962—-89546 03YX CY7C330—-50TMB 28 CP T74 PLD State Machine
5962—89546 033X CY7C330-50QMB 28 SLCC Q64 PLD State Machine
5962-89841 01KX PALC22V10D-30KMB 24 CP K73 CMOS EE PLD
5962—-89841 011X PALC22V10D-30DMB 24.3 DIP D14 CMOS EE PLD
5962—-89841 013X PALC22V10D-30LMB 28SLCC Lo4 CMOS EE PLD
5962-89841 02KX PALC22V10D-20KMB 24 CP K73 CMOS EE PLD
5962—-89841 02LX PALC22V10D-20DMB 243 DIP Di4 CMOS EE PLD
5962-89841 023X PALC22V10D-20LMB 28 SLCC L64 CMOS EE PLD
5962-89841 03KX PALC22V10D~-15KMB 24 CP K73 CMOS EE PLD
5962-89841 03LX PALC22V10D~-15DMB 243 DIP D14 CMOS EE PLD
596289841 033X PALC22V10D-15LMB 28SLCC L64 CMOS EE PLD
5962—-89841 04KX PALC22V10D-25KMB 24 CP K73 CMOS EE PLD
5962—89841 04LX PALC22V10D-25DMB 24.3 DIP D14 CMOS EE PLD
5962—-89841 043X PALC22V10D-25LMB 28SLCC Le4 CMOS EE PLD
596289841 05KX PALC22V10D-15KMB 24 CP K73 CMOS EE PLD
5962—-89841 05LX PALC22V10D-15DMB 243 DIP D14 CMOS EE PLD
5962—-89841 053X PALC22V10D-15LMB 28SLCC L64 CMOS EE PLD
5962—-89841 (06KX PALC22V10D-10KMB 24 CP K73 CMOS EE PLD
5962—-89841 06LX PALC22V10D~-10DMB 243 DIP D14 CMOS EE PLD
5962—-89841 063X PALC22V10D-10LMB 28 SLCC L64 CMOS EE PLD
5962—89855 01IMYX CY7C331-40KMB 28 CP K74 Asynchronous PLD
596289855 01MZX CY7C331-40YMB 288I1CQ Y64 Asynchronous PLD
5962—-89855 01M3X CY7C331-40LMB 28SLCC Lé64 Asynchronous PLD
5962—-89855 (02MXX CY7C331-30DMB 28.3 DIP D22 Asynchronous PLD
5962—89855 02MYX CY7C331-30KMB 28 CP K74 Asynchronous PLD
5962—89855 02MZX CY7C331-30YMB 288 I1CQ Y64 Asynchronous PLD
5962—89855 03MXX CY7C331-25DMB 28.3 DIP D22 Asynchronous PLD
5962-89855 03MYX CY7C331-25KMB 28 CP K74 Asynchronous PLD
5962—-89855 03MZX CY7C331-25YMB 288 JCQ Y64 Asynchronous PLD
5962—89855 03M3X CY7C331-25LMB 28 SLCC L64 Asynchronous PLD
5962—-90555 01LX PLDC20RA10-35DMB 243 DIP D14 Asynchronous CMOS OTP PLD
5962—-90555 02KX PLDC20RA10—-25KMB 24 CP K73 Asynchronous CMOS OTP PLD
5962—-90555 02LX PLDC20RA10-25DMB 243 DIP D14 Asynchronous CMOS OTP PLD
5962-~90555 023X PLDC20RA10~25LMB 28SLCC L64 Asynchronous CMOS OTP PLD
5962—90555 03KX PLDC20RA10-20KMB 24 CP K73 Asynchronous CMOS OTP PLD
5962—90555 03LX PLDC20RA10-20DMB 24.3 DIP D14 Asynchronous CMOS OTP PLD
5962—-90754 0IMYX CY7C331-40TMB 28 CP T74 Asynchronous UV PLD
5962-90754 01MZX CY7C331-40HMB 28SJCQ H64 Asynchronous UV PLD
5962—-90754 02MYX CY7C331-30TMB 28 CP T74 Asynchronous UV PLD
5962~90754 02MZX CY7C331-30HMB 288J1CQ H64 Asynchronous UV PLD
5962—-90754 02M3X CY7C331-30QMB 28 SLCC Qo4 Asynchronous UV PLD
5962—-90754 03MXX CY7C331-25WMB 28.3 DIP W22 Asynchronous UV PLD
5962—-90754 03MYX CY7C331-25TMB 28 CP T74 Asynchronous UV PLD
5962-90754 03MZX CY7C331-25HMB 288 JCQ Hoe4 Asynchronous UV PLD
5962-90754 03M3X CY7C331-25QMB 28 S LCC Q64 Asynchronous UV PLD
5962-91584 0IMYX CY7C332-25TMB 28 CP T74 Registered Combinatorial UV EPLD
5962-91584 01MZX CY7C332-25HMB 28 SJCQ H64 Registered Combinatorial UV EPLD
5962—-91584 02MYX CY7C332—-20TMB 28 CP T74 Registered Combinatorial UV EPLD
5962-91584 02MZX CY7C332—-20HMB 288JCQ H64 Registered Combinatorial UV EPLD
5962-91584 02M3X CY7C332-20QMB 28 SLCC Q64 Registered Combinatorial UV EPLD
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DESC SMD (Standardized Military Drawing) Approvalst (continued)

Packagel3]
ress(2] L Product
SMD Number PaC!tpNumb or Description Type Description

5962-91760 01M3X PAL22V10C-15LMB 28SLCC Lo64 BiCMOS OTP PLD
5962-91760 02M3X PAL22V10C-12LMB 28S1LCC Lo4 BiCMOS OTP PLD
596291760 03M3X PAL22V10C—-10LMB 28SLCC L64 BiCMOS OTP PLD
5962-91760 04M3X PAL22VP10C-15LMB 28SLCC L64 BiCMOS OTP PLD
5962—91760 05M3X PAL22VP10C~12LMB 28SLCC Lo4 BiCMOS OTP PLD
5962-91760 06M3X PA122VP10C~10LMB 28 S LCC L64 BiCMOS OTP PLD
596292062 0IMXX CY7C341-40HMB 84S JCQ H84 192-Macrocell UV EPLD
5962-92062 01IMYX CY7C341-40RMB 84 PGA R84 192-Macrocell UV EPLD
5962-92062 02MXX CY7C341-30HMB 84SJCQ H84 192-Macrocell UV EPLD
5962-92062 02MYX CY7C341-30RMB 84 PGA R84 192-Macrocell UV EPLD
5962-92158  02MXX CY7C343-30HMB 44S8JCQ H67 64-Macrocell UV EPLD
5962—-92338 01IMRX PAL16L8-10DMB 20.3 DIP Dé 20-Pin BICMOS PLD
5962-92338 0IMSX PAL16L8-10KMB 20 CP K71 20-Pin BiCMOS PLD
5962-92338 (01IMXX PAL16L8—10LMB 20SLCC Le61 20-Pin BiCMOS PLD
5962-92338 02MRX PAL16R8-10DMB 20.3 DIP D6 20-Pin BiCMOS PLD
5962-92338 02MSX PAL16R8~-10KMB 20 Cp K71 20-Pin BiCMOS PLD
5962-92338 02MXX PAL16R8—-10LMB 20SLCC Le61 20-Pin BiCMOS PLD
5962-92338 03MRX PAL16R6-10DMB 20.3 DIP D6 20-Pin BiCMOS PLD
5962-92338 03MSX PAL16R6-10KMB 20 CP K71 20-Pin BiCMOS PLD
5962-92338 03MXX PAL16R6~10LMB 2081LCC L6l 20-Pin BiCMOS PLD
5962-92338 04MRX PAL16R4—-10DMB 20.3 DIP D6 20-Pin BiCMOS PLD
5962-92338 04MSX PAL16R4-10KMB 20CP K71 20-Pin BiCMOS PLD
5962-92338 04MXX PAL16R4-10LMB 20SLCC L61 20-Pin BiCMOS PLD
5962-92338 05MRX PAL16L8—-7DMB 20.3 DIP D6 20-Pin BiCMOS PLD
596292338 05MSX PAL16L8—-7KMB 20CpP K71 20-Pin BiCMOS PLD
5962-92338 05MXX PAL16L8—-7LMB 20SLCC L61 20-Pin BiCMOS PLD
5962-92338 06MRX PAL16R8-7DMB 20.3 DIP D6 20-Pin BiCMOS PLD
5962-92338 06MSX PAL16R8—7KMB 20CP K711 20-Pin BiCMOS PLD
5962-92338 06MXX PAL16R8—-7LMB 20SLCC L6l 20-Pin BiCMOS PLD
5962-92338 07MRX PAL16R6—7DMB 20.3 DIP D6 20-Pin BiCMOS PLD
5962-92338 (07MSX PAL16R6~-7KMB 20 CP K71 20-Pin BiCMOS PLD
5962-92338 07TMXX PAL16R6—7LMB 20SLCC L6l 20-Pin BiCMOS PLD
596292338 08MRX PAL16R4-7DMB 20.3 DIP D6 20-Pin BiCMOS PLD
5962-92338 08MSX PAL16R4—-7KMB 20Cp K71 20-Pin BiCMOS PLD
5962-92338 08MXX PAL16R4-7LMB 20SLCC L61 20-Pin BiCMOS PLD
5962-93144 01MZX CY7C346—-35RMB 100 PGA R100 128-Macrocell UV EPLD
5962-93144 01IMUX CY7C346—-35HMB 848J1CQ H84 128-Macrocell UV EPLD
5962-93144 02MZX CY7C346—30RMB 100 PGA R100 128-Macrocell UV EPLD
5962-93144 02MUX CY7C346—30HMB 848JCQ H84 128-Macrocell UV EPLD

Notes:

1. Devices listed have been approved by DESC for the SMD 3. Package:  24.3 DIP = 24-pin 0.300” DIP;
indicated as of the date of publication. Contact your local Cypress 24.6 DIP = 24-pin 0.600" DIP
representative, or the Cypress SMD Hotline at 408/943-2716, for 28 R LCC = 28 terminal rectangular LCC,
the latest update. S = Square LCC, TLCC = Thin LCC

2, Use the SMD part number as the ordering code. %%CpbraZe dptllz tclf;gmlc flatpack (Configuration 1);

PGA = Pin Grid Array.

SMD Hotline: 408/943—2716
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JAN M38510 Qualifications

Package[3!
Cypress[2] . Product ualification
JAN Number Paztp Number Description Type Description e Status
JM 38510/50701BLA PALC22V10B-30WMB 24.3 DIP W14 CMOS UV PLD Qualified
JM 38510/50701B3A PALC22V10B-30QMB 28SLCC Q64 CMOS UV PLD Qualified
JIM 38510/50702BLA PALC22V10B—-25WMB 24.3 DIP w14 CMOS UVPLD Qualified
JM 38510/50702B3A PALC22V10B-25QMB 28 S LCC Q64 CMOS UV PLD Qualified
JM 38510/50703BLA PALC22V10B-20WMB 24.3 DIP w14 CMOS UV PLD Qualified
JM 38510/50703B3A PALC22V10B~20QMB 28S1LCC Q64 CMOS UV PLD Qualified
JM 38510/50704BLA PALC22V10B—-15WMB 24.3 DIP w14 CMOS UV PLD Qualified
JM 38510/50704B3A PALC22V10B-15QMB 28 SLCC Q64 CMOS UV PLD Qualified
JM 38510/50801BLA PALC22V10B-30DMB 24.3 DIP D14 CMOS PLD Qualified
JIM 38510/50801BKA PALC22V10B-30KMB 24 Cp K73 CMOS PLD Qualified
JM 38510/50801B3A PALC22V10B-30LMB 28 SLCC L64 CMOS PLD Qualified
JM 38510/50802BLA PALC22V10B-25DMB 24.3 DIP D14 CMOS PLD Qualified
JM 38510/50802BKA PALC22V10B—25KMB 24 CP K73 CMOS PLD Qualified
JIM 38510/50802B3A PALC22V10B—-25LMB 28 S LCC Lo4 CMOS PLD Qualified
JM 38510/50803BLA PALC22V10B-20DMB 24.3 DIP D14 CMOS PLD Qualified
JM 38510/50803BKA PALC22V10B~20KMB 24 CP K73 CMOS PLD Qualified
JM 38510/50803B3A PALC22V10B—-20LMB 28 SLCC L64 CMOS PLD Qualified
JM 38510/50804BLA PALC22V10B-15DMB 24.3 DIP D14 CMOS PLD Qualified
JM 38510/50804BKA PALC22V10B—-15KMB 24 Cp K73 CMOS PLD Qualified
JM 38510/50804B3A PALC22V10B-15LMB 28 SLCC 164 CMOS PLD Qualified
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SMD Ordering Information

5962-XXXXX 01 _ L X

L— LEAD FINISH
= Solder Dip
B = Tin Plate
C = Gold
X = Don't Care (The letter “X” will not be marked on the device, but will be

replaced with the actual lead finish designation.)

PACKAGE TYPE (Not a complete list)
J

V = 18-pin 0.300 DIP = 24-pin 0.600 DIP
= 20-pin 0.300 DIP Q = 40-pin 0.600 DIP
S = 20-pin Cerpack K = 24-pin Cerpack
W = 22-pin 0.400 DIP 2 = 20-pinSQLCC
L = 24-pin 0.300 DIP 3 = 28-pinSQLCC

X,Y,Z,U,TTM,Nand4,5,6,7,8, 9 = Non-dedicated package designations
and will vary per drawing.

DEVICE CLASS DESIGNATOR
No character = Old (Pre March 1990) SMD
= New “One Part—One Part Number” System SMD, Class B

DEVICE TYPE

DRAWING NUMBER

DRAWING PREFIX
5962 = Federal Stock Class (FSC) for microcircuits. Pre-1985 drawings do
not have this prefix.

Cypress Military Marking Information

Manufacturer’s identification:
Cypress Logo, CYPRESS, CYP, and CY are trademarks of Cypress Semiconductor Corporation.

Manufacturer’s designating symbol or CAGE CODE:
Designating symbol = CETK or ETK
CAGE CODE/FSCM Number = 65786

Country of origin:

USA = United States of America
THA = Thailand

In general, the codes for all products (except modules) follow the format below.

PAL & PLD
PREFIX DEVICE SUFFIX FAMILY
TpaLc?! T16rs ! T20 DMB! T PAL20 !
PALC  22V10 —15 WMB PAL 24 VARIABLE PRODUCT TERMS
PILDC  20G10  -20 WMB GENERIC PLD 24
cY 7C330  —50 DMB PLD SYNCHRONOUS STATE MACHINE
PALCE  16V8 —25 DMB FLASH-ERASABLE PAL 20

e.g., PALC16R8—-20DMB
Cypress FSCM #65786
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Introduction to Cypress PLDs

—%-; £ CYPRESS

Cypress PLD Family Features

Cypress Semiconductor’s PLD family offers the user a wide range
of programmable logicsolutions thatincorporate leading-edge cir-
cuit design techniques as well as diverse process technology capa-
bilities. This allows Cypress PLD users to select PLDs that best suit
the needs of their particular high-performance system, regardless
of whether speed, power consumption, density, or device flexibility
are the critical requirements imposed by the system.

Cypress offers enhanced-performance industry-standard 20- and
24-pin device architectures as well as proprietary 28-pin applica-
tion-tailored architectures. The range of technologies offered in-
cludes leading-edge 0.8-micron CMOS EPROM for high speed,
low power, and high density, 0.65-micron FLASH technology for
high speed, low power and electrical alterability, and 0.5-micron
BiCMOS for high-speed, power-sensitive applications.

The reprogrammable memory cells used by Cypress serve the same
purpose as the fuse used in most bipolar PLD devices. Before pro-
gramming, the AND gates or product terms are connected via the
reprogrammable memory cell to both the true and complement in-
puts. When the reprogrammable memory cell is programmed, the
inputs from a gate or product termare disconnected. Programming
alters the transistor threshold of each cell so that no conduction
can occur, which is equivalent to disconnecting the input from the
gate or product term. This is similar to “blowing” the fuses of BiC-
MOS or bipolar fusible devices, which disconnects the input gate
from the product term. Selective programming of each of these re-
programmable memory cells enables the specific logic function to
be implemented by the user.

The programmability of Cypress’s PLDs allows the users to cus-
tomize every device in a number of ways to implement their unique
logic requirements. Using PLDs in place of SSI or MSI compo-
nents results in more effective utilization of board space, reduced
cost and increased reliability. The flexibility afforded by these
PLDs allows the designer to quickly and effectively implement a
number of logic functions ranging from random logic gate replace-
ment to complex combinatorial logic functions.

The PLD family implements the familiar “sum of products” logic
by using a programmable AND array whose output terms feed a

ABC
A
Ba:}_ AsBeC= AsBeC
c
INTRO—-1
(a)
h —
i1|2+i1|2
lo ——4
INTRO-3
(©)

fixed OR array. The sum of these can be expressed in a Boolean
transfer function and is limited only by the number of product
terms available in the AND-OR array. A variety of different sizes
and architectures are available. This allows for more efficient logic
optimization by matching input, output, and product terms to the
desired application.

PLD Notation

To reduce confusion and to have an orderly way of representing the
complex logic networks, logic diagrams are provided for the vari-
ous part types. In order to be useful, Cypress logic diagrams
employ a common logic convention that is easy to use. Figure 1
shows the adopted convention. In part (a), an “ X ” represents an
unprogrammed EPROM cell or intact fuse link that is used to per-
formthelogical AND operationupon the input terms. The conven-
tion adopted does not imply that the input terms are connected on
the common line that is indicated. A further extension of this con-
vention is shown in part (b), which shows the implementation of a
simple transfer function. The normal logic representation of the
transfer function logic convention is shown in part (c).

PLD Circuit Configurations

Cypress PLDs have several different output configurations that
cover awide spectrum of applications. The available output config-
urations offer the user the benefits of both lower package counts
andreduced costswhenused. This approachallows designersto se-
lect PLDs that best fit their applications. An example of some of
the configurations that are available are listed below.

Programmable I/O

Figure 2 illustrates the programmable I/O offered in the Cypress
PLD family that allows product terms to directly control the out-
puts of the device. One product term is used to directly control the
three-state output buffer, which then gates the summation of the
remaining terms to the output pin. The output of this summation
can be fed back into the PLD as an input to the array. This pro-
grammable I/O feature allows the PLD to drive the output pin
when the three-state output is enabled or, when the three-state
output is disabled, the I/O pin can be used as an input to the array.

I —W'

—

|1i2+-l1 lo

= el

INTRO-2

(b)

Figure 1. Logic Diagram Conventions
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INPUTS, FEEDBACK, AND /O
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Figure 2. Programmable I/0

INPUTS, FEEDBACK, AND /0

CLOCK

s

1
o~

INTRO-5

Figure 3. Registered Outputs with Feedback

Registered Outputs with Feedback

Figure 3 illustrates the registered outputs offered on a number of
the Cypress PLDs which allow any of these circuits to functionasa
state sequencer. The summation of the product terms is stored in
the D-type output flip-flop on the rising edge of the system clock.
The Q output of the flip-flop can then be gated to the output pin by
enabling the three-state output buffer. The output of the flip-flop
can also be fed back into the array as an input term. The output
feedback feature allows the PLD to remember and then alter its
function based upon that state. This circuit can be used to execute
such functions as counting, skip, shift, and branch.

Programmable Macrocell

The programmable macrocell, illustrated in Figure 4, provides the
capability of defining the architecture of each output individually.
Each of the potential outputs may be specified to be “registered”
or “combinatorial.” Polarity of each output may also be individual-
ly selected allowing complete flexibility of output configuration.
Further configurability is provided through “array” configurable
“output enable” for each potential output. This feature allows the
outputs to be reconfigured as inputs on an individual basis or alter-
nately used as a bidirectional I/O controlled by the programmable
array (see Figure 5).

Buried Register Feedback

The CY7C331 and CY7C335 PLDs provide registers that may be
“buried” or “hidden” by electing feedback of the register output.
These buried registers, which are useful in state machines, may be
implemented without sacrificing the use of the associated device
pinas aninput. In previous PLDs, when the feedback path was acti-
vated, the input pin-path to the logic array was blocked. The pro-
prietary CY7C335 reprogrammable synchronous state machine
macrocell illustrates the shared input multiplexer, which provides
an alternative input path for the I/O pin associated with a buried
macrocell register (Figure 6). Each pair of macrocells shares an in-

put multiplexer, and as long as alternate macrocells are buried, up
to six of the twelve output registers can be buried without the loss
of any I/O pins as inputs. The CY7C335 also contains four dedi-
cated hidden macrocells with no external output that are used as
additional state registers for creating high-performance state ma-
chines (Figure 7).

Asynchronous Register Control

Cypress also offers PLDs that may be used in asynchronous sys-
tems in which register clock, set, and reset are controlled by the
outputs of the product term array. The clock signalis created by the
processing of external inputs and/or internal feedback by the logic
of the product term array, whichis then routed to the register clock.
The register set and reset are similarly controlled by product term
outputs and can be triggered at any time independent of the regis-
ter clock in response to external and/or feedback inputs processed
bythe logicarray. The proprietary CY7C331 Asynchronous Regis-
tered PLD, for which the I/O macrocell is illustrated in Figure 8, is
an example of such a device. The register clock, set, and reset func-
tions of the CY7C331 are all controlled by product terms and are
dependent only on input signal timing and combinatorial delay
through the device logic array to enable their respective functions.

Input Register Cell

Other Cypress PLDs provide input register cells to capture short
duration inputs that would not otherwise be present at the inputs
long enough to allow the device to respond. The proprietary
CY7C335 Reprogrammable Synchronous State Machine provides
these input register cells (Figure9). The clock for the input register
may be provided from one of two external clock input pins select-
able by a configuration bit, C4, dedicated for this purpose for each
input register. This choice of input register clock allows signals to
be captured and processed from two independent system sources,
each controlled by its own independent clock. These input register
cellsare provided within I/O macrocells, as well as for dedicated in-
put pins.
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16L.8/16R8
16R6/16R4
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4.5-ns, Industry-Standard PLDs

Features Functional Description

Cypress PAL20 Series devices consist of
the PAL16L8, PAL16R8, PAL16R6, and
PAL16R4. Using BICMOS process and
Ti-Wfuses, these devicesimplement the fa-
miliar sum-of-products (AND-OR) logic
structure.

e Ultra high speed supports today’s and
tomorrow’s fastest microprocessors

—tpp = 4.5ns
—tg =2.5ns
— fvax = 142.9 MHz (external)

* ::)rl;glar industry standard architec- The PAL device is a programmable AND
P RESET array driving a fixed OR array. The AND
¢ tower-up array is programmed to create custom
o High reliability product terms while the OR array sums se-
— Proven Ti-W fuses lected terms at the outputs.
— AC and DC tested at the factory The product selector guide details all the
o Security fuse different options available. All the regis-

tered devices feature power-up RESET.
Theregister Q outputisset to alogic LOW
when power is applied to the devices.

A security fuse is provided on all the de-
vices to prevent copying of the device fuse
pattern.

Programming

The PAL20 Series devices can be pro-
grammed using the Impulse programmer
available from Cypress Semiconductor.
See third party information in thirdparty
tool section for further programmer in-
formation.

Logic Symbols and DIP Pinouts

16R8 16R6
] > 20] Voo —>— |20 Vee
IZ] Tfig] O 9] 110
1[5] {18 O 18] O
1[E] 17 O 7] O
1[5] ~{ig] O 5] O
1EH -[i5] O [i5] O
2 {13 O % 14 O
1] -ig O 3] O
1[5 o[12] O IEH @_—Ell/o
Vgs [1 M OE  Vss [i0] ~<H11 O
20-1 20-2

20-Pin PLCC/LCC Pinouts

16L8
Vee I [29] Vee
110 IzZH [o—m™o

/o IEH  EPeos{Eo
) IEH  Perm o
0 1[EH e Sy 10

fo) | (B Arrar EZ_E /0

DR EE HEEE

0 Iy o
10 iEH g1 /O
110 1EH —I12 0
OE Vgg [0 ~ ——]
20-3 204

Q
__&%9%5¢
g4 =S | Do = JT6) 1 B o
1gs =1 | b o =] 1 =]
'H6 qers =N ! =X =K | B o
= b o | 153 O 158 0 1 0 o
gs =) I 14 0 =] I =R
9 10111213
Oy 205 206 207 20-8
218
28-Pin PLCC (—4 Speed Bin Only) Pinouts
Q (& Q Q
___®___ S __ P __ ___®S___
4321282726 4321282726 4321282726 4321282726
1gs 2501 5 2581 5 25 | 25 |
vgs 6 24 CP 6 24 cP [ 24P cP Vss 2431
oEQ7 23 @ Vee 7 16R6 23 P Ve 7 16R4 23 P Ve ! 16L8 23 | Voo
ods 16R8 »A0 8 2810 8 208 10 o 2po
Vss 9 21 H Vss 9 21 0 Vs 9 213 Vss Vs 21 B Vss
oo 20H 0 10 20@ 0 10 20 VO [1{e] 203 110
VesH 1 51314 1516171819 P Vss " 121314 1516 171810 P VSS " 21314 1516 1716191 VoS Vss 121314 1516 171810 [ VS8
209 20-10 20-11 2012
0O LNORNO VO QRO RLO VO 020 L0 Q2O QX NVQ 2O
Lo L L L2 L2 =o=9=0=

PAL is a registered trademark of Monolithic Memories Inc.
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Function Selection Guide
Device Dedicated Inputs Qutputs Product Terms/Outputs Feedback Enable
PAL16L8 10 6 comb. 7 1/0 prog.
2 comb. 7 — prog.
PAL16R8 8 8 reg. 8 reg. pin
PAL16R6 8 6 reg. 8 reg. pin
2 comb. 7 /O prog.
PAL16R4 8 4 reg. 8 reg. pin
4 comb. 7 1/0 prog.
Speed Selection Guide (Commercial —4/—5/—7, Military —7/—10)
Speed Bin tpn (nS) ts (ns) tco (ns) frax (MHz) Icc (mA)
-4 4.5 25 4.5 142.9 180
-5 5 2.5 5 133.3 180
-7 7 35 105.3 180
-10 10 4.5 7 87.0 180
Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, DC Input Current
not tested.) (except during programming) ........... ~-30mA to +5 mA
Storage Temperature ................... —65°Cto +150°C Operating Range
Ambient Temperature with -
Power Applied ...l —55°C to +125°C Ra - Ambleltlt V.
Supply Voltage to Ground Potential ......... -0.5V to +7.0V nee emperature cc
DC Voltage Applied to Outputs Commercial 0°Cto +70°C 5V 5%
inHighZState ..................... -0.5Vto Ve + 0.5V Military[J 255°C to +125°C 5V =10%
DClInput Voltage ................... —12Vto Ve + 0.5V
DC Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage Vce = Min,, Iog = —3.2mA |[Commercial | 2.4 \'%
VIN =V V;
N TH OF VIL Iog = —2mA Military
VoL Output LOW Voltage Vcc = Min,, IoL = 24 mA Commercial 0.5 \%
VIN = V] A%
IN= VIH OF VIL ToL=12mA | Military
Vi Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for All Inputsi2l | 2.0 v
VIL Input LOW Voltage Guaranteed Input Logical LOW Voltage for All Inputs[2} 0.8 v
Irx Input Leakage Current 0.4V < VN < 2.7V, Ve = Max.Bl -250 | 50 HA
It Maximum Input Current VIN = 5.5V, Ve = Max. 1 mA
Ioz Output Leakage Current Vee = Max, Vss < Vour < Vel —100 | +100 | pA
Isc Output Short Circuit Current | Voo = Max., Vour = 0.5V[4 -30 | —130 | mA
Icc Power Supply Current Vee = Max., Viy = GND, Outputs Open 180 mA
Notes:

1. Tais the “instant on” case temperature.

2. These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

3. T/O pin leakage is the worse case of Iy, and Iozy, (or Iy and Iozp).

4. Not more than one output should be tested at a time. Duration of the
short circuit should not be more than one second. Voyr = 0.5V has
been chosen to avoid test problems caused by tester ground degrada-

tion.
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ga‘?%YPRE o5 16R6/16R4
Capacitancel’]
Parameter Description Test Conditions Typical Unit
CiN Input Capacitance CPR,OE Ta = 25°C,f =1 MHz, 8 pF
T Vin = 0, Ve = 5.0V S o
Cour Output Capacitance 8 pF
AC Test Loads and Waveforms .
5V
S1
R1
OUTPUT TEST POINT
R2 l CL
Commercial Military
Specification S1 CL Ry Ry Ry Ry Measured Output Value
tpD, tCO Closed 50pF | 200Q 390Q 390Q 750Q 15V
tpzX, tEA Z » H: Open 1.5V
Z» L: Closed
tpxz, tER H#» Z: Open SpF H#»Z: Vpoyg — 0.5V
L #» Z: Closed L®»Z: VoL + 05V
Switching Characteristics Over the Operating Rangel®]
-4 -5 =7 -10
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpp Input or Feedback to Non-Registered Output 1618, | 1 4.5 1 5 2 7 2 10 ns
16R6, 16R4
tEA Input to Output Enable 1618, 16R6, 16R4 2 6.5 2 6.5 2 7 2 10 ns
tErR Input to Output Disable Delay 16L8, 16R6, 16R4 2 5.5 2 5.5 2 7 2 10 ns
tprx Pin 11 to Output Enable 16R8, 16R6, 16R4 1 6 1 6 2 7 2 110 | ns
tpxz, Pin 11 to Output Disable 16R8, 16R6, 16R4 1 5 1 5 2 7 2 10 ns
tco Clock to Output 16RS8, 16R6, 16R4 1 4.5 1 5 2 6 2 7 ns
tSKEWR Skew Between Registered Outputs 16R8, 16R6, 0.75 1 1 1 ns
16R4D]
ts Input or Feedback Set-Up Time 16R8, 16R6, 16R4 | 2.5 2.5 35 4.5 ns
tH Hold Time 16R8, 16R6, 16R4 0 0 0 0 ns
tp Clock Period (tco + ts) 7 7.5 9.5 11.5 ns
tw Clock Width 3 3 35 5 ns
fmax Maximum External Feedback (1/tp)l] 142.9 133.3 105.3 87 | MHz
Frequency Internal Feedbackls ¥) 175 175 150 133
No

tes:
5. Tested initially and after any design or process changes that may affect

these parameters.
6. See the last page of this specification for Group A subgroup testing in-

formation.

7. This specification indicates the guaranteed maximum frequency at
which a state machine configuration with external feedback can oper-

ate.

8. This specification indicates the guaranteed maximum frequency at
which a state machine configuration with internal-only feedback can

operate.
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Switching Waveforms(‘l

INPUTS I/O,
REGISTERED

XX

FEEDBACK

CcP

N trxz
co

tw

tp

tpzx

REGISTERED
OUTPUTS

N/ ¥

N

tpD

COMBINATORIAL

XX

OUTPUTS

REGISTERED
OUTPUT 1

ts% |

20-18

REGISTERED
OUTPUT 2

X

Note:
9. Input rise and fall time is 2-ns typical.

Power-Up Reset

The power-up reset feature ensures that all flip-flops will be reset
to LOW after the device has been powered up. The output state
will be HIGH due to the inverting output buffer. This feature is
valuable in simplifying state machine initialization. A timing dia-
gram and parameter table are shown below. Due to the synchro-
nous operation of the power-up reset and the wide range of ways

Vccanrise to its steady state, two conditions are required to en-
sure a valid power-up reset. These conditions are:
1. The V¢ must be monotonic.

2. Followingreset, the clock input must notbe driven from LOW
to HIGH until all applicable input and feedback set-up times

are met.

Parameter Symbol

Parameter Description

Max. Unit

tpr Power-Up Reset Time

1000 ns

ts

Input or Feedback Set-Up Time

See Switching Characteristics

Clock Width LOW

twL

Power-Up Reset Waveform

POWER

REGISTERED
ACTIVE LOW

OUTPUT

CLOCK

20-14
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1618 Loglc Diagram 20-Pin DIP/PLCC/LCC (28-Pin PLCC) Pinouts
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16R8 Logic Diagram 20-Pin DIP/PLCC/LCC (28-Pin PLCC) Pinouts

] 3 4 7 8 11 12 15 16 19 20 23 24 27 28
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Vee
)
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16R6 Logic Diagram 20-Pin DIP/PLCC/LCC (28-Pin PLCC) Pinouts
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16R4 Logic Diagram 20-Pin DIP/PLCC/LCC (28-Pin PLCC) Pinouts
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Ordering Information
Icc tpp Package Package Operating
(mA) (ns) Ordering Code Name Type Range
180 45 PAL1618—-4JC J64 28-Lead Plastic Leaded Chip Carrier Commercial
5 PAL16L8-5DC D6 20-Lead (300-Mil) CerDIP
PAL1618-5JC J61 20-Lead Plastic Leaded Chip Carrier
PAL16L8-5PC P5 20-Lead (300-Mil) Molded DIP
7 PAL16L.8-7DC D6 20-Lead (300-Mil) CerDIP
PAL161L8-7JC J61 20-Lead Plastic Leaded Chip Carrier
PAL16L8-7PC PS5 20-Lead (300-Mil) Molded DIP
PAL16L.8—-7DMB D6 20-Lead (300-Mil) CerDIP Military
PAL16L8—~7LMB Lel 20-Pin Square Leadless Chip Carrier
10 PAL16L8—-10DMB D6 20-Lead (300-Mil) CerDIP
PAL161L8—-10LMB Lel 20-Pin Square Leadless Chip Carrier
Icc fmax Package Package Operating
(mA) (MHz) Ordering Code Name Type Range
180 142.9 PAL16R8—-4JC J64 28-Lead Plastic Leaded Chip Carrier Commercial
1333 PAL16R8—-5DC D6 20-Lead (300-Mil) CerDIP
PAL16R8-5JC J61 20-Lead Plastic Leaded Chip Carrier
PAL16R8-5PC P5 20-Lead (300-Mil) Molded DIP
105.3 PAL16R8-7DC D6 20-Lead (300-Mil) CerDIP
PAL16R8-7JC J61 20-Lead Plastic Leaded Chip Carrier
PAL16R8~7PC P5 20-Lead (300-Mil) Molded DIP
PAL16R8—-7DMB D6 20-Lead (300-Mil) CerDIP Military
PAL16R8—-7LMB L6l 20-Pin Square Leadless Chip Carrier
87 PAL16R8-10DMB D6 20-Lead (300-Mil) CerDIP
PAL16R8—-10LMB Lol 20-Pin Square Leadless Chip Carrier
Icc tpp fMax Package Package Operating
(mA) (ns) | (MHz) Ordering Code Name Type Range
180 45 142.9 PAL16R6~-4JC J64 28-Lead Plastic Leaded Chip Carrier Commercial
5 133.3 PAL16R6—-5DC D6 20-Lead (300-Mil) CerDIP
PAL16R6-5]C J61 20-Lead Plastic Leaded Chip Carrier
PAL16R6—-5PC PS5 20-Lead (300-Mil) Molded DIP
7 105.3 PAL16R6-7DC D6 20-Lead (300-Mil) CerDIP
PAL16R6-7JC J61 20-Lead Plastic Leaded Chip Carrier
PAL16R6—7PC PS5 20-Lead (300-Mil) Molded DIP
PAL16R6—7DMB D6 20-Lead (300-Mil) CerDIP Military
PAL16R6—-7LMB L61 20-Pin Square Leadless Chip Carrier
10 87 PAL16R6—10DMB D6 20-Lead (300-Mil) CerDIP
PAL16R6—10LMB Lel 20-Pin Square Leadless Chip Carrier
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Ordering Information (continued)
Icc tpp fMax Package Package Operating
(mA) (ns) | (MHz) Ordering Code Name Type Range
180 45 142.9 PAL16R4—-4JC J64 28-Lead Plastic Leaded Chip Carrier Commer-
5 | 1333 | PALI6R4—5DC D6 | 20-Lead (300-Mil) CerDIP cial
PAL16R4-5]C J61 20-Lead Plastic Leaded Chip Carrier
PAL16R4-5PC P5 20-Lead (300-Mil) Molded DIP
7 105.5 PAL16R4-7DC D6 20-Lead (300-Mil) CerDIP
PAL16R4~-7]C J61 20-Lead Plastic Leaded Chip Carrier
PAL16R4-7PC P5 20-Lead (300-Mil) Molded DIP
PAL16R4--7DMB D6 20-Lead (300-Mil) CerDIP Military
PAL16R4-7LMB Lo61 20-Pin Square Leadless Chip Carrier
10 87 PAL16R4-10DMB D6 20-Lead (300-Mil) CerDIP
PAL16R4—-10LMB L61 20-Pin Square Leadless Chip Carrier

MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics

Parameters Subgroups
Von 1,2,3
VoL 1,23
Vi 1,23
ViL 1,23
Irx 1,23
Vpp 1,23
Icc 1,2,3
Ioz 1,23

Switching Characteristics

Parameters Subgroups
tpD 9,10, 11
tpzx 9,10, 11
tco 9,10, 11
ts 9,10, 11
tH 9,10, 11

Document #: 38—A—00025—-C
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Reprogrammable CMOS
PALC 16L8, 16R8, 16R6, 16R4

Features

e High reliability
— Proven EPROM technology

CMOS EPROM technology for repro- — >1500V input protection from

grammability electrostatic discharge
e High performance at quarter power —100% AC and DC tested

—tpp =25 ns — 10% power supply tolerances

—ts =20 ns — High noise immunity

—tco = 15 ns — Secu'rity.feature prevents pattern

duplication

—lec =45mA — 100% programming and functional

e High performance at military testing

temperature Functional Description

—tpp =20ns Cypress PALC20 Series devices are high-

—tg=20ns speed electrically programmable and UV-
erasable logic devices produced in a pro-

—tco =15ns prictary N-well CMOS EPROM process.

—lIcc=70mA These devices utilize a sum-of-products

(AND-OR) structure providing users with
the ability to program custom logic func-

Commercial and military temperature

PALs are offered in 20-pin plastic and ce-
ramic DIP, plastic SOJ, and ceramic LCC
packages. The ceramic package can be
equipped with an erasure window; when
exposed to UV light, the PAL is erased
and can then be reprogrammed.

Before programming, AND gates or prod-
uct terms are connected via EPROM cells
to both true and complement inputs. Pro-
gramming an EPROM cell disconnects an
input term from a product term. Selective
programming of these cells allows a spe-
cific logic function to be implemented in a
PALC device. PALC devices are supplied
in four functional configurations desig-
nated 16R8, 16R6, 16R4, and 16L8.
These 8 devices have potentially 16 inputs
and 8 outputs configurable by the user.
Output configurations of 8 registers, 8
combinatorial, 6 registers and 2 combina-
torial as well as 4 registers and 4 combina-
torial are provided by the 4 functional

range tions serving unique requirements. variations of the product family.
Logic Symbols and DIP and SOJ Pinouts
16R8 16R4 16L8
/|
cP[}—— 20l Ve cP[] 20 Veo 20] Vee 10 20] Voc
2] 5] O 1] Ee] 7] 1/0 IzZH 19 O
1[5 18] O 15 -118] O 78] 1/0 1BH i8] 1/0
1] 7] O I[2] =17 O 17 O 1EH 7] 1/0
I g 0 IEH {7 © 5 © I} e 7 /o
([E] 5] O 1EH 115 O 5] O 1EH o i Vo
17 i2] O 1] -[i4] O 4] O 17 4] 110
1[E] [13] O 1[E] o113] O [13] /O IEH 73] 1/0
IE] 2] 0 1] 2] 110 72 1/0 ,, 2] 0
Vss 1] [ OF  Vsg [ Hi] OF ] BOE Vs 9] — ———T1 |
C20-1 C20-2 Cc20-3 C20-4
LCC Pinouts
_.-%o
3 2,1,2019
0 110 =7 g0
(o} o] 17¢q 1/O
o o 164 /0
o) o 154 /0
o o 14910
910111213
C20-6 C20-7 - ;(2 T0Q ceos8
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Functional Description (continued)

All combinatorial outputs on the 16R6 and 16R4 as well as 6 of
the combinatorial outputs on the 16L8 may be used as optional
inputs. All registered outputs have the Q bar side of the register
fed back into the main array. The registers are automatically ini-
tialized upon power-up to Q output LOW and Q output HIGH.
All unused inputs should be tied to ground.

All PALC devices feature a security function that provides the
user with protection for the implementation of proprietary logic.
‘When invoked, the contents of the normal array may no longer be
accessed in the verify mode. Because EPROM technology is used
as a storage mechanism, the content of the array is not visible un-
der a microscope.

Cypress PALC products are produced in an advanced 1.2-micron
N-well CMOS EPROM technology. The use of this proven

Commercial and Industrial Selection Guide

EPROM technology is the basis for a superior product with in-
herent advantages in reliability, testability, programming, and
functional yield. EPROM technology has the inherent advantage
that all programmable elements may be programmed, tested, and
erased during the manufacturing process. This also allows the de-
vice to be 100% functionally tested during manufacturing. An
ability to preload the registers of registered devices during the
testing operation makes the testing easier and more efficient.
Combining these inherent and designed-in features provides an
extremely high degree of functionality, programmability and as-
sured AC performance, and testing becomes an easy task.

The register preload allows the user to initialize the registered de-

vices to a known state prior to testing the device, significantly sim-
plifying and shortening the testing procedure.

Generic Icc (mA) tpp (ns) ts (ns) tco (ns)
Part Output
Number Logic Enable Outputs L | Com’Ind | ~25 | =35 | =25 |-35 | -25 | -35
1618 | (8) 7-wide Programmable | (6) Bidirectional 45 70 25135 | —|—=]1—1|—
AND-OR-Invert 2) Dedicated
16R8 | (8)8-wide AND-OR [ Dedicated Registered Inverting | 45 70 — | — 120 |30 |15 |25
16R6 | (6) 8-wide AND-OR | Dedicated Registered Inverting | 45 70 25 [ 35 20 |30 (15 | 25
(2) 7-wide Programmable | Bidirectional
AND-OR-Invert
16R4 | (4)8-wide AND-OR [ Dedicated Registered Inverting | 45 70 25 [ 35 [ 20 | 30 | 15 | 25
(4) 7-wide Programmable | Bidirectional
AND-OR-Invert
Military Selection Guide
Generic tpp (ns) ts (ns) tco (ns)
Part Qutput Icc
Number Logic Enable Outputs (mA) | =20 ( =30 [ —40 | —20 | =30 } —40 | —20 | —30 | —40
16L8 | (8) 7-wide Programmable | (6) Bidirectional [ 70 20 (3|49 | ——|—|—1—1|—
AND-OR-Invert 2) Dedicated
16R8 | (8) 8-wide Dedicated Registered 70— — ] — 2025 |3 |15 }20 (25
AND-OR Inverting
16R6 | (6) 8-wide Dedicated Registered 70 | 20 [ 30 | 40 | 20 | 25 | 35 [ 15 | 20 | 25
AND-OR Inverting
(2) 7-wide Programmable | Bidirectional
AND-OR-Invert
16R4 | (4) 8-wide Dedicated Registered 70 | 20 | 30 | 40 | 20 | 25 | 35 | 15 | 20 | 25
D-OR Inverting
(4) 7-wide Programmable | Bidirectional
AND-OR-Invert




&

= PALC20 Series
=+ CYPRESS
Maximum Ratings
(Above which the useful life may be impaired. For user guide- UV Exposure ........................... 7258 Wsec/cm?
lines, not tested.) Static Discharge Voltage ........................ >1500V
Storage Temperature .................. -65°Cto +150°C  (per MIL-STD-883, Method 3015)
Ambient Temperature with Latch-Up Current ..............oooiiinnn.. >200 mA
Power Applied ....................... —55°Cto +125°C Ovperating Range
Supply Voltage to Ground Potential P g g
(Pin20toPin10) .........covviiniinn.t. —0.5V to +7.0V Ambient
DC Voltage Applied to Outputs Range Temperature Vee
inHighZState ......................... —0.5V to +7.0V Commercial 0°C to +75°C 5V +10%
DCInput Voltage ....................... —3.0V to +7.0V rer— = = "
Output Current into Outputs (LOW) .............. 24 mA Military —55°Cto +125°C SV *10%
DC Programming Voltage .............. ... ....oun. 14.0V Industrial -40°Cto +85°C
Electrical Characteristics Over the Operating Range (unless otherwise noted)[2]
Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage ¥CC_= \I}/Iin., v Iou=-32mA [ComVind| 24 v
IN= VIR OF VIL To = —2mA | Military
VoL Output LOW Voltage Vcc = Min,, IoL =24mA Com’l/Ind 0.4 \'%
VIN = Vi V
IN = Vs or ViL ToL=12mA | Military
Vi Input HIGH Level Guaranteed Input Logical HIGHB! Voltage for All Inputs { 2.0 \Y%
\%13 Input LOW Level Guaranteed Input Logical LOW[! Voltage for All Inputs 0.8 v
Irx Input Leakage Current Vss < ViN < Ve =10 10 HA
Vpp Programming Voltage Ipp = 50 mA Max. 13.0 | 14.0 v
Isc Output Short Circuit Current | Ve = Max., Voyr = 0.5VI4 —300 | mA
Iec Power Supply Current All Inputs = GND, Vce = Max, “v 45 | mA
Iour = 0 mAP) Com'VInd 70 | mA
Military 70 mA
Ioz Output Leakage Current Ve = Max,, Vss < Vout < Vee -100 | 100 UA
Notes:

1. Ta is the “instant on” case temperature.

2. See the last page of this specification for Group A subgroup testing in-
formation.

3. These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

4. Notmore thanone output should be tested at a time. Duration of the short
circuit should not be more than one second. Voyr = 0.5V has been cho-
sen to avoid test problems caused by tester ground degradation.

5. Iccac) = (0.6 mA/MHz) X (Operating Frequency in MHz) +
Iceey leepey) is measured with an unprogrammed device.
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Electrical Characteristics Over the Operating Range (Unless Otherwise Noted)[?! (continued)
Parameter | Vx Output Waveform—Measurement Level
tpxz (—-) 1.5V v,
OH g5v Vx  ca0e
tpxz (+) | 2.6V 0.5V. %
PXZ ( ) VoL _%b—_ X 2010
tpzx (+) | Vine v 0.5V. Vou
X C20-11
tpzx (=) | Vine v ;
X705V VoL  czo12
tgr (—) 1.5V v,
OH5v VX  ceo18
tr(+) | 26V | _(LV-%'L‘_—__‘ Vx
OL C20-14
tga (+) Vihe v 0.5V Vou
X C20-15
tga (=) | Vi v
X705V VoL  czo16
Capacitancel®!
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Tao=25°C,f=1MHz 10 pF
Cout Output Capacitance Vin =0, Ve = 5.0V 10 pF
Switching Characteristics Over Operating Rangel2 78]
Commercial/Industrial Military
=25 =35 -20 =30 -40
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpp Input or Feedback to Non-Registered 25 35 20 30 40 ns
Output 16L8, 16R6, 16R4
tEA Input to Output Enable 16L8, 16R6, 25 35 20 30 40 ns
16R4
tER Input to Output Disable Delay 1618, 25 35 20 30 40 ns
16R6, 16R4
tpzx Pin 11 to Output Enable 16R8, 16R6, 20 25 20 25 25 ns
16R4
tpxz, Pin 11 to Output Disable 16R8, 16R6, 20 25 20 25 25 ns
16R4
tco Clock to Output 16R8, 16R6, 16R4 15 25 15 20 25 ns
ts Input or Feedback Set-Up Time 20 30 20 25 35 ns
16R8, 16R6, 16R4
ty Hold Time 16R8, 16R6, 16R4 0 0 0 0 0 ns
tp Clock Period 35 55 35 45 60 ns
tw Clock Width 15 20 12 20 25 ns
fmax Maximum Frequency 28.5 18 28.5 22 16.5 | MHz
Notes:
6. ‘Tested initially and after any design or process changes thatmay affect ~ 8. The parameterstgg and tpxz are measured asthe delay from the input

these parameters.

7. Part(a) (part (c) for military) of AC Test Loads and Waveforms is used
for all parameters except tga, tgR, tpzx and tpxz. Part (b) (part (d) for

disable logic threshold transition to Vog — 0.5V for anenabled HIGH

military) of AC Test Loads and Waveforms is used for tga, tgr, tpzx

and tpxz.

outputor Vor. + 0.5V for an enabled LOW output. Please see Electri-
cal Characteristics for waveforms and measurement reference levels.
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AC Test Loads and Waveforms

R1175Q R1175Q
5v 5V Equivalent to:
OUTPUT ; OUTPUT ) THEVENIN EQUIVALENT COMMERCIAL
50pF 3 R2133Q spF 3 R2133Q 750
_l _J__ _-l_: _]_L OUTPUT O——wWA——0 2.16V = Vi
- - - - C20-18
(a) Commercial (b) Commercial C20-17
R1337Q R1337Q
5V 5V
) ! Equivalent to:
OuTPUT | OUTRUT , THEVENIN EQUIVALENT MILITARY
50pF $ R2247Q 5pF $ R2247Q 1430
l _J__ J_: -_];- OUTPUT O——WA———0 211V = Vyy
C20-19
(c) Military (d) Military €20-20
3.0v 5% . 90%
GND 10% 10%
<5ns - e - <5ns
C20-21
(e)
Switching Waveforms
INPUTS I/O,
REGISTERED <
FEEDBACK
is| ] tw tw
cP | '\ \
—_—
tp
OE
t trxz
¢ CO | tpzx
REGISTERED
ouTRUTS D
tep e teR -' 4——| tea
COMBINATORIAL
OUTPUTS }O(

Erasure Characteristics

Wavelengths of light less than 4000 Angstroms begin to erase the
PALC device. In addition, high ambient light levels can create
hole-electron pairs that may cause “blank” check failures or
“verify errors” when programming windowed parts. This phe-
nomenon can be avoided by using an opaque label over the win-
dow during programming in high ambient light environments.

C20-22

The recommended dose for erasure is ultraviolet light with a
wavelength of 2537 Angstroms for a minimum dose (UV intensity
multiplied by exposure time) of 25 Wsec/cm?, For an ultraviolet
lamp with a 12 mW/cm? power rating, the exposure would be ap-
proximately 35 minutes. The PALC device needs to be placed
within 1 inch of the lamp during erasure. Permanent damage may
result if the device is exposed to high-intensity UV light for an ex-
tended period of time. 7258 Wsec/cm? is the recommended maxi-
mum dosage.
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Logic Diagram PALC16L8

INPUTS (0 - 31)
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Logic Diagram PALC16R4

INPUTS (0 — 31)
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Logic Diagram PALC16R6
INPUTS (0 — 31)
El‘__{> 0 3 4 7 8 11 12 15 16 19 20 23 24 27 28 31
0
7
[Elgg >
8
. D Q}—|
15: —> Q
zi]——:]
16
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24
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Logic Diagram PALC16R8

INPUTS (0 ~ 31)
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Typical DC and AC Characteristics
NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT NORMALIZED PROPAGATION
vs. SUPPLY VOLTAGE vs. AMBIENT TEMPERATURE DELAY vs. SUPPLY VOLTAGE
4 16 1.2
Q
Sz 8 147\ 211
| (=) [a]
= N e g
§ 1.0 3 Z 10
% z 10 2
g S ] N
08 Ta=25C - < 08 <08 N
f'= fuax : o—
0.6 l 06 0.8
4.0 45 5.0 55 6.0 -55 25 125 4.0 4.5 5.0 55 6.0
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V)
NORMALIZED PROPAGATION DELTA PROPAGATION TIME NORMALIZED SET-UP TIME
DELAY vs. TEMPERATURE vs. OUTPUT LOADING vs. SUPPLY VOLTAGE
1.3 20 1.2
/ 15 -~
? 1.2 g / ~ E 11
@ o i
N O N
3 141 = 10 - 3 1.0
< = <
2 o z
[=]
210 5 2 oo N
N
0.9 0 0.8
55 25 125 0 200 400 600 800 1000 40 25 5.0 55 5.0
AMBIENT TEMPERATURE (°C) CAPACITANCE (pF) SUPPLY VOLTAGE (V)
NORMALIZED SET-UP TIME NORMALIZED CLOCK-TO-OUTPUT NORMALIZED CLOCK-TO-OUTPUT
vs. TEMPERATURE TIME vs. SUPPLY VOLTAGE TIME vs. TEMPERATURE
13 1.1 1.4
/ o 1.
RE 5 N\ 8 1° /
S = S
g 8 8 12
= 14 210 3
< = <
p=3 T = 14
= o c "
o g o
Z 1.0 -2
1.0
0.9 0.9 0.9
~ 55 25 125 4.0 45 5.0 55 6.0 _55 25 195
AMBIENT TEMPERATURE (°C) SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C)
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Typical DC and AC Characteristics (continued)
DELTA CLOCK-TO-OUTPUT TIME OUTPUT SINK CURRENT OUTPUT SOURCE CURRENT
vs. OUTPUT LOADING vs. OUTPUT VOLTAGE — vs. VOLTAGE
20.0 Z 200 E 140
E 175 = 120 N
— =150 & \
150 — & d £ 100
(%) o o N
B T 125 2 N
2 O g0
[a) &} / w
;“ 10.0 X 100 / 2 w0
L @B 75 2
a 5 3 40
5.0 —A g 50 / Voo = 5.0V ~ 'é N
3 2 Tp=25°C £ 20 AN
0.0 0 | 3 o
-0 200 400 600 800 1000 0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0 4.0
CAPACITANCE (pF) QUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V)
Ordering Information
tpp ts tco | Icc Package Operating
(ns) | (ns) | (ns) | (mA) Ordering Code Name Package Type Range
20 | — | — 70 | PALCI16L8-20DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16L8-20LMB L61 20-Pin Square Leadless Chip Carrier
PALC16L8—20QMB | Q61 20-PinWindowed Square Leadless Chip Carrier
PALC16L8—-20WMB | W6 20-Lead (300-Mil) Windowed CerDIP
25 — | — 45 | PALCI16L8L—-25PC PS5 20-Lead (300-Mil) Molded DIP Commercial
PALC161.8L-25VC V5 20-Lead (300-Mil) Molded SOJ
PALC16L8L—25WC W6 20-Lead (300-Mil) Windowed CerDIP
70 | PALCI16L8-25PC/PI P5 20-Lead (300-Mil) Molded DIP
PALC161L8—-25VC V5 20-Lead (300-Mil) Molded SOJ
PALC161.8—-25WC W6 20-Lead (300-Mil) Windowed CerDIP
30 | — | — 70 | PALC16L8-30DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16L8—30LMB L6l 20-Pin Square Leadless Chip Carrier
PALC16L8-30QMB | Q61 20-PinWindowedSquare LeadlessChipCarrier
PALC16L8-30WMB | W6 20-Lead (300-Mil) Windowed CerDIP
35 — | — 45 | PALCI6LSL—35PC P5 20-Lead (300-Mil) Molded DIP Commercial
PALC16L8L-35VC V5 20-Lead (300-Mil) Molded SOJ
PALC16L8L—35WC W6 20-Lead (300-Mil) Windowed CerDIP
70 | PALC16L8-35PC/PI P5 20-Lead (300-Mil) Molded DIP
PALC16L8-35VC \'A) 20-Lead (300-Mil) Molded SOJ
PALC16L8~-35WC W6 20-Lead (300-Mil) Windowed CerDIP
40 — | — 70 | PALCI16L8—40DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16L8—40LMB L61 20-Pin Square Leadless Chip Carrier
PALC16L8-40QMB | Q61 20-PinWindowedSquare Leadless Chip Carrier
PALC16L8-40WMB| W6 20-Lead (300-Mil) Windowed CerDIP




—
—

-

— . .
% ¥ CYPRESS PALC20 Series
Ordering Information (continued)
tpp ts tco | Icc Package Package Operating
(ns) | (ns) [ (ns) |(mA) |  Ordering Code Name Type Range
20 20 15 70 | PALC16R4—20DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R4-20LMB L61 20-Pin Square Leadless Chip Carrier
PALC16R4-20QMB Q61 20-PinWindowedSquareLeadless ChipCarrier
PALC16R4—-20WMB W6 20-Lead (300-Mil) Windowed CerDIP
25 20 15 45 | PALC16R4L-25PC P5 20-Lead (300-Mil) Molded DIP Commercial
PALC16R4L—25VC \A 20-Lead (300-Mil) Molded SOJ
PALC16R4L-25WC w6 20-Lead (300-Mil) Windowed CerDIP
70 | PALC16R4-25PC/P1 P5 20-Lead (300-Mil) Molded DIP
PALC16R4~25VC \'A 20-Lead (300-Mil) Molded SOJ
PALC16R4-25WC W6 20-Lead (300-Mil) Windowed CerDIP
30 25 20 70 | PALC16R4—-30DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R4-30LMB L61 20-Pin Square Leadless Chip Carrier
PALC16R4-30QMB Q61 20-PinWindowedSquare Leadless ChipCarrier
PALC16R4-30WMB W6 20-Lead (300-Mil) Windowed CerDIP
35 30 25 45 | PALC16R4L-35PC PS5 20-Lead (300-Mil) Molded DIP Commercial
PALC16R4L—-35VC \4 20-Lead (300-Mil) Molded SOJ
PALC16R4L-35WC w6 20-Lead (300-Mil) Windowed CerDIP
70 | PALC16R4-35PC/PI P5 20-Lead (300-Mil) Molded DIP
PALC16R4-35VC V5 20-Lead (300-Mil) Molded SOJ
PALC16R4-35WC W6 20-Lead (300-Mil) Windowed CerDIP
40 35 25 70 | PALC16R4—40DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R4-40LMB L61 20-Pin Square Leadless Chip Carrier
PALC16R4—-40QMB Q61 20-PinWindowed Square Leadless Chip Carrier
PALC16R4—-40WMB w6 20-Lead (300-Mil) Windowed CerDIP
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Ordering Information (continued)

tpp ts tco | Icc Package Package Operating

(ns) | (ns) | (ns) | (mA) Ordering Code Name Type Range

20 20 15 70 | PALC16R6—20DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R6-20LMB L61 20-Pin Square Leadless Chip Carrier
PALC16R6-20QMB Q61 20-Pin WindowedSquareLeadless Chip Carrier
PALC16R6—20WMB w6 20-Lead (300-Mil) Windowed CerDIP

25 20 15 45 | PALC16R6L—-25PC P5 20-Lead (300-Mil) Molded DIP Commercial
PALC16R6L—25VC \¢ 20-Lead (300-Mil) Molded SOJ
PALC16R6L—-25WC W6 20-Lead (300-Mil) Windowed CerDIP

70 | PALC16R6—25PC/PI PS 20-Lead (300-Mil) Molded DIP

PALC16R6-25VC \4 20-Lead (300-Mil) Molded SOJ
PALC16R6-25WC W6J 20-Lead (300-Mil) Windowed CerDIP

30 25 20 70 PALC16R6-30DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R6—-30LMB L6l 20-Pin Square Leadless Chip Carrier
PALC16R6-30QMB Q61 20-PinWindowedSquareLeadless Chip Carrier
PALC16R6-30WMB W6 20-Lead (300-Mil) Windowed CerDIP

35 30 | 25 45 | PALC16R6L-35PC PS 20-Lead (300-Mil) Molded DIP Commercial
PALC16R6L~35VC A4 20-Lead (300-Mil) Molded SOJ
PALC16R6L—-35WC W6 20-Lead (300-Mil) Windowed CerDIP

70 | PALC16R6—35PC/PI PS5 20-Lead (300-Mil) Molded DIP

PALC16R6-35VC V5 20-Lead (300-Mil) Molded SOJ
PALC16R6—-35WC W6 20-Lead (300-Mil) Windowed CerDIP

40 35 25 70 | PALC16R6—40DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R6-40LMB L61 20-Pin Square Leadless Chip Carrier
PALC16R6—-40QMB Q61 20-Pin WindowedSquare Leadless Chip Carrier
PALC16R6—40WMB W6 20-Lead (300-Mil) Windowed CerDIP
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Ordering Information (continued)
tpp ts tco | Icc Package Package Operating
(ns) | (ns) | (ns) | (mA) Ordering Code Name Type Range
— 20 15 70 | PALC16R8-20DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R8-20LMB L61 20-Pin Square Leadless Chip Carrier
PALC16R8—-20QMB Q61 20-Pin WindowedSquareLeadless Chip Carrier
PALC16R8—-20WMB w6 20-Lead (300-Mil) Windowed CerDIP
— 20 15 45 | PALC16R8L—-25PC P5 20-Lead (300-Mil) Molded DIP Commercial
PALC16R8L—-25WC w6 20-Lead (300-Mil) Windowed CerDIP
70 | PALC16R8-25PC/PI P5 20-Lead (300-Mil) Molded DIP
PALC16R8-25WC w6 20-Lead (300-Mil) Windowed CerDIP
— 25 20 70 | PALC16R8—30DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R8-30LMB L61 20-Pin Square Leadless Chip Carrier
PALC16R8-30QMB Q61 20-PinWindowedSquareLeadless ChipCarrier
PALC16R8—-30WMB w6 20-Lead (300-Mil) Windowed CerDIP
— 30 25 45 | PALC16R8L—-35PC P5 20-Lead (300-Mil) Molded DIP Commercial
PALCI16R8L—-35WC w6 20-Lead (300-Mil) Windowed CerDIP
70 | PALC16R8-35PC/PI P5 20-Lead (300-Mil) Molded DIP
PALC16R8—-35WC/WC | W6 20-Lead (300-Mil) Windowed CerDIP
— 35 25 70 | PALC16R8-40DMB D6 20-Lead (300-Mil) CerDIP Military
PALC16R8—-40LMB L61 20-Pin Square Leadless Chip Carrier
PALC16R8—-40QMB Q61 20-PinWindowedSquare Leadless ChipCarrier
PALC16R8~-40WMB w6 20-Lead (300-Mil) Windowed CerDIP
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics Switching Characteristics
Parameter Subgroups Parameter Subgroups
Vou 1,2,3 tpp 9,10, 11
VoL 1,2,3 tpzx 9,10,11
Vi 1,2,3 tco 9,10,11
ViL 1,2,3 ts 9,10, 11
Iix 1,2,3 ty 9,10, 11
Vpp 1,2,3
Icc 1,2,3
Ioz 1,2,3

Document #: 38—00001-F




Features

e Advanced second-generation PAL ar-
chitecture

Low power

— 90 mA max. commercial (10, 15, 25
ns)

— 115 mA max. commercial (7 ns)

— 130 mA max. military/industrial
(10, 15, 25 ns)

Quarter power version

~— 55 mA max. commercial (15, 25 ns)

CMOS Flash technology for electrical

erasability and reprogrammability

User-programmable macrocell

— Output polarity control

— Individually selectable for regis-
tered or combinatorial operation

PRELIMINARY PALCE16VS8

Reprogrammable

Up to 16 input terms and 8 outputs
DIP, LCC, and PLCC available

—17.5, 10, 15, and 25 ns com’l version
5ns tco
Snstg
7.5 ns tpp
125-MHz state machine

—10, 15, and 25 ns military/

industrial versions

7ns tco

10 ns tg

10 ns tpp

62-MHz state machine

High reliability
~— Proven Flash technology

—100% programming and functional
testing

Flash Erasable,
CMOS PAL® Device

Functional Description

The Cypress PALCE16V8 is a CMOS
Flash Electrical Erasable second-genera-
tion programmable array logic device. It
is implemented with the familiar sum-of-
product (AND-OR) logic structure and
the programmable macrocell.

The PALCE16V8 is executed in a 20-pin
300-mil molded DIP, a 300-mil cerdip, a
20-lead square ceramic leadless chip carri-
er, and a20-lead square plasticleaded chip
carrier. The device provides up to 16 in-
puts and 8 outputs. The PALCE16V8 can
be electrically erased and reprogrammed.
The programmable macrocell enables the
device to function as a superset to the fa-
miliar 20-pin PLDs such as 16L8, 16RS8,
16R6, and 16R4.

Logic Block Diagram (PDIP/CDIP)
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PRELIMINARY PALCE16V8

Functional Description (continued)

The PALCE16V8 features 8 product terms per output and 32 input
terms into the AND array. The first product term in a macrocell
can be used cither as an internal output enable control or as a data
product term.

There are a total of 18 architecture bits in the PALCE16V8 macro-
cell; two are global bits that apply to all macrocells and 16 that ap-
ply locally, two bits per macrocell. The architecture bits determine
whether the macrocell functions as aregister or combinatorial with
inverting or noninverting output. The output enable control can
come from an external pin or internally from a product term. The
output can also be permanently enabled, functioning as a dedi-
cated output or permanently disabled, functioning as a dedicated
input. Feedback paths are selectable from either the input/output
pin associated with the macrocell, the input/output pin associated
with an adjacent pin, or from the macrocell register itself.

Power-Up Reset

All registers in the PALCE16V8 power-up to alogic LOW for pre-
dictable systeminitialization. For eachregister, the associated out-
put pin will be HIGH due to active-LOW outputs.

Electronic Signature

An electronic signature word is provided in the PALCE16V8 that
consists of 64 bits of programmable memory that can contain user-
defined data.

Security Bit

A security bit is provided that defeats the readback of the internal
programmed pattern when the bit is programmed.

Low Power

The Cypress PALCE16V8 provides low-power operation through
the use of CMOS technology, and increased testability with Flash
reprogrammability.

Configuration Table
CGy CG; CLOy Cell Configuration Devices Emulated
0 1 0 Registered Output Registered Med PALs
0 1 1 Combinatorial I/O Registered Med PALs
1 0 0 Combinatorial Output Small PALs
1 0 1 Input Small PALs
1 1 1 Combinatorial I/O 16L8 only
Macrocell
To
Adjacent
11 Macrocell
19 OE 10
| - Vecc O— 0 0
= 1L—\ 0 X 01
{10
L =
T CLO,
CGy *
Py 11 _Q I/OX
T—— 0 X
-——-‘ >0—e
E > Q 10
Voc
CLK —‘> Q
= oLy 10
% { 11
0 X p——oo——— From
Adjacent
_cayforpn1stots ] [ g Pin

CGq for pin 12 and 19

16v8-4



—

PRELIMINARY PALCE16VS
== CYPRESS
Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, not tested.)
Storage Temperature .................. -65°C to +150°C Latch-Up Current ...............ccooinne... >200 mA
Ambient Temperature with ing R
Power Appled ..........oveverernin.. -55°Cto +125°c ~ Operating Range
Supply Voltage to Ground Potential Ambient
(Pin24toPinl2) ...............oial —0.5V to +7.0V Range Temperature Vee
D% V(illt%gg Applied to Outputs 0 0 Commercial 0°Cto +75°C 5V 5%
in Hig tate . ... -0.5V to +7.0V prys
M ] —zco S +
DCINput VOage . ovvovenereeenn ~05V to +7.0V iltary >3 OC o “250 < SV £10%
Output Current into Outputs (LOW) .............. 24ma | Industrial —40°Cto +85°C 5V £10%
DCProgramming Voltage ......................... 12.5V
Electrical Characteristics Over the Operating Rangel?!
Parameter Description Test Conditions Min. Max. | Unit
Vou Output HIGH Voltage Vce = Min,, Iog = —3.2mA Com’l 2.4 \%
ViN =V \%
IN = VI O I e = 2 mA Mil/Ind
VoL Output LOW Voltage Ve = Min, Ior = 24 mA Com’l 0.5 v
Vin =V, A%
IN= VIO VL e 2 mA Mil/ind
Vi Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs!3] 2.0 A\
Vi 4 Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs!3] -0.5 08 | v
I 1 Input or /O LOW Leakage |0V < Vi < VN (Max.) —-100 | wA
Current
Iy Input or I/O HIGH Leakage |3.5V < VN < Ve 10 nA
Current
Isc Output Short Circuit Current | Ve = Max., Voyr = 0.5V16.7] —-30 —90 | mA
Icc Operating Power Supply Vce = Max, 7 ns Com’l 115 | mA
Current ViL =0V, Vig =3V,
wen Ouiput Open. 10, 15, 25 ns 90 | mA
f=15 MHz Z15L, —25L 55 | mA
(counter)
10, 15, 25 ns Mil/Ind 130 | mA
Capacitancel”!
Parameter Description Test Conditions Typ. Unit
CiN Input Capacitance Vin=20V@f=1MHz 5 pF
Cour Output Capacitance Vour=20V@f=1MHz 5 pF
Endurance Characteristics”!
Parameter Description Test Conditions Min., Max. Unit
N Minimum Reprogramming Cycles Normal Programming Conditions 100 Cycles
Notes:

Ta is the “instant on” case temperature.

See the last page of this specification for Group A subgroup testing in-
formation.

These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

Vi, (Min.) is equal to —3.0V for pulse durations less than 20 ns.

2.
3.

4,

S.
6.

The leakage current is due to the internal pull-up resistor on all pins.
Not more than one output should be tested at a time. Duration of the short
circuit should not be more than one second. Voyr = 0.5V has been cho-
sen to avoid test problems caused by tester ground degradation.

Tested initially and after any design or process changes that may affect
these parameters.



PRELIMINARY PALCE16VS
AC Test Loads and Waveforms
ALL INPUT PULSES
3.0V
90%
10%
GND
<2ns
16V8-5
5V
St
R1
OUTPUT TEST POINT
R2 CL
— l 16V8-6
.
. Commercial Military
Specification S CL Ry Rz Ry Ry Measured Output Value
tpp, tco Closed 50 pF 2002 390Q 390€Q 750Q 1.5V
tpzx, tEA Z » H: Open 15V
Z » L: Closed
tpxz, tER H » Z: Open 5pF H»Z: Vog — 0.5V
L #» Z: Closed LeZ: VoL + 0.5V
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Commercial Switching Characteristics(?!
16V8-7 16V8-10 16V8-15 16V8-25
Parameter Description Min. | Max. | Min. { Max. | Min. | Max. | Min. | Max. Unit
tpp Input to Output 3 75 3 10 3 15 3 25 ns
Propagation Delay!3. 9]
tpzx OE to Output Enable 6 10 15 20 ns
tpxz OE to Output Disable 6 10 15 20 ns
tEA Input to Output 9 10 15 25 ns
Enable Delayl’]
tER Input to Output 9 10 15 25 ns
Disable Delay(” 10]
tco Clock to Output Delay!8. 91 2 5 2 7 2 10 2 12 ns
ts Input or Feedback 5 7.5 12 15 ns
Set-Up Time
ty Input Hold Time 0 0 0 0 ns
tp External Clock Period 10 14.5 22 27 ns
(tco + ts)
twH Clock Width HIGHI] 4 6 8 12 ns
twL Clock Width LOWL’) 4 6 8 12 ns
fmaxi External Maximum 100 69 45.5 37 MHz
Frequency (1/(tco + tg))[% 111
fmax2 Data Path Maximum 125 83 62.5 41.6 MHz
Frequency
(/(twr + tw) 12
fmaxs Internal Feedback Maximum 125 74 50 40 MHz
Frequency (1/(tcr + ts))l7 1]
tcr Register Clock to 3 6 8 10 ns
Feedback Input(?> 14]
tprR Power-Up Reset Timel”] 1 1 1 1 us
Notes:
8. Min. times are tested initially and after any design or process changes  11. Thisspecification indicates the guaranteed maximum frequency at which

that may affect these parameters.
9. Thisspecificationis guaranteed for all device outputs changing state in
a given access cycle.
10. This parameter is measured as the time after OE pin or internal disable
input disables or enables the output pin. This delay is measured to the
point at which a previous HIGH level has fallen to 0.5 volts below Vo
min. or a previous LOW level has risen to 0.5 volts above Vo max.

a state machine configuration with external feedback can operate.

12. This specification indicates the guaranteed maximum frequency at
which the device can operate in data path mode.

13. This specification indicates the guaranteed maximum frequency at which
a state machine configuration with internal only feedback can operate.

14, This parameter is calculated from the clock period at fyfax internal
(1/fmaxs) as measured (see Note 10 above) minus tg.




PRELIMINARY PALCE16VS8
Military and Industrial Switching Characteristics(2!
16V8—-10 16V8-15 16V8-25
Parameter Description Min. Max. Min. Max Min. Max. Unit
325 Input to Output 3 10 3 15 3 25 ns
Propagation Delay[8:°]
tpzx OE to Output Enable 10 15 20 ns
tpxz OE to Output Disable 10 15 20 ns
tEa Input to Output Enable Delayl’] 10 15 25 ns
tER Input to Output Disable Delayl’> 10l 10 15 25 ns
tco Clock to Output Delay!3: %} 2 7 2 10 2 12 ns
ts Input or Feedback Set-Up Time 10 12 15 ns
tH Input Hold Time 0 0 0 ns
tp External Clock Period (tco + tg) 17 22 27 ns
twH Clock Width HIGH("] 6 8 12 ns
twL Clock Width LOWL’] 6 8 12 ns
fMax1 External Maximum Frequency 58 45.5 37 MHz
(H/(tco + ts)- 1]
fmaxe Data Path Maximum Frequency 83 62.5 41.6 MH:z
(U(twe + tw) 12
fmMaxs Internal Feedback Maximum 62.5 50 40 MHz
Frequency (1/(tcp + tg))l7> 131
tcp Register Clock to 6 8 10 ns
Feedback Inputl’> 14]
tpr Power-Up Reset Timel’l 1 1 1 us
Switching Waveform
INPUTS, /O,
REGISTERED
FEEDBACK < > < > <
ts th twa 1 twe
CP / \ / \
/ / /
t t
% F tpxz, tepl'0) pe— > tep, tozx[ 0]
REGISTERED NS, 5
OUTPUTS XXX s 4 D%
—» tpp texz terl'% fe—s] e—! e, tpzx(10]
COMBINATORIAL
OUTPUTS H(
I 16V8.7
Power-Up Reset Waveform
. Vee
POWER 10%,/] 90%
SUPPLY VOLTAGE
ter
REGISTERED
ACTVE LOW XXX XX XY
OUTPUTS ts
CLOCK \\\ /'
tpr MAX = 1 us twe 16v8-8
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Functional Logic Diagram for PALCE16V8

INPUT LINE
NUMBERS v,
l———— PRODUCT LINE FIRST CELL NUMBERS \ C
J 0 34 78 1112 1516 19 20 2824 2728 81 =i
32 MC7
64 CL1=2048
128 —= CL0=2120 3"_
190 182 PTD=2128
224 —2135
p—t> .
EH s+
266 — MCé
320 CL1=2049
ags 22 CLO=2121 {$°—
145 216 PTD=2136
480 - —2143 ||
3 <
512 MC5
576 CL1=2050
40— CL0=2122 &"—
704 572 PTD=2144
736 - —-2151 et
[z s
768 MC4
2 CL1=2051
= CLo=2123 ° m
96028 PTD=2152
992 2159 |
3 <L
1024 MC3
1056 -
10381‘ 0 CL1 :2052 .
1152 CL0=2124
12160 PTD=2160
1248 —2167 =
>
o s
1 uuw MC2
1344 — CL1=2053
14082 CLO=2125 &"-
14721440 PTD=2168 >
1504 -2175
3 sﬂ—:>
1536 MC1
160022 CL1=2054 | )
6641632 CL0=2126
17261626 PTD=2176
1760 —2183 e
-
<A
1/=4m ” MCO
1856 CL1=2055
19201888 CLo=2127 {ﬁ"——@
19841252 PTD=2184
2016 - -2191
H% L
10 0 34 78 1112 1516 1920 2324 2728 31 L 11
19

USER ELECTRONIC SIGNATURE ROW
2056 2(:64 2072 2080 2088 2096 2104 21[1 2 2111 9

GLOBAL ARCH BITS

CGo=2192

| BYTEO' BYTE 1 I BYTE2I BYTESI BYTE4I BYTE5I BYTE6| BYTE7J
CG1=2193 16v8-9

MSB LSB MSB LSB
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Ordering Information
Icc | tep ts tco Package Operating
(mA) | (ns) | (ns) | (ns) Ordering Code Name Package Type Range
15 | 7.5 5 5 PALCE16V8-7JC J61 20-Lead Plastic Leaded Chip Carrier Commercial
PALCE16V8-7PC P5 20-Lead (300-Mil) Molded DIP
90 10 75 7 PALCE16V8-10JC J61 20-Lead Plastic Leaded Chip Carrier Commercial
PALCE16V8-10PC P5 20-Lead (300-Mil) Molded DIP
130 10 10 7 PALCE16V8-10J1 J61 20-Lead Plastic Leaded Chip Carrier Industrial
PALCE16V8—10PI P5 20-Lead (300-Mil) Molded DIP
130 { 10 10 7 PALCE16V8-10DMB D6 20-Lead (300-Mil) CerDIP Military
PALCE16V8-10LMB Lo61 20-Pin Square Leadless Chip Carrier
90 15 12 10 | PALCE16V8-15JC J61 20-Lead Plastic Leaded Chip Carrier Commercial
PALCE16V8-15PC P5 20-Lead (300-Mil) Molded DIP
130 15 12 10 | PALCE16V8-15]JI J61 20-Lead Plastic Leaded Chip Carrier Industrial
PALCE16V8-15P1 P5 20-Lead (300-Mil) Molded DIP
130 | 15 12 10 | PALCE16V8-15DMB D6 20-Lead (300-Mil) CerDIP Military
PALCE16V8—15LMB L61 20-Pin Square Leadless Chip Carrier
55 25 12 10 | PALCE16VSL-25JC J61 20-Lead Plastic Leaded Chip Carrier Commercial
PALCE16V8L—25PC P5 20-Lead (300-Mil) Molded DIP
55 25 15 12 | PALCE16V8L-25JC J61 20-Lead Plastic Leaded Chip Carrier Commercial
PALCE16V8L-25PC P5 20-Lead (300-Mil) Molded DIP
90 25 15 12 | PALCE16V8-25]JC J61 20-Lead Plastic Leaded Chip Carrier Commercial
PALCE16V8-25PC P5 20-Lead (300-Mil) Molded DIP
130 | 25 15 12 | PALCE16V8-25]1 J61 20-Lead Plastic Leaded Chip Carrier Industrial
PALCE16V8—25PI P5 20-Lead (300-Mil) Molded DIP
130 | 25 15 12 | PALCE16V8-25DMB D6 20-Lead (300-Mil) CerDIP Military
PALCE16V8-25LMB L61 20-Pin Square Leadless Chip Carrier

MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics

Parameter Subgroups

Vou 1,2,3

VoL 1,23

Vi 1,2,3

VL 1,23

Ix 1,2,3

Toz 1,2,3

Icc 1,2,3

Switching Characteristics

Parameter Subgroups
tpp 9,10, 11
tco 9,10,11
tg 9,10, 11
ty 9,10, 11

Document #: 38—00364—A



ADVANCED INFORMATION PALCE20VS8

Flash Erasable,

Reprogrammable CMOS PAL® Device

Features — Individually selectable for regis-
tered or combinatorial operation
o Advanced second-generation PAL o DIP, LCC, and PLCC available
hi s y
architecture —17.5, 10, 15, and 25 ns com’l version
o Low power Snstco
— 90 mA max. commercial Snstg
(10, 15, 25 ns) 7.5 ns tpp

125-MHz state machine
— 10, 15, and 25 ns military/
industrial versions

— 115 mA max. commercial (7 ns)

— 130 mA max. military/industrial
(15, 25 ns)

Functional Description

The Cypress PALCE20V8 is a CMOS
Flash Erasable second-generation pro-
grammable array logic device. It is imple-
mented with the familiar sum-of-product
(AND-OR) logic structure and the pro-
grammable macrocell.

The PALCE20VS is executed in a 24-pin
300-mil molded DIP, a 300-mil cerdip, a
28-lead square ceramic leadless chip carri-

7 ns tco . .

. er, and a 28-lead square plasticleaded chip

¢ Quarter power version }g ns :S carrier. The device provides up to 20 in-

— 55 mA max. commercial o ll:’iHl;Ds +ate machine puts and 8 outputs. The PALCE20V8 can

: ” be electrically erased and reprogrammed.

¢ Elz{sgsiﬂ; il;;e:?;g)lggnt;ﬁ:lljeﬂcitgcal ® High reliability The program);nable macrocerl)l erglrables the

— Proven Flash technology device to function as a superset to the fa-

¢ User-programmable macrocell —100% programming and functional  miliar 24-pin PLDs such as 20L8, 20R8,
— Output polarity control testing 20R6, 20R4.

Logic Block Diagram (PDIP/CDIP)
GND o Ig 17 Is I Iy CLK/lg

Bl [ [ [ [ I3

nln

EER

PROGRAMMABLE
(64 X 40)

iy

MUX

1

8
<
Macrocsll Macrocell Macrocell

Y T R 1 R

OE/lyy hz 1100 1104 1102 1103 1104 /05
Pin Configuration
gu DIP PLCC/LCC
Top View Top View

18 [1 0By
20v8-2

121314 1516 1718

1/07 ha Vee

20ve-1

1 10g
0 /05
0 110,
b Ne
D 1105
0 /o,
D 1o,

20V8-3

PAL is a registered trademark of Advanced Micro Devices, Inc.
Document #: 38—00367—A



— Commercial: tpp = 15 ns, tcg = 10
ns, tg = 12 ns
— Military: tpp = 20 ns, tco = 15 ns,
tg=15ns
¢ Low power
— Icc max.: 70 mA, commercial
— I max.: 100 mA, military
o Commercial and military temperature
range
o User-programmable output cells
— Selectable for registered or combi-
natorial operation
— Output polarity control
— Output enable source selectable
from pin 13 or product term

PLDC20G10B/PLDC20G10

CMOS Generic 24-Pin
Reprogrammable Logic Device

o Generic architecture to replace stan-
dard logic functions including: 20110,
20L8, 20R8, 20R6, 20R4, 12110, 1418,
16L6, 18L4, 2012, and 20V8

o Eight product terms and one OE
product term per output

e CMOS EPROM technology for
reprogrammability

o Highly reliable
— Uses proven EPROM technology
— Fully AC and DC tested

— Security feature prevents logic pat-
tern duplication

— *10% power supply voltage and
higher noise immunity

Functional Description

Cypress PLD devices are high-speed elec-
trically programmable logic devices. These
devicesutilize the sum-of-products (AND-
OR)structure providing users the abilityto
program custom logic functions for unique
requirements.

Inan unprogrammed state the AND gates
are connected via EPROM cells to both
the true and complement of every input.
By selectively programming the EPROM
cells, AND gates may be connected to ei-
ther the true or complement or discon-
nected from both true and complement in-
puts.

Cypress PLDC20G10 uses an advanced
0.8-micron CMOS technology and a prov-
en EPROM cell as the programmable ele-
ment. This technology and the inherent

Logic Block Diagram

Vss ! |
[

a

| CP/I

B[4

[ [ [
|

I I |

| I %

=]~
s
-

sl

PROGRAMMABLE
AND ARRAY

;
3] 50150

o [«]
m m

ouo
m m

HS—]
S —

-5

o
m

30

i
BV

Hs—

output |_{ outeut |_L outrur | { outeur | [ outeut | [ outrut |_L outeur | outputr| L outrut| { ourpur
CELL CELL CELL CELL CELL CELL CELL CELL CELL CELL
L Do 1T AT 1] LI AT 11

il =

I

1 I 1 N 51 B ()

] T I [ R

I/OE 1109 1/0g 1107 1/0g 1105 1104 1/0g 1102 1104 1109 Veo
. . 20G10-1
Pin Configurations
LCC STD PLCC JEDEC PLCC
Top View Top View Top View
= Q = Q

= Q [ &S T 385

z__8>°§§ ___38ER __3z888

4 3 241" 282726 4321282726 43 21282726
| 2. N s 25 10, 25 10,
| 2 |/02 1 ge 24P 10, 248 vog
| PLDC20G10 o, ,,03 197  pipcoogio 233 /04 cG7caza-A 233 V04
| PLDC20G10B 77 |/o4 Nc §8 PLDC20G10B 22 1/Os cG7C323B-A 22 NC
X IlOs =] 21 1/0g 21 @ 105
NC v 06 =Rl 20 o7 208 1/0g

7

NC B 451314 1516 171810 PP NC 121314 1516 171819 V07

— 280 —_—— - —— QW O ®

g>§== z §’§§§ 20G10-4 B4 Zﬁg Q 20G103
20G10-2
Note:

1. The CG7C323 is the PLDC20G10 packaged in the JEDEC-compat-
ible 28-pin PLCC pinout. Pin function and pin order is identical for

2-39

both PLCC pinouts. The difference is in the location of the “no con-
nect” or NC pins.
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Selection Guide
Generic Icc (mA) tpp (ns) ts (ns) tco (ns)
Part Number Com/Ind Mil Com/Ind Mil Com/Ind Mil Com/Ind Mil
20G10B~-15 70 15 12 10
20G10B-20 70 100 20 20 12 15 12 15
20G10B-25 100 25 18 15
20G10-25 55 25 15 15
20G10-30 80 30 20 20
20G10-35 55 35 30 25
20G10—40 80 40 35 25

Functional Description (continued)

advantage of being able to program and erase each cell enhances
the reliability and testability of the circuit. This reduces the burden
on the customer to test and to handle rejects.

Apreload function allows the registered outputs to be preset to any
pattern during testing. Preload is important for testing the func-
tionality of the Cypress PLD device.

20G10 Functional Description

The PLDC20G10 is a generic 24-pin device that can be pro-
grammed to logic functions that include but are not limited to:
20L10, 20L8, 20R8, 20R6, 20R4, 12110, 1418, 16L6, 1814, 20L.2,
and 20V8. Thus, the PLDC20G10 provides significant design, in-
ventoryand programming flexibility over dedicated 24-pin devices.
It is executed in a 24-pin 300-mil molded DIP and a 300-mil win-
dowed cerDIP. It provides up to 22 inputs and 10 outputs. When
the windowed cerDIP is exposed to UV light, the 20G10 is erased
and then can be reprogrammed.

The programmable output cell provides the capability of defining
the architecture of each output individually. Each of the 10 output
cells may be configured with registered or combinatorial outputs,
active HIGH or active LOW outputs, and product term or Pin 13
generated output enables. Three architecture bits determine the
configurations as shown in the Configuration Table and in Figures
1 through 8. A total of eight different configurations are possible,

Programmable Output Cell

i,

with the two most common shown in Figure 3 and Figure 5. The de-
fault or unprogrammed state is registered/active/LOW/Pin 11 OE.
The entire programmable output cell is shown in the next section.

The architecture bit ‘C1’ controls the registered/combinatorial op-
tion. In either combinatorial or registered configuration, the out-
put can serve as an I/O pin, or if the output is disabled, as an input
only. Any unused inputs should be tied to ground. In either regis-
tered or combinatorial configuration, the output of the register is
fed back to the array. This allows the creation of control-state ma-
chines by providing the next state. The registeris clocked by the sig-
nal from Pin 1. The register is initialized on power up to Q output
LOW and Q output HIGH.

In both the combinatorial and registered configurations, the
source of the output enable signal can be individually chosen with
architecture bit ‘C2’. The OE signal may be generated within the
array, or from the external OE (Pin 13). The Pin 13 allows direct
control of the outputs, hence having faster enable/disable times.

Each output cell can be configured for output polarity. The output
canbe eitheractive HIGH or active LOW, This option is controlled
by architecture bit ‘C0".

Along with this increase in functional density, the Cypress
PLDC20G10 provides lower-power operation through the use of
CMOS technology and increased testability with a register preload
feature.

QUTPUT

ENABLE
MUX

Ca

OUTPUT

00 | SELECT
% > D Q MUX
|
| cr—p> a o C; Co
|
| 0
m—l— INPUT/ [
FEED-
] | eack |
L
c 1
o ; :
Co

20G10-5



PLDC20G10B/PLDC20G10

% CYPRESS

Configuration Table

Figure Cy Cy Cy Configuration
1 0 0 0 Product Term OE/Registered/Active LOW
2 0 0 1 Product Term OE/Registered/Active HIGH
5 0 1 0 Product Term OE/Combinatorial/Active LOW
6 0 1 1 Product Term OE/Combinatorial/Active HIGH
3 1 0 0 Pin 13 OE/Registered/Active LOW
4 1 0 1 Pin 13 OE/Registered/Active HIGH
7 1 1 0 Pin 13 OE/Combinatorial/Active LOW
8 1 1 1 Pin 13 OE/Combinatorial/Active HIGH

Registered Output Configurations

C=0 Cy=0
4 &z ol &y
> > &l
ce—p> Q ce—p Q
m—:] 20610-6 3:]__——| 20G10-7
Figure 1. Product Term OE/Active LOW Figure 2. Product Term OE/Active HIGH
C=1 C=1
Ci=0 Ci=0

o
2]
o
|
=3

% >———b a Co=1

" ce—P> 0 cP—> @
Xl 206108 K' 20G10-9

Figure 3. Pin 13 OE/Active LOW Figure 4. Pin 13 OE/Active HIGH

Combinatorial Output Configurations(?!

Cy=0 C=0
Ci=1 Ci=1
Cop=0 Cy=1

o 1o—>
mﬁ 20G10-10 m__— 20G10-11

Figure 5. Product Term OE/Active LOW Figure 6. Product Term OE/Active HIGH
C=1 T\ C=1
D> ! > Gl
m oI 13 20G10-12 __740\] N1 20G10-13
Figure 7. Pin 13 OE/Active LOW Figure 8. Pin 13 OE/Active HIGH

Note:
2. Bidirectional I/O configurations are possible only when the combina-
torial output option is selected
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Maximum Ratings

(Above which the useful life may be impaired. Foruser guidelines, Latch-Up Current .................c.couiuen. >200 mA

4. See the last page of this specification for Group A subgroup testing in-
formation.

5. These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

not tested.) Static Discharge Voltage ......................... >500V
Storage Temperature .................. ~65°Cto +150°C  (per MIL—STD~883, Method 8015)
Ambient Temperature with Operating Range
Power Applied ............coiial —-55°Cto +125°C yeee—
]S)ug}:;ylVolta/g\e t(l) ((‘xjrourcl)d Potential . ....... -0.5V to +7.0V Range Tempell':ltlure Vee
. oltage Applied to Outputs : S
I HIZH Z StALE +v v e e e veoeanenenenenenn ~05Vito +70v | Commercial 0°Cto +75°C 5V £10%
DC Input Voltage .. ........coovveennn... ~30Vto+70v | Militaryl’) —55°Cto +125°C 5V +10%
Output Current into Outputs (LOW) .............. 16 mA Industrial —40°Cto +85°C 5V x10%
DC Programming Voltage
PLDC20G10B and CG7C323B-A ................ 13.0V
PLDC20G10 and CG7C323-A ...........vvvennn. 14.0V
Electrical Characteristics Over the Operating Range (Unless Otherwise Noted)[]
Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage Ve = Min,, Iog = —3.2mA | Com’l/Ind 24 A\
Vi = Vi or ViL Ton= —2mA | Military
VoL Output LOW Voltage Vee = Min, IoL = 24 mA Com’l/Ind 0.5 \'%
VIN = Vi or ViL ToL=12mA | Military
Vin Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputsl>l | 2.0 v
Vi Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputsl> 0.8 v
Irx Input Leakage Current Vss < VIN< Ve -10 | +10 HA
Isc Output Short Circuit Current | Voc = Max., Voyr = 0.5VI0: 7] -90 [ mA
Icc Power Supply Current 0<ViN < Vee Com’)/Ind—-15, =20 70 mA
Vce = Max,
Ioyt = 0 mA . [Comind—25, =35 55 | mA
Unprogrammed Device
Military—20, —25 100 mA
Military—30, —40 80 mA
Ioz Output Leakage Current Vee = Max,, Vgg < Vour < Vee —100 | 100 A
Capacitancel”l
Parameter Description Test Conditions Max. Unit
CiN Input Capacitance Ta =25°C,f=1MHz 10 pF
Cout Output Capacitance ViN = 2.0V, Ve = 5.0V 10 pF
Notes:
3. Ty is the “instant on” case temperature. 6. Notmore thanone outputshouldbe tested ata time. Durationof the short

circuit should not be more than one second. Voyr = 0.5V has been cho-
sen to avoid test problems caused by tester ground degradation.

7. Testedinitially and after any design or process changes that may affect
these parameters.
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AC Test Loads and Waveforms (Commercial)
R1 238Q R1238Q
(319Q MiL) (319Q MIL)
5V 5V
OUTPUT OUTPUT O—T_
< R2170Q R2 170Q
50 pF i (236Q MIL) 5 pF (236Q MIL)
INCLUDING I INCLUDING I
JIG AND = JIG AND = 20G10-14
SCOPE (a) SCOPE b)
Equivalent to: THEVENIN EQUIVALENT (Commercial) Equivalent to: THEVENIN EQUIVALENT (Military/Industrial)
99Q 136Q
OUTPUT O———M——0 2.08V = Ve OUTPUT O——M——0 2.13V = Vypm
20G10-15 20G10-16
Switching Characteristics Over Operating Rangel® 8 9]
Commercial
B-15 B-20 -25 =35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min, | Max. | Unit
tpD Input or Feedback to Non-Registered Output 15 20 25 35 ns
tEA Input to Output Enable 15 20 25 35 ns
tER Input to Output Disable 15 20 25 35 ns
tpzx Pin 11 to Output Enable 12 15 20 25 ns
tpxz Pin 11 to Output Disable 12 15 20 25 ns
tco Clock to Output 10 12 15 25 ns
ts Input or Feedback Set-Up Time 12 12 15 30 ns
ty Hold Time 0 0 0 0 ns
tpl10] Clock Period 22 24 30 55 ns
twH Clock High Time - 8 10 12 17 ns
twL Clock Low Time 8 10 12 17 ns
Mmax] | Maximum Frequency 454 41.6 333 18.1 MHz
Notes:

8. Part (a) of AC Test Loads and Waveforms used for all parameters ex-
cept tER, tpzx, and tpxz. Part (b) of AC Test Loads and Waveforms
used for tgg, tpzx, and tpxz.

9. The parameterstgg and tpx are measured as the delay from the input

disable logic threshold transition to Voy — 0.5V foran enabled HIGH

output or VoL + 0.5V for an enabled LOW input.

tp minimum guaranteed clock period is that guaranteed for state ma-

chine operation and is calculated from tp = tg + tco. The minimum

10.

guaranteed period for registered data path operation (no feedback)
can be calculated as the greater of (twp + twr) or (ts + tm).

fmax, minimum guaranteed operating frequency, is that guaranteed
for state machine operation and is calculated from fpax = 1/(ts +
tco)- The minimum guaranteed fygax for registered data path opera-
tion (no feedback) can be calculated as the lower of 1/(twg + twr) or
1/(ts + ty).

11.
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Switching Characteristics Over Operating Rangel3 8 91 (continued)

Military/Industrial
B-20 B-25 -30 —-40
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpD Input or Feedback to Non-Registered Output 20 25 30 40 ns
tEA Input to Output Enable 20 25 30 40 ns
ter Input to Output Disable 20 25 30 40 ns
tpzx Pin 11 to Output Enable 17 20 25 25 ns
tpxz, Pin 11 to Output 17 20 25 25 ns
Disable
tco Clock to Output 15 15 20 25 ns
ts Input or Feedback 15 18 20 35 ns
Set-Up Time
tH Hold Time 0 0 0 0 ns
tpl10] Clock Period 30 33 40 60 ns
twH Clock High Time 12 14 16 22 ns
twi Clock Low Time 12 14 16 22 ns
fpax Maximum Frequency 333 303 25.0 16.6 MHz
Switching Waveform
58 TRODK__OKORX XX
FEEDBACK
ts| tH tw tw
cpP 1\ \
— 7
tp
OE
< tco ez tpzx
"R >
tep - teR -I e e

COMBINATORIAL >> >> <<<
OUTPUTS w

20G10-17
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Functional Logic Diagram
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Ordering Information
tpp ts tco | Icc Package Operating
(ns) | (ms) | (ns) | (mA) Ordering Code Name Package Type Range
15 12 10 70 PLDC20G10B-15JC/JI Jo4 28-Lead Plastic Leaded Chip Carrier Commercial/
PLDC20G10B—15PC/PI PI3 | 24-Lead (300-Mil) Molded DIP Industrial
PLDC20G10B—15WC wi4 24-Lead (300-Mil) Windowed CerDIP
CG7C323B-A15JC/A1Z] Jo4 28-Lead Plastic Leaded Chip Carrier
20 12 12 70 | PLDC20G10B-20JC/JI J64 28-Lead Plastic Leaded Chip Carrier Commercial/
PLDC20G10B—Z20PC/PI P13 | 24-Lead (300-Mil) Molded DIP Industrial
PLDC20G10B~20WC w14 24-Lead (300-Mil) Windowed CerDIP
CG7C323B~A20JC/TUZ] Jo4 28-Lead Plastic Leaded Chip Carrier
20 15 15 | 100 | PLDC20G10B~-20DMB D14 24-Lead (300-Mil) CerDIP Military
PLDC20G10B—-20LMB L64 28-Square Leadless Chip Carrier
PLDC20G10B~20WMB w14 24-Lead (300-Mil) Windowed CerDIP
25 15 15 55 PLDC20G10-25JC/J1 J64 28-Lead Plastic Leaded Chip Carrier Commercial/
PLDC20G10—25PC/PT P13 | 24-Lead (300-Mil) Molded DIP Industrial
PLDC20G10-25WC W14 24-Lead (300-Mil) Windowed CerDIP
CG7C323—-A25]C/IN* J64 28-Lead Plastic Leaded Chip Carrier
25 18 15 100 | PLDC20G10B—25DMB D14 24-Lead (300-Mil) CerDIP Military
PLDC20G10B-25LMB Lo64 28-Square Leadless Chip Carrier
PLDC20G10B-25WMB W14 24-Lead (300-Mil) Windowed CerDIP
30 20 20 80 | PLDC20G10-30DMB D14 24-Lead (300-Mil) CerDIP Military
PLDC20G10-30LMB Lo64 28-Square Leadless Chip Carrier
PLDC20G10—-30WMB W14 24-Lead (300-Mil) Windowed CerDIP
35 30 25 55 PLDC20G10-35JC/JT J64 28-Lead Plastic Leaded Chip Carrier Commercial/
PLDC20G10—35PC/P1 P13 | 24-Lead (300-Mil) Molded DIP Industrial
PLDC20G10-35WC w14 24-Lead (300-Mil) Windowed CerDIP
CG7C323-A35JCAIL] J64 28-Lead Plastic Leaded Chip Carrier
40 35 25 80 PLDC20G10-40DMB D14 24-Lead (300-Mil) CerDIP Military
PLDC20G10-40LMB Lod 28-Square Leadless Chip Carrier
PLDC20G10—-40WMB W14 24-Lead (300-Mil) Windowed CerDIP
Note:

12. The CG7C323 is the PLD20G10 packaged in the JEDEC-compatible
28-pin PLCC pinout. Pin function and pin order is identical for both
PLCC pinouts. The principle difference is in the location of the “no

connect” (NC) pins.

MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics
Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
Vin 1,2,3
Vi 1,2,3
Iix 1,2,3
Ioz 1,2,3
Icc 1,2,3

Switching Characteristics

Parameter Subgroups
tpD 9,10, 11
tpzx 9,10, 11
tco 9,10, 11
ts 9,10, 11
tH 9,10, 11

Document #: 38-00019-G
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PLD20G10C

Generic 24-Pin PAL® Device

Features e 10 user-programmable output
macrocells
o Ultra high speed supports today’s and — Output polarity control
tomorrow’s fastest microprocessors . . .
— Registered or combinatorial
—tpp = 7.5ns operation
—1tsy = 3 ns — Pin or product term output enable
— fyax = 105 MHz control
o Preload capability for flexible design
e Reduced ground bounce and under- and testability
shoot « High reliability
e PLCC and LCC packages with addi- — Proven Ti-W fuse technology
tional Vcc and Vg pins for lowest — AC and DC tested at the factory
ground bounce
X . o Security Fuse
o Generic architecture to replace stan- . . e
dard logic functions including: 20110, Functional Description
20L8, 20R8, 20R6, 20R4, 12110, 14L8,  The PLD20G10C is a generic 24-pin device
16L6, 1814, 20L2, and 20V8 that can be used in place of 24 PAL devices.
e Up to 22 inputs and 10 outputs for Thus, the PLD20G10C provides significant
more logic power design, inventory, and programming flexibil-

ity over dedicated 24-pin devices.

Using BiCMOS process and Ti-W fuses,
the PLD20G10C implements the familiar
sum-of-products (AND-OR) logic struc-
ture. It provides 12 dedicated input pins
and 10 I/O pins (see Logic Block Dia-
gram). By selecting each I/O pin as perma-
nent or temporary input, up to 22 inputs
canbe achieved. Applications requiringup
to21inputs and a single output, down to 12
inputs and 10 outputs can be realized. The
output enable product term available on
each I/O or a common pin controlled OE
function allows this selection.

The PLD20G10C automatically resets on
power-up. The Q outputof all internal reg-
isters is set to a logic LOW and the Q out-
putto alogic HIGH. In addition, the PRE-
LOAD capability allows the registers to be
set to any desired state during testing.

A security fuse is provided to prevent copy-
ing of the device fuse pattern.

Logic Block Diagram and PDIP (P)/CDIP (D) Pin Configuration
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Selection Guide

20G10C-7 20G10C-10 20G10C-12 20G10C-15

Icc (mA) Commercial 190 190 190

Military 190 190 190
tpp (ns) Commercial 75 10 12

Military 10 12 15
ts (ns) Commercial 3.0 3.6 4.5

Military 3.6 4.5 75
tco (ns) Commercial 6.5 75 95

Military 7.5 9.5 10
fmax (MHz) Commercial 105 90 71

Military 90 71 57

Programmable Macrocell Programming

The PLD20G10C has 10 programmable I/O macrocells (see Ma-  The PLD20G10C can be programmed using the Impulse3™  pro-
crocell). Two fuses (C; and Cp) can be programmed to configure  grammer available from Cypress Semiconductor. See third party
output in one of four ways. Accordingly, each output can be regis-  information is Cypress’s Third Party Tools datasheet for further in-
tered or combinatorial with an active HIGH or active LOW polar-  formation.

ity. The feedback to the array is also from this output. An addition-

al fuse (C,) determines the source of the output enable signal. The

signal can be generated either from the individual OE product

term or from a common external OE pin.

Macrocell

I OE PRODUCT TERM 9] output I
T ENABLE

MUX
| 1] |
| C. |
I 10 [
: (s :
[ OUTPUT i -
M 00 | SELECT
_D ] o Q MUX |
! |
01
i c—p> T G Go :
I 0 |
m_{_ INPUT/ |
FEEDBACK| |
MUX
| ! |
| L |
Co I |
o — '
% [ |
_________________ = G10C-4

OEPIN

Impulse3 is a trademark of Cypress Semiconductor Corporation.
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Configuration Table

Figure (073 Cy Go Configuration
1 0 0 0 Product Term OE/Registered/Active LOW
2 0 0 1 Product Term OE/Registered/Active HIGH
5 0 1 0 Product Term OE/Combinatorial/Active LOW
6 0 1 1 Product Term OE/Combinatorial/Active HIGH
3 1 0 0 Pin OF/Registered/Active LOW
4 1 0 1 Pin OE/Registered/Active HIGH
7 1 1 0 Pin OE/Combinatorial/Active LOW
8 1 1 1 Pin OE/Combinatorial/Active HIGH

Registered Output Configurations

C=0
Ci=0
Co=1
ce—pP> @
G10C-5 m__—_’ G10C-6

Figure 1. Product Term OE/Active LOW Figure 2. Product Term OE/Active HIGH

cr —> Q cP —> [¢]
G10C-7 Kl G10C-8

Figure 3. Pin OE/Active LOW Figure 4. Pin OE/Active HIGH
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Combinatorial Output Configurations(!!
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Figure 5. Product Term OE/Active LOW Figure 6. Product Term OE/Active HIGH

Eume N
m G10C~-11 G10C~12

PIN OF PIN OF

G10C—10
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==
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o
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200
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Figure 7. Pin OE/Active LOW Figure 8. Pin OE/Active HIGH

Note:
1. Bidirectional 1/O configurations are possible only when the combina-
torial output option is selected.
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, DCInput Current.................... - 30mAto +5mA
not tested.) . (except during programming)
Storage Temperature .................. —-65°Cto +150°C DCProgram Voltage ................ovvinininnn.. 10v
Ambient Temperature with o ins R:
Power Applied .................c..... -55°Cto +125°C perating Range
Supply Voltage to Ground Potential . .. ..... -0.5V to +7.0V Ambient
DC Voltage Applied to Outputs Range Temperature VYee
inHighZState ................coovninnnn. —-0.5V to Ve Commercial 0°C to +70°C SV £5%
DClInputVoltage .............ovvvinnnnn. -0.5Vto Ve Militaryt2] —55°C to +125°C 475V to 5.5V
DC Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Vee = Min., Iog = —3.2mA Com’l 24 v
Viv = Vigor Vi, Toq = -2 mA Mil
VoL Output LOW Voltage Vee = Min, IoL = 16 mA Com’l 0.5 v
Vin =V or ViL IoL = 12mA Mil
Vi Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for All Inputs3] [ 2.0 \
A% Input LOW Voltage Guaranteed Input Logical LOW Voltage for All Inputs(3] 0.8 \%
Ix Input Leakage Current Vss < Vin < 2.7V, Ve = Max. —250 50 HA
I Maximum Input Current VIN = Vee, Vee = Max. Com’l 100 A
Mil 250
Toz Output Leakage Current Vee = Max,, Vss < Vour < Vee -100 100 UA
Isc Output Short Circuit Current | Ve = Max., Vour = 0.5V -30 | —-120 | mA
Icc Power Supply Current Vce = Max., Viy = GND, Outputs Open Com’l 190 mA
Mil 190
CapacitancelS]
Parameter Description Max. Unit
CiN Input Capacitance 8 pF
Cout Output Capacitance 10 pF
Notes:
2. Ty is the “instant on” case temperature. 5. Testedinitially and after any design or process changes that may affect

3. These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

Notmore than one output should be tested atatime. Durationof theshort
circuit should not be more than one second. Voyr = 0.5V has been cho-
sen to avoid test problems caused by tester ground degradation.

4.

these parameters.
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AC Test Loads and Waveforms

R1238Q
(319Q MIL)
5V C.l6l Package
OUTPUT 4
c g R2170Q 15 pF P/D
L > (236Q MIL)
INCLUDING l i 50 pF JKL
‘élgol};'\éo - ~  atc-18
Equivalent to: THEVEI; ggg EQUIVALENT Parameter | Vi, Output Waveform—Measurement Level
tER (-} teHZ| LSV [ vy
OUTPUT O——wA——0 2,08V = Vthe 0.5v 1.5V Gi1oc-14
Commercial tER (+)» tPLZ 2.6V v 0.5V, % f_‘2'6v
OL G10C-15
Equivalent to: THEVENIN EQUIVALENT tEA (+), tPZH 1.5V Lsv 05V Vou
136Q i % il G10C-16

OUTPUT O———AM~———0 2.13V = Vthm
- tgA (=) tpzL | 1.5V 1.5V
Military 0.5V VoL aioc-17

Note:
6. Cp, = 5 pF for tgr and tpxz measurements for all packages.
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Switching Characteristics PLD20G10C["]
20G10C-7 |20G10C-10 | 20G10C—12 | 20G10C—-15
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpD Input to Output Propagation Delayl8] 2 (75 2 10 2 12 2 15 ns
tEA Input to Output Enable Delay 2 7.5 2 10 2 12 2 15 ns
tER Input to Output Disable Delayl®] 2 |75 2 10 2 12 2 15 ns
tpzx OE Input to Output Enable Delay 2 |75 2 10 2 12 2 15 ns
tpxz OE Input to Output Disable Delay 2 7.5 2 10 2 12 2 15 ns
tco Clock to Output Delayl8] 1 |65 1175 1 |95 1 10 ns
ts Input or Feedback Set-Up Time 3 3.6 4.5 715 ns
tH Input Hold Time 0 0 0 0 ns
tp External Clock Period (tco + ts) 9 11.1 14 17.5 ns
twl Clock Width HIGHD) 3 3 3 6 ns
twr, Clock Width LOWD] 3 3 6 ns
fMAX1 External Maximum Frequency (1/(tco + ts))[10] | 105 90 71 57 MHz
fmaxa Data Path Maximum Frequency 166 166 166 83 MHz
(U(twn + twp)> 11
fmaxs Internal Feedback Maximum Frequency 133 100 83 66 MHz
(U(tcr + )14
tcp Register Clock to Feedback Input(13] 45 6.4 75 7.5 ns
tpr Power-Up Reset Timel!4] 1 1 1 1 pis
Notes:
7. ACtest load used for all parameters except where noted. 12. Thisspecification indicates the guaranteed maximum frequency at which
8. Thisspecification is guaranteed for all device outputs changingstate in astatemachineconfigurationwithinternalonlyfeedbackcanoperate. This
a given access cycle. parameter is tested periodically by sampling production product.
9. This parameter is measured as the time after output disable input that ~ 13. This parameter is calculated from the clock period at fiyax internal
the previous output data state remains stable on the output. This delay (fmax3) as measured (sec Note 12) minus fg.
is measured to the point at which a previous HIGH level has fallen to 14, Theregisters in the PLD20G10C have been designed with the capabil-
0.5 volts below Vo min. or a previous LOW level has risen to 0.5 volts ity to reset during system power-up. Following power-up, all registers
above Vo max. will be reset to a logic LOW state. The output state will depend on the
10. Thisspecification indicates the guaranteed maximum frequency at which polarity of the output buffer. This feature is useful in establishing state
a state machine configuration with external feedback can operate. machine initialization. To insure proper operation, the rise in Vcc
11. This specification indicates the guaranteed maximum frequency at mustbe monotonic and the timing constraints depicted in power-upre-

which an individual output register can be cycled.

set waveforms must be satisfied.
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Switching Waveform
INPUTS 1/O, >k >k
REGISTERED
ts] tH twh twi
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tp
OE
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e tco el tpzx
REGISTERED
OUTPUTS:
trp ter teA
COMBINATORIAL
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G10C—18

Power-Up Reset Waveform[!4]
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Preload Waveform(!3]
\ Vep
Vip
PIN 13 (16)
toer torR1 Vi
Vikp
PIN 2 (3
@ \ Vip
V
PIN 3 (4) \ WP
Vie
/ Vinp
PIN 6 (7) y \
Vi
— Vip
PIN 8 (10)
/ \_ Vi
\ Ve
/___/ Vikp
PIN 9 (11) ) toprz | topr2 \_
Vip
PRELOAD DATA \ e\ Vip
PINS 14-23 v
(17-21,23-27) toprz | torm2 topz | torr2 e
tppRi topR; topr1 /[ \ torr Vinp
CLOCKPIN1 (2) torR1 tora topas topRi — Ve
OUTPUTS
PRELOAD REGISTERS
DISABLED DATA PRELOADED,
CLOCKED OUTPUT
IN ENABLED
PRELOAD EFSIA B’;ElA.OAD
Vip or Vinp
REMOVED G10G-20

I;S‘Tte;i:ns 4(5),5(6), 7 (9) at Vipp; Pins 10 (12) and 11 (13) at Viup; Voc
(Pin 24 (1 and 28)) at Veep
D/K/P (J/L) Pinouts
Forced level on register pin Register Q output state
during preload after preload
Viap HIGH
Vie LOW
Name Description Min. | Max. Unit
Vpp Programming Voltage 9.25 9.75 A%
tDPR1 Delay for Preload 1 us
tDPR2 Delay for Preload 0.5 us
ViLp Input LOW Voltage 0 0.4 A\
Viap Input HIGH Voltage 3 4.75 v
Vcep Vc for Preload 4.75 5.25 v

insure asynchronous reset is not active.

16. Pins2-8(3~7,9, 10), 10 (12), 11 (13) can be set at Viyp or ViLp to
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Functional Logic Diagram for PLD20G10C
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Ordering Information
(fx(l:.g) tpp (ns) (fl\l)ldll}l};) Ordering Code Pﬁ;klgge Package Type Oll)g‘:;ieng
190 75 105 PLD20G10C-7DC Di4 24-Lead (300-Mil) CerDIP Commercial
PLD20G10C~-7JC Jo4 28-Lead Plastic Leaded Chip Carrier
PLD20G10C-7PC P13 24-Lead (300-Mil) Molded DIP
10 90 PLD20G10C~-10DC D14 24-Lead (300-Mil) CerDIP Commercial
PLD20G10C-10JC Jo4 28-Lead Plastic Leaded Chip Carrier
PLD20G10C—-10PC P13 24-Lead (300-Mil) Molded DIP
PLD20G10C-10DMB D14 24-Lead (300-Mil) CerDIP Military
PLD20G10C-10KMB K73 24-Lead Rectangular Cerpack
PLD20G10C—-10LMB L64 28-Square Leadless Chip Carrier
12 71 PLD20G10C—-12DC Di4 24-Lead (300-Mil) CerDIP Commercial
PLD20G10C-12JC Jo4 28-Lead Plastic Leaded Chip Carrier
PLD20G10C—12PC P13 24-Lead (300-Mil) Molded DIP
PLD20G10C-12DMB D14 24-Lead (300-Mil) CerDIP Military
PLD20G10C-12KMB K73 24-Lead Rectangular Cerpack
PLD20G10C~12LMB Lo4 28-Square Leadless Chip Carrier
15 57 PLD20G10C—-15DMB D14 24-Lead (300-Mil) CerDIP Military
PLD20G10C—-15KMB K73 24-Lead Rectangular Cerpack
PLD20G10C-15LMB L64 28-Square Leadless Chip Carrier

MILITARY SPECIFICATIONS

Group A Subgroup Testing
DC Characteristics

Parameter Subgroups

Vou 1,2,3

VoL 1,2,3

Vig 1,2,3

VL 1,2,3

Iix 1,2,3

Ioz 1,2,3

Icc 1,2,3
Switching Characteristics

Parameter Subgroups

tpD 7,8,9,10,11

tco 7,8,9,10,11

ts 7,8,9,10,11

tH 7,8,9,10, 11

Document #: 38—A—00027—A
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Features
Advanced-user programmable macro-
cell

CMOS EPROM technology for repro-
grammability

Up to 20 input terms
10 programmable I/O macrocells

Output macrocell programmable as
combinatorial or asynchronous D-
type registered output

Product-term control of register
clock, reset and set and output enable
Register preload and power-up reset

Four data product terms per output
macrocell

e o

PLDC20RA10

— Military/Industrial
tpp = 20 ns
tco = 20 ns
tsy = 10 ns

o Low power
—I¢c max — 80 mA (Commercial)
—Icc max = 85 mA (Military)
o High reliability
— Proven EPROM technology
— >2001V input protection
~—100% programming and functional

Reprogrammable
Asynchronous CMOS
Logic Device

mablelogicdevice employingaflexible ma-
crocell structure that allows any individual
output to be configuredindependentlyasa
combinatorial outputorasafullyasynchro-
nous D-type registered output.

The Cypress PLDC20RA10 provides low-
er-power operation with superior speed
performance than functionally equivalent
bipolardevices throughtheuse ofhigh-per-
formance 0.8-micron CMOS manufactur-
ing technology.

The PLDC20RA10is packaged in a 24 pin

W""dsm‘gd DIP windowed Loc, prp | 200-mil molded DI a 300-mil windowed
¢ Windowe » Windowe: s DL cerDIP, and a 28-lead square leadless chip
LCC, PLCC available carrier, providing up to 20 inputs and 10

Functional Description

outputs. When the windowed device is ex-
posed to UV light, the 20RA10 is erased

e Fast The Cypress PLDC20RA10 is a high-per- 470 hen be reprogrammed

— Commercial formance, second-generation program- ’
tpp = 15 ns
tco = 15ns
tsy = 7 ns

Logic Block Diagram

Vss lg Ig 17 I Is g I3 l2 |1 o PL
1

Gl [ [ [

B

reg
LN
S
N
>
N

MACROCELY | MACROCELL]

MACROCELL|

MACROCELL| IMACROCELL| |[MACROCELL,

MACROCELL

MACROCELL JMACROCELL||MACROCELL

I N U I R 7

OE 1/0g 1108 1107 1106 1105 1104 1103 110, 104 110p Voo
RA10-1
Selection Guide
Generic Part tpp NS tsy ns tco ns Icc ns
Number Coml Mil/Ind Com’l Mil/Ind Com’l Mil/ind Com'l Mil/Ind
20RA10-15 15 7 15 80
20RA10-20 20 20 10 10 20 20 80 85
20RA10-25 75 15 % 85
20RA10-35 35 20 35 85
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Pin Configurations
STD PLCC/HLCC JEDEC PLCC/HLCC!]
Top View Top View
arog 888 rop2888
NG 4321282726
1105 Nc O 5 B 10, | 5 P =BT
1105 :3 3 2 g :;gs |§ 6 2P |/o§
4
Vos neds PLDC20RA10 a9 fod 487 o pesorato 2 104
1/0g ls]e 213 /Og 5o D yos
107 's g 10 20p Vo7 lsg1 B 10g
NCH M 151314 1516 1718 NG I, g1 1107
_® oD 0 ()
38882 o088 88 EXY R
RA10-2 == RAT0-3 Z=lo== RA10-4

Macrocell Architecture

Figure 1 illustrates the architecture of the 20RA10 macrocell. The
celldedicates three product terms for fully asynchronous control of
the register set, reset, and clock functions, as well as, one term for
control of the output enable function.

The output enable product term output is ANDed with the input
from pin 13 to allow either product term or hardwired external
control of the output or a combination of control from both
sources. If product-term-only control is selected, it is automati-
cally chosen for all outputs since, for this case, the external out-
put enable pin must be tied LOW. The active polarity of each
output may be programmed independently for each output cell
and is subsequently fixed. Figure 2 illustrates the output enable
options available.

When anI/Ocellis configured as an output, combinatorial-only ca-
pability may be selected by forcing the set and reset product term
outputs to be HIGH under all input conditions. Thisis achieved by
programming all input term programming cells for these two prod-
uct terms. Figure 3 illustrates the available output configuration
options.

An additional four uncommitted product terms are provided in
each output macrocell as resources for creation of user-defined
logic functions.

Programmable I/O

Because any of the ten I/O pins may be selected as an input, the de-
vice input configuration programmed by the user may vary from a
total of nine programmable plus ten dedicated inputs (a total of
nineteen inputs) and one output down to a ten-input, ten-output
configuration with all ten programmable I/O cells configured as
outputs. Each input pin available in a given configuration is avail-

Note:

1. The CG7C324is the PLDC20RA10 packaged in the JEDEC-compat-
ible 28-pin PLCC pinout. Pin fuction and pin order is identical for
both PLCC pinouts. The principle differencd is in the location of the
“no connect” (NC) pins.

able as an input to the four control product terms and four uncom-
mitted product termsof each programmable I/O macrocellthathas
been configured as an output.

An T/O cell is programmed as an input by tying the output enable
pin (pin 13) HIGH or by programming the output enable product
term to provide a LOW, thereby disabling the output buffer, for all
possible input combinations.

‘When utilizing the I/O macrocell as an output, the input path func-
tions as a feedback path allowing the output signal tobe fed back as
an input to the product term array. When the output cell is config-
ured as aregistered output, this feedback path may be used to feed
back the current output state to the device inputs to provide cur-
rent state control of the next output state as required for state ma-
chine implementation.

Preload and Power-Up Reset

Functional testability of programmed devicesis enhanced by inclu-
sion of register preload capability, which allows the state of each
register to be set by loading each register from an external source
prior to exercising the device. Testing of complexstate machine de-
signs is simplified by the ability to load an arbitrary state without
cycling through long test vector sequences to reach the desired
state. Recovery fromillegal states can be verified by loading illegal
states and observingrecovery. Preload of a particularregisterisac-
complished by impressing the desired state on the register output
pin and lowering the signal level on the preload control pin (pinl)
to a logic LOW level. If the specified preload set-up, hold and
pulse width minimums have been observed, the desired state is
loadedintotheregister. Toinsure predictable system initialization,
all registers are preset to a logic LOW state upon power-up, there-
by setting the active LOW outputs to a logic HIGH.
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Figure 1. PLDC20RA10 Macrocell
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Figure 2. Four Possible OQutput Enable Alternatives for the PLDC20RA10
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Figure 3. Four Possible Macrocell Configurations for the PLDC20RA10
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Maximum Ratings

(Above which the useful life may be impaired. For user guidelines, Latch-Up Current .................cooovun... >200 mA
not tested.) DC Program Voltage .............covevivrnennnn.ns 13.0V
Storage Temperature ................... ~65°Cto +150°C .
Ambient Temperature with Operating Range
Power Applied ...............c.oooiun, —55°Cto +125°C Ambient
Supply Voltage to Ground Potential Range Temperature Vee
(Pin24toPinl2) ..., -0.5V to +7.0V Commercial 0°Cto +75°C 5V £ 10%
DC Voltage Applied to Outputs : ) )
i HgN Z STALE . v oo reneeereeeeeenenn —05Vto +70v | Industrial —40°Cto +85°C 5V +10%
DC Input Voltage ...................... -30Vto+70V | Militaryl2] —-55°C to +125°C 5V + 10%
Output Current into Outputs (LOW) ............... 16 mA
Static Discharge Voltage ........................ >2001V
(per MIL-STD-883, Method 3015)
Electrical Characteristics Over the Operating Range[3]
Parameter Description Test Conditions Min. | Max. | Unit
VOH Vee = Min., IOH =-32mA Com’l 24 v
Output HIGH Voltage Vin =V]
P € IN=VorViL o= -2mA | MilInd
VoL Output LOW Voltage Vcc = Min.,, IoL = 8mA 0.5 \'%
VIN = Vigor ViL
Vg Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputst4l | 2.0 A\
Vi Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs[4} 0.8 A%
Ix Input Leakage Current Vss < VIN < Vee, Vee = Max -10 | +10 uA
Ioz Output Leakage Current Ve = Max,, Vss < Vour < Vee —40 | +40 | pA
Isc Output Short Circuit CurrentlS! | Ve = Max., Vour = 0.5VI6] -30 { =90 | mA
Icc1 Standby Power Supply Current | Vce= Max., Viy = GND Outputs Open Com’] 75 mA
Mil/Ind 80 mA
Icc2 Power Supg%y Current at Ve = Max., Outputs Disabled (In High Z Com’l 80 mA
F State) Device O ti f fy
requencyl ate) Device Operating af fpax NilTnd = —
Capacitancels!
Parameter Description Test Conditions Max. Unit
CiN- Input Capacitance Vin=20V@f=1MHz 10 pF
Cout Output Capacitance Vour=20V@f=1MHz 10 pF
Notes:

2. Tp is the “instant on” case temperature.

3. Seethelast page of this specification for Group A subgroup testing in-

formation.

4. These are absolute values with respect to devicee ground and all over-

shoots due to system or tester noise are included.

5. 'Tested initially and after any design or process changes that may affect

these parameters.

6. Not more than one output should be tested at a time. Duration of the

short circuit should not be more than one second. Voyt = 0.5 V has

been chosen to avoid test problems caused by tester ground degrada-

tion.
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AC Test Loads and Waveforms (Commercial)

R1457Q R1457Q ALL INPUT PULSES
(470Q MIL) (470Q MIL) 3.0V
5V sv \ 90% 90%
OUTPUT  R2 OUTPUT  Re GND 10% 10%
$ 270Q 2 270Q
50 pFI "L(3199 Mil) 5 pFI j’L @ream) <518 |“ <5ns
INCLUDING = = INCLUDING = =
JIG AND JIG AND
SCOPE SCOPE AAToAa RA10S
(@) (b)
Equivalent to: THEVENIN EQUIVALENT (Commercial) Equivalent to: THEVENIN EQUIVALENT (Military/Industrial)
170Q
OUTPUT O——AWA——0  1.86V=Viye OUTPUT o—-w—o1 e 2.02V=Vine
RA10-16 o RA10-17
Parameter | Vi, Output Waveform—Measurement Level
tpXZ(~) 1.5V VOHﬁ;:{:.L__ Vx tnos
tPXZ,(+) 2.6V VoL 0.5V. Vx Anioto
tpZX(+) Vihe Vx 03V Vou Ar1020
tPZX(-) Vine Vx 0.5V VoL RA10-21
\Y
tER() L5V OHWT—=L—— Vi emiom
(BR(H 26V VoL — Vx RA10-23
tEA(+) Vihe Vx 0.3V, Vou Anto2s
tEA(-) Vihe Vx 0.5V VoL RA10-25

(©)
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Switching Characteristics Over the Operating Range[3: 7 81

Commercial Military/Industrial
=15 -20 -20 =25 =35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. { Unit
tpp Input or Feedback to 15 20 20 25 35 ns
Non-Registered Output
tEA Input to Qutput Enable 15 20 20 30 35 ns
tER Input to Output 15 20 20 30 35 ns
Disable
tpzx Pin 13 to Output 12 15 15 20 25 ns
Enable
tpxz Pin 13 to Output 12 15 15 20 25 ns
Disable
tco Clock to Output 15 20 20 25 35 ns
tsu Input or Feedback 7 10 10 15 20 ns
Set-Up Time
ty Hold Time 3 5 3 5 5 ns
tp Clock Period 22 30 30 40 55 ns
(tsu + tco)
twi Clock Width HIGHD! 10 13 12 18 25 ns
twL Clock Width LOWD] 10 13 12 18 25 ns
fmax Maximum Frequency 455 333 333 25.0 181 MH:z
(1/tp)]
ts Input of Asynchronous 15 20 20 25 40 ns
Set to Registered
Output
tR Input of Asynchronous 15 20 20 25 40 ns
Reset to Registered
Output
tARW Asynchronous Reset 15 20 20 25 25 ns
Widthl5!
tASW Asynchronous Set 15 20 20 25 25 ns
Width[5]
tAR Asynchronous Set/ 10 12 12 15 20 ns
Reset Recovery Time
twp Preload Pulse Width 15 15 15 15 15 ns
tsup Preload Set-Up Time 15 15 15 15 15 ns
tup Preload Hold Time 15 15 15 15 15 ns
Notes:
7. Part(a) of AC Test Loads was used for all parameters except tga, tgg, HIGH output or Vg, +0.5V for an enabled LOW output. Please see
tpzx and tpxz, which use part (b). part(c) of AC Test Loads and Waveforms for waveforms and measure-
8. The parameters tgR and tpxz are measured as the delay from the in- ment reference levels.

put disable logic threshold transition to Voy — 0.5 V for an enabled
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[
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tp
CP
t t
ASYNCHRONOUS \ WHowL
RESET tan
ASYNCHRONOUS
OUTPUTS X p— [~ tco
(HIGH ASSERTED) ) |
ter tea
OUTPUT ENABLE
INPUT PIN RA10-26
Preload Switching Waveform
PIN 13 |
OUTPUT :
ENABLE ER -
REGISTER y \ '(
OUTPUTS —/
tsup tHp
PIN 1 RA10-27
PRELOAD
CLOCK twp >
Asynchronous Reset
ASYNCHRONOUS tanw "\
RESET ————f|—— —7
le— R
OUTPUT
I
RA10-28
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ASYNCHRONOUS 4 t "\
SET —m o/ ASW
le— 1S ]
OUTPUT
RA10-29
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Functional Logic Diagram

1o

20

9

8

7

6

S

7 B~ b * %
3 yv‘ 3

: =

. Sl = J+‘
3Py —

=§ 11t C . Tl | %
4 )

24 ll
5 <1 Jes
6 A

,;# — -Ep_p\-{ [ b 5o
. L3

.i ?_ED"-« :Lso %
8 — 3
LR Y <

e
10 A

Lo

"*’Jﬁﬂ

O 3 4 7 8§ 11 1215 1619 2023 2427 28 31 3235 3838

—%

O~ v
= PL
L .
21




%TFEYPRESS PLDC20RA10

¢
2
=

=

Ordering Information

tpp tsy tco Package Operating
Icc2 (ns) (ns) (ns) Ordering Code Name Package Type Range

80 15 7 15 PLDC20RA10-15HC Ho64 28-Pin Windowed Leaded Chip Carrier | Commercial
PLDC20RA10-15JC Jo4 28-Lead Plastic Leaded Chip Carrier
PLDC20RA10-15PC P13 24-Lead (300-Mil) Molded DIP
PLDC20RA10—-15WC wi4 24-Lead (300-Mil) Windowed CerDIP
CG7C324—A15HC H64 28-Pin Windowed Leaded Chip Carrier
CG7C324~A15JC J64 28-Lead Plastic Leaded Chip Carrier

80 20 10 20 PLDC20RA10-20HC Ho4 28-Pin Windowed Leaded Chip Carrier | Commercial
PLDC20RA10-20JC J64 28-Lead Plastic Leaded Chip Carrier
PLDC20RA10-20PC P13 24-Lead (300-Mil) Molded DIP
PLDC20RA10-20WC w14 24-Lead (300-Mil) Windowed CerDIP
CG7C324—A20HC Ho64 28-Pin Windowed Leaded Chip Carrier
CG7C324-A20]C Jo4 28-Lead Plastic Leaded Chip Carrier

85 20 10 20 PLDC20RA10-20DI D14 24-Lead (300-Mil) CerDIP Industrial
PLDC20RA10-20J1 Jo4 28-Lead Plastic Leaded Chip Carrier
PLDC20RA10—-20PI P13 24-Lead (300-Mil) Molded DIP
PLDC20RA10—-20WI w14 24-Lead (300-Mil) Windowed CerDIP
PLDC20RA10—-20DMB D14 24-Lead (300-Mil) CerDIP Military

PLDC20RA10-20HMB Ho4 28-Pin Windowed Leaded Chip Carrier
PLDC20RA10-20LMB Lo4 28-Square Leadless Chip Carrier
PLDC20RA10-20QMB Q64 28-Pin Windowed Leadless Chip Carrier
PLDC20RA10-20WMB | W14 24-Lead (300-Mil) Windowed CerDIP

85 25 15 25 PLDC20RA10-25DI D14 24-Lead (300-Mil) CerDIP Industrial
PLDC20RA10-25J1 J64 28-Lead Plastic Leaded Chip Carrier
PLDC20RA10-25P1 P13 24-Lead (300-Mil) Molded DIP
PLDC20RA10-25WI w14 24-Lead (300-Mil) Windowed CerDIP
PLDC20RA10-25DMB | D14 24-Lead (300-Mil) CerDIP Military

PLDC20RA10-25HMB | Ho64 28-Pin Windowed Leaded Chip Carrier
PLDC20RA10-25LMB Lo4 28-Square Leadless Chip Carrier
PLDC20RA10-25QMB Q64 28-Pin Windowed Leadless Chip Carrier
PLDC20RA10-25WMB | W14 24-Lead (300-Mil) Windowed CerDIP

85 35 20 35 PLDC20RA10-35DI D14 24-Lead (300-Mil) CerDIP Industrial
PLDC20RA10-35J1 Jo4 28-Lead Plastic Leaded Chip Carrier
PLDC20RA10-35P1 P13 24-Lead (300-Mil) Molded DIP
PLDC20RA10-35WI wi4 24-Lead (300-Mil) Windowed CerDIP
PLDC20RA10-35DMB D14 24-Lead (300-Mil) CerDIP Military

PLDC20RA10-35HMB | Ho64 28-Pin Windowed Leaded Chip Carrier
PLDC20RA10-35LMB Lo4 28-Square Leadless Chip Carrier
PLDC20RA10-35QMB | Q64 28-Pin Windowed Leadless Chip Carrier
PLDC20RA10-35WMB | W14 24-Lead (300-Mil) Windowed CerDIP
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MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics

Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
Vin 1,2,3
VIL 1,2,3
Ix 1,2,3
Toz 1,2,3
Icc 1,2,3

Switching Characteristics

Parameter Subgroups
tpD 9,10, 11
tpzx 9,10, 11
tco 9,10, 11
tsu 9,10, 11
tH 9,10, 11

Document #: 38—00073—E



This is an abbreviated datasheet. Contact a
Cypress representative for complete specifications.
For new designs, please refer to the PALC22V10D.
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Reprogrammable CMOS

Features e 25, 30, 40 ns military
¢ Advanced second-generation PAL ® Up to 22 input terms and 10 outputs
architecture o High reliability
o Low power — Proven EPROM technology
— 55 mA max. “I? — 100% programming and functional
— 90 mA max. standard testing
_ ¢ Windowed DIE windowed LCC, DIF,
120 mA max. military LCC, and PDC’C available T
e CMOS EPROM technology for N .
reprogrammability Functional Description
o YVariable product terms The Cypress PALC22V10 is a CMOS se-
—2x (8 through 16) product terms cond-generation programmable logic
bl arraydevice. Itisimplemented with the fa-
® User-programmable macrocell miliar sum-of-products (AND-OR) logic
— Output polarity control structure and a new concept, the “pro-

— Individually selectable for regis-
tered or combinatorial operation

20, 25, 35 ns commercial and
industrial

grammable macrocell.”

The PALC22V10 is available in 24-pin
300-mil molded DIPs, 300-mil windowed
cerDIPs, 28-lead square ceramic leadless

PAL® Device

chip carriers, 28-lead square plasticleaded
chip carriers, and provides up to 22 inputs
and 10 outputs. When the windowed cer-
DIP is exposed to UV light, the 22V10 is
erased and can then be reprogrammed.
The programmablemacrocell providesthe
capability of defining the architecture of
each output individually. Each of the 10
potentialoutputs maybespecified asregis-
tered or combinatorial. Polarity of each
output may also be individually selected,
allowing complete flexibility of output
configuration. Further configurability is
provided through array-configurable out-
put enable for each potential output. This
feature allows the 10 outputs to be reconfi-
gured as inputs on an individual basis, or
alternatelyused as a combination I/O con-
trolled by the programmable array.

Logic Block Diagram (PDIP/CDIP) and Pin Configurations

Iy S s B v N v B s B B
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FR R R E R

K B F

PROGRAMMABLE
AND ARRAY
(132X 44)

Preset

l_l 23 JN U B ) I 2 B I R (Y B £

| 2 I 2 I B

110g 110g 04 110 105 1104 103 1102 1104 110y vee
V101
LCC PLCC
Top View Top View
= Q
__588588

PAL is a registered trademark of Advanced Micro Devices.
Document #: 38-00020—-H
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This is an abbreviated datasheet. Contact a Cypress

please refer to the PALC22V10D.

>

Representative for complete specifications. For new designs,

PALC22V10B
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Reprogrammable CMOS PAL® Device

Features ;ﬁ nMs ItIpD
z
e Advanced second-generation PAL ar- %157 and “20” milita
chitecture 10/15 ns tco vy
e Low power 10/17 ns tg
— 90 mA max. standard ;ﬁgg “MSI‘IPD
— 100 mA max. military “
e Upto22i d 10 out
e CMOS EPROM technology for repro-  J Ell:h:nzc e (lintl;:tt ::;:::i:sn outputs
grammability — Phantom array
e Variable product terms — Top test
— 2 x (8 through 16) product terms — Bottom test
o User-programmable macrocell — Preload

— Output polarity control e High reliability

— Individually selectable for regis- — Proven EPROM technology
tered or combinatorial operation — 100% programming and functional
—“15” ¢ cial and industrial testing

10 ns tco o Windowed DIP, windowed LCC, DIP,
10 ns tg LCC, PLCC available

Functional Description

The Cypress PALC22V10B is a CMOS se-
cond-generation  programmable  logic
array device. It is implemented with the fa-
miliar sum-of-products (AND-OR) logic
structure and a new concept, the “Pro-
grammable Macrocell.”

The PALC22V10B is executed in a 24-pin
300-mil molded DIP, a 300-mil windowed
cerDIP, a 28-lead square ceramic leadless
chipcarrier,a28-leadsquare plasticleaded
chip carrier, and provides up to 22 inputs
and 10 outputs. When the windowed cer-
DIP is exposed to UV light, the 22V10B is
erased and can then be reprogrammed.

Logic Block Diagram (PDIP/CDIP) and Pin Configurations
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PAL is a registered trademark of Advanced Micro Devices.
Document #: 38—00195-A
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Features

o Ultra high speed supports today’s and
tomorrow’s fastest microprocessors
—tpp = 6ns
—tg=3ns
—fyax = 117 MHz

Reduced ground bounce and under-
shoot

PLCC and LCC packages with addi-
tional V¢c and Vg pins for lowest
ground bounce

Up to 22 inputs and 10 outputs for
more logic power

Variable product terms
— 8 to 16 per output

CYPRESS

PAL22V10C
PAL22VP10C

Universal PAL® Device

e 10 user-programmable output
macrocells

— Output polarity control

— Registered or combinatorial
operation

— 2 new feedback paths
(PAL22VP10C)

e Synchronous PRESET, asynchronous
RESET, and PRELOAD capability for
flexible design and testability

e High reliability

— Proven Ti-W fuse technology

— AC and DC tested at the factory
e Security Fuse
Functional Description

The Cypress PAL22V10C and
PAL22VP10C are second-generation pro-
grammable array logic devices. Using

BiCMOS process and Ti-W fuses, the
PAL22V10C and PAL22VP10C use the
familiarsum-of-products(AND-OR)logic
structure and a new concept, the program-
mable macrocell.

Both the PAL22V10C and PAL22VP10C
provide 12 dedicated input pinsand 10 I/O
pins (see Logic Block Diagram). By select-
ing each I/O pin as either permanent or
temporary input, up to 22 inputs can be
achieved. Applications requiring up to 21
inputs and a single output, down to 12 in-
puts and 10 outputs can be realized. The
output enable product term available on
each 1/O allows this selection.

The PAL22V10C and PAL22VP10C
featurevariable producttermarchitecture,
where 8 to 16 product terms are allocated
to each output. This structure permits
more applications to be implemented with

Vs | | |

ITI IFI I?I

Logic Block Diagram and PDIP (P)/CDIP (D) and Pin Conﬁgurations
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Functional Description (continued)

these devices than with other PAL devices that have fixed number
of product terms for each output.

Additional features include common synchronous preset and
asynchronous reset product terms. They eliminate the need to use
standard product terms for initialization functions

Both the PAL22V10C and PAL22VP10C automatically reset on
power-up. Inaddition, the preload capability allows the output reg-
isters to be set to any desired state during testing.

A security fuse is provided on each of these two devices to prevent
copying of the device fuse pattern.

With the programmable macrocells and variable product term ar-
chitecture, the PAL22V10C and PAL22VP10C can implement
logic functions in the 700 to 800 gate array complexity, with the in-
herent advantages of programmable logic.

Macrocell

Programmable Macrocell

The PAL22V10C and PAL22VP10C each has 10 programmable
output macrocells (see Macrocell figure). On the PAL22V10C two
fuses (C; and Cp) can be programmed to configure output in one of
fourways. Accordingly, each output can be registered or combina-
torial with an active HIGH or active LOW polarity. The feed-
back to the array is also from this output (see Figure I). An addi-
tional fuse (C;) inthe PAL22VP10C provides for two feedback
paths (see Figure 2).

Programming

The PAL22V10Cand PAL22VP10C canbe programmed using the
QuickPro II programmer available from Cypress Semiconductor
and alsowith DataI/O, Logical Devices, STAG and other pro-
grammers. Please contactyour local Cypressrepresentative for
further information.

D

T b |
| |
| ‘ |
|
| At |
| OUTPUT —
| SELECT | |
—I> t D Q MUX I
| |
I |
} cP—p a s S l
| | Key:
' AR = Asynchronous RESET
]
] SP [ SP = Synchronous PRESET
| [ OE = Qutput Enable
| | CP = Clock Pulse
INPUT/ |
FEEDBACK
l MUX }
| s s |
| T |
Cr — I
Co ] |
Gyl :
: . MACROCEL !
vi0c-4
Output Macrocell Configuration
Gl [ ¢ Co Output Type Polarity Feedback
0 0 0 Registered Active LOW Registered
0 0 1 Registered Active HIGH | Registered
X 1 0 Combinatorial | Active LOW 1/0
X 1 1 Combinatorial | Active HIGH | I/O
1 0 0 Registered Active LOW | /0l
1 0 1 Registered Active HIGH | I/Ol1]
Note:

1. PAL22VP10C only.
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Colll=0 Colll=0
I C1 =0 01 =0
SP Co=0 Co=1
V1005 vi0c-6
REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT
. L]
L] p——— . p———
L] L]
Collt=x Cyltl =x
C1 =1 C1 =
|< ' Co=0 |< ’ Co =
v10c-7 vi0c-8
1/O FEEDBACK, COMBINATORIAL, ACTIVE-LOW OUTPUT 1/O FEEDBACK, COMBINATORIAL, ACTIVE-HIGH OUTPUT
Figure 1. PAL22V10C and PAL22VP10C Macrocell Configurations
AR
l
——— < ——>—
3 D
*
cP—p>

mnn
_ao

v10c-9 v10c-10

S’a
[ ]
co=
0 —]
o
OO0
[SXM M)

1/O FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT 1/0O FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT

Figure 2. Additional Macrocell Configurations for the PAL22VP10C
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Selection Guide

i

22V10C-6 22V10C-7 22V10C-10 22V10C-12 22V10C—-15
22VP10C—6 22VP10C-7 22VP10C-10 22VP10C—-12 22VP10C~-15
Icc (mA) Commercial 190 190 190 190
Military 190 190 190
tpp (ns) Commercial 6.0 7.5 10 12
Military 10 12 15
tg (ns) Commercial 3.0 3.0 3.6 45
Military 3.6 4.5 75
tco (ns) Commercial 55 6.0 75 9.5
Military 7.5 9.5 10
fmax (MHz) Commercial 117 111 90 71
Military 90 71 57

Maximum Ratings

(Above which the useful life may be impaired. For user guidelines, DC Input Current.................... —30 mA to +5mA
not tested.) (except during programming)
Storage Temperature «................. ~65°C to +150°C DC Program Voltage ...........cccoiiiuiinnen.n. 100V
Power Applien e _s5°Cro 41250 OPerating Range :
Supply Voltage to Ground Potential . ... ... —05V to +7.0V Range Te‘;"g:’:;‘;re Vec
in High Z8tater ~05Viovee | Commercidl | 0°Cw+l°C__ | svxsw
DCInput Voltage . ........................ —0.5V to Vg Military!?] —55°Cto +125°C 5V + 5%
DC Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max. Unit
Von Output HIGH Voltage Vee = Min,, Iog = —3.2mA Com’l 24 v
ViN = Vigor Vi Iog = —2mA Mil
VoL Output LOW Voltage Vce = Min,, IoL = 16 mA Com’l 0.5 v
Vin=Vmor VL oL = 12mA Mil

Vi Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for AllInputsi3! | 2.0 \

ViL Input LOW Voltage Guaranteed Input Logical LOW Voltage for All Inputs[3] 0.8 \Y

Iix Input Leakage Current Vss < Vin < 2.7V, Ve = Max. -250 50 nA

Iy Maximum Input Current VIN = Ve, Voo = Max. Com’l 100 UA

Mil 250

Ioz Output Leakage Current Ve = Max,, Vss < Vour < Ve -100 100 HA

Isc Output Short Circuit Current | Vo = Max.,, Voyr = 0.5VE] -30 | —-120 | mA

Icc Power Supply Current Ve = Max,, Vin = GND, Outputs Open Com’l 190 mA

Mil 190
Capacitancel]
Parameter Description Max. Unit
Cin Input Capacitance 8 pF
Cout Output Capacitance 10 pF
Notes:
2. tais the “instant on” case temperature. been chosen to avoid test problems caused by tester ground
3. These are absolute values with respect to device ground. All over- degradation.
shoots due to system or tester noise are included. 5. Testedinitially and after any design or process changes that may affect

4. Not more than one output should be tested at a time. Duration of the these parameters.

short circuit should not be more than one second. Voyt = 0.5V has



== PAL22V10C
= .= PAL22VP10C
=#¢ CYPRESS
AC Test Loads and Waveforms
R1238Q
ALL INPUT PULSES
.y (319Q MIL) 30V -
90% 90% Cylol Package
OUTPUT ‘; ?7209 GND 10% 10% 15 pFI7] P/D
CL bY
236Q
INCLUDING :l_: J__L ﬁ,,,,_) <3ns <3ns | 50pF JKILIY
élg oAPI\IIED = - v10c-11 v10c-16

Equivalentto: THEVENIN EQUIVALENT
990

QUTPUT O———wW——0 2,08V = Vthc

Commercial

Equivalentto: THEVENIN EQUIVALENT

tea(+) | 15V v 0.5v="=JL=_——‘ Vou
136Q X vi0c-14
OUTPUT O——wWA———0 2.13V = Vthm tra (=) 15V
- - ' A%
Military X705V VoL  viocs
Notes:

6. Cp, =5 pF for tggr measurement for all packages.

Switching Characteristicst®!

Parameter | Vx

Output Waveform—Measurement Level

tER -) 1.5v

Vou

0.5V

VX vioet2

tER (+) 2.6V

VoL O.5V=:=

S——

v10c-13

PAL22VP10G.

7. For high-capacitive load applications (Cp, = 50 pF), use PAL22V10G/

22V10C—6 | 22V10C-7 | 22V10C-10 | 22V10C-12 | 22V10C-15
22VP10C—6 | 22VP10C—7 | 22VP10C—10 | 22VP10C~12 | 22VP10C—-15

Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit

tpD Input to Output Propagation | 1 6 2 75 2 10 2 12 2 15 ns
Delayl]

tEA Input to Output Enable Delay 1 6 2 75 10 12 2 15 ns

tER Input to Output Disable| 1 6 2 7.5 10 12 2 15 ns
Delayl10]

tco Clock to Output Delayl%] 1 55 1 6.0 1 75 1 9.5 1 10 ns

ts Inputor Feedback Set-Up Time 3 3.6 4.5 75 ns

ty Input Hold Time 0 0 0 0 ns

tp External Clock Period 85 9 11.1 14 17.5 ns
(tco +ts)

twi Clock Width HIGHD! 3 3 3 3 6 ns

twL Clock Width LOWI] 3 3 3 3 6 ns

fmMax1 External Maximum Frequency | 117 111 90 71 57 MHz
(/(tco + ts)HH

fmax2 DataPathMaximum Frequency | 166 166 166 166 83 MHz
(U(twr + tw))> 12

fMAX3 Internal Feedback Maximum 142 133 100 83 66 MHz
Frequency (1/(tcp + ts))!3]

tcF Register Clock to Feedback 4 45 6.4 75 15 ns
Inputl!4]

taw Asynchronous Reset Width 7.5 8.5 10 12 15 ns

AR Asynchronous Reset Recovery [ 4 5 6 7 10 ns
Time
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Switching Characteristics/®!
22V10C—-6 | 22V10C-7 | 22V10C-10 | 22V10C-12 | 22V10C-15
22VP10C—6 | 22VP10C—7 | 22VP10C-10 | 22VP10C-12 | 22VP10C~-15
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tAP Asynchronous Reset to 2 11 2 12 2 12 2 14 2 20 ns
Registered Output Delay
tSPR Synchronous Preset Recovery [ 4 5 6 7 10 ns
Time
tpr Power-Up Reset Timel13] 1 1 1 1 1 us
Switching Waveform
REGISTERED
FEEDBACK
SYNCHRONOUS : C | : ) : : >< ><
PRESET ts [ th WH | TwL
/ / /
tspR tp =%
taw tan —>
ASYNCHROF?IEosléﬁ
| teo, tap tER[14] q—-l ja—] e
REGISTERED i
OUTPUTS ; «<=
—» tpp tepl4lle—> je—> tEa
COMBINATORIAL F
OUTPUTS ,5—'@‘
v10¢-17
Power-Up Reset Waveform(15]
Vee
POWER Y
I ter
REGISTERED 74
ACTIVE LOW
OUTPUT / 4 N
VVVVVVVVANAANNNNNNNNNNNNNNNNNNNN/
crock OOOOOOOOOOOOVOOOOOOOOXXXAN /
twe — v10c-18
Notes:

8. AC test load used for all parameters except where noted. 13. This specification indicates the guaranteed maximum frequency at

which a state machine configuration with internal only feedback can

9. Thisspecification is guaranteed for all device outputs changingstate in ] )] wit] y C
a given access cycle. operate. This parameter is tested periodically by sampling production
10. This parameter is measured as the time after output disable input that product. . . .
the previous output data state remains stable on the output. Thisdelay ~ 14. This parameter is calculated from the clock period at fpax internal
is measured to the point at which a previous HIGH level has fallen to (fmax3) as measured (see Note 13) minus tg.
0.5 volts below Vop min. or a previous LOW level hasrisento 0.5volts ~ 15. The registers in the PAL22V10C/PAL22VP10C have been designed
above VgL max. with the capability to reset during system power-up. Following power-
11. This specification indicates the guaranteed maximum frequency at up, all registers will be reset to a logic LOW state. The output state will
which a state machine configuration with external feedback can oper- depend on the polarity of the output buffer. This feature is useful in es-
ate. tablishing state machine initialization. To insure proper operation, the
12. This specification indicates the guaranteed maximum frequency at tise in Ve must be monotonic and the timing constraints depicted in

which an individual output register can be cycled.

power-up reset waveforms must be satisfied.
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Preload Waveforml16]
\ Vep
Vivp
PIN 13 (16)
torn topri Vie
Vinp
PIN2 (3) \ Ve
V
PIN 3 (4) \ VIHP
e
" Vikp
PIN 6 (7) \ v,
e
Vine
PIN8 (10) / \ v
e
\ Vep
/ Virp
PINS (1) ) topre| topro \
Vi
PRELOAD DATA > AN ! o
V
( , ) topre | topre topra | topRa o
topR1 topat torrt [/ \ topn Vike
CLOCKPIN 1 (2) tppR1 topRi topas topai —— Vi
OUTPUTS
PFlELOAD REGISTERS
DISABLED PRELOADED,
CLOCKED OUTPUT
ENABLED
PRELOAD D[A'l]'A PRELOAD
17
ViLp or Vi REMOVED

D/K/P (J/L/Y) Pinouts
Forced Level on Register Pin Register Q Output State
During Preload After Preload
Vinp HIGH
ViLp LOW
Name Description Min. Max. Unit
Vpp Programming Voltage 9.25 9.75 v
tDPR1 Delay for Preload 1 us
tDPR2 Delay for Preload 0.5 us
ViLp Input LOW Voltage 0 0.4 A%
Viup Input HIGH Voltage 3 4.75 A\
Veep Vcc for Preload 4.75 525 v

Notes: (The numbers in parenthesis are for the J, L, and Y pins).
16. Pins 4 (5),5 (6), 7 (9) at VLp; Pins 10 (12) and 11 (13) at Vigyp; Ve (Pin 24 (1 and 28)) at Vecp
17. Pins 2—8 (3—7, 9, 10), 10 (12), 11 (13) can be set at Vygp or Vi p to insure asynchronous reset is not active.



N PAL22V10C
— PAL22VP10C

Functional Logic Diagram for PAL22V10C/PAL22VP10C

(21) AR _0 4 1[% 16 20 24 2 3 40 o l
O 3 E = 1
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og — B 1
«.: e (2226)
I A
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; : 5 21
: 1 (25)
11 B
3 I3 < T
4) OE 1
0
. Mo -[L! 20
> 24)
13 7
4 T3 AI_FQ
(5 EE > | 1’7
: = 19
* u (23)
|; 15
5 j-ﬁ
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03
+3 : Mg 18
HiE : uy @1)
:
6 15 =
7 OE —— =
i3 Mede —% 17
: 3 (20)
7 = 2 |_|'<'
(9 OE =
0
: fif i —éT 16
1 (19)
"
8 13 =]
(10) oF ]
: — : G 15
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(1) oe - T
10 7 — §>/‘ = A —I o1 14
(12) Y an
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11 A
]
19 & H HH— S s
D/K/P (J/L/Y) Pinouts vi0c-20
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Typical DC and AC Characteristics

NORMALIZED SUPPLY CURRENT

NORMALIZED SUPPLY CURRENT vs.

vs. SUPPLY VOLTAGE AMBIENT TEMPERATURE
1.4 1.6
812 g
a <
N v 2 12
210 3
2 S 10 "]
a9
Z 1
% / []
0.8 z
0.8
Ta=25°C
0.6 | 06
40 45 50 55 6.0 -55 25 125
SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C)
TYPICAL CORRECTION TO tpp
NORMALIZED PROPAGATION AND tco vs. NUMBER OF
DELAY vs. TEMPERATURE > OUTPUTS SWITCHING
1.2 o] T T T T
= JIKILY /
Bz _ PACKAGES s
w 2 -02 g
c < 1 /
o 11 T 5 1
- Q 6-04 %
oS 7
a W -
N =20
3 1.0 E .06 (
< < g
= S W2
x go-08
S e 2 D/P PACKAGES
Q  -10
o
0.8 [
-'55 25 125 212 345 67 8 910
AMBIENT TEMPERATURE (°C) NUMBER OF DEVICE OUTPUTS
CHANGING STATE PER ACCESS CYCLE
NORMALIZED SET-UP TIME NORMALIZED CLOCK TO OUTPUT
vs. TEMPERATURE TIME vs. SUPPLY VOLTAGE
12 1.2 .
e Q \
o 1 8 \
= Py
] w
~N N
310 E
S oo Z 09
0.8 0.8
-85 25 125 40 45 50 55 60

AMBIENT TEMPERATURE (°C)

SUPPLY VOLTAGE (V)

NORMALIZED t pp

o
©

NORMALIZED t pp

o
©

NORMALIZED t ¢

NORMALIZED PROPAGATION
DELAY vs. SUPPLY VOLTAGE

\
N

e
N

-
Py

"y
[=]

e
®

4.0 45 5.0 5.5 6.0

SUPPLY VOLTAGE (V)

NORMALIZED SET-UP TIME
vs. SUPPLY VOLTAGE

-
n

-
-

-
=

45 5.0 55 6.0

SUPPLY VOLTAGE (V)

4.0

NORMALIZED CLOCK TO
OUTPUT TIME vs. TEMPERATURE

1.4

1.3

1.2

11

1.0

0.9
-55

25 125
AMBIENT TEMPERATURE (°C)
v10c-21
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Typical DC and AC Characteristics (continued)
DELTA tpp, tco vs. OUTPUT SINK CURRENT OUTPUT SOURCE CURRENT
OUTPUT LOADING vs. OUTPUT VOLTAGE 3 vs. VOLTAGE
8.0 E* :(2)(5) / = 70 \
7 / £ 7 S 60—\
=S =R u \
o 6.0 / H:" // g:: 50 \
S D/P PACKAGES / T 75 7/ 3 4 A\
2 .0 S e 5] \
< z / S 30
E / @ 45 o N
° J/ 2 30 / 4 £ 2
2.0 & / VCC = 5{.)0V E \
—] PA\g}Iz/AL(/'iYES 3 1 Ta =257 5 1 Y
0.0 . 0 | 5 o
0 25 50 75 100 0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0 4.0
CAPACITANCE (pF) OUTPUT VOLTAGE (V) QOUTPUT VOLTAGE (V)
v10c-22
Ordering Information
(L(Eg) (t:g (%%) Ordering Code Pz;lc;(;%e Pafykl?ege Operlz:éi:g
190 6 117 PAL22V10C-6]C Jo4 28-Lead Plastic Leaded Chip Carrier | Commercial
7.5 111 PAL22V10C-7DC D14 24-Lead (300-Mil) CerDIP Commercial
PAL22V10C-7JC Jo4 28-Lead Plastic Leaded Chip Carrier
PAL22V10C-7PC P13 24-Lead (300-Mil) Molded DIP
PAL22V10C-7YC Y64 28-Pin Ceramic Leaded Carrier
10 90 PAL22V10C-10DC D14 24-Lead (300-Mil) CerDIP Commercial
PAL22V10C-10JC J64 28-Lead Plastic Leaded Chip Carrier
PAL22V10C-10PC P13 24-Lead (300-Mil) Molded DIP
PAL22V10C-10YC Y64 28-Pin Ceramic Leaded Carrier
PAL22V10CM—-10DMB D14 24-Lead (300-Mil) CerDIP Military
PAL22V10CM—-10KMB K73 24-Lead Rectangular Cerpack
PAL22V10CM—-10LMB Lo4 28-Square Leadless Chip Carrier
PAL22V10CM—-10YMB Y64 28-Pin Ceramic Leaded Carrier
12 71 PAL22V10C-12DC D14 24-Lead (300-Mil) CerDIP Commercial
PAL22V10C-12]JC J64 28-Lead Plastic Leaded Chip Carrier
PAL22V10C-12PC P13 24-Lead (300-Mil) Molded DIP
PAL22V10C-12YC Y64 28-Pin Ceramic Leaded Carrier
PAL22V10CM—-12DMB D14 24-Lead (300-Mil) CerDIP Military
PAL22V10CM—-12KMB K73 24-Lead Rectangular Cerpack
PAL22V10CM-12LMB Lo64 28-Square Leadless Chip Carrier
PAL22V10CM-12YMB Y64 28-Pin Ceramic Leaded Carrier
15 57 PAL22V10CM~15DMB D14 24-Lead (300-Mil) CerDIP Military
PAL22V10CM—-15KMB K73 24-Lead Rectangular Cerpack
PAL22V10CM—-15LMB L64 28-Square Leadless Chip Carrier
PAL22V10CM-15YMB Y64 28-Pin Ceramic Leaded Carrier
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Ordering Information (continued)
(}"S{) (tl]:?) (lf\]/[uﬁ)z() Ordering Code Pa]g]k;ge Oll)‘(;r:éieng
190 6 117 PAL22VP10C-6JC Jo4 28-Lead Plastic Leaded Chip Carrier | Commercial
7.5 111 PAL22VP10C-7DC D14 24-Lead (300-Mil) CerDIP Commercial
PAL22VP10C-7JC J64 28-Lead Plastic Leaded Chip Carrier
PAL22VP10C-7PC P13 24-Lead (300-Mil) Molded DIP
PAL22VP10C-7YC Y64 28-Pin Ceramic Leaded Carrier
10 90 PAL22VP10C-10DC D14 24-Lead (300-Mil) CerDIP Commercial
PAL22VP10C-10JC Jo4 28-Lead Plastic Leaded Chip Carrier
PAL22VP10C-10PC P13 24-Lead (300-Mil) Molded DIP
PAL22VP10C-10YC Y64 28-Pin Ceramic Leaded Carrier
PAL22VP10CM—-10DMB D14 24-Lead (300-Mil) CerDIP Military
PAL22VP10CM~10KMB K73 24-Lead Rectangular Cerpack
PAL22VP10CM-10LMB L64 28-Square Leadless Chip Carrier
PAL22VP10CM-10YMB Y64 28-Pin Ceramic Leaded Carrier
12 71 PAL22VP10C—-12DC D14 24-Lead (300-Mil) CerDIP Commercial
PAL22VP10C—-12JC J64 28-Lead Plastic Leaded Chip Carrier
PAL22VP10C-12PC P13 24-Lead (300-Mil) Molded DIP
PAL22VP10C~12YC Y64 28-Pin Ceramic Leaded Carrier
PAL22VP10CM—-12DMB D14 24-Lead (300-Mil) CerDIP Military
PAL22VP10CM-12KMB K73 24-Lead Rectangular Cerpack
PAL22VP10CM-12LMB L64 28-Square Leadless Chip Carrier
PAL22VP10CM—-12YMB Y64 28-Pin Ceramic Leaded Carrier
15 57 PAL22VP10CM-15DMB D14 24-Lead (300-Mil) CerDIP Military
PAL22VP10CM - 15KMB K73 24-Lead Rectangular Cerpack
PAL22VP10CM-15LMB Lo4 28-Square Leadless Chip Carrier
PAL22VP10CM~-15YMB Y64 28-Pin Ceramic Leaded Carrier
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristerics
Parameters Subgroups
Vou 1,2,3
VoL 1,23
Vin 1,2,3
ViL 1,2,3
Ix 1,23
Ioz 1,2,3
Icc 1,2,3

Switching Characteristics

Parameters Subgroups

tpD 7,8,9,10,11
tco 7,8,9,10, 11
ts 7,8,9,10,11
ty 7,8,9,10, 11

Document #: 38—~A—-00020—-D
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Features

e Ultra high speed supports today’s and
tomorrow’s fastest microprocessors

—tpp = 7.5 ns
—tg=3ns
— fyax = 100 MHz
— Drives 50-pF load (Cr)
e “No Connect” PLCC pinout
e Up to 22 inputs and 10 outputs for
more logic power
® Variable product terms
— 8 to 16 per output
¢ 10 user-programmable output
macrocells
— Output polarity control
— Registered or combinatorial
operation
— 2 new feedback paths
(PAL22VP10CF)

Cypress representative for complete specifications.
For new designs, please refer to the PALC22V10D
or PAL22V10G.

PAL22V10CF
PAL22VP10CF

Universal PAL® Device

e Synchronous PRESET, asynchronous
RESET, and PRELOAD capability for
flexible design and testability

o High reliability
— Proven Ti-W fuse technology
— AC and DC tested at the factory

e Security Fuse

Functional Description

The  Cypress  PAL22VIOCF  and
PAL22VP10CF are second-generation
programmable array logic devices. Using
BiCMOS process and Ti-W fuses, the
PAL22V10CF and PAL22VP10CF use the
familiar sum-of-products (AND-OR) log-
ic structure and a new concept, the pro-
grammable macrocell.

Both the PAL22V10CF and PAL22VP10CF
provide 12 dedicated input pinsand 10 1/O
pins (see Logic Block Diagram). By select-
ing each I/O pin as either permanent or
temporary input, up to 22 inputs can be
achieved. Applications requiring up to 21
inputs and a single output, down to 12 in-
puts and 10 outputs can be realized. The
output enable product term available on
each 1/O allows this selection.

The PAL22V10CF and PAL22VP10CF
feature variable product-term architec-
ture, where 8 to 16 product terms are
allocated to each output. This structure
permits more applications to be imple-
mented with these devices than with other
PAL devices that have fixed number of
product terms for each output.

Vss

o llin B

Logic Block Diagram and PDIP (P)/CDIP (D) Pin Configuration

nilicEln

e B %

=l

K%

PROGRAMMABLE
AND ARRAY
(132X 44)

Preset

Pin Configuration

PLCC (J)
Top View

2883

4 3 21282726
5 25 B 10,
6 24P 1103
7 PAL22V1OCE 23 H /04
9
1
1

PAL22VP10CF 228 NC

211 /05
0 208 1/0g
1 19 A 107

121314 1516 1718

= 10cf-2

PAL is a registered trademark of Advanced Micro Devices.

Document #: 38-A-—-00047
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Flash Erasable,
Reprogrammable CMOS PAL® Device

Features e DIF, LCC, and PLCC available — Proven Flash EPROM technology
o Advanced second-generation PAL ar- — 7.5 ns commercial version — 100% programming and functional
chitecture : ns :CO testing
o Low power ns ts . rinti
90 mA max. commercial (10 ns) '{3,53 ns tmstat o Functional Description
_ -MHz state machine The Cypress PALC22V10D is a CMOS
130 mA max. commercial (7.5 ns) 1 di 1 L 2
— 10 ns military and industrial ver-  Fjash Erasable second-generation pro-
¢ CIM&S !;'”h EII,EOM t;chnolog for sions grammable array logic device. It is im-
bty o billty and reprogram- §nstco plemented with the familiar sum-of-pro-
o Variable product terms 1 J's S; ducts (AND-OR) logic structure and the
ns tpp programmable macrocell.
— 2% (8 through 16) product 110-MHz state machine The PALC22V10D is executed in a 24-pin
* User-programmable macrocell — 155 commercial and milary 300’111 molded DI, a 300-mil corDI a
— Output polarity control versions 28-lead square ceramic leadless chip carri-
— Individually selectable for regis- ~—25-ns commercial and military er,a28-lead square plasticleaded chipcar-
tered or combinatorial operation versions rier, and provides up to 22 inputs and 10
o Up to 22 input terms and 10 outputs o High reliability outputs. The 22V10D can be electrically

Logic Block Diagram (PDIP/CDIP) and Pin Configurations
Vss !

t | | i
2 I 1 I Y B ) L1 [
| [
ND ARRAY

—] I |_I_I 1
%% k¥ k¥
N LSS LS

el Macrocell Macrocell Macrocell Macrocell Macrocell Macrocell Macrocell Macrocell Macrocell

R ol

K h B

PRgGRmMABLE

o]
2

-

= e

Preset

3 N 2 N I N = B B B = P By P R = Ry P9
I Uog

1og V07 1/0g 105 1/04 03 10y 1104 1109 Voo
V10D-1
PLCC
Top View

=0 Q
__588¢¢
4 3 21282726

1102 250 110,
0 /03
R o,
0 N/C
0 o5
h 110
B 107

PAL is a registered trademark of Advanced Micro Devices.
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Functional Description (continued)

erased andreprogrammed. The programmable macrocell provides
the capability of defining the architecture of each output individu-
ally. Each of the 10 potential outputs may be specified as “regis-
tered” or “combinatorial.” Polarity of each output may also be in-
dividually selected, allowing complete flexibility of output
configuration. Further configurability is provided through “array”
configurable “output enable” for each potential output. This fea-
ture allows the 10 outputs to be reconfigured as inputs on an indi-
vidual basis, or alternately used as a combination I/O controlled by
the programmable array.

PALC22V10D features a variable product term architecture.
There are 5 pairs of product term sums beginning at 8 product
terms per output and incrementing by 2 to 16 product terms per
output. By providing this variable structure, the PALC22V10D is
optimized to the configurations found in a majority of applications
without creating devices that burden the product term structures
with unusable product terms and lower performance.

Additional features of the Cypress PALC22V10D include a syn-
chronous preset and an asynchronous reset product term. These

10 potential outputs are enabled using product terms. Any output pin
may be permanently selected as an output or arbitrarily enabled as an
output and an input through the selective use of individual product
terms associated with each output. Each of these outputs is achieved
through an individual programmable macrocell. These macrocells are
programmable to provide a combinatorial or registered inverting or
non-inverting output. In a registered mode of operation, the output of
the register is fed back into the array, providing current status infor-
mation to the array. This information is available for establishing the
next result in applications such as control state machines. In a combi-
natorial configuration, the combinatorial output or, if the output is dis-
abled, the signal present on the 1/O pin is made available to the array.
The flexibility provided by both programmable product term control
of the outputs and variable product terms allows a significant gain in
functional density through the use of programmable logic.

Along with this increase in functional density, the Cypress

PALC22V10D provides lower-power operation through the use of -

CMOS technology, and increased testability with Flash repro-
grammability.

Configuration Table

product terms are common to all macrocells, eliminating the need Registered/Combinatorial
todedicate standard product terms for initialization functions. The -
device automatically resets upon power-up. C Co Configuration
The PALC22V10D, featuring programmable macrocells andvariable 0 0 Registered/Active LOW
product terms, provides a device with the flexibility to implement logic 0 1 Registered/Active HIGH
functions in the 500- to 800-gate-array complexity. Since each of the i .ere / - e -
10 output pins may be individually configured as inputs on a tempo- 1 0 Combinatorial/Active LOW
rary or permanent basis, functions requiring up to 21 inputs and only 1 1 Combinatorial/Active HIGH
asingle output and down to 12 inputs and 10 outputs are possible. The
Macrocell
CE
I T e T T e T — — -1
| . l
| I
I AR |
|
| L OUTPUT —
| SELECT I
= '5 § > ] D Q MUX |
|
| cp—p> Q S S | |
| |
| | |
| sP |
| |
| |
{1 INpUT/ |
FEEDBACK |
| MUX |
L :
ol L4 I
Co ! !
e ! MACROCELL 4 viops
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, not tested.)

—65°Cto +150°C

Storage Temperature

Static Discharge Voltage

(per MIL—STD—883, Method 3015) >2001V

Ambient Temperature with A IRAE TS AR SEAA
Power Applied ............... SERRREEE ~55°Cto +125°C Operating Range
Supply Voltage to Ground Potential
(Pin24toPin12) ............coviiiinn. -0.5V to +7.0V Ambient
DC Voltage Applied to Outputs Range Temperature Vee
inHighZState .................cvvnunn. -0.5V to +7.0V Commercial 0°Cto +75°C 5V £5%
DC Input Voltag.e ....................... -0.5Vto +7.0V Mllltary[1] —55°Cto +125°C 5V +10%
Output Curren.t into Outputs (LOW) .............. 16 mA Industrial —40°Cto +85°C 5V +10%
DC Programming Voltage ...................... ... 12.5V
Latch-Up Current ..............ccovivinn... >200 mA
Electrical Characteristics Over the Operating Rangel2]
Parameter Description Test Conditions Min. Max. | Unit
Vou Output HIGH Voltage Vce = Min,, Iogy=-32mA [Coml 2.4 A%
VIN =V, v
IN=VHOIVIL 1y = o mA | MilInd
VoL Output LOW Voltage Vce = Min.,, IoL = 16 mA Com’l 0.5 A\
VIN = V] A%
IN=VYHOUVIL =0 mA | MilInd
ViH Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs[(3] 2.0 \%
vl Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs(®] -0.5 08 | V
Ix Input Leakage Current Vss < VIN < Vee Vee = Max. -10 10 uA
Ioz Output Leakage Current Vce = Max,, Vss < Vour < Vee -40 40 A
Isc Output Short Circuit Current | Ve = Max., Voyt = 0.5V 6 -30 -90 | mA
Ical Standby Power Supply Vce = Max,, 10, 15, 25 ns Com’l 90 | mA
Current Vin = GND,
Outputs Open in |7-5 18 130 | mA
Unprogrammed 15,25 ns Mil/Ind 120 | mA
Device
10 ns 120 | mA
Iocol®! Operating Power Supply Vee = Max, Vi, = |10, 15,25 ns Com’l 110 | mA
Current 0V, Vig = 3V,
Output Open, De- |7-5 18 140 | mA
vice Programmed as n
a 10-Bit Counter, 15,25 ns Mil/Ind 130 | mA
f=25MHz 10 ns 130 | mA
Capacitancel®l
Parameter Description Test Conditions Min. Max. Unit
Cmv Input Capacitance Vin=20V@{f=1MHz 10 pF
Cout Output Capacitance Vour =20V @f=1MHz 10 pF
Endurance Characteristics(¢]
Parameter Description Test Conditions Min. Max. Unit
N Minimum Reprogramming Cycles Normal Programming Conditions 100 Cycles
Notes:

1
2.

Ty is the “instant on” case temperature.

See the last page of this specification for Group A subgroup testing in-
formation.

These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

Vi (Min.) is equal to —3.0V for pulse durations less than 20 ns.

3.

4.

5. Notmore than one output should be tested at a time. Duration of the short
circuit should not be more than one second. Vout = 0.5V has been cho-
sen to avoid test problems caused by tester ground degradation.

Tested initially and after any design or process changes that may affect
these parameters.
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AC Test Loads and Waveforms
R1238Q R1238Q
(319Q MIL) (319Q ML)
5V 5V
OUTPUT 7500

OUTPUT 4 OUTPUT 3
3 R2170Q $ R2170Q
I C i (236Q MiL) I 5pF i(zaeg MIL) I CL '(\}'-E)KQ
G L INCLUDING L 1 1 1
V10D-6

INCLUDIN
JIG AND = JIG AND =
SCOPE SCOPE
(@) () (c)
ALL INPUT PULSES
3.0v
90%
10%
GND
<2ns <2ns
(d) V10D-7
Equivalentto: THEVENIN EQUIVALENT (Commercial) Equivalent to: THEVENIN EQUIVALENT (Military)
99Q 136Q
OUTPUT O——wWA——0 2,13V =V,
V10D-9

OUTPUT O——AM——0 2,08V = Vine
V10D-8

Output Waveform—Measurement Level

Load Speed CL Package Parameter | Vx
7.5,10,15,25ns { 50 pF PDIP, CDIP, t 15V
ER (-) : V
PLCC, LCC OH TGSV Vi viono

tER(+) | 2.6V Vor o.svg‘:Jf—— Vx
V10D-11
tea(+) | OV v 1.5V=‘i=¢f——— VoH
X Vi0D-12

tEA(-) | Vine A% —‘%=.L__
X705V VoL  viop-18

(e) Test Waveforms
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Commercial Switching Characteristics (PALC22V10D)[27]

22V10D-7 22V10D-10 22V10D-15
Parameter Description Min. Max. Min. Max. Min. Max. Unit

teD Input to Output 3 7.5 3 10 3 15 ns
Propagation Delay(8: %]

tea Input to Output 8 10 15 ns
Enable Delayl10]

tER Input to Output 8 10 15 ns
Disable Delayl!1]

tco Clock to Output Delayl®: %] 2 5 2 7 2 8 ns

ts1 Input or Feedback Set-Up Time 5 6 10 ns

ts2 Synchronous Preset Set-Up Time 6 7 10 ns

ty Input Hold Time 0 0 0 ns

tp External Clock Period (tco + ts) 10 12 20 ns

twi Clock Width HIGHI6! 3 3 6 ns

twL Clock Width LOWI®] 3 3 6 ns

fmaxi External Maximum 100 76.9 55.5 MHz
Frequency (1/(tco + ts))12)

fMax2 Data Path Maximum Frequency 166 142 83.3 MH:z
(U(twn + twr))l 31

fmaxs Internal Feedback Maximum 133 111 68.9 MHz
Frequency (1/(tcp + tg))6: 14]

tcr Register Clock to 2.5 3 4.5 ns
Feedback Inputl®: 151

taw Asynchronous Reset Width 10 15 ns

tAR Asynchronous Reset 6 10 ns
Recovery Time

tAp Asynchronous Reset to 12 13 20 ns
Registered Output Delay

tsPR Synchronous Preset 6 8 10 ns
Recovery Time

tpR Power-Up Reset Timel® 16] 1 1 1 us

Notes:
7. Part(a)of ACTest Loads and Waveformsis used for all parameters ex- for enable and disable test waveforms and measurement reference

10.

11.

cept tpg and tg(+). Part (b) of AC Test Loads and Waveforms is used
for tgR. Part (c) of AC Test Loads and Waveforms is used for tga(+).
Min. times are tested initially and after any design or process changes
that may affect these parameters.

This specification is guaranteed for all device outputs changing state in
a given access cycle.

The test load of part (a) of AC Test Loads and Waveforms is used for
measuring tga(-). The test load of part (c) of AC Test Loads and
Waveformsisused for measuring tga(+) only. Please see part (¢) of AC
Test Loads and Waveforms for enable and disable test waveforms and
measurement reference levels.

This parameter is measured as the time after output disable input that
the previous output data state remains stable on the output. This delay
is measured to the point at which a previous HIGH level has fallen to
0.5volts below Vop min. or a previous LOW level has risen to 0.5 volts
above Vg max. Please see part () of AC Test Loads and Waveforms

12.

1

14.
15.

16.

©w

levels.

This specification indicates the guaranteed maximum frequency at which
a state machine configuration with external feedback can operate.
This specification indicates the guaranteed maximum frequency at
which the device can operate in data path mode.

This specification indicates the guaranteed maximum frequency at which
a state machine configuration with internal only feedback can operate.
This parameter is calculated from the clock period at fypfax internal
(1/fmax3) as measured (see Note 11 above) minus ts.

The registers in the PALC22V10D have been designed with the capa-
bility to reset during system power-up. Following power-up, all regis-
ters will be reset to alogic LOW state. The output state will depend on
the polarity of the output buffer. This feature is useful in establishing
state machine initialization. To insure proper operation, the rise in Ve
must be monotonic and the timing constraints depicted in Power-Up
Reset Waveform must be satisfied.
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Military and Industrial Switching Characteristics (PALC22V10D)27]
22V10D-10 22V10D-15 22V10D-25
Parameter Description Min. Max. Min. Max. Min. Max. Unit
tpD Input to Output 3 10 3 15 3 25 ns
Propagation Delay!3: %1
tEA Input to Output Enable Delayl10] 10 15 25 ns
tER Input to Output Disable Delayl11] 10 15 25 ns
tco Clock to Output Delayl8: 9] 2 7 2 8 2 15 ns
ts1 Input or Feedback Set-Up Time 6 10 18 ns
tsy Synchronous Preset Set-Up Time 7 10 18 ns
tn Input Hold Time 0 0 0 ns
tp External Clock Period (tco + ts) 12 20 33 ns
twi Clock Width HIGHI®! 3 6 14 ns
twL Clock Width LOWI9] 3 6 14 ns
fmax1 External Maximum Frequency 76.9 50.0 30.3 MHz
(U(tco + ts)l12
fmaxe Data Path Maximum Frequency 142 83.3 357 MHz
(U(tw + twp)[o B3]
fmMax3 Internal Feedback Maximum 111 68.9 322 MHz
Frequency (1/(tcr + ts))[6-14]
tcF Register Clock to 3 45 13 ns
Feedback Inputl6: 151
taw Asynchronous Reset Width 10 15 25 ns
tAR Asynchronous Reset 6 12 25 ns
Recovery Time
tap Asynchronous Reset to 12 20 25 ns
Registered Output Delay
tsPR Synchronous Preset 8 20 25 ns
Recovery Time
tpr Power-Up Reset Timel6: 16] 1 1 1 us
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Switching Waveform
L0 ———
FEEDBACK ><XXX>< >
SYNCHRONOUS : :
PRESET ts | th wH | twe
o T\ .
/ /
tser tp
taw tag —™
ASYNCHRONOUS
RESET -
cO, tap tegl11] fe— a— t,[11]
REGISTERED K, s
OUTPUTS K AN
= tpp tegl1] 4—.' la—n] teal!]

COMBINATORIAL F
OUTPUTS M‘

Power-Up Reset Waveform!!6]

V10D-14

POWER 10%,/] 9%
SUPPLY VOLTAGE

ter
RXXXKKS

CLOCK \\\ Y

/1

tpr MAX = 1 us [ tw —>

V10D-15
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Ordering Information

Icc | tep ts tco Package Operating

(mA) | (ns) | (ms) | (ms) Ordering Code Name Package Type Range

130 | 75 5 5 PALC22V10D-7JC J64 28-Lead Plastic Leaded Chip Carrier Commercial
PALC22V10D-7PC P13 24-Lead (300-Mil) Molded DIP

90 10 6 7 PALC22V10D-10JC J64 28-Lead Plastic Leaded Chip Carrier Commercial
PALC22V10D-10PC P13 24-Lead (300-Mil) Molded DIP

150 | 10 | 6 7 | PALC22V10D-10DMB Di4 | 24-Lead (300-Mil) CerDIP Military/
PALC22V10D—10J1 J64 | 28-Lead Plastic Leaded Chip Carrier | Industrial
PALC22V10D—-10KMB K73 24-Lead Rectangular Cerpack
PALC22V10D—-10LMB Lo4 28-Square Leadless Chip Carrier
PALC22V10D-10PI P13 24-Lead (300-Mil) Molded DIP

90 15 7.5 10 | PALC22V10D-15JC J64 28-Lead Plastic Leaded Chip Carrier Commercial

PALC22V10D-15PC P13 24-Lead (300-Mil) Molded DIP

120 | 15 | 75 | 10 | PALC22VIOD-15DMB D14 | 24-Lead (300-Mil) CerDIP Military/
PALC22V10D—1511 J64 | 28-Lead Plastic Leaded Chip Carrier | Lndustrial
PALC22V10D-15KMB K73 24-Lead Rectangular Cerpack
PALC22V10D~15LMB Lo64 28-Square Leadless Chip Carrier
PALC22V10D~-15P1 P13 24-Lead (300-Mil) Molded DIP

25 15 15 PALC22V10D-25DMB D14 24-Lead (300-Mit) CerDIP

PALC22V10D-25]1 J64 28-Lead Plastic Leaded Chip Carrier
PALC22V10D-25KMB K73 24-Lead Rectangular Cerpack
PALC22V10D-25LMB L64 28-Square Leadless Chip Carrier
PALC22V10D-25P1 P13 24-Lead (300-Mil) Molded DIP

MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics
Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
Vg 1,23
ViL 1,2,3
Iix 1,2,3
Ioz 1,2,3
Icc 1,2,3

Switching Characteristics

Parameter Subgroups
tpp 9,10, 11
tco 9,10, 11
ts 9,10, 11
ty 9,10, 11

Document #: 38—00185-G




Features

Ultra high speed supports today’s and
tomorrow’s fastest microprocessors

—tpp = 4 ns

—tg =2.5ns

— fvax = 166 MHz (External)
Reduced ground bounce and under-
shoot

PLCC and LCC packages with addi-
tional V¢ and Vgg pins for lowest
ground bounce

Up to 22 inputs and 10 outputs for
more logic power

Variable product terms

— 8 to 16 per output

10 user-programmable output
macrocells

— Output polarity control

PRELIMINARY

PAL22V10G
PAL22VP10G

Universal PAL® Device

— Registered or combinatorial
operation
— 2 new feedback paths
(PAL22VP10G)
o Synchronous PRESET, asynchronous

RESET, and PRELOAD capability for
flexible design and testability

o High reliability

— Proven Ti-W fuse technology

— AC and DC tested at the factory
e Security Fuse
Functional Description

The Cypress PAL22V10G and
PAI22VP10G are second-generation pro-
grammable arraylogicdevices. Using BiC-
MOS process and Ti-W fuses, the
PAL22V10G and PAL22VP10G use the fa-
miliar sum-of-products (AND-OR) logic

structure and a new concept, the program-
mable macrocell.

Both the PAL22V10G and PAL22VP10G
provide 12 dedicated input pins and 10 I/O
pins (see Logic Block Diagram). By select-
ing each I/O pin as either permanent or
temporary input, up to 22 inputs can be
achieved. Applications requiring up to 21
inputs and a single output, down to 12 in-
puts and 10 outputs can be realized. The
output enable product term available on
each I/O allows this selection.

The PAL22V10G and PAL22VP10G
feature  variable  product  term
architecture, where 8 to 16 product terms
are allocated to each output. This
structure permits more applications to be
implemented with these devices than with
other PAL devices that have fixed number
of product terms for each output.

Vss

I_I ﬂ ﬂ F'I

Logic Block Diagram and PDIP (P)/CDIP (D) Pin Configuration

oI n s

cPil

]

e %

wwv%

Fh

PROGRAMMABLE

(1 32 X 44)

Preset

I 110g 1/0g 1107

Pin Configurations

DIP (P, D)
Top View

1L} 6 poy10G 19 2 V04
[ 722vPi0G18 [ /05

18 17 [ ¥/0s
0o 16 |1 4/07
id1o 15 H 1/0g
g 14 [J1/0g
vgs [0 12 13 [

LCC (L)
Top View

1105
1103
1/04
PAL22V10G Vgg
PAL22VP10G 10
1/0g
1107

v10g-3

10y 1/04 110g Voo
v10g-1

PLCC ()

Top View
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Functional Description (continued)

Additional features include common synchronous preset and
asynchronous reset product terms. They eliminate the need to use
standard product terms for initialization functions

Both the PAL22V10G and PAL22VP10G automatically reset on
power-up. Inaddition, the preload capability allows the output reg-
isters to be set to any desired state during testing.

A security fuse is provided on each of these two devices to prevent
copying of the device fuse pattern.

With the programmable macrocells and variable product term ar-
chitecture, the PAL22V10G and PAL22VP10G can implement
logic functions in the 700 to 800 gate array complexity, with the in-
herent advantages of programmable logic.

Macrocell

Programmable Macrocell

The PAL22V10G and PAT22VP10G each has 10 programmable
output macrocells (see Macrocell figure). On the PAL22V10G
two fuses (C; and Cp) can be programmed to configure output in
one of four ways. Accordingly, each output can be registered or
combinatorial with an active HIGH or active LOW polarity. The
feedback to the array is also from this output (see Figure I). An
additional fuse (Cy) in the PAL22VP10G provides for two feed-
back paths (see Figure 2).

Programming

The PAL22V10G and PAL22VP10G can be programmed using
the Impulse3 programmer available from Cypress Semiconductor
and also with Data I/O, Logical Devices, STAG and other pro-

grammers. Please contact your local Cypress representative for
further information.

D

P -
| |
| * |
I AR |
| | |
OUTPUT
| SELECT | | 8
| |
| |
I cr—> a S S :
| | Key:
I AR = Asynchronous RESET
|
SP SP = Synchronous PRESET
| |
| I OE = Output Enable
| | CP = Clock Pulse
INPUT/ |
FEEDBACK
: MUX :
| | & S T
| T |
C, ] < I
Co ] |
C,lt) |
: ——————— MAGROCELL J
v10g5
Output Macrocell Configuration
C,ll Cy Cy Output Type Polarity Feedback
0 0 0 Registered Active LOW Registered
0 0 1 Registered Active HIGH | Registered
X 1 0 Combinatorial | Active LOW 1/0
X 1 1 Combinatorial | Active HIGH | I/O
1 0 0 Registered Active LOW | polll
1 0 1 Registered Active HIGH | 1ol
Notes:

1. PAL22VP10G only.
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Cylll=0 Colil=0
| Ci= | C1=0
SP Co=0 SP Co=1
v10g-6 v10g-7

Coll=x

Ci=1
j< | Co=0
v10g-8

1/O FEEDBACK, COMBINATORIAL, ACTIVE-LOW OUTPUT

REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT

Ci=
v10g-9

1/0 FEEDBACK, COMBINATORIAL, ACTIVE-HIGH OUTPUT

Figure 1. PAL22V10G and PAL22VP10G Macrocell Configurations

v10g-10

1/O FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT

v10g-11

1/0 FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT

Figure 2. Additional Macrocell Configurations for the PAL22VP10G
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Selection Guide
22V10G -4 22V10G -5 22V10G—-6 22V10G-7 22V10G-10
22VP10G—-4 22VP10G—-5 22VP10G—-6 22VP10G~7 22VP10G-10
Icc (mA) Commercial 190 190 190 190 190
Military 190 190
tpp (ns) Commercial 4 5 6.0 75 10
Military 75 10
ts (ns) Commercial 2.5 2.5 3.0 3.0 3.6
Military 3.0 3.6
tco (ns) Commercial 3.5 4/4.5 55 6.0 7.5
Military 6.0 7.5
fmax (MHz) Commercial 166 153.8 117 111 90
(External) Military 111 90
Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, DC Program Voltage ...................ccvuvin.. 10V
not tested.) Junction Temperature (PLCC) .................... 150°C
Storage Temperature .................. -65°Cto +150°C
Ambigent Tenl:perature with Operating Range
Power Applied ....................... —55°Cto +125°C Ambient
Supply Voltage to Ground Potential . ... .. ... -0.5Vto +7.0V Range Temperature Vee
DC Voltage Applied to Outputs Commercial 0°Cto +70°C 5V 5%
inHighZState ........................... -0.5Vto Vee Military[zl —55°C to +125°C 5V + 10%
DClInput Voltage ...................ooou0 -0.5Vto Ve
DCInputCurrent .................... —30mA to +5mA
(except during programming)
DC Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Vee = Min,, Iog = —3.2mA Com’l 24 v
VIN = Vi or Vi, Tog = —~2mA Mil 24 v
VoL Output LOW Voltage Vee = Min,, IoL = 16 mA Com’l 0.5 v
VIN = Vi or Vi ToL = 12mA Mil 05 v
Vi Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for AllInputsi®] [ 2.0 \%
Vi Input LOW Voltage Guaranteed Input Logical LOW Voltage for All Inputs(3] 0.8 \
Iix Input Leakage Current Vss < VIN < 2.7V, Ve = Max. —250 50 UA
It Maximum Input Current VN = Vce, Vee = Max. Com’l 100 UA
Mil 250 WA
Ioz Output Leakage Current Ve = Max,, Vss < Vour < Ve —100 100 WA
Isc Output Short Circuit Current | Ve = Max., Voyr = 0.5V -30 | -120 | mA
Icc Power Supply Current Ve = Max., Vin = GND, Outputs Open Com’l 190 mA
Mil 190
Notes:

2. tais the “instant on” case temperature.
3. These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

4. Not more than one output should be tested at a time. Duration of the
short circuit should not be more than one second. Voyt = 0.5V has
been chosen to avoid test problems caused by tester ground
degradation.
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Capacitancels]
Parameter Description Typ. Unit
CIN Input Capacitance 6 pF
Cour Output Capacitance 8 pF
AC Test Loads and Waveforms
R1238Q
(3196 MIL) sov ALL INPUT PULSES
sV : 90%
OUTPUT 4 -
$ R2170Q GND 10% C1l6] = 50 pF
CL  $ (236QMIL)
INCLUDING l 1 =3ns <3ns
é'gé}:héD - T viog2 v10g-17
Equivalent to: THEVENIN EQUIVALENT Parameter | Vx Output Waveform—Measurement Level
99Q tER (-) 15v v,
OUTPUT O——A——0 2,08V = Vihc OH 0 5v VX viegs
Commercial tER ) 2.6V v 05V % Vx
OL [+ v10g-14
Equivalentto: THEVENIN EQUIVALENT tea(s) | LSV 0.5V Vou
Vx
136Q )‘- vi0g-15
OUTPUT O———wWW——0 2.13V = Vthm
o A | LSV vy
Military 0.5V VoL  viogs

Notes:

5. Tested initially and after any design or process changes that may affect

these parameters.
6. Cp = 5 pF for tgr measurement for all packages.
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Switching Characteristics(]
22V10G-4 22V10G—-5 22V10G—-6 22V10G-7 22V10G—-10
22VP10G—-4 | 22VP10G—5 | 22VP10G—6 | 22VP10G~—7 | 22VP10G—10
Parameter Description Min, | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpD Input to Output 1 4 1 5 1 6 2 75 2 10 ns
Propagation Delay!®!
tEA Input to Output 1 5 1 6 1 6 2 75 2 10 ns
Enable Delay
tER Input to Output 1 4 1 5 1 6 2 75 2 10 ns
Disable Delay!”] .
tco Clock to Output 1 35 1 4 1 5.5 1 6.0 1 7.5 ns
Delay(8]
ts Input or Feedback 2.5 2.5 3 3 3.6 ns
Set-Up Time
ty Input Hold Time 0 0 0 0 0 ns
tp External Clock 6.0 6.5 8.5 9 11.1 ns
Period (tco + tg)
twH Clock WidthHIGHDP! 2.0 2.5 3 3 3 ns
twL Clock Width LOWI>] 2.0 2.5 3 3 3 ns
fMax1 External Maximum 166 153.8 117 111 90 MHz
Frequency
(Utco + ts)0
fMaxz Data Path Maximum 250 200 166 166 133 MHz
Frequency [511,12]
fMAax3 Internal Feedback 181.8 181.8 142 133 100 MHz
Maximum Frequency
(U(tcr + ts))l 131
tcF Register Clock to 3 3 4 45 6.4 ns
Feedback Input[14!
tAw Asynchronous Reset 5 6 75 8.5 10 ns
Width
tAR Asynchronous Reset 4 4 4 5 6 ns
Recovery Time
tap Asynchronous Reset 2 6 2 7 2 11 2 12 2 12 ns
to Registered
Output Delay .
tSPR Synchronous t'reset 4 4 4 5 6 ns
Recovery Time
tpR Power-Up Reset 1 1 1 1 1 us
Timell5
Notes:
7. AC test load used for all parameters except where hoted. 13. This specification indicates the guaranteed maximum frequency at

8.
9.

1
1

This specification is guaranteed for all device outputs changing state in
a given access cycle.

This parameter is measured as the time after output disable input that
the previous output data state remains stable on the output. This delay
is measured to the point at which a previous HIGH level has fallen to
0.5 volts below Voy min. or a previous LOW level has risen to 0.5 volts
above Vgr, max.

This specification indicates the guaranteed maximum frequency at which
a state machine configuration with external feedback can operate.
This specification indicates the guaranteed maximum frequency at
which an individual output register can be cycled.

0.
1

12. Lesser of 1/(twu +twr) , 1/tco or 1/(tg+tm).

14.
15.

which a state machine configuration with internal-only feedback can
operate.

This parameter is calculated from the clock period at fpax internal
(fmax3) as measured (see Note 11) minus ts.

The registers in the PAL22V10G and PAL22VP10G have been de-
signed with the capability to reset during system power-up. Following
power-up, all registers will be reset to a logic LOW state. The output
state will depend on the polarity of the output buffer. This feature is
usefulin establishing state machine initialization. To insure proper op-
eration, the rise in Ve must be monotonic and the timing constraints
depicted in power-up reset waveforms must be satisfied.
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Switching Waveform
REGISTERED )O|(
FEEDBACK X >< @XX>
SYNCHRONOUS > ( : : >< > <
PRESET ts|e ty WH g WL
% 4 4
P/ \__J k / ¥
tspR tp
taw tar —
ASYNCHRONOUS
RESET Too tae o .
| erl®] [e—m he— T
REGISTERED SE s i
OUTPUTS L4 <L
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Power-Up Reset Waveform!'5]
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Preload Waveform!'6]
\ Vep
Vinp
PIN 13 (16)
torr topa Vie
Vivp
PIN 2 (3) \ Vip
V,
PIN 3 (4) \ (7
Vie
y Vikp
PIN 6 (7) / \ v
P
— Vige
PIN 8 (10) / \ v
P
\ Vep
Vikp
PIN @ (11) y torre| topR2 \
Viee
PRELOAD DATA Vip
e 82 >,
- , _ 7
¢ ) topr2 | toPm2 tpprz | topr2 P
topR1 topri topr1  _/ \ torr Vinp
CLOCKPIN 1 (2) topRi topas topas topR e Vi
OUTPUTS |
ISABLED PRELOAD REGISTERS
pis DATA PRELOADED,
CLOCKED OUTPUT
IN ENABLED
PRELOAD D[;Q;l]'A Bﬁ%kOAD
ViLp or Vine REMOVED
v10g-20

Notes (the numbers in parantheses refer to J and L packages):

16. Pins 4 (5), 5 (6), 7 (9) at VL p; Pins 10 (12) and 11 (13) at Vigp; Ve (Pin 24 (1 and 28)) at Veen

17. Pins 2-8 (3-17, 9, 10), 10 (12), 11 (13) can be set at Vyyp or Vyy p to insure asynchronous reset is not active.

Forced Level on Register Pin Register Q Output State
During Preload After Preload
Vinp HIGH
ViLp LOW
Name Description Min. | Max. Unit
Vpp Programming Voltage 9.25 9.75 A%
tDPR1 Delay for Preload 1 us
tDPR2 Delay for Preload 0.5 us
ViLp Input LOW Voltage 0 0.4 \'%
Vinp Input HIGH Voltage 3 4.75 \'%
Veep V¢ for Preload 4.75 525 A%
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Functional Logic Diagram for PAL22V10G/PAL22VP10G
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Ordering Information
(gg) (111:5 (fMMﬁ’é) Ordering Code P?\Ic;(;%e Package Type Oll){e;:;ieng
190 4 166 PAL22V10G—4JC J64 28-Lead Plastic Leaded Chip Carrier | Commercial
5 153.8 PAL22V10G-5]C J64 28-Lead Plastic Leaded Chip Carrier | Commercial
6 117 PAL22V10G—-6JC Jo4 28-Lead Plastic Leaded Chip Carrier | Commercial
75 111 PAL22V10G-7IC J64 Commercial
[ PAL22VI0G=TPC P13 | 24- 1 (3 i
PAI22V10G-7LMB 28-Pin Square Leadless Military
10 90 PAL22V10G-10JC J64 28-Lead Plastic Leaded Chip Carrier
PAL22V10G~1 : P13 | 24-Lead (300-Mil) Molded DIP .. ...
PAL22V10G—-10LMB 28-Pin Square Leadless Chip Carrier | Military
(f]flg) (tlll’?) (lt;l/\ll[ﬁ);) Ordering Code Pa]c_yk;ege Pa]%}k:ege Ollie;l?éieng
190 4 166 PAL22VP10G—-4JC Jo4 28-Lead Plastic Leaded Chip Carrier | Commercial
5 153.8 PAL22VP10G-5JC J64 28-Lead Plastic Leaded Chip Carrier | Commercial
6 117 PAL22VP10G—-6JC J64 28-Lead Plastic Leaded Chip Carrier | Commercial
7.5 111 PAL22VP10G~-7JC J64 28-Lead Plastic Leaded Chip Carrier | Commercial
- PAL22VPI0G-7PC 24-Lead (300-Mil) Molded DIP
PAL22VP10G-7LMB 28-Pin Square Leadless Chip Carrier | Military
10 90 PAL22VP10G~-10JC J64 28-Lead Plastic Leaded Chip Carrier
PAL22VP10G-10PC P13 24-Lead (300-Mil) Molded DIP
PAL22VP10G—10LMB L64 78-Pin Square Leadless Chip Carrier | Military

Shaded area contains advanced information.

MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristerics

Parameters Subgroups
Vou 1,2,3
VoL 1,2,3
Vg 1,2,3
ViL 1,2,3
Iix 1,2,3
Ioz 1,2,3
Icc 1,2,3

Switching Characteristics

Parameters Subgroups

tpD 7,8,9,10,11
tco 7,8,9,10,11
ts 7,8,9,10,11
tH 7,8,9,10, 11

Document #: 38—A—00044—B
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. CMOS Programmable
Synchronous State Machine

Features o Three separate clocks—two inputs, e 28-pin, 300-mil DIP LCC
one output
o Twelve I/O macrocells each having: R Commol:l (pin 14— controlled) or ¢ Erasable and reprogrammable
— registered, three-state /O pins product texl')m—controlled output en- Functional Description
— input register clock select multi- able for each I/O pin The CY7C330isahigh-performance, eras-
plexer e 256 product terms—32 per pair of able, programmable, logic device (EPLD)
— feed back multiplexer macrocells, variable distribution whose architecture has been optimized to
— output enable (OE) multiplexer e Global, synchronous, product term— enable the user to easily and efficiently
o All twelve macrocell state registers controlled, state register set and re- construct very high performance synchro-
can be hidden set—inputs to product term are nous state machines.
o User-configurable state registers— clocked by input clock The unique architecture of the CY7C330,
JK,RS, T, or D e 66-MHz operation consisting of the user-configurable output
e One input multiplexer per pair of /O — 3-ns input set-up and 12-ns clock to  macrocell, bidirectional I/O capability, in-
macrocells allows I/O pin associated output putregisters,and thr;eseparate clocks, en-
with a hidden macrocell state register — 15-ns input register clock to state  ables the user to design high-performance
to be saved for use as an input register clock state machines that can communicate ei-
e Four dedicated hidden registers e Low power ther with each othgr or with microproces-
. X | sors over bidirectional parallel buses of
o Eleven dedicated, registered inputs —130 mA Icc user-definable widths.
Logic Block Diagram
OE/ly Iy Iy Vs I l/cK2  CKi CLK

I_ll_II_II—II—]I_II—IF'II_II_I[-IF_II_II_I

PROGRAMMABLE AND ARRAY
(258 x 66)
9 19 11 17 13 15 13 17 11 19 15 13 17 11 19

ik
Ty il

011 1Oqq 1/0g 1/0g 1107 1106 Vss Vao 1105 1104 1104 1102 1104 1100 3301

TITTT

AAA
[T

AAA

AAA
[T

TTITT
[HEEEE
T
LTI

AOA
AAA
AANA
AAA
TITTTT
A
[TTTTT
AAA
[
A

Selection Guide

7C330—-66 7C330-50 7C330—-40 7C330-33 7C330-28
Maximum Operating Frequency, Commercial 66.6 50.0 333
fmax (MHz) Military 50.0 40.0 285
Power Supply Current Icc; (mA) Commercial 140 130 130
Military 160 150 150
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Pin Configuration

LCC/PLCC
Top View

19/CK2
oK1

=
[

110y
110,
10,

Iy

48 2hmarn
25 j l/03
24 [1 1/04
23 [1 1/05
22 [1 Voo
21 [ Vgg
10 20 [] 1/Og
11 12 13 14 15 16 17 1819 [J VO7
6330-2

5
6
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8
9
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Functional Description (continued)
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1044
104g

10g
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Three separate clocks permit independent, synchronous state
machines to be synchronized to each other. The two input clocks,
C1,C2, enable the state machine to sample input signals that may
be generated by another system and that may be available on its
bus for a short period of time.

Theuser-configurable stateregisterflip-flopsenable the designer
to designate JK-, RS-, T-, or D-type devices, so that the number of
product terms required to implement the logic is minimized.

The major functional blocks of the CY7C330 are (1) the input
registers and (input) clock multiplexers, (2) the EPROM (AND)
cellarray, (3) the twelve I/O macrocells and (4) the four hidden
registers.

Input Registers and Clock Multiplexers

There are a total of eleven dedicated input registers. Each input
register consists of a D flip-flop and a clock multiplexer. The
clock multiplexer is user-programmable to select either CK1 or
CK?2 as the clock for the flip-flop. CK2 and OE can alternatively
be used as inputs to the array. The twenty-two outputs of the reg-
isters (i.., the Q and Q outputs of the input registers) drive the
array of EPROM cells.

Anarchitecture configuration bit (C4) is reserved for each dedi-
cated input register cell to allow selection of either input clock
CK1 or CK2 as the input register clock for each dedicated input
cell. If the CK2 clock is not needed, that input may also be used as
a general-purpose array input. In this case the input register for
this input can only be clocked by input clock CK1. Figure 1 illus-
trates the dedicated input cell composed of an input register, an

INPUT REGISTER
NPUT TO ARRAY
PIN D Q
PIN2, CK1 =] INPUT
" CLOCK >
PIN3, CK2 —1 MUX
c4
3303

Figure 1. Dedicated Input Cell
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Input Clock Multiplexer, and architecture configuration bit C4
which determines the input clock selected.

1/0 Macrocell

The logic diagram of CY7C3301/O macrocell is shown in Figure 2
There are a total of twelve identical macrocells.

Each macrocell consists of:

— An Output State register that is clocked by the global state
counter clock, CLK (Pin 1). The state register can be configured
asaD, JK, RS, or T flip-flop (default is a D-type flip-flop). Polar-
ity can be controlled in the D flip-flop implementation by use of
the exclusive or function. Data is sampled on the LOW to HIGH
clock transition. All of the state registers have a common reset
and set which are controlled synchronously by Product Terms
which are generated in the EPROM cell array.

— A Macrocell Input register that may be clocked by either the
CK1 or CK2 input clock as programmed by the user with archi-
tecture configurationbit C2, which controls the I/O Macrocell In-
put Clock Multiplexer. The Macrocell Input registers are initial-
ized upon power-up such that all of the Q outputs are at logic
LOW level and the Q outputs are at a logic HIGH level.

— An Output Enable Multiplexer (OE), which is user program-
mable using architecture configuration bit C0, can select either
the common OE signal from pin 14 or, for each cell individually,
the signal from the output enable product term associated with
each macrocell. The output enable input signal to the array prod-
uct term is clocked through the input register by the selected in-
put register clock, CK1 or CK2.

~— An Input Feedback Multiplexer, which is user programmable,
can select either the output of the state register or the output of
the Macrocell Input register to be fed back into the array. This
option is programmed by architecture configurationbit C1. If the
output of the Macrocell Input register is selected by the Feedback
Multiplexer, the I/O pin becomes bidirectional.

Cco
|

PIN 14,0 ——| OUTPUT

OUTPUT ENABLE PRODUCT TERM___ 0 E’;\‘AAL?XLE

GLOBAL SET PRODUCT TERM
EX OR PRODUCT TERM "
) >——
PIN 1, CLK

GLOBAL RESET PRODUCT TERM
0

TO ARRAY FEED
BACK 1
MUX

Cc1 0
PIN 2, CK1 —

PIN 3, CK2—1- MUX

TO ARRAY SHAREDL
E l— INPUT |1
MUX
T FROM ADJACENT MACROCELL
c3

©330-4

Figure 2. Macrocell and Shared Input Multiplexer
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Functional Description (continued)
Macrocell Input Multiplexer

Each pair of /O macrocells share a Macrocell Input Multiplexer that
selects the output of one or the other of the pair’s input registers to
be fed to the input array. This multiplexer is shown in Figure 2. The
Macrocell Input Multiplexer allows the input pin of a macrocell, for
which the state register has been hidden by feeding back its input to
the input array to be preserved for use as an input pin. This is pos-
sible as long as the other macrocell of the pair is not needed as an
input or does not require state register feedback. The input pin input
register output that would normally be blocked by the hidden state
register feedback can be routed to the array input path of the com-
panion macrocell for use as array input.

State Registers

By use of the exclusive OR gate, the state register may be confi-
gured asaJK-, RS-, or T-type register. The default isa D-type reg-
ister. For the D-type register, the exclusive OR function can be
used to select the polarity or the register output.

The set and reset of the state register are global synchronous sig-
nals. They are controlled by the logic of two global product terms,
for which input signals are clocked through the input registers by
either of the input clocks, CK1 or CK2.

Hidden Registers

In addition to the twelve macrocells, which contain a total of
twenty-four registers, there are four hidden registers whose out-
puts are not brought out to the device output pins. The Hidden
State Register Macrocell is shown in Figure 3.

The four hidden registers are clocked by the same clock as the
macrocell state registers. All of the hidden register flip-flops have

GLOBAL SET PRODUCT TERM

PIN1,CLK——=pP> Q0

GLOBAL RESET PRODUCT TERM

TO ARRAY

3305
Figure 3. Hidden State Register Macrocell
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acommon, synchronous set, S, as well as a common, synchronous
reset, R, which override the data at the D input. The S and R sig-
nals are product terms that are generated in the array and are the
same signals used to preset and reset the state register flip-flops.

Macrocell Product Term Distribution

Each pair of macrocells has a total of thirty-two product terms.
Two product terms of each macrocell pair are used for the output
enables (OEs) for the two output pins. Two product terms are
alsoused as one input to each of the two exclusive OR gatesin the
macrocell pair. The number of product terms available to the de-
signer is then 32 — 4 = 28 for each macrocell pair. These product
terms are divided between the macrocell state register flip-flops
as show in Table 1.

Table 1. Product Term Distribution for Macrocell
State Register Flip-Flops

Macrocell Pin Number Product Terms
0 28 9
1 27 19
2 26 11
3 25 17
4 24 13
5 23 15
6 20 15
7 19 13
8 18 17
9 17 11
10 16 19
11 15 9

Hidden State Register Product Term Distribution

Each pair of hidden registers also has a total of 32 product terms.
Two product terms are used as one input to each of the exclusive
OR gates. However, because the register outputs donot go toany
output pins, output enable product terms are not required.
Therefore, 30 product terms are available to the designer foreach
pair of hidden registers. The product term distribution for the
four hidden registers is shown in Zable 2.

Table 2. Product Term Distribution for Hidden Registers

Hidden Register Cell Product Terms
0 19
1 11
2 17
3 13

Architecture Configuration Bits

The architecture configuration bits are used to program the mul-
tiplexers. The function of the architecture bits is outlined in
Table 3.
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Table 3. Architecture Configuration Bits

Architecture
Configuration Bit Number of Bits Value Function
CO0 | Output Enable 12 Bits, 1 per I/O Macrocell | 0—Virgin State | Output Enable Controlled by Product Term
Select MUX
el 1—Programmed | Output Enable Controlled by Pin 14
Cl | State Register 12 Bits, 1 per I/O Macrocell | 0—Virgin State | State Register Output is Fed Back to Input Array
Feedback MUX - "
1—Programmed | I/O Macrocell is Configured as an Input and Out-
put of Input Register is Fed to Array
C2 | I/O Macrocell 12 Bits, 1 per I/O Macrocell | 0—Virgin State | CK1 Input Register Clock (Pin 2) is Connected to
Input Register 1/0 Macrocell Input Register Clock Input
Clock Select MUX - - -
1—Programmed | CK2 Input Register Clock (Pin 3) is Connected to
I/0 Macrocell Input Register Clock Input
C3 | I/OMacrocell Pair | 6 Bits, 1 per I/O Macrocell | 0—Virgin State | Selects Data from I/O Macrocell Input Register
Input Select MUX | Pair of Macrocell A of Macrocell Pair
1—Programmed | Selects Data from I/O Macrocell Input Register
of Macrocell B of Macrocell Pair
C4 | Dedicated Input 11 Bits, 1 per Dedicated 0—Virgin State | CK1 Input Register Clock (Pin 2) is Connected to
Register Clock Input Cell Dedicated Input Register Clock Input
Select MUX - —
1—Programmed | CK2 Input Register Clock (Pin 3) is Connected to
Dedicated Input Register Clock Input

Maximum Ratings

(Above which the useful life may be impaired. For user guide- Latch-Up Current ..................coooat >200 mA
lines, not tested.) DC Programming Voltage ........................ 13.0V
Storage Temperature ................. —65°Cto +150°C

Ambient Temperature with Operating Range

Power Applied ...................... —55°Cto +125°C Ambient

Supply Voltage to Ground Potential Range Temperature Vee

(Pin 22 to Pins 8 z%nd 21y oo -0.5Vto +7.0V Commercial 0°Cto +75°C 5V + 10%
?1%?2?1"?&32".‘ l.e.d. © 9 AT —05V to +7.0V Militaryl!] —55°Cto +125°C 5V +10%
DClInput Voltage ...................... -3.0Vto +7.0V Note:

Output Current into Outputs (LOW) .............. 12 mA 1. Ta s the “instant on” case temperature.

Static Discharge Voltage ....................... >2001V

(per MIL-STD-883, Method 3015)
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Electrical Characteristics Over the Operating Range(2)
Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage Vee = Min, Viy = Vg or V; 2.4 A%
Tog = -32 mA (Coml), IOH = —-2mA (Mil)
VoL Output LOW Voltage Vee = Min, Vin = Vig or V; 0.5 \'%
IoL =12 mA (Com’), Iog = 8 mA (Mil)
Vin Input HIGH Voltage Guaranteed Logical HIGH Voltage for all Inputs[®] 22 \'
Vi Input LOW Voltage Guaranteed Logical LOW Voltage for all Inputsl?] 08 | Vv
Ix Input Leakage Current Vss < VN < Vi, Vee = Max. -10 | +10 | pA
Ioz Output Leakage Current Ve = Max,, Vss < Vour < Ve, -40 | +40 | nA
Iscl4 Output Short Circuit Current | Vo = Max., Voyr = 0.5V -30 | =90 | mA
Icct Standby Power Supply Vee = Max., Viy = GND Commercial —66 140 | mA
Ci t Outputs O
urren Hiputs Upen Commercial —33, —50 130
Military —50 160
Mititary —28, —40 150
Icca Power SupFly Current at Ve = Max. Commercial —66 180 | mA
Frequencyt4 ] Outputs Disabled -
(in High Z Statc), Commercial —33, —50 160
Device Operating at fyax o —
External (fygax1) Military —50 200
Military —28, —40 180
Capacitancel*!
Parameter Description Test Conditions Min. Max. Unit
Cin Input Capacitance ViN = 2.0V atf=1MHz, 10 pF
Cour Output Capacitance Vour = 2.0V atf = 1 MHz, 10 pF
Notes:
2. See the last page of this specification for Group A subgroup testing 5. Notmore than one output should be tested at a time. Duration of the
information. short circuit should not be more than one second. Voyt = 0.5V has

3. These are absolute values with respect to device ground and all over-
shoots due to system or tester noise are included.
4. Tested initially and after any design or process changes that may af- 6.

fect these parameters.

AC Test Loads and Waveforms

R1313Q R1313Q
(470Q Mil) (4709 Mil) ALL INPUT PULSES
5V 5V 3.0v
90%
OuTPUT { OUTPUT !
50 pF $ R2208Q $R22082 oD 10%
P 1 (oM 5 pF I 1 190w |__

INCLUDING = = INCLUDING = = =5ns
JIG AND JIG AND
SCOPE SCOPE

() (b) 330-6

Equivalentto: THEVENIN EQUIVALENT (Commercial) Equivalentto:  THEVENIN EQUIVALENT (Miitary)

125Q

OUTPUT O——A——0 2.00V = Vi

tion.

Tested by periodic sampling of production product.

190Q

€330-8
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been chosen to avoid test problems caused by tester ground degrada-

€330-7

OUTPUT O———AM——0 2.02V = Vi

€330-9
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AC Test Loads and Waveforms (continued)
Parameter Vx Output Waveform—Measurement Level
t - 1.5v 0.5V,
PXz() Von } \!-_
[} —Vx €330-10
tPX7(+) 2.6V 0.5V Vyx
VoL
? 33011
tpzX(+) Vihe 0.5V, Vou
Vx
’ €330-12
tpzX(-) Vihe Vx ¥ e
osvt VoL ©330-13
tCER(-) 15V Vou ‘ le—
05vH Vx €330-14
tCER(+) 2.6V 0.5v Vx
VoL —L—"
[} f— 330-15
tCEA(+) Vihe 0.5V, Vou
Vx
' ©330-16
t - \Y
CEA(~) the Vy { \|<—
O.SV* D VoL 330-17
(c) Test Waveforms and Measurement Levels
Switching Characteristics Over the Operating Rangel2 7]
Commercial Military
-66 -50 -33 -50 -40 —-28
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
trs Input or Feedback 3 5 10 5 5 10 ns
Set-Up Time to Input
Register Clock
tos Input Register Clock to 15 20 30 20 25 35 ns
Output Register Clock
tco Output Register Clock to 12 15 20 15 20 25 ns
Output Delay
tin Input Register Hold Time | 5 5 5 5 5 5 ns
tCEA Input Register Clock to 20 20 30 20 25 35 ns
Output Enable Delay
tCER Input Register Clock to 20 20 30 20 25 35 ns
Output Disable Delayl8]
tpzx Pin 14 Enable to Output 20 20 30 20 25 35 ns
Enable Delay
tpxz Pin 14 Disable to 20 20 30 20 25 35 ns
Output Disable Delayl8]
twH Input or Output Clock 6 8 12 8 10 15 ns
Width HIGH 6]
twL Input or Output Clock 6 8 12 8 10 15 ns
Width LOW(* 6]
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Switching Characteristics Over the Operating Rangel2 7] (continued)

Commercial Military
—-66 -50 -33 -50 —40 -28
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
toy Output Data Stable Time | 3 3 3 3 3 3 ns
from Synchronous Clock
Inputl
tion — tig | Output Data Stable Time [ 0 0 0 0 0 0 ns
This Device Minus I/P
Reg Hold Time Same
Devicel10
toy — tig | Output Data Stable Time | 0 0 0 0 0 0 ns
33x Minus I/P Reg Hold Time
7C330 and 7C332
Devices(11]
tp External Clock Period 15 20 30 20 25 35 ns
(tico + ts), Input and
Output Clock Common
fmaxi Maximum External 66.6 50.0 333 50.0 40.0 28.5 MHz
Operating Fre uency
(/(tco + )12
fmaxe Maximum Reélster Toggle | 83.3 62.5 41.6 62.5 50.0 333 MHz
Frequencyl®
fmaxs Maximum Internal 74.0 57.0 37.0 57.0 45.0 30.0 MHz
Operating Frequencyl14]
Notes:
7. Part (a) of AC Test Loads is used for all parameters except tcga, 11. This specification is intended to guarantee feeding of this signal to
tCER, tpzx, and tpxz, which use part (b). another 33X family input register cycled by the same clock with suffi-
8. This parameter is measured as the time after output register disable cientoutput data stable time to insure that the input hold time minimum
input that the previous output data state remains stable on the out- of the following input register is satisfied. This parameter difference
put. This delay is measure to the point at which a previous HIGH lev- specification is guaranteed by periodic sampling of production product
el has fallen to 0.5V below Voy Min. or a previous LOW level has of 7C330 and 7C332. It is guaranteed to be met only for devices at the
risen to 0.5V above Vo Max. Please see part (c) of AC Test Loads same ambient temperature and Ve supply voltage.
and Waveforms for enable and disable test waveforms and measure- 12. Thisspecificationindicatesthe guaranteedmaximum frequencyatwhich
ment reference levels. a state machine configuration with external feedback can operate.
9. Thisparameter is measured as the time after output register clock input 13. This specification indicates the guaranteed maximum frequency at

that the previous output data state remains stable on the output.

10. This difference parameter is designed to guarantee that any 7C330

output fed back to its own inputs externally or internally will satisfy
the input register minimum input hold time. This parameter is guar-
anteed for a given individual device and is tested by a periodic sam-
pling of production product.

Switching Waveform

which an individual input or output register can be cycled.

14. This specification indicates the guaranteed maximum frequency at

which a state machine configuration with only internal feedback can
operate. This parameter is tested periodically on a sample basis.

1/0 INPUTS,
REGISTERED

FEEDBACK

INPUTS tiH

tig —mwa—

INPUT CLOCK LZ—\_7

tos

OUTPUT CLOGK _/__vﬂ

twH twi —n

|

e tcerl®!

tp
- twi

twH

o tceal® —

),

OUTPUTS

Z

NN

texzl8l

PIN 14
OE
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CY7C330 Logic Diagram (Upper Half)

&

[ 8 16 24 32 “© 43 56 64
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7 w88 | il ___Mi Il& il ]
- E:: :::E a2 B EEﬁ: L17028 (C0..3
L17070 9 7 ¢ )
3 :% HH :
I It _
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19 5
12178 44 T IHm| I .
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L17072
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E: £ i 17 =
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HHH B
HE T UL 157042 (c0..3)
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CY7C330 Logic Diagram (Lower Half)
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Ordering Information
Icc1 fmax Package Operating
(max) | (MHz) Ordering Code Name Package Type Range
140 66.6 CY7C330—-66HC Ho64 28-Pin Windowed Leaded Chip Carrier Commercial
CY7C330-66JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C330—-66PC P21 28-Lead (300-Mil) Molded DIP
CY7C330-66WC w22 28-Lead (300-Mil) Windowed CerDIP
160 50 CY7C330-50DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C330—-50HMB Ho64 28-Pin Windowed Leaded Chip Carrier
CY7C330—-50LMB L64 28-Square Leadless Chip Carrier
CY7C330-50QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C330—-50TMB T74 28-Lead Windowed Cerpack
CY7C330-50WMB w22 28-Lead (300-Mil) Windowed CerDIP
130 50 CY7C330-50HC Ho4 28-Pin Windowed Leaded Chip Carrier Commercial
CY7C330-50JC Jo4 28-Lead Plastic Leaded Chip Carrier
CY7C330—-50PC P21 28-Lead (300-Mil) Molded DIP
CY7C330—-50WC w22 28-Lead (300-Mil) Windowed CerDIP
150 40 CY7C330—-40DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C330—40HMB H64 28-Pin Windowed Leaded Chip Carrier
CY7C330—-40LMB Lo4 28-Square Leadless Chip Carrier
CY7C330—-40QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C330—-40TMB T74 28-Lead Windowed Cerpack
CY7C330—-40WMB w22 28-Lead (300-Mil) Windowed CerDIP
130 333 CY7C330~-33HC H64 28-Pin Windowed Leaded Chip Carrier Commercial
CY7C330~-331C Jo4 28-Lead Plastic Leaded Chip Carrier
CY7C330-33PC P21 28-Lead (300-Mil) Molded DIP
CY7C330-33WC w22 28-Lead (300-Mil) Windowed CerDIP
150 285 | CY7C330-28DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C330—-28HMB Ho64 28-Pin Windowed Leaded Chip Carrier
CY7C330—-28LMB L64 28-Square Leadless Chip Carrier
CY7C330-28QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C330—-28TMB T74 28-Lead Windowed Cerpack
CY7C330-28WMB w22 28-Lead (300-Mil) Windowed CerDIP
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MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics

Parameter Subgroups
Vou 1,23
VoL 1,23
VIH 1,23
Vi 1,2,3
Irx 1,23
Ioz 1,2,3
Icc 1,2,3

Switching Characteristics

Parameter Subgroups
tis 9,10, 11
tos 9,10, 11
tco 9,10, 11
ICEA 9,10, 11
tpzX 9,10, 11

Document #: 38—00064—D
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Features

Twelve 1/0 macrocells each having:

— One state flip-flop with an XOR
sum-of-products input

— One feedback flip-flop with input
coming from the I/O pin

— Independent (product term) set,
reset, and clock inputs on all
registers

— Asynchronous bypass capability on
all registers under product term
control (r=s = 1)

— Global or local output enable on
three-state I/O

— Feedback from either register to
the array

192 product terms with variable dis-

tribution to macrocells

CY7C331

Asynchronous Registered EPLD

¢ 13 inputs, 12 feedback I/O pins, plus 6  Functional Description
shared I/O macrocell feedbacks for a
total of 31 true and complementary
inputs
o High speed: 20 ns maximum tpp
o Security bit
o Space-saving 28-pin slim-line DIP
package; also available in 28-pin
PLCC

e Low power
— 90 mA typical Icc quiescent
— 180 mA I¢cc maximum
— UV-erasable and reprogrammable

— Programming and operation 100%
testable

The CY7C331 is the most versatile PLD
available for asynchronous designs. Cen-
tral resources include twelve full D-type
flip-flops with separate set, reset, and clock
capability. For increased utility, XOR
gates are provided at the D-inputs and the
product term allocation per flip-flop is
variably distributed.

I/O Resources

Pins 1 through 7 and 9 through 14 serve as
array inputs; pin 14 may also be used as a
global output enable for the I/O macrocell
three-state outputs. Pins 15 through 20 and
23 through 28 are connected to I/O macro-
cells and may be managed as inputs or out-
puts depending on the configuration and
the macrocell OE terms.

Logic Block Diagram
OE/l12

lo l

M

l14

_[4]

GND

ls

B

5

!
6

lo

1

Ril

;

;

!

4 6 10

PROGRAM(MABLE AND ARRAY
62)

192 x

:

:

!

1
i

]
I

:
i

%
|
[

!

!
:
j

(N G T R T B

0y O 1109 1/0g 1107 1106 GND Vg 105 1104 1103 1105 110y 1o, ©%81
Selection Guide
Generic Part Icci (mA) tpp (ns) ts (ns) tco (ns)
Number Com’l Mil Com’l Mil Com’l Mil Com’l Mil

CY7C331-20 130 20 12 20

CY7C331-25 120 160 25 25 12 15 25 25
CY7C331-30 150 30 15 30
CY7C331-40 150 40 20 40
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Pin Configuration T‘l)’;gicew

u JTeN

1/04
/05
Vec

B GND
B 1/0s
O o,

121314 1516 1718

C331-2

1/O Resources (continued)

It should be noted that there are two ground connections (pins 8
and 21) which, together with V¢ (pin 22) are located centrally on
the package. The reason for this placement and dual-groundstruc-
ture is to minimize the ground-loop noise when the outputs are
driving simultaneously into a heavy capacitive load.

The CY7C331 hastwelve I/O macrocells (see Figure 1). Eachmacro-
cell has two D-type flip-flops. One is fed from the array, and one from
the I/O pin. For each flip-flop there are three dedicated product terms
driving the R, S, and clock inputs, respectively. Each macrocell has
one input to the array and for each pair of macrocells there is one
shared input to the array. The macrocell input to the array may be
configured to come from the ‘Q’ output of either flip-flop.

The D-type flip-flop that is fed from the array (i.e., the state flip-
flop) has alogical XOR function on its input that combines a single
product term with a sum(OR) of a number of product terms. The
single product term is used to set the polarity of the output or to
implement toggling (by including the current outputin the product
term).

The R and S inputs to the flip-flops override the current setting of
the ‘Q’ output. The S input sets ‘Q’ true and the R input resets ‘Q’
(sets it false). If both R and S are asserted (true) at once, then the
output will follow the input (‘Q’ = ‘D’) (see Table I).

Table 1. RS Truth Table

R S Q
1 0 0
0 1 1
1 1 D

Shared Input Multiplexer

The input associated with each pair of macrocells may be confi-
gured by the shared input multiplexer to come from either macro-
cell; the ‘Q’ output of the flip-flop coming from the I/O pin is used
as the input signal source (see Figure 2).

Product Term Distribution

The product terms are distributed to the macrocells such that 32
product terms are distributed between two adjacent macrocells.

TO PIN 14 (INVERTED)

OE PTERM

OUT SET PTERM

OUTPUT FLIP-FLOP

TOI/OPIN

DQ

QB
Liu

OUT CLK PTERM

OUT RESET PTERM
IN CLK PTERM

IN SET PTERM

IN RESET PTERM

XOR PTERM o
QR PTERMS )D_

TO INPUT BUFFER C1

TO SHARED
INPUT MUX

INPUT FLIP-FLOP

C331-3

TO PIN 14 (INVERTED)
Figure 1. 1/O Macrocell
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Product Term Distribution (continued)

The pairing of macrocells is the same as it is for the shared inputs.
Eightofthe product terms are used in each macrocell for set, reset,
clock, output enable, and the upper part of the XOR gate. This
leaves 16 product terms per pair of macrocells to be divided be-
tween the sum-of-products inputs to the two state registers. The
following table shows the I/O pin pairing for shared inputs, and the
product term (PT) allocation to macrocells associated with the I/O
pins (see Table 2).

Table 2. Product Term Distribution

Macrocell Pin Number Product Terms
0 28 4
1 27 12
2 26 6
3 25 10
4 24 8
5 23 8
6 20 8
7 19 8
8 18 10
9 17 6
10 16 12
11 15 4

OUTPUT FROM
LOGIC ARRAY
FEEDBACK TO
LOGIC ARRAY

MACROCELL A

[lie]
PIN

Q-OUTPUT FROM

INPUT REGISTER OF
MACRO- |2 /0 MACROCELL A
INPUT TO CELL
LOGIC ARRAY INPUT |
MUX  f—
Q-OUTPUT FROM
I INPUT REGISTER OF
c3 1/0 MACROCELL B
OUTPUT FROM |
LOGIC ARRAY o
MACROCELL B oo
FEEDBACK TO j_
LOGIC ARRAY
C331-4

Figure 2. Shared Input Multiplexer

The CY7C331 is configured by three arrays of configuration bits
(CO, C1, C2). For each macrocell, there is one CO bit and one C1
bit. For each pair of macrocells there is one C2 bit.

There are twelve CO bits, one for each macrocell. If CO is pro-
grammed for a macrocell, then the three-state enable (OE) will be
controlled by pin 14 (the global OE). If C0 is not programmed,
then the OE product term for that macrocell will be used.

There are twelve C1 bits, one for each macrocell. The C1 bitselects
inputs for the product term (PT) array from either the state register
(if the bit is unprogrammed) or the input register (if the bit is pro-
grammed).

There are six C2 bits, providing one C2 bit for each pair of macro-
cells. The C2 bit controls the shared input multiplexer; if the C2 bit
is not programmed, then the input to the product term array comes
from the upper macrocell (A). If the C2 bit is programmed, then
the input comes from the lower macrocell (B).

The timing diagrams for the CY7C331 cover state register, input
register, and various combinational delays. Since internal clocks
are the outputs of product terms, all timing is from the transition of
the inputs causing the clock transition.

Maximum Ratings

(Above which the useful life may be impaired. For user guidelines,
not tested.)

Storage Temperature ................... —65°Cto +150°C
Ambient Temperature with
Power Apptied .................. ... ... —55°Cto +125°C
Supply Voltage to Ground Potential
(Pin28toPin8or2l) .................... —0.5Vto +7.0V
DClInput Voltage ...............oeinnen =3.0Vto +7.0V
Output Current into Outputs (LOW) ............... 12 mA
Static Discharge Voltage ........................ >1500V
(per MIL-STD-883, Method 3015)
Latch-Up Current ...............coiiiiinnan, >200 mA
DC Programming Voltage ......................... 13.0V
Operating Range
Ambient
Range Temperature Vee
Commercial 0°Cto +70°C 5V £ 10%
Militaryll] —55°C to +125°C 5V £ 10%
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Electrical Characteristics Over the Operating Range/?l
Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage Vee = Mm Vin = Vigor Vi, 2.4 \'
Ioy=— 32mA (Com’l), IOH = —2mA (Mil)
VoL Output LOW Voltage Vee = Min, VN = Vigor Vi, 0.5 \%
IoL = 12 mA (Com’l), Igr, = 8 mA (Mil)
VIH Input HIGH Voltage Guaranteed HIGH Input, all Inputs(3] 22 v
VIL Input LOW Voitage Guaranteed LOW Input, all Inputs[3! 0.8 v
Ix Input Leakage Current | Vg < Vin < V¢, Vee = Max. -10 | +10 | uA
Ioz Output Leakage Current | Vss < Vout < Veo, Ve = Max. —40 | +40 | vA
Isc Output Short Circuit Ve = Max,, Voyr = 0.5V -30 | -90 | mA
Current
Icci Standby Power Supply Ve = Max., Viy = GND, Com’l —20 130 | mA
Current Outputs Open Com’l =35 120
Mil -25 160 | mA
Mil =30, —40 150
Iccz Power SupFIy Current at | Ve = Max.,, Outputs Disabled Com’l 180 | mA
Frequencyl4 6] (in High Z State) -
Device Operating at fyax External (fmaxy | Mil 200
Capacitancel4]
Parameter Description Test Conditions Max. Unit
CiNn Input Capacitance Vv =20Vatf=1MHz 10 pF
Cout Output Capacitance Vour =2.0Vatf=1MHz 10 pF
Notes:
1. Ta is the “instant on” case temperature. 5. Not more than one output should be tested at a time. Duration of the
2. See the last page of this specification for Group A subgroup testing in- short circuit should not be more than one second. Voyr = 0.5V has
formation. been chosen to avoid test problems caused by tester ground degrada-
3. These are absolute values with respect to device ground and all over- tion. . . L
shoots due to system or tester noise are included. 6. Because ghese input signals are controlled by product terms, active in-
4. Testedinitially and after any design or process changes that may affect put polarity may be of either polarity. Internal active input polarity has

these parameters.
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AC Test Loads and Waveforms

R1313Q R1313Q
(4709 Mil) (470Q Mil) ALL INPUT PULSES
5V 5V 3.0v
90%
QUTPUT ) OUTPUT , 10%
S R2208Q < R2 208Q
50 pF I $ (3190 Mil) 5 pF I "L(3199 wmiy GNP
INCLUDING = = INCLUDING = = <5ns
JIG AND JIG AND
SCOPE SCOPE
(a) (b) ©331-5 C331-6
Equivalent to: THEVENIN EQUIVALENT (Commercial) Equivalentto:  THEVENIN EQUIVALENT (Military)
1256Q 190Q
OUTPUT O——A——0 2.00V = Vipo OUTPUT O———A——O 2.02V = Vi
P Cc331-8
Parameter Vx Output Waveform-—Measurement Level
tpxz(— C 15V 0.5V,
PXZ(-) Vou ) fe—
} ~—— Vx C331-9
tPXZ(+) 2.6V 0.5Vi e Vx
VoL
L} -— c33t-10
tPZX(+) Vihe 0.5V, e ———e v
Vg _*_, OH
L} — 33111
tpzX(-) Vihe Vx ) le—
0.5V I ——— VoL 331412
tER(— 1.5V
ER(-) Vo i —
0.5V I W C331-13
tER(+) 2.6V 0.5Vi e V¢
VoL
f f— C331-14
tBA(+) Vine 0.5V, . —
o W on
’ f— C331-15
tEA(-) Vine Vy } -—
0.5V| ——— VoL 33116
(c) Test Waveforms and Measurement Levels
Switching Characteristics Over the Operating Rangel?]
Commercial
-20 =25
Parameter Description Min. | Max. | Min. | Max. Unit
tpp Input to Output Propagation Delayl’] 20 25 ns
tico Input Register Clock to Output Delayl®] 35 40 ns
tioH Output Data Stable Time from Input Clockl8] 5 5 ns
tis Input or Feedback Set-Up Time to Input Register Clock(®] 2 2 ns
i Input Register Hold Time from Input Clock(8] 11 13 ns
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Switching Characteristics Over the Operating Rangel2! (continued)

ters are tested periodically by sampling of production product.

2-117

Commercial
-20 -25
Parameter Description Min. | Max. | Min. | Max. Unit
tIAR Input to Input Register Asynchronous Reset Delay(8] 35 40 ns
tIRW Input Register Reset Width(4 8] 35 40 ns
tIRR Input Register Reset Recovery Timel4 8] 35 40 ns
tIAS Input to Input Register Asynchronous Set Delay(8] 35 40 ns
tisw Input Register Set Width(4 8] 35 40 ns
tisR Input Register Set Recovery Timel* 8] 35 40 ns
twH Input and Output Clock Width HIGHIS, 9 10] 12 15 ns
twL Input and Output Clock Width LOWIS: 9 10] 12 15 ns
fmaxi Maximum Freq[ucncy with Feedback in Input Registered Mode 27.0 238 MHz
(U(trco + trs))11
fvaxe Maximum Frequency Data Path in Input Registered Mode (Lowest | 28.5 250 MHz
of 1/tico, 1/(tWH + twr), or 1/(tis + tIH)[S]
tiou—ti33X | Output Data Stable from Input Clock Minus Input Register Input 0 0 ns
Hold Time for 7C330 and 7C332012 13]
tco Output Register Clock to Output Delay!®! 20 25 ns
toH Output Data Stable Time from Output Clockl% 3 3 ns
ts Output Register Input Set-Up Time to Output Clockl’] 12 12 ns
tyy Output Register Input Hold Time from Output Clock®] 8 8 ns
toAR Input to Output Register Asynchronous Reset Delayl®] 20 25 ns
tORW Output Register Reset Width(?] ) 20 25 ns
tORR Output Register Reset Recovery Timel%] 20 25 ns
toAS Input to Output Register Asynchronous Set Delay(®] 20 25 ns
tosw Output Register Set Width[%] 20 25 ns
tosr Output Register Set Recovery Timel®] 20 25 ns
tea Input to Output Enable Delay(!4 15] 25 25 ns
tER Input to Output Disable Delayl4 15] 25 25 ns
tpzx Pin 14 to Output Enable Delayl14 15] 20 20 ns
tpxz Pin 14 to Output Disable Delayl14 1] 20 20 ns
fmAx3 Maximum Frec}uency with Feedback in Output Registered Mode 31.2 27.0 MHz
(U(tco + ts))I6 171
fmaxs Maximum Frequency Data Path in Output Registered Mode (Low- | 41.6 333 MHz
est of 1/tco, 1/(twy + twr), or 1/(ts + tH))[gl
toH—tu33X | Output Data Stable from Output Clock Minus Input 0 0 ns
Register Input Hold Time for 7C330 and 7C332(13, 18]
fMAXS Maximum Frequency Pipelined Model10, 171 35.0 30.0 MHz
Notes:
7. Refer to Figure 3, configuration 1. 14. Part (a) of AC Test Loads and Waveforms used for all parameters ex-
Refer to Figure 3, configuration 2, cept tpzx1, tpxz1, tpzx, and tpxz, which use part (b). Part (c) shows
. Refer to Figure 3, configuration 3. the test waveforms and measurement levels.
10. Refer to Figure 3, configuration 6. 15. Refer to Figure 3, configuration 4.
11. Refer to Figure 3, configuration 7. 16. Refer to Figure 3, configuration 8. . .
12. Refer to Figure 3, configuration 9. 17. This speaﬁcatlém is ;‘ntended lto guarant(zfi tfhaltd 'c{) stal:e macbhme conflgci
. o T . . uration created with internal or external feedback can be operate:
. t . . > ;
13 ;{fgzstgz?gf;;g::: :fltt%';dé?fc%%%r ?:;T;Kxﬁfiﬁz ??;é;ght%hﬁ with output register and input register clocks controlled by the same
specification is met for the devices noted operating at the same ambi- ;%f;i’ogﬂzie parameters are tested by periodic sampling of produc-
ent temperature and at the same power supply voltage. These parame- 18. Refer to Figure 3, configuration 10.
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Switching Characteristics Over the Operating Rangel?! (continued)

Military
=25 -30 -40
Parameter Description Min. | Max. { Min. | Max. { Min. | Max. | Unit
tpp Input to Output Propagation Delayl’] 25 30 40 ns
tico Input Register Clock to Output Delayl* 8} 45 50 | 65 ns
tioH Output Data Stable Time from Input Clockl4 8] 5 5 5 ns
trs Input or Feedback Set-Up Time to Input Register Clock®] | 5 5 5 ns
tH Input Register Hold Time from Input Clock[4 8] 13 15 20 ns
tIAR Input to Input Register Asynchronous Reset Delayl% 8] 45 50 65 ns
tIRW Input Register Reset Width[8] 45 50 65 ns
tIRR Input Register Reset Recovery Timel$] 45 50 65 ns
tias Input to Input Register Asynchronous Set Delay!8] 45 50 65 ns
tisw Input Register Set Width(8] 45 50 65 ns
tISR Input Register Set Recovery Timel8] 45 50 65 ns
twH Input and Output Clock Width Highl8, 9 101 15 20 25 ns
twL Input and Output Clock Width Low!8. % 10] 15 20 25 ns
fmax1 Maximum frequency with Feedback in Input Registered 20.0 18.1 142 MHz
Mode (1/(tico + ts))!'!]
fmaxz Maximum frequency Data Path in Input Registered Mode | 22.2 20.0 15.3 MHz
(Lowest of 1/tjco, 1/(tw + twr), or 1/(trs + trgp)l
tror—tig33X | Output Data Stable from Input Clock Minus Input Register | 0 0 0 ns
Input Hold Time for 7C330 and 7C332(12. 13]
tco Output Register Clock to Output Delayl’] 25 30 40 ns
toH Output Data Stable Time from Output Clock%] 3 3 3 ns
ts Output Register Input Set—Up Time to Output Clock[’] 15 15 20 ns
ty Output Register Input Hold Time from Output Clock[%! 10 10 12 ns
tOAR Input to Output Register Asynchronous Reset Delayl®] 25 30 40 ns
tORW Output Register Reset Widthl] 25 30 40 ns
tORR Output Register Reset Recovery Timel®) 25 30 40 ns
toas Input to Output Register Asynchronous Set Delay!®] 25 30 40 ns
tosw Output Register Set Width!% 25 30 40 ns
tosr Output Register Set Recovery Timel%] 25 30 40 ns
tEA Input to Output Enable Delayl14 15] 25 30 40 ns
tER Input to Output Disable Delay[14 15] 25 30 40 ns
tpzx Pin 14 to Output Enable Delayl14 15] 20 25 35 ns
tpxz Pin 14 to Output Disable Delay(14 1] 20 25 35 ns
fmaxs Maximum FrequencX with Feedback in Output Registered | 25.0 222 16.6 MHz
Mode )1/(tco + ts)l16:17]
fmax4 Maximum Frequency Data Path in Output Registered Mode { 33.3 25.0 20.0 MHz
(Lowest of 1/tco, 1/{twr + twr), or 1/(ts + t)l)
tor—tig33X | Output Data Stable from Output Clock Minus Input Regis- | 0 0 0 . ns
ter Input Hold Time for 7C330 and 7C332(13, 18]
| fmaxs Maximum Frequency Pipelined Model1% 171 28.0 23.5 18.5 MHz

2-118



=

=F

CY7C331

CYPRESS

Switching Waveforms

tg[201

INPUT OR
1/0 PIN

X

L— tig —wtw fy >

1/0 INPUT
REGISTER
CLOCKIS!

OUTPUT
REGISTER
CLOCKIS]

— !/

fe— twH twi

[ twH twi

ﬂ_—-tOH —_—

OUTPUT

~— tion!') —|

)

1] tco ]

ticol19l

[~ torm, tosrl?®!

21
SET AND tep?']

tora, tosrl?"

—

RESET
INPUTSIS!

e— toRR, tosr?

SN

C331-17

OE PRODUCT \
TERM INPUTIS. 18]

PIN 14 AS OE[24]

tpxz |—=] tpzx

toar —

OUTPUT
REGISTER
RESET INPUTIE. 9]

OUTPUT
REGISTER
CLOCKIS: 9]

le— tep —

«— topwy —»
r

torR

OUTPUT
REGISTER
SET INPUTIS. 9]

foss tosr

1/0 INPUT
REGISTER RESET
INPUTIS. 8]

1/0 INPUT
REGISTER
CLOCKI6. 8]

tiap —»1 tosw

trRw

1/0 INPUT
REGISTER
SET INPUTIE. 8]

tias tism

fe—— tsw

C33t1-18

Notes:

19.
20.

21.

Output register is set in Transparent mode. Output register set and re-
set inputs are in a HIGH state.

Dedicated input or input register set in Transparent mode. Input regis-
ter set and reset inputs are in a HIGH state.

Combinatorial Mode. Reset and set inputs of the input and output reg-
isters should remain in a HIGH state at least until the output responds
at tpp. When returning set and reset inputs to a LOW state, one of
these signals should go LOW a minimum of togg (set input) or torr
(reset input) prior to the other. This guarantees predictable register
states upon exit from Combinatorial mode.

2-119

. When entering the Combinatorial mode, input and output register set

and reset inputs must be stable in a HIGH state a minimum of tjsg or
tirR and togr or torR respectively prior to application of logic input
signals.

. When returning to the input and/or output Registered mode, register

set and reset inputs must be stable in a LOW state a minimum of tisg
or tirR and togR Or toRR respectively prior to the application of the
register clock input.

. Refer to Figure 3, configuration 5.
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PRODUCT
CONFIGURATION 1 [on] | PRODACT | 5
3 hisrd [So—{ ]
INPUT OR 1/O PIN OE  yopPN
CLOCKIS/R
m INPUT 3
UNREGISTERED PRODUGT
CONFIGURATION 2~ INPUTORVOPIN NPT REGISTER ARRAY
o o | [>o—{r]

/O PIN ONLY l [ reser I GE  joPiN

QUTPUT REGISTER
v ] 3 o af—>o—{en]
UNREGISTERED PRODUCT A OF  yoPIN
CONFIGURATION 3 INPUTORIOPIN ARRAY i
SET RESET
m CLOCK/S/R }
INPUT O
UNREGISTERED

INPUT OR I/0 PIN

PRODUCT
CONFIGURATION 4 INPUT OR /O PIN TERM OUTPUT ENABLE
S ARRAY
PIN

INPUT OR 1/O PIN 1/0 PIN

2
i

l PIN =
14
CONFIGURATION 5 INPUT OR I/O PIN . A:UTPUT ENABLE
PIN

PRODUCT
m S TERM
O ARRAY
INPUT OR 1/O PIN YO PIN
INPUT REGISTER OUTPUT REGISTER
1/0 PIN ONLY O PIN
[ —0 o5/ v ]
A
DATA INPUT 00K PRTCI)E?RlljJICT S0CK DATA
CONFIGURATION 6 UNREGISTERED ARRAY OUTPUT
INPUT OR }/O PIN
CLOCK INPUT ©331-19

Figure 3. Timing Configurations
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DATA INPUT INPUT REGISTER

‘D Q—K‘ . m

PRODUCT OF
TERM

CLOCK
CONFIGURATION 7 — ARRAY
oﬂm

DATA OUTPUT

Q D
INPUT
A REGISTER
T

m CLOCK INPUT > I CLOCK
O

QUTPUT REGISTER
DATA INPUT
> oL >o—{m]
PRODUCT AQ
OUTPUT REGISTER TERM | 61 0ck
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CY7C331 Logic Diagram (Upper Half)
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CY7C331 Logic Diagram (Lower Half)
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Ordering Information

Icct | tep | ts | tco Package Operating
(mA) | (ns) { (ms) | (ns) Ordering Code Name Package Type Range

130 20 12 20 CY7C331-20HC Ho4 28-Pin Windowed Leaded Chip Carrier Commercial
CY7C331-20JC Jo4 28-Lead Plastic Leaded Chip Carrier
CY7C331-20PC P21 28-Lead (300-Mil) Molded DIP
CY7C331-20WC w22 28-Lead (300-Mil) Windowed CerDIP

160 | 25 15 25 | CY7C331-25DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C331-25HMB H64 28-Pin Windowed Leaded Chip Carrier
CY7C331-25LMB Lé64 28-Square Leadless Chip Carrier
CY7C331-25QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C331-25TMB T74 28-Lead Windowed Cerpack
CY7C331-25WMB w22 28-Lead (300-Mil) Windowed CerDIP

120 25 12 25 | CY7C331-25HC Ho4 28-Pin Windowed Leaded Chip Carrier Commercial
CY7C331-251C J64 28-Lead Plastic Leaded Chip Carrier
CY7C331-25PC P21 28-Lead (300-Mil) Molded DIP
CY7C331-25WC w22 28-Lead (300-Mil) Windowed CerDIP

150 30 15 30 | CY7C331-30DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C331-30HMB Ho64 28-Pin Windowed Leaded Chip Carrier
CY7C331-30LMB L64 28-Square Leadless Chip Carrier
CY7C331-30QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C331-30TMB T74 28-Lead Windowed Cerpack
CY7C331-30WMB w22 28-Lead (300-Mil) Windowed CerDIP

150 40 20 40 | CY7C331-40DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C331-40HMB H64 28-Pin Windowed Leaded Chip Carrier
CY7C331-40LMB Le4 28-Square Leadless Chip Carrier
CY7C331-40QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C331-40TMB T74 28-Lead Windowed Cerpack
CY7C331-40WMB w22 28-Lead (300-Mil) Windowed CerDIP
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MILITARY SPECIFICATIONS

Group A Subgroup Testing

DC Characteristics

Parameter Subgroups
Vou 1,23
VoL 1,2,3
Vg 1,2,3
VL 1,2,3
Ix 1,2,3
Ioz 1,2,3
Iccr 1,2,3

Switching Characteristics

Parameter Subgroups
tIs 9,10, 11
tiH 9,10, 11
twH 9,10,11
twL 9,10, 11
tco 9,10,11
tpD 9,10, 11
tIAR 9,10, 11
tias 9,10, 11
tpxz, 9,10, 11
tpzx 9,10, 11
tER 9,10,11
tEA 9,10, 11
ts 9,10, 11
ty 9,10, 11

Document #: 38—00066—-D
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Features

12 1/O macrocells each having:

—Registered, latched, or transparent
array input

— A choice of two clock sources

— Global or local output enable (OE)

— Up to 19 product terms (PTs) per
output

— Product term (PT) output polarity
control

192 product terms with variable

distribution to macrocells

— An average of 14 PTs per macrocell
sum node

Two clock inputs with configurable

polarity control

CY7C332

Registered Combinatorial

13 input macrocells, each having:

— Complementary input

— Register, latch, or transparent
access

— Two clock sources

15 ns tpp max.

Low power

—120 mA typical Icc quiescent

— 180 mA max.

— Power-saving “Miser Bit” feature

Security fuse

o 28-pin slim-line package; also avail-

able in 28-pin PLCC

e UV-erasable and reprogrammable
e Programming and operation 100%

testable

EPLD

Functional Description

The CY7C332 is a versatile combinatorial
PLD with I/O registers on-board. There
are 25 array inputs; each has a macrocell
that may be configured as a register, latch,
orsimple buffer. Qutputshave polarity and
three-state control product terms. The al-
location of product terms toI/O macrocells
is varied so that functions of up to 19 prod-
uct terms can be accommodated.

I/O Resources

Pins 1 through 7 and 9 through 14 function
as dedicated array inputs. Pins 1 and 2
function as input clocks as well as normal
inputs. Pin 14 functions as a global output
enable as well as a normal input.

Logic Block Diagram

OF/h2 h o l

lg

la Iz W/CK2  1g/CK1

M [ [

PROGRAMMABLE AND ARRAY
(192 x 50)
9 19 11 17 13 15 13 17 1 19 9
b I ﬁF P :q 3 :r—- 3’— = = 3
I - - - -
011 10 110g 1108 1107 1/0g Vss Voo 1105 1104 1105 1105 1104 0o caaa_1
Selection Guide
Icci (mA) tico/tep (ns) tis (ns)
Generic Part Number Commercial Military Commercial Military Commercial Military
7C332-15 130 18/15 3
7C332-20 120 160 20 23/20 3 4
7C332-25 120 150 25 25 3
7C332-30 150 30
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Pin Configuration

LCC/PLCC
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Vss 3 vee
Iz 0 vgs
g B 1/0s
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I/0 Resources (continued)

PIN 1 DﬁD_ o

PIN 1.80

PIN 2 D—[jD__ ke

PIN 2.50 C332-3

Figure 1. CK1 and CK2

Pins 15 through 20 and 23 through 28 are connected to I/O macro-
cells and may be combinatorial outputs as well as registered or di-
rect inputs.

Input Macrocell

INPUT REGISTER

INPUT TO ARRAY
PIN D Q

PIN 1, CK1 2 et

, |cLock D_
PIN2,Ck2 —] MUX

l c3

1

c2 co cf

C332-4

%)
a
[ 5]
o
e
a
<

Input Register Option

Combinatorial

Tllegal

Registered, CLK1, Rising Edge
Registered, CLK2, Rising Edge
Registered, CLK1, Falling Edge
Registered, CLK2, Falling Edge
Latched, CLK1, LOW Transparent
Latched, CLK2, LOW Transparent
Latched, CLK1, HIGH Transparent

o b e e e e el OO
OO OO = b= bk = O

Latched, CLK2, HIGH Transparent

There are 13 input macrocells, corresponding to pins 1 through 7
and 9 through 14. Each macrocell has a clock that is selected to
come from either pin 1 or pin 2 by configuration bit C2. Pins 1 and
2 are clocks as well as normal inputs. There is no C2 configuration
bit for either of these two input macrocells. Macrocells connected
topins 1 and 2 donot have a clock choice, but each has a clock com-
ing from the other pin.

Each input macrocell can be configured as a register, latch, or sim-
ple buffer (transparent path) to the product term array. For aregis-
ter the configuration bit, C0, is 1 (programmed) and Clis 1. Fora
latch, COisOand C1is 1. If both C0 and C1 are 0 (unprogrammed),
then the macrocell is completely transparent.

Configuration bit C3 determines the clock edge on which the regis-
ter is triggered or the polarity for which the latch is asserted. This
clock polarity can be programmed independently for each input
register. These confirmation options are available on all inputs, in-
cluding those in the I/O macrocell.

If C3is 0 (unprogrammed), the clock will be rising-edge triggered
(register mode) or HIGH asserted (latch mode). If C3 is 1 (pro-
grammed), the clock will be falling-edge triggered (register mode)
or LOW asserted (latch mode).

1/O Macrocell

There are 12 I/0O macrocells corresponding to pins 15 through 20
and 23 through 28. Each macrocell has a three-state output control
and XOR product term to dynamically control polarity, and a con-
figurable feedback path.

For each I/O macrocell, the three-state control for the output may
be configured two ways. If the configuration bit, C4, is a 1 (pro-
grammed), then the global OE signal is selected. Otherwise, the
OE product term is used.

For each I/O macrocell, the input/feedback path may be confi-
gured as aregister, latch, or shunt. There are two configuration bits
per I/O macrocell that configure the feedback path. These are pro-
grammed in the same way as for the input macrocells.

For each I/O macrocell, the input register clock (or Latch Enable)
that is used for the input/feedback path may be selected as pin 1
(select bit, C2, not programmed) or pin 2 (select bit, C2, pro-
grammed).

Array Allocation to Output Macrocell

The number of product terms in each output macrocell sum is posi-
tion dependent. Table I summarizes the allocation.

Table 1. Product Term Allocation in Output Macrocell

Macrocell Pin Number Product Term
1} 28 9
1 27 19
2 26 11
3 25 17
4 24 13
5 23 15
6 20 15
7 19 13
8 18 17
9 17 11
10 16 19
11 15 9

Figure 2. Input Macrocell
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CY7C332

Maximum Ratings

(Above which the useful life may be impaired. For user guidelines,
; not tested.)
PIN 14 INVERTED, OE ouTPUT
of ENASLE Storage Temperature ................... -65°Cto +150°C
T Ambient Temperature with
c4 Power Applied ........................ —55°Cto +125°C
Supply Voltage to Ground Potential
g—_—»:\ﬁ I o | (Pin22toPins8and21) .................. —0.5V to +7.0V
- DCInput Voltage .............ccvvunnn... —-3.0Vto +7.0V
Output Current into Outputs (LOW) ............... 12mA
MACROCELL C
INPUT REGISTER Static Discharge Voltage ........................ >2001V
TO ARRAY (per MIL-STD-883, Method 3015)
e 0 Latch-Up Current ..............covviniiinnne.. >200 mA
— DC Programming Voltage ..............c.covueue.... 13.0V
PIN 1, CK1 n %%g( D—B gramming ag
PNz ce C3| : B Operating Range
T co C1 Ambient
c2 Range Temperature Vee
C332-5 Commercial 0°Cto +75°C 5V = 10%
Figure 3. 1/0 Macrocell Militaryll] —55°C to +125°C 5V + 10%
Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. | Max. { Unit
Vou Output HIGH Voltage Vee = Min,, Iog = —3.2mA | Commercial 2.4 v
VIN =V, v
IN= VO VL e 2 mA | Military
VoL Output LOW Voltage Vce = Min,, IoL = 12mA Commercial 0.5 v
. ViN = V] V:
IN= VI OTVIL P e mA Military
Vin Input HIGH Voltage Guaranteed HIGH Input, all Inputs(2] 22 v
v Input LOW Voltage Guaranteed LOW Input, all Inputs!?] 08 | Vv
Iix Input Leakage Current Vss < ViN < Vo, Ve = Max. -10 } +10 | pA
Ioz Output Leakage Current Ve = Max., Vgs < Vour < Vee, —40 | +40 | A
Isc Output Short Circuit Current | Ve = Max., Voyr = 0.5VE] =30 [ =90 | mA
Ica Standby Power Supply Vee = Max, Viy = GND Commercial 120 | mA
C t Output:
urren utputs Open Commercial —15 130
Military 150
Military —20 160
Icc2 Power Supf)ly Current at Vee = Max. Commercial 180 | mA
Frequencyl* 5] Outputs Disabled (In High Z State)
Device Operating at fypax rn
External (§ D Military 200
Notes:

1. Tais the “instant on” case temperature.
2. These are absolute values with respect to device ground and allover- 5. Refer to Figure 4 configuration 2.
shoots due to system or tester noise are included.
3. Notmore than one output should be tested at a time. Duration of the
short circuit should not be more than one second. Voyt = 0.5V has
been chosen to avoid test problems caused by tester ground degrada-

tion.

4. Tested by periodic sampling of production product.
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Capacitancel!
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance ViN =2.0Vatf=1MHz, 10 pF
Cour Output Capacitance Vour =2.0Vatf=1MHz, 10 pF
Note:

6. Tested initially and after any design or process changes that may affect
these parameters.

AC Test Loads and Waveforms

R1313Q R1 313Q
(470Q MIL) (4709 MIL) ALL INPUT PULSES
5V 5V 3.0v
OUTPUT OUTPUT %0% 0%
50 oF $ R2208Q $R2208Q 10% 10%
p j (319Q MIL) 5 pF _T_ _L(awg MIL)
INCLUDING = = INCLUDING = =<§ns =5ns
JIG AND JIG AND
SCOPE SCOPE
(a) (b) ©332-6 C332-7
Equivalent to: THEVENIN EQUIVALENT (Commercial) Equivalent to: THEVENIN EQUIVALENT (Military)
125Q 190Q
OUTPUT O——AA———0O  2.00V = Vipne OUTPUT O————0 2.02V = Vinm
C332-8 C332-9
Parameter Vx Output Waveform—Measurement Level
t - 1.5v
PX2(-) Vor Y _
osvt W% €332-10
tPXZ(+) 2.6V 0.5V Vy
VoL
* C332-~11
tPZX(+) Vine 0.5V, Vou
Vx
L} C332-12
tPzX(~) Vihe v 4 I-—
X . i
05Vt Vo C332-13
tER(— 1.5V
ER() Von 3 \I-—
O‘SVf | DD —— Vx C332-14
tER(+) 2.6V O.SV& Vx
VoL
f i C332-15
tEA(+) Vine 0.5V, e Vo
N T o
f — C332-16
tEA(-) Vine v ) —
X "
0 SV* VoL C332-17

(c) Test Waveforms and Measurement Levels
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Switching Characteristics Over the Operating Rangel?]

Commercial Military
-15l7 -20 -25 -2007 -25 -30
Parameter Description Min. | Max. | Min. | Max. | Min. { Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpp Input to Output 15 20 25 20 25 30 ns
Propagation Delay(8]
tico Input Register Clock to 18 20 25 23 25 30 ns
Output Delayl%l
tis Input or Feedback 3 3 3 4 4 4 ns
Set-Up Time to Input
Register Clockl9]
tin Input Register Hold 3 3 3 4 4 4 ns
Time
tEA Input to Output Enable 20 20 25 25 25 30 ns
Delayl10, 11
tER Input to Output Disable 20 20 25 25 25 30 ns
Delayuo, 11}
tpzx Pin 14 Enable to Output 15 15 20 20 20 25 ns
Enable Delay(8: 121
tpxz Pin 14 Disable to Out- 15 15 20 20 20 25 ns
put Disable Delayl8 121
twH Input Clock Width 9 10 10 10 10 12 ns
Highl4 9]
twL Input Clock Width 9 10 10 10 10 12 ns
Lowl49]
tioH Output Data Stable 3 3 3 3 4 4 ns
Time from Input Regis-
ter Clock Input!” 9]
tion — tig | Output Data Stable 0 0 0 0 0 0 ns
Time This Device Minus
I/P Reg Hold Time
Same Devicel”> 13 14]
tion — Output Data Stable 0 0 0 0 0 0 ns
ty 33x Time Minus I/P Reg
Hold Time 7C330 and
7C332 Devicel®: 15}
tpE External Clock Period 21 23 28 27 29 34 ns
(tico + trs)P)
fmaxt Maximum External 47.6 43.4 357 37 34.4 29.4 MHz
Operating Frequency
(U(tco + ts))P)
frmax Maximum Frequency 555 50.0 40.0 50.0 40.0 333 MH:z
Data Pathl%]
Notes:
7. Preliminary specifications. 14. This specification is intended to guarantee that configuration 5 of Fig-
8. Refer to Figure 4 configuration 1 ure 4with input registered feedback can be operated with all input reg-
9. Refer to Figure 4 configuration 2i ister clocks controlled by the same source. These parameters are

tested by periodic sampling of production product.
15. This specification is intended to guarantee interface compatibility of
waveform and measurement reference levels. the other members of the CY7C330 family with the CY7C332. This
11. Refer to Figure 4 confieuration 3 specification is met for the devices noted operating at the same ambi-
. 8u iguration J. ent temperature and at the same power supply voltage. These parame-
12. Refer to Figure 4 configuration 4. ters are tested periodically by sampling of production product.
13. Refer to Figure 4 configuration 5.

10. Part (a) of AC Test Loads and Waveforms is used for all parameters
except tga, tER, tpzx, and tpxz, which use part (b). Part (c) shows test
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O | ARRAY
INPUT OR 1/O PIN . oF JOPIN
INPUT REGISTER
| PRODUCT
CONFIGURATION 2 ‘ __m: TERM o m
ARRAY
INPUT OR /O PIN A OE I/OPIN
|
CLOCK 1 OR 2
CONFIGURATION 3 TERM OUTPUT ENABLE
ARRAY
[ ] P>
INPUT OR /O PIN 1/OPIN
[}
CONFIGURATION 4 HODUCT OUTPUT ENABLE
@ ]
O ARRAY

INPUT OR I/O PIN

INPUT REGISTER
Reln 2 —
A P
T RODUCT
TERM
CONFIGURATION 5 CLOCK10R2 ARRAY
DATA l }
OUTPUT PIN m— INPUT
oF A | RecisTer

1
CLOCK 10R 2 C332-18

Figure 4. Timing Configurations

Switching Waveforms
INPUT OR N v
1/0 PINIT6] N Z X
le— tig5] —mle 415
INPUT 74 §| IA
cLock7l /
le— tepll1] —nd la—— ty =T twi |
PIN 14
AS OE
tpxz[12 | o 7L [—|
tezx[12]
ourPuT KXXXXXK
le— teR(11] — ticol®!
tepl®) Cas2~19
Notes: .
16. Because OE can be controlled by the OE product term, input signal ~ 17. Since the inputregister clock polarity is programmable, the input clock
polarity for control of OE can be of either polarity. Internally the may be rising- or falling-edge triggered.

product term OE signal is active HIGH.
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CY7C332 Logic Diagram (Upper Half)
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CY7C332 Logic Diagram (Lower Half)
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Ordering Information
Icca tico/tep t1s tiH Package Operating
(max) (ns) (ns) | (ns) Ordering Code Name Package Type Range
120 18/15 3 3 CY7C332-15HC Ho4 28-Pin Windowed Leaded Chip Carrier Commercial
CY7C332-15JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C332-15PC P21 28-Lead (300-Mil) Molded DIP
CY7C332-15WC w22 28-Lead (300-Mil) Windowed CerDIP
120 20 3 3 CY7C332-20HC Ho64 28-Pin Windowed Leaded Chip Carrier Commercial
CY7C332-20JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C332-20PC P21 28-Lead (300-Mil) Molded DIP
CY7C332—-20WC w22 28-Lead (300-Mil) Windowed CerDIP
160 23/20 4 4 CY7C332-20DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C332-20HMB Ho4 28-Pin Windowed Leaded Chip Carrier
CY7C332-20LMB L64 28-Square Leadless Chip Carrier
CY7C332-20TMB T74 28-Lead Windowed Cerpack
CY7C332-20WMB w22 28-Lead (300-Mil) Windowed CerDIP
120 25 3 3 CY7C332-25HC Ho64 28-Pin Windowed Leaded Chip Carrier Commercial
CY7C332-25]C J64 28-Lead Plastic Leaded Chip Carrier
CY7C332-25PC P21 28-Lead (300-Mil) Molded DIP
CY7C332-25WC w22 28-Lead (300-Mil) Windowed CerDIP
150 25 4 4 CY7C332-25DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C332-25HMB Hé64 28-Pin Windowed Leaded Chip Carrier
CY7C332-25LMB Lo64 28-Square Leadless Chip Carrier
CY7C332-25TMB T74 28-Lead Windowed Cerpack
CY7C332-25WMB w22 28-Lead (300-Mil) Windowed CerDIP
150 30 4 4 CY7C332-30DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C332-30HMB H64 28-Pin Windowed Leaded Chip Carrier
CY7C332—-30LMB Lo64 28-Square Leadless Chip Carrier
CY7C332-30TMB T74 28-Lead Windowed Cerpack
CY7C332-30WMB w22 28-Lead (300-Mil) Windowed CerDIP

2-134



=—27 CYPRESS

MILITARY SPECIFICATIONS

Group A Subgroup Testing

DC Characteristics

Parameter Subgroups
Von 1,23
VoL 1,2,3
Vig 1,2,3
Vi 1,2,3
Irx 1,2,3
Ioz 1,2,3
Icct 1,23

Switching Characteristics

Parameter Subgroups
tis 9,10, 11
tIH 9,10, 11
tico 9,10, 11
1535 9,10, 11
tpxz, 9,10, 11
tpzx 9,10, 11
tER 9, 10,11
tEA 9, 10, 11

Document #: 38—00067—-D
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Features

e 100-MHz output registered

operation

Twelve I/O macrocells, each having:

— Registered, three-state I/O pins

— Input and output register clock se-
lect multiplexer

— Feed back multiplexer

— Output enable (OE) multiplexer

Bypass on input and output registers

All twelve macrocell state registers
can be hidden

User configurable 1/O macrocells to
implement JK or RS flip-flops and T
or D registers

Input multiplexer per pair of I/O ma-
crocells allows I/O pin associated with
a hidden macrocell state register to be
saved for use as an input

Four dedicated hidden registers

Twelve dedicated registered inputs
with individually programmable by-
pass option

CY7C335

Universal Synchronous EPLD

Three separate clocks—two input
clocks, two output clocks

Common (pin 14—-controlled) or
product term—controlled output en-
able for each I/O pin

256 product terms—32 per pair of
macrocells, variable distribution

Global, synchronous, product term—
controlled, state register set and re-
set—inputs to product term are
clocked by input clock

— 2-ns input set-up and 9-ns output
register clock to output

— 10-ns input register clock to state
register clock

28-pin, 300-mil DIP, LCC, PLCC
Erasable and reprogrammable

o Programmable security bit
Functional Description

The CY7C335isahigh-performance, eras-
able, programmable logic device (EPLD)

whose architecture has been optimized to
enable the user to easily and efficiently

construct very high performance state ma-
chines.

The architecture of the CY7C335, consist-
ing of the user-configurable output macro-
cell, bidirectional I/O capability, input reg-
isters, and three separate clocks, enables
the user to design high-performance state
machines that can communicate either
with each other or with microprocessors
over bidirectional parallel buses of user-
definable widths.

The four clocks permit independent, syn-
chronous state machines to be synchro-
nized to each other.

The user-configurable macrocells enable
the designer to designate JK-, RS-, T-, or
D-type devicesso that the number of prod-
uct terms required to implement the logic
is minimized.

The CY7C335 is available in a wide variety
of packages including 28-pin, 300-mil plas-
tic and ceramic DIPs, PLCCs, and LCCs.

Logic Block Diagram
OF/ly4 o Iy I8 iz Is Vss Is 1 Is I IYCLKS  1o/CLK2  CLK1
e ) N N O O S 2 B 1 3 3 B B 3 B
=1l :
! q <

o]

il

PROGRAM(I\éIABLE AND ARRAY

1711

58 x 68)
19 £
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PLCC
Top View
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Cass-2 —I=5568¢8 Cas5-3
g ==
Selection Guide
CY7C335-~100 | CY7C335-83 | CY7C335~-66 | CY7C335-50 | CY7C335-40
Maximum Operating Commercial 100 83.3 66.6 50
Frequency (MHz) Military 833 66.6 50 40.0
Iccy (mA) Commercial 140 140 140 140
Military 160 160 160 160
Architecture Configuration Bits
The architecture configuration bits are used to program the multiplex-
ers. The function of the architecture bits is outlined in Tuble 1.
Table 1. Architecture Configuration Bits
Architecture
Configuration Bit Number of Bits Value Function
co Output Enable 12 Bits, 1 Per 0—Virgin State Output Enable Controlled by Product Term
Select MUX I/O Macrocell

1—Programmed

Output Enable Controlled by Pin 14

C1 State Register
Feed Back MUX

12 Bits, 1 Per
1/O Macrocell

0—Virgin State

State Register Output is Fed Back to Input Array

1—Programmed

1/0 Macrocell is Configured as an Input and
Output of Input Path is Fed to Array

C2 1/0O Macrocell

12 Bits, 1 Per

0—Virgin State

ICLK1 Controls the Input Register I/O Macrocell

Input Register I/0 Macrocell Input Register Clock Input
Clock Select -
MUX 1—Programmed ICLK2 Controls the Input Register I/O Macrocell

Input Register Clock Input

C3 Input Register
Bypass MUX—
I/O Macrocell

12 Bits, 1 Per
1/O Macrocell

0—Virgin State

Selects Input to Feedback MUX from Input
Register

1—Programmed

Selects Input to Feedback MUX from I/O pin

C4 Output Register
Bypass MUX

12 Bits, 1 Per
I/O Macrocell

0—Virgin State

Selects Output from the State Register

1—Programmed

Selects Output from the Array, Bypassing the State
Register

C5 State Clock MUX

16 Bits, 1 Per I/O
Macrocell and 1 Per

0—Virgin State

State Clock 1 Controls the State Register

Hidden Macrocell 1—Programmed | State Clock 2 Controls the State Register
Cé Dedicated Input 12 Bits, 1 Per 0—Virgin State ICLK1 Controls the Input Register I/O Macrocell
Register Clock Dedicated Input Dedicated Input Register Clock Input
Select MUX Cell

1—Programmed

ICLK2 Controls the Input Register I/O Macrocell
Dedicated Input Register Clock Input
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Table 1. Architecture Configuration Bits (continued)

Figure 1. CY7C335 Input Macrocell
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Architecture
Configuration Bit Number of Bits Value Function
C7 Input Register 12 Bits, 1 Per 0—Virgin State Selects Input to Array from Input Register
Bypass MUX— Dedicated Input
Input Cell Cell 1—Programmed | Selects Input to Array from Input Pin
C8 ICLK2 Select 1 Bit 0—Virgin State Input Clock 2 Controlled by Pin 2
MUX 1—Programmed | Input Clock 2 Controlled by Pin 3
(& ICLK1 Select 1 Bit 0—Virgin State Input Clock 1 Controlled by Pin 2
MUX 1—Programmed Input Clock 1 Controlled by Pin 1
C10 SCLK2 Select 1 Bit 0—Virgin State State Clock 2 Grounded
MUX 1—Programmed | State Clock 2 Controlled by Pin 3
CX I/O Macrocell 6 Bits, 1 Per 0—Virgin State Selects Data from I/O Macrocell Input Path of
(11-16) | Pair Input 1/0 Macrocell Macrocell A of Macrocell Pair
Select MUX Pai
eee ar 1—Programmed | Selects Data from I/O Macrocell Input Path of
Macrocell B of Macrocell Pair
1
INPUT
INPUT REGISTER REG TO ARRAY
INPUT o BYPASS
MUX
PIN D Q
Cc7
ICLK1 H eut
CLOCK ——1>
ICLK2 1] MUX
Cé Cass-4
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co
, I OUTPUT REG
- o —HoutPur BYPASS MUX
PIN 14: 0F —{ QUTPUT
OUTPUT ENABLE PRODUCT TERM ol MUx
SET PRODUCT TERM
/o
XOR PRODUCT TERM S PIN
.
:
®
o]
SCLK1 ———{STATE a
.| oK > R
SCLK2 MUX
— C5 |
RESET PRODUCT TERM R
TO ARRAY FEED ]
BACK
:ilj MUX | 1 'REe INPUT REGISTER
BYPASS |
| c2 MUX g Q@ D!
c1 '
0
ICLKA
INPUT ca
CLOCK
1 mMox | b—m ]
(CLK2 P
0 ©335-5

TO ARRAY SHARED
INPUT
MUX 1
T l

CX (11 — 16) FROM ADJACENT MACROCELL

Figure 2. CY7C335 Input/Output Macrocell
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Figure 3. CY7C335 Hidden Macrocell

SCLK2 TO OUTPUT MACROCELLS AND HIDDEN MACROCELLS

0

SCLK1 TO OUTPUT MACROCELLS AND HIDDEN
OLK1 16LK2 MACROCELLS

[+
1
o | Mux >
0
1 MUX|
c8 1 TO ARRAY
MU
o | Mux
1
o | Mux
1
o | mux
—E—- c10 C335-7

Figure 4. CY7C335 Input Clocking Scheme
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S/ Crpass S
Maximum Ratings
(Above which the useful life may be impaired. Foruser guidelines, ~ Static Discharge Voltage ........................ >2001V
not tested.) (per MIL-STD-883, Method 3015)
Storage Temperature «................. —65°C to +150°C Latch-Up Current ............ccoivvnnnenn. >200 mA
Ambient Temperature with DC Programming Voltage ......................... 13.0vV
Power Applied ............... REIRRLE -55°Cto +125°C Operating Range
Supply Voltage to Ground Potential
(Pin22toPins8and21) ................. -0.5Vto +7.0V Ambient
DC Voltage Applied to Outputs Range Temperature Vee
inHighZState ......................... -0.5Vto +7.0V Commercial 0°Cto +75°C 5V £ 10%
DClInput Voltage ....................... —3.0Vto +7.0V Industrial —40°C to +85°C SV + 10%
Output Current into Outputs (Low) ............... 12 mA Militaryl!] —55°C to +125°C 5V + 10%
Electrical Characteristics Over the Operating Rangel?!
Parameter Description Test Conditions Min. | Max. | Unit
Vou Output HIGH Voltage Ve = Min,, Iog = -32mA Com’l 24 \%
Vin=VmorVi  Hmee— SR Mil/Tnd
VoL Output LOW Voltage Vee = Min, Ior, = 12mA Com’l 0.5 v
Viv=VimorVin - g ma Mil/Ind
Vi Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputsl3] | 2.2 v
Vi Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputsl3] 0.8 \Y
Irx Input Leakage Current Vss < VIN < Ve, Vee = Max. -10 10 nA
Ioz Output Leakage Current Vee = Max,, Vgs < Vour < Ve -40 40 RA
Isc Output Short Circuit Current | Ve = Max., Voyr = 0.5VI45] -30 | =90 | mA
Icc1 Standby Power Vce = Max., Viy = GND Com’l 140 mA
Supply Current Outputs Open Mil/Ind 160 A
Icca Power Supply Current Ve = Max., Com’l 180 mA
at Frequencyl® Outputs Disabled (in High Z State), -
Device Operating at fyax External (fyaxs) | Mil/Ind 200 | mA
Capacitancels]
Parameter Description Test Conditions Min. Max. Unit
CIN Input Capacitance VIN=20V@f=1MHz 10 pF
CouT Output Capacitance Vour =20V@f=1MHz 10 pF
IEOteti; is the “instant on” case temperature. 4. Notmore than one output should be tested at a time. Duration of the

2. See thelast page of this specification for Group A subgroup testing in-
formation.

3. These are absolute values with respect to device ground and all over-
shoots due to system or tester noise are included.

short circuit should not be more than one second. Voyr = 0.5V has
been chosen to avoid test problems caused by ground degradation.

5. Tested initially and after any design or process changes that may affect
these parameters.
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AC Test Loads and Waveforms (Commercial)
R1313Q
(470Q MIL/IND)
5VO——————A—

OUTPUTO——I——T

¢ R2208Q

<
‘)

50pF S (319Q Miliind)
INCLUDING l L

JIG AND =
SCOPE

(a) C335-8

R = 125Q (190Q MIL)
OUTPUT®- _I_
]_ Vry = 2.00V
€ =50 PF'[ 1’ (2.02V MIL)

oV 0V C335-9

(c¢) Thévenin Equivalent (Load 1)

ALL INPUT PULSES

3.0v
90% 90%
10% 10%
GND
<3ns |¢— <3ns

(b) C335-11

R = 125Q (190Q MIL)
OUTPUT®: J_

C=5pF ‘L Vx
.

ov ov C335-10

(d) Three-state Delay Load (Load 2)

Parameter Vx Output Waveform—Measurement Level
tpxz (=) 1.5V v ¥ ;
OH  To5v Vx cass-12
tpxz (+) 2.6V 0.5V _i_,.lf Vx
VoL L) C335-13
tpzx (+) Vin v osv ¥ | Vou
X L) i Ca35-14
tpzx (=) Vin v y ;
X Tosv VoL Cas5-15
tcer (—) 1.5V Von . ¥ “-—'
0.5V ) D Vx c335-16
tcer (+) 2.6V v 0sv ¥ | Vx
OL [} P— C335-17
tcga (+) Vin v 0.5V J_,.f Vou
. L] Cass-18
tcea (-) Vin Vy ] <
0.5V ) | VoL €335-19

Figure 5. Test Waveforms
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Commercial AC Characteristics

7C335-100 | 7C335-83 | 7C335-66 | 7C335-50
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
Combinatorial Mode Parameters
tpD Input to Output Propagation Delay 15 15 20 25 ns
tEA Input to Output Enable 15 15 20 25 ns
tER Input to Output Disable 15 15 20 25 ns
Input Registered Mode Parameters
twH Input and Output Clock Width HIGHP! 4 5 6 8 ns
twi Input and Output Clock Width LOWD! 4 5 6 8 ns
tis Input or Feedback Set-Up Time to Input Clock 2 2 2 3 ns
iy Input Register Hold Time from Input Clock 2 2 2 3 ns
tico Input Register Clock to Output Delay 18 18 20 25 ns
tioH Output Data Stable Time from Input Clock 3 3 3 3 ns
tion — tig [ Output Data Stable from Input Clock Minus Input | 0 0 0 0 ns
33x Reglster Hold Time for 7C330, 7C332, and
7C33510)
tpzxX Pin 14 Enable to Output Enabled 12 12 15 20 ns
tpxz Pin 14 Disable to Output Disabled 12 12 15 20 ns
fmaxi Maximum Frequency of (2) CY7C335s in Input 50 50 454 35.7 MHz
Registered Mode (Lowest of 1/(tico+1tis) &
1(twL+ twe)P)
fMax2 Maximum Frequency Data Path in Input Registered | 55.5 55.5 50 40 MHz
Mode (LOWCSI of (1/(tico), 1/(twr +twi),
(s + )]
tICEA Input Clock to Output Enabled 17 17 20 25 ns
tICER Input Clock to Output Disabled 15 15 20 25 ns
Output Registered Mode Parameters
tCEA Output Clock to Output Enabledl] 17 17 20 25 | ms
tcER Output Clock to Output Disabledl®! 15 15 20 25 | ns
tg Output Register Input Set-Up Time from Output | 8 9 12 15 ns
Clock
ty Output Register Input Hold Time from OQutput 0 0 0 0 ns
Clock
tco Output Register Clock to Output Delay 9 10 12 15 ns
tcoz Input Output Register Clock or Latch Enable to 17 18 23 30 ns
Combinatorial Output Delay
(Through Logic Array)[]
ton Output Data Stable Time from Output Clock 2 2 2 2 ns
ton2 Output Data Stable Time From Output Clock 3 3 3 3 ns
(Through Memory Array)[*]
tonz—tig | Output Data Clock Stable Time From Output 0 0 0 0 ns
Clock Minus Input Register Hold Timel>!
fmaxs Maximum Frequency with Internal Feedback in 100 833 66.6 50 MHz
Output Registered Model5!
fMAX4 Maximum Frequency of (2) CY7C335s in Output 58.8 50 41.6 333 MHz
Registered Mode (Lowest of /(tco + ts) &
Wtwr + twr)l]
fMAXS Maximum Frequency Data Path in Output Regis- | 111 100 833 62.5 MHz
tered Mode gLowest of 1/(tco), U/(twL + twr),
1/(ts + ta))P!
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Commercial AC Characteristics (continued)
7C335-100 | 7C335—-83 | 7C335-66 | 7C335—50
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tog — tru | Output Data Stable from Output Clock Minus 0 0 0 0 ns
3x Input Register Hold Time for 7C330, 7C332, and
7C33516]
tcos Input Clock to Output Clock 10 12 15 20 ns
fmaxe Maximum Frequency Pipelined Mode (Lowest of | 100 83.3 66.6 50 MHz
1/(tcos)s 1(tco), Ultwr + twi)), 1(tis + t))
fmax7 Maximum Frequency of (2) CY7C335sin Pipelined | 90.9 83.3 66.6 50 MHz
Mode (Lowest of 1/(tco + tis) or 1/tcos)
Power-Up Reset Parameters
tPOR { Power-Up Reset Time!> 7] [ 1] [ 1] [ 1] [ 1 | s
Military/Industrial AC Characteristics
7C335—-83 | 7C335-66 | 7C335-50 | 7C335—-40
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. I Max. | Unit
Combinatorial Mode Par ters
tpD Input to Output Propagation Delay 20 20 25 30 ns
tEA Input to Output Enable 20 20 25 30 ns
tER Input to Output Disable 20 20 25 30 ns
Input Registered Mode Parameters
twH Input and Output Clock Width HIGHD! 5 6 8 10 ns
twL Input and Output Clock Width LOWIS] 5 6 8 10 ns
trs Input or Feedback Set-Up Time to Input Clock 3 3 3 4 ns
tH Input Register Hold Time from Input Clock 3 3 3 4 ns
tico Input Register Clock to Output Delay 23 23 25 30 ns
tioH Output Data Stable Time from Input Clock 3 3 3 3 ns
tiod — tig | Output Data Stable from Input Clock Minus Input | 0 0 0 0 ns
33x Register Hold Time for 7C330, 7C332, and 7C335(6]
tpzx Pin 14 Enable to Output Enabled 15 15 20 30 ns
tpxz Pin 14 Disable to Output Disabled 15 15 20 30 ns
fmMaxi Maximum Frequency of (2) CY7C335s in Input | 38.4 38.4 35.7 29.4 MH:z
Registered Mode (Lowest of 1/(trco + tis) &
1/(twr + tWH))[S]
fmaxe Maximum Frequency Data Path in Input Regis- 43.4 43.4 40 333 MHz
tered Mode g/owest of (1/(tico), V(twu +twr),
U(tgs + tre)) )
tICEA Input Clock to Output Enabled 20 20 25 30 ns
tICER Input Clock to Output Disabled 20 20 25 30 ns
Output Registered Mode Parameters
tcEA Output Clock to Output Enabled 3] 20 20 25 30 ns
tCER Output Clock to Output Disabled ] 20 20 25 30 ns
ts OutputRegister InputSet-Up TimetoOutputClock | 10 12 15 20 ns
tH Output Register Input Hold Time from Output { 0 0 0 0 ns
Clock
tco Output Register Clock to Output Delay 11 12 15 20 ns
Notes:
6. This specification is intended to guarantee interface compatibility of 7. This part has been designed with the capability to reset during system

the other members of the CY7C330 family with the CY7C335. This
specification is met for the devices operating at the same ambient tem-
perature and at the same power supply voltage.
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Military/Industrial AC Characteristics (continued)
7C335—-83 | 7C335—-66 | 7C335—-50 | 7C335—-40

Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit

tcoz Output Register Clock or Latch Enable to Combinato- 22 23 30 35 ns
rial Output Delay (Through Logic Array)l®]

toH Output Data Stable Time from Output Clock 2 2 2 ns

toH2 Output Data Stable Tlrne From Output Clock | 3 3 3 ns
(Through Memory Array)l]

tom2—tig | Output Data Clock Stable Time From Output Clock | 0 0 0 0 ns
Minus Input Register Hold Timel%]

fmaxs Maximum Frequency with Internal Feedback in 83.3 66.6 50 40 MHz
Output Registered Model5]

fMAX4 Maximum Frequencyof (2) CY7C335sinOutput Reg- | 47.6 41.6 333 25 MH:z
istered Mode (Lower of I/(tco +ts) &
1/twr, + twi)P)

fmaxs Maximum Frequency Data Path in Output Registered | 90.9 83.3 62.5 50 MH:z
Mode (Lowest of 1/(tco), V/(twr + twr),
(ts + ta))

tog — tig | Output Data Stable from Output Clock MinusInput | 0 0 0 0 ns

33x Register Hold Time for 7C330, 7C332, and 7C335[°]

Pipelined Mode Parameters

tcos Input Clock to Output Clock 12 15 20 25 ns

fmaxe Maximum Frequency Pipelined Mode 833 66.6 50 40 MHz
(Lowest of 1/5(]tcos) 1/(trs), or 1/(tco)),
1/(ys + tip)l

fMax7 Maximum Frequency of (2) CY7C335s in Pipelined | 71.4 66.6 50 40 MHz
Mode (Lowest of 1/(tco + tis) or 1/tcos)

Power-Up Reset Parameters

tPOR [ Power-Up Reset Timel5 7] [ 1 [ 1 [ 1 1 | ps
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Switching Waveform
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Block Diagram (Page 1 of 2)
E SCLK1 SCLK2
(Co) ™1
0 8 16 24 32 4(I)” 48 w 56 64 RESET node=29
L2 h o=
(C6,7)
(€10) 2 28
m node=40
19 27
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ajle
|
11 26
.
( g node=39
= 17 25
E
13 24
1
(C6.7) node=38
15
19 node=34
(C86,7) HIHL
ik node=33
(€8,7)
TO LOWER SECTION

C335-22
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Block Diagram (Page 2 of 2)
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Ordering Information
fmax Icc1 Package Operating
(MHz) (mA) Ordering Code Name Package Type Range
100 140 CY7C335-100HC Heé4 28-Pin Windowed Leaded Chip Carrier | Commercial
CY7C335-100JC Jo4 28-Lead Plastic Leaded Chip Carrier
CY7C335-100PC P21 28-Lead (300-Mil) Molded DIP
CY7C335-100WC w22 28-Lead (300-Mil) Windowed CerDIP
83.3 160 CY7C335-83DI D22 28-Lead (300-Mil) CerDIP Industrial
CY7C335—-83HI Ho4 28-Pin Windowed Leaded Chip Carrier
CY7C335-83PI P21 28-Lead (300-Mil) Molded DIP
CY7C335—-83WI w22 28-Lead (300-Mil) Windowed CerDIP
CY7C335-83DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C335-83HMB H64 28-Pin Windowed Leaded Chip Carrier
CY7C335-83LMB L64 28-Square Leadless Chip Carrier
CY7C335-83QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C335—-83WMB w22 28-Lead (300-Mil) Windowed CerDIP
83.3 140 CY7C335—-83HC Ho4 28-Pin Windowed Leaded Chip Carrier | Commercial
CY7C335-83]JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C335~83PC P21 28-Lead (300-Mil) Molded DIP
CY7C335-83WC w22 28-Lead (300-Mil) Windowed CerDIP
66.6 160 CY7C335-66DI D22 28-Lead (300-Mil) CerDIP Industrial
CY7C335—66HI Ho4 28-Pin Windowed Leaded Chip Carrier
CY7C335—66P1 P21 28-Lead (300-Mil) Molded DIP
CY7C335-66WI w22 28-Lead (300-Mil) Windowed CerDIP
CY7C335-66DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C335-66HMB Ho64 28-Pin Windowed Leaded Chip Carrier
CY7C335—-66LMB Lo4 28-Square Leadless Chip Carrier
CY7C335-66QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C335-66WMB w22 28-Lead (300-Mil) Windowed CerDIP
66.6 140 CY7C335—-66HC Ho64 28-Pin Windowed Leaded Chip Carrier | Commercial
CY7C335-66JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C335—-66PC P21 28-Lead (300-Mil) Molded DIP
CY7C335-66WC w22 28-Lead (300-Mil) Windowed CerDIP
50 140 CY7C335-50HC Ho4 28-Pin Windowed Leaded Chip Carrier | Commercial
CY7C335-50JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C335-50PC P21 28-Lead (300-Mil) Molded DIP
CY7C335-50WC w22 28-Lead (300-Mil) Windowed CerDIP
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Ordering Information (continued)

fmax Icc1 Package Operating
(MHz) (mA) Ordering Code Name Package Type Range
50 160 CY7C335-50D1 D22 28-Lead (300-Mil) CerDIP Industrial
CY7C335—-50H1 Ho64 28-Pin Windowed Leaded Chip Carrier
CY7C335—-50PI P21 28-Lead (300-Mil) Molded DIP
CY7C335-50W1 w22 28-Lead (300-Mil) Windowed CerDIP
CY7C335-50DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C335-~50HMB Ho4 28-Pin Windowed Leaded Chip Carrier
CY7C335~50LMB Lo64 28-Square Leadless Chip Carrier
CY7C335-50QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C335—-50WMB w22 28-Lead (300-Mil) Windowed CerDIP
40 160 CY7C335—-40DI D22 28-Lead (300-Mil) CerDIP Industrial
CY7C335-40HI H64 28-Pin Windowed Leaded Chip Carrier
CY7C335—-40PI P21 28-Lead (300-Mil) Molded DIP
CY7C335—-40WI w22 28-Lead (300-Mil) Windowed CerDIP
CY7C335-40DMB D22 28-Lead (300-Mil) CerDIP Military
CY7C335—-40HMB Ho64 28-Pin Windowed Leaded Chip Carrier
CY7C335—-40LMB Lo4 28-Square Leadless Chip Carrier
CY7C335—-40QMB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C335-40WMB w22 28-Lead (300-Mil) Windowed CerDIP
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics
Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
Vi 1,2,3
Vi 1,2,3
Iix 1,2,3
Ioz 1,2,3
Icc 1,2,3

Switching Characteristics

Parameter Subgroups
tpp 9,10, 11
tico 9,10, 11
tis 9,10, 11
tco 9,10, 11
ts 9,10, 11
ty 9,10, 11
tcos 9,10, 11

Document #: 38-00186-C
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Features

o High speed: 100-MHz operation
—tcp = 10ns

—tcko = 8ns

—tas =208

11-bit-wide state word

Can be programmed as asynchronous
PROM tps = 18 ns

Optimum speed/ power

Individually bypassable input and
output registers

o Individually programmable address/
feedback muxes

Synchronous and asynchronous chip
select

Synchronous and asynchronous INIT
and programmable initialize word

16 outputs (CY7C259)
Software support

o CY7C258 available in 28-pin, 300-mil
plastic and ceramic DIP, LCC, PLCC

e CY7C259 available in 44-pin LCC and
PLCC

e Reprogrammable in windowed
packages

e Capable of withstanding greater than

YPRESS

CY7C258
CY7C259

2K x 16 Reprogrammable
State Machine PROM

Functional Description

The CY7C258 and CY7C259 are 2K x 16
CMOS PROMs specifically designed for
use in state machine applications.

State machines are one of the most com-
mon applications for registered PROMs.
The CY7C258 and CY7C259 feature in-
ternal state feedback and a variety of pro-
grammable features to support 100-MHz
state machines with as many as 2,048 dis-
tinct states.

It is easy to use a PROM as a state ma-
chine. Each array location contains out-
put data as well as information fed back
to select the next state. Note that a
PROM is only limited by the number of
array inputs. If a given state machine can
be implemented in the number of inputs/
feedbacks available (11 on the
CY7C258/259), then it will always fit in
the device. No software minimization is
required.

Among the programmable features of the
CY7C258/CY7C259 are individually by-
passable input and output registers. The
registers run off the same clock for pipeline
capability. Each individual register can be
programmed to capture data at the rising

The registers at the inputs are useful for
signals that require short set-up times
(tas = 2 ns). The input register does
introduce a cycle of latency, however. For
signals that directly affect the next state of
the machine, each input register can be
bypassed. Note that the cycle time re-
mains the same (10-ns min.), even if the
inputs are bypassed.

Registers at the output are used to hold
both state information and output data.
These registers are also bypassable for max-
imum flexibility. Occasionally, an individual
output cannot wait for the next clock edge.
These outputs are sometimes called Mealy
outputs, and can be created by bypassing
the appropriate output register.

Since the CY7C258 and CY7C259 con-
tain a 2K array, they each require 11 in-
puts. Each of these inputs can come from
an input pin or frominternal output regis-
ter feedback. Eleven individually pro-
grammable address muxes allow the user
to select the ratio of pin input and state
feedback.

These devices have both an asynchronous
output (OE) and a synchronous chip se-
lect (CS). The CS input is polarity pro-
grammable and registered twice. Each of

2001V static discharge edge of the clock or to be transparent.
Logic Block Diagram Pin Configurations
ALL REGISTERS OUTPUT
NPUT ARE BYPASSABLE REGISTERS DIP
REGISTERS 1 npres Do Top View
DATA OUT
Ay MUXES Dy (Do - D7)
Ds
g s
2K x 16
PROGRAMMABLE Dy
ARRAY

DATAOUT |
(Dg — D1s) |

— [ remeony

C258-2

C2s58-1
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Functional Description (continued)

the CS registers can be bypassed in the same manner as the ad-
dress input and output registers.

A separately controllable INIT input is included for user resets. If
INIT is sampled LOW on the rising edge of CLK, the user pro-
grammable initialization word will appear at the outputs after the
next CLK cycle. Each of the INIT registers can be bypassed in
the same manner as the address input and output registers.

The difference between the CY7C258 and CY7C259 is in the
packaging. The CY7C258 has three different types of outputs. Dy
— Dy are dedicated outputs that do not feed back to the input
muxes. D5 — D7 appear on the output pins and are fed back to
the input muxes. Finally, Dg — D15 are dedicated feedback lines
that do not appear at the output pins. The dedicated feedback al-
lows the CY7C258 to be packaged in 28-pin packages. The
CY7C258 is available in 28-pin LCC, PLCC, and slim 300-mil
DIP packages.

Pin Configurations (continued)

LCC/PLCC(Opaque Only)
Top View

| =4 N4
srelEuad

[ Dy
0 b,
D D2
[l Vss
g Vee
O Vss
N D;

C258-3

On the CY7C259, all 16 array outputs are available at the pins.
Outputs D4—Dg remain as dedicated outputs while Ds — D5 ap-
pear at the pins and are also fed back to the input muxes. This
organization allows the user maximum flexibility in selecting the
ratio of outputs to state feedback. The availability of state in-
formation at pins also improves testability. The CY7C259 is
packaged in 44-pin LCC and PLCC packages.

Several third-party programmers feature support for PROMs as
state machines, including Data I/O (ABEL), ISDATA (LOG/iC),
and CUPL. The devices are also supported on the Cypress
Warp2 and Warp3 development software.

The CY7C258 and CY7C259 offer the advantage of low power,
superior performance, and programming yield. The EPROM
cells allow for each memory location to be 100% tested, with
each location being written into, erased, and repeatedly exercised
prior to encapsulation. Each PROM is also tested for AC perfor-
mance to guarantee that the product will meet DC and AC speci-
fication limits after customer programming.

LCC/PLCC (Opaque Only)
Top View

7C259

C258-4
Selection Guide
Commercial Commercial and Military
7C258-10 7C258-12 7C258—15
7C259-10 7C259-12 7C259-15 Unit
Minimum Cycle Time 10 12 15 ns
Registered Input Set-Up/Hold(!] 2/2 or 5/0 3/3 01 7/0 4/4 or 8/1 ns
Bypassed Input Set-Up/Hold 10/0 12/0 15/0 ns
Clock-to-Output 8 9 11 ns
Note:
1. This parameter is programmable.
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines,

Latch-Up Current

>200 mA

not tested.) UV EXPOSUIE v eeeeeeeaeeeeen 7258 Wsec/em?
Storage Temperature .................. —65°Cto +150°C .

Ambient Temperature with Operating Range

Power Applied ................. ... ... —-55°Cto +125°C Ambient

Supply Voltage to Ground Potential ........ ~0.5Vto +7.0V Rangei Temperature Vee
DC Voltage Applied to Outputs Commercial 0°Cto +70°C SV £ 10%
inHighZState ......................... -0.5Vto +7.0V Industriall?] —40°C to +85°C 5V + 10%
DClInput Voltage ....................... =3.0Vto +7.0V Militaryl] —55°C to +125°C 5V + 10%
DC Program Voltage ..............ccooevvuuninn.n. 13.0v

Static Discharge Voltage ........................ >2001V

(per MIL-STD-883, Method 3015)

Electrical Characteristics Over the Operating Rangel4 5]

Parameter Description Test Conditions Min, | Max Unit
Vou Output HIGH Voltage Vee = Min, Igg =—-2 mA 24 \"
VoL Output LOW Voltage Vee = Min, Igp, = 8 mA Commercial 0.4 \'%

Vce = Min,, Igr, = 6 mA Military 0.4 v
Vi Input HIGH Voltage Guaranteed Input Logical HIGH Voltage forallInputs | 2.0 6.0 A%
ViL Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs | —3.0 0.8 v
Irx Input Load Current GND < Vi< Ve -10 +10 pA
Ioz Output Leakage Current GND < Vour < Vg, Output Disabled —40 +40 UA
Ios Output Short Circuit Currentl6] | Vee = Max., Voyr = GND -20 { —90 mA
Iec Active Currentl7] Ve = Max., [oyr = 0 mA Commercial 70 mA
Ve = Max,, Iout = 0 mA Military 90 mA
Capacitancel!
Parameter Description Test Conditions Max. Unit
CiN Input Capacitance Ta = 25°C,f = 1 MHz, 10 pF
Cout Output Capacitance Vee =50V 10 pF
Notes:
2. Contact a Cypress representative for industrial temperature range 5. See Introduction to CMOS PROM:s in this Data Book for general in-
specification. formation on testing.
3. Tals the “instant on” case temperature. 6. For test purposes, not more than one output at a time should be
4. Sec thelast page of this specification for Group A subgroup testing in- shorted. Short circuit test duration should not exceed 30 seconds.
formation. Add 1 mA/MHz for AC power component.
AC Test Loads and Waveforms[4!
500Q 500Q ALL INPUT PULSES
(658Q Mil) (6589 Mil) 3.0V
5V 5V 90%
b b 10%
OUTPUT | S OUTPUT ) QU GND
> > .
50 ”F_T_ 1 030 M 5 pF I  @03@Mi)  <3ns
INCLUDING = = INCLUDING = =
JIG AND JIG AND
SCOPE SCOPE
(a) Normal Load (b) High Z Load o585 C258-6
Equivalent to: THEVENIN EQUIVALENT
200Q
(@50QMi) 5y
OUTPUT O——wW——0 (1.9V Mi
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Switching Characteristics Over the Operating Range!3 4]

Commercial Commercial and Military
7C258—-10 7C258-12 7C258-15
7C259-10 7C259-12 7C259-15
Parameter Description Min. Max. Min. Max. Min. Max. | Unit
tcp Clock Period 10 12 15 ns
tcu Clock HIGH 4 5 6.5 ns
tcL Clock LOW 4 5 6.5 ns
tAS/tAH Register Input Set-Up/Hold 2/2 or 5/0 3/3 or 7/0 4/4 or 8/1 ns
tABS Address Set-Up to CLK with Input Bypassed 10 12 15 ns
tABH Address Hold from CLK with Input Bypassed 0 0 0 ns
tcss/tcsu | Chip Select Set-Up/Hold 2/2 or 5/0 3/3 0r 7/0 4/4 or 8/1 ns
tipp Asynchronous INIT to Output Valid with 21 21 25 ns
Output Bypassed
tckot1 Output CLK to Registered Output Valid 8 9 11 ns
tCKO2 Output CLK to Output Valid with Output 18 18 21 ns
Bypassed
tpH Data Hold from CLK 2 2 2 ns
toov CLK to Output Valid[8l 8 9 11 ns
tcoz CLK to High Z Outputl8 8 9 11 ns
tesy CS to Output Valid with Input Bypassed!8} 10 12 15 ns
tesz CS to High Z Output with Input Bypassed!8] 10 12 15 ns
torv OE to Output Valid(®l 8 9 11 ns
toEZ OE to High Z Output(8] 8 9 11 ns
s/t INTT Set-Up/Hold 2/2 or 5/0 3/3 or 7/0 4/4 or 8/1 ns
tips INIT Set-Up to CLK with Input Bypassed 10 12 15 ns
tipH INIT Hold from CLK with Input Bypassed 0 0 0 ns
tpp Propagation Delay with Input and Output 18 18 21 ns
Bypassed
tico CLK to Output Valid with Output Bypassed 18 18 21 ns
tiw Asynchronous INTT Pulse Width 10 12 15 ns
tipy Asynchronous INIT to Data Valid 10 12 15 ns
ticrR Asynchronous INIT Recovery to Clock 10 12 15 ns

Note:
8. See Output Waveform—Measurement Level.
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Output Waveform—Measurement Level

Ca258-7

0.5V Rth
HighZ _ .
0:lgtpl.lt Von Vx = 0.0V P"’O——'VW——-O Vx
CL =5pF
VoL sV Rth
) Vx = 2.6V
High Z x i
CL=5pF
333Q
Output Vx = 0.0V 1sy  Vou Pin 0—AA—0 Vi
Enable
Cy, = 50 pF
Q
g“ ¢ ? ¢ 500
nable Vy = 2.6V 15v VoL PinO———'\AN———O Vy
Cr = 50 pF
Switching Waveforms
Registered Input and Output (combined with INIT)

tep

—-1

/

tAH

/

(VAR

Ag —Aqg

aopr1 X bRz K

tcko1

-

le— 1DH

Do — D7 (D1s)

X INTDATA X DATA 1

X pataz X

INIT —\ | A\ 7

ties tisH
(BYPASSED INIT R

s tH

EG.)

CS, OE ASSUMED ACTIVE

C258-8

Bypassed Address and INIT Registers

tcp

.

CLK _/ \

/

AN \__/

taBs | taBH
Ao — Agg X ApDR1 X ADDR2 XK
Lm-bl ]-— toH —-'
Do - D7 (D1s) X INmpara X pataz X
tigs ‘m
m T
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Switching Waveforms (continued)
Asynchronous INIT and OE

o

/N —/

o=\

toev

Do — Dy (D
0 = D7 (Brs) —_— X INTDATA | X >
HIGH Z HIGH Z
tipy
"‘ — tw _+‘t —>
108 CS ASSUMED ACTIVE

C258-10

Single- and Double-Registered Chip Select

o]

CLK

=

cs (DOUBLE REGISTERED)/ .
(ACTIVE HIGH) - ){
tcov tcoz tcoz
Do - D7 (D1s) { vap Hh0—m
HIGH Z N~ / 7 HIGH Z
(DOUBLE REGISTERED)
OE ASSUMED ACTIVE

C258-11

Bypassed Output Registert®]

l<——tcp—-

2 J_Aﬂ_.‘
Ao = Aro X aobr1 X aopr2 K
le—tico ——l ra— tpH
Do - D7 (P19) X paa1 X oaaz X

Note:
9. Eventhough the register is bypassed, INIT continues to set the output
register (for feedback purposes).
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Switching Waveforms

Bypassed Input and Output Register (CS and Address)

Ao — Atg * ADDRESS X
[ tpp
cs / N
(ACTIVE HIGH
(ACTIVE High) L—tcsv —_— L—tcsz
h' N\
Do ~ D7 (D1s) HIGH Z VALID /< DATA1 X VALID / HIGH Z

OE ASSUMED ACTIVE C258-13

Asynchronous INIT and Bypassed Output Register!10]

aw _/~ N/ \ / / /N

tckoz =
Do — D7 (D15) pata1 X pataz X

tipp

TN/

CS, OE ASSUMED ACTIVE

C258-14
Note:
10. Outputregistersconfigured asfeedback to the array and bypassed with
respect to the output.
Mode Table
LAT VPP PGM YFY Do—D;5 (259)
Mode (7C258—-CLK) (INIT) (CS) (OE) Do—D7 (258)
Latch High Byte Viup Vep Viup Vinp Vinp/ViLp
Program Inhibit ViLp Vpp Viup Vigp HI-Z
Program Enable ViLp Vpp ViLp Viup Viup/ViLp
Program Verify Vip Vpp Viup ViLp Voup/VoLp
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Programming Pinouts

CY7C258
CY7C259

LCC/PLCC (Opague Only)

LCC/PLCC (Opague Only)

PR N7, N, )
roERBEBS ox &
43 40

6543214443424

A D3
Veo Dy
As Dg
VA4 xss
Vee v‘:; ch
As g
Vss Dg
» v
A: s
C258—15 <°’§§ §§§§ &F d‘2>8 C258-16
Programming Information
This datasheet provides some but not all of the programming in-
formation necessary for on-board programming of the CY7C258
and CY7C259. For more information about on-board program-
ming of Cypress PROMs contact your local Cypress Field Sales
Engineer or Field Applications Engineer.
7C258 Bitmapl!1]
Programmer | Programmer Programmer Bit Breakdown
Address Address Memory
Decimal Hex 7C258 Di5 D14 D13 D12 D11 DigDy Dg D7 Dg Ds Dy D3 Dy Dy Dy
0 0 Data
A.rray. Data
2047 7FF Data
2048 800 Address Register Select | Ag Ag A7 Ag As Az A1 Ag ApX X X X X A4 A3
(1=Bypassed Register)
2049 801 Array Input Select Ag Ag A7 Ag As Ay A Ag ApX X X X X A4 Az
(1= Feedback)
2050 802 Out%ut Register Select
(1= Bypassed Register) | X X X X X X X X Dy Dg Ds Dy D3 D; D; Dy
2051 803 INIT WORD D15 D14 D13 D12 D11 D1gDg Dg D7 Dg Ds Dy D3 Dy Dy Dy
(1= INIT Bit 1)
2052 804 Architecture X X X X XX X X SHC, G CPIB IA X X

Note:

11. All configurable bits default to 0.
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7C259 Bitmap(11]
Programmer | Programmer Programmer Bit Breakdown
Address Address Memory
Decimal Hex 7259 D15 D14 D13 D12 D13 DigDg Dg D7 D¢ Ds Dy D3 Dy D1 Dy
0 0 Data
Arra); Data
2047 7FF Data
2048 800 Address Register Select | AjgAg Ag A7 Ag As X X X X X A4 Az Ay A] Ag
(1 = Bypassed Register)
2049 801 Array Input Select AjgAg Ag A7 As As X X X X X A4 A3 Ay A Ag
(1 = Feedback)
2050 802 Output Register Select | Dy5 D4 D13 D13 D13 DigDg Dg D7 Dg Ds Dy D3 Dy Dy Dy
(1 = Bypassed Register)
2051 803 INIT WORD Di5D14D13Dy3; D11 D1gDg Dg Dy Dg Ds Dy D3 Dy Dy Dy
(1 = INIT Bit 1)
2052 804 Architecture SHC; ¢, CPIBIAX X X X X X X X X X
Architecture Word
Control Word
Control Option Bit (258) Bit (259) Programmed level Function
1A D, Dy 0 = Default Synchronous INIT
(INIT Async) 1 = Programmed Asynchronous INIT
1B Ds Dy 0 = Default INIT Registered
(INIT Bypass) 1 = Programmed Bypass INIT Register
CP Dy Dis 0 = Default CS Active LOW
(CS Polarity) 1 = Programmed CS Active HIGH
C2 Ds D3 0 = Default CS Input Registered
(CS Bypass) 1 = Programmed Bypass CS Register
(Buried Register)
C1 Dg Dyy 0 = Default CS Input Registered
(CS Bypass) 1 = Programmed Bypass CS Register
(Input Register)
SH Dy Dys 0 = Default Set-Up/Hold = 2/2 ns
(Set-Up/Hold) 1 = Programmed Set-Up/Hold = 5/0 ns
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Typical DC and AC Characteristics
NORMALIZED Icc vs. NORMALIZED Icc vs. NORMALIZED tcko1 vs-
AMBIENT TEMPERATURE SUPPLY VOLTAI((;:](S:: AMBIENT TEMPERATURE
1.2 T 1 1.6 T T 1.6
=83. ra = p— 4
1.4 f=83.3 MHz s Vog = 5.0V
o 11 o 2
RS S 42 < L2
o - o ~ a ~
w w [}
N P— N N 10 ]
=5 1.0 =5 1.0 o ~
2 N p 2 0o
5 g 08—~ g o
=z 09 =4 z
06 06
0.8 0.4 0.4
-100 -50 0 50 100 150 4 4.5 5 55 6 —-100 - 50 0 50 100 150
TEMPERATURE (C) SUPPLY VOLTAGE (V) TEMPERATURE (C)
NORMALIZED tckoj vS- TYPICAL tcko1 CHANGE vs. NORMALIZED tpp vs.
SUPPLY VOLTAGE OUTPUT LOADING AMBIENT TEMPERATURE
1.6
T 30 ‘ I
< 1.1 Ta=26°C _ 25 Voo = 45V, 2 ‘4
P — B Ta=25°C Z/ et
o ) = 20 [a) s
o o w 12
N 0.9 5 y N
2 08 z 15 z 10 — ]
T E T ~
S o7 T / 2 o8
0.6
5
05 0.6
0.4 0 0.4
4.0 4.5 5.0 55 6.0 0 200 400 600 800 1000 -100 -50 0 50 100 150
SUPPLY VOLTAGE (V) CAPACITANCE (pF) TEMPERATURE (°C)
NORMALIZED tpp vs. DELTA tpp vs. NORMALIZED Icc vs.
SUPPLY VOLTAGE OUTPUT LOADING CLOCK PERIOD
T 30.0 T—T 11
1.1 Ta=25°C Veg = 4.5V
2 10 25.0 Ta=25°C % 9 1.0
- K ’&; -
8 ~~——— £200 a 0.9
N 0.9 e 4
2 - N o
<08 é 15.0 4 s \
o o £ 07
g 07 0100 2
06 /| 06
5.0 0.5 —
05 % : —~
0.4 0 0.4
4.0 4.5 5.0 55 6.0 0 200 400 600 800 1000 0 25 50 75 100
SUPPLY VOLTAGE (V) CAPACITANCE (pF) CLOCK PERIOD
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Ordering Information(!2]

Speed Package Operating
(ns) Ordering Code Name Package Type Range

10 CY7C258—10HC Ho4 28-Pin Windowed Leaded Chip Carrier | Commercial
CY7C258—-10JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C258~10PC P21 28-Lead (300-Mil) Molded DIP
CY7C258—-10WC w22 28-Lead (300-Mil) Windowed CerDIP

12 CY7C258—12HC Ho64 28-Pin Windowed Leaded Chip Carrier | Commercial
CY7C258-12JC J64 28-Lead Plastic Leaded Chip Carrier
CY7C258—-12PC P21 28-Lead (300-Mil) Molded DIP
CY7C258-12WC w22 28-Lead (300-Mil) Windowed CerDIP
CY7C258—12HMB Ho64 28-Pin Windowed Leaded Chip Carrier | Military
CY7C258—-12LMB Le4 28-Square Leadless Chip Carrier
CY7C258-12QMB Qo4 28-Pin Windowed Leadless Chip Carrier
CY7C258—12WMB w22 28-Lead (300-Mil) Windowed CerDIP

15 CY7C258~15HC Ho64 28-Pin Windowed Leaded Chip Carrier | Commercial
CY7C258—-15]C J64 28-Lead Plastic Leaded Chip Carrier
CY7C258~15PC P21 28-Lead (300-Mil) Molded DIP
CY7C258—15WC w22 28-Lead (300-Mil) Windowed CerDIP
CY7C258-15HMB Ho4 28-Pin Windowed Leaded Chip Carrier | Military
CY7C258—15LMB Lo4 28-Square Leadless Chip Carrier
CY7C258—-15Q0MB Q64 28-Pin Windowed Leadless Chip Carrier
CY7C258—-15WMB w22 28-Lead (300-Mil) Windowed CerDIP

Speed Package Operating
(ns) Ordering Code Name Package Type Range

10 CY7C259—-10HC H67 44-Pin Windowed Leaded Chip Carrier | Commercial
CY7C259~-10JC J67 44-Lead Plastic Leaded Chip Carrier

12 CY7C259—-12HC H67 44-Pin Windowed Leaded Chip Carrier | Commercial
CY7C259-12]C J67 44-Lead Plastic Leaded Chip Carrier
CY7C259—-12HMB H67 44-Pin Windowed Leaded Chip Carrier | Military
CY7C259-12LMB L67 44-Square Leadless Chip Carrier
CY7C259-12QMB Q67 44-Pin Windowed Leadless Chip Carrier

15 CY7C259—-15HC H67 44-Pin Windowed Leaded Chip Carrier | Commercial
CY7C259-15IC J67 44-Lead Plastic Leaded Chip Carrier
CY7C259—-15HMB H67 44-Pin Windowed Leaded Chip Carrier | Military
CY7C259-15LMB L67 44-Square Leadless Chip Carrier
CY7C259-15Q0MB Q67 44-Pin Windowed Leadless Chip Carrier

Note:

12. Most of these products are available in industrial temperature range.
Contact a Cypress representative for specifications and product avail-

ability.
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MILITARY SPECIFICATIONS

Group A Subgroup Testing

DC Characteristics
Parameter Subgroups
Vou 1,2,3,
VoL 1,2,3,
Vg 1,2,3,
Vi 1,2,3,
Irx 1,2,3,
Ioz 1,2,3,
Icc 1,2,3,

Switching Characteristics
Parameter Subgroups
tcp 7,8,9,10,11
tcH 7,8,9,10,11
tcL 7,8,9,10,11
tas 7,8,9,10, 11
tABS 7,8,9,10,11
tcss 7,8,9,10,11
tcsH 7,8,9,10, 11
tipD 7,8,9,10,11
tckot 7,8,9,10, 11
fCKO2 7,8,9,10, 11
{DH 7,8,9,10, 11
icov 7,8,9,10,11
tesv 7,8,9,10, 11
topv 7,8,9,10, 11
tis 7,8,9, 10, 11
tig 7,8,9,10,11
t1BS 7,8,9,10,11
B 7,8,9,10, 11
tpD 7,8,9,10, 11
tico 7,8,9, 10, 11
trw 7,8,9, 10,11
DV 7,8,9,10, 11
fIcR 7,8,9,10,11

Document #: 38—00173—E
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CPLDs (Complex PLDs)

Device
CY7C340 EPLD Family
CY7C341
CY7C341B
CY7C342
CY7C342B
CY7C343
CY7C343B
CY7C344
CY7C344B
CY7C346
CY7C346B
CY7C361
FLasH370 CPLD Family
CY7C371
CY7C372
CY7C373
CY7C374
CY7C375
CY7C376
CY7C377
CY7C378
CY7C379

Section Contents

Page Number
Description
Multiple Array Matrix High-Density EPLDs ..........cooiiiiiiiiiiiiii i, 3-1
192-Macrocell MAX EPLD ... ..ottt i et i aniianasns 3-7
192-Macrocell MAX EPLD ... ..ottt iiiia i iiiien e nineeens 3-7
128-Macrocell MAX EPLD . ....ooiittiiiii ittt i 3-24
128-Macrocell MAX EPLD ... ..ottt ittt iiiii e enii e eaianeens 3-24
64-MacroCell MAX EPLD ..ottt etiiiiie ettt eainiaaeernnnes 3-42
64-Macrocell MAX EPLD . ...ttt et 3-42
32-MacroCell MAX EPLD . ... iittttttiittte e eaeiee e i aiieeennnns 3-58
32-Macrocell MAX EPLD .. ...ttt ittt 3-58
128-Macrocell MAX EPLD . ... oottt e e e s 3-73
128-Macrocell MAX EPLD . ...ttt et 3-73
Ultra High Speed State Machine EPLD .......... ...t 3-91

High-Density Flash CPLDs
32-Macrocell Flash CPLD

64-Macrocell Flash CPLD

64-Macrocell Flash CPLD

128-Macrocell Flash CPLD
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192-Macrocell Flash CPLD
192-Macrocell Flash CPLD
256-Macrocell Flash CPLD
256-Macrocell Flash CPLD
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Features

o Erasable, user-configurable CMOS
EPLDs capable of implementing high-
density custom logic functions
0.8-micron double-metal CMOS
EPROM technology (CY7C34X)

Advanced 0.65-micron CMOS
technology to increase performance
(CY7C34XB)

Multiple Array MatriX architecture

optimized for speed, density, and

straightforward design implementa-

tion

— Programmable Interconnect Array
(PIA) simplifies routing

— Flexible macrocells increase utili-
zation

— Programmable clock control

— Expander product terms imple-
ment complex logic functions

Warp2™

-— Low-cost VHDL compiler for PLDs
— IEEE 1076-compliant VHDL

— Available on PC and Sun platforms

=¢ CYPRESS

CY7C340 EPLD Family

Multiple Array Matrix

— VHDL simulation (ViewSim ™)
— Available on PC and Sun platforms

General Description

The Cypress Multiple Array Matrix
(MAX®) family of EPLDs provides a
user-configurable, high-density solution
to general-purpose logic integration re-
quirements. With the combination of in-
novative architecture and state-of-the-
art process, the MAX EPLDs offer LSI
density without sacrificing speed.

The MAX architecture makes it ideal for
replacing large amounts of TTL SSI and
MSTI logic. For example, a 74161 counter
utilizes only 3% of the 128 macrocells
available in the CY7C342. Similarly, a
74151 8-to-1 multiplexer consumes less
than 1% of the over 1,000 product terms in
the CY7C342. This allows the designer to
replace 50 or more TTL packages with just
one MAX EPLD. The family comes in a
range of densities, shown below. By stan-
dardizing on a few MAX building blocks,
the designer can replace hundreds of dif-
ferent 7400 series part numbers currently

High-Density EPLDs

LABisagroupofadditional product terms
called expander product terms. These ex-
panders are used and shared by the macro-
cells, allowing complex functions of up to
35 product terms tobe easily implemented
in a single macrocell. A Programmable In-
terconnect Array (PLA) globally routes all
signals within devices containing more
than one LAB. This architecture is fabri-
cated on the Cypress 0.8-micron, double-
layer-metal CMOS EPROM process,
yielding devices with significantly higher
integration, densityandsystem clockspeed
than the largest of previous generation
EPLDs. The CY7C34XB devices are
0.65-micron shrinks of the original 0.8-mi-
cron family. The CY7C34XBs offer faster
speed bins for each device in the Cypress
MAX family.

The density and performance of the
CY7C340 family is accessed using Cy-
press’s Warp2 and Warp3 design soft-
ware. Warp2 provides state-of-the-art
VHDL synthesis for MAX at a very low
cost. Warp3 is a sophisticated CAE tool
that includes schematic capture (View-
Draw) and timing simulation (ViewSim)

* Wa;/?ﬁDL thesi used in most digital systems. in addition to VHDL. synthesis. Consult
R synthesis . . The family is based on an architecture of the Warp2 and Warp3 datasheets for
— ViewLogic graphical user interface  flexible macrocells grouped together into  more information about the develop-
— Schematic capture (ViewDraw™) Logic Array Blocks (LABs). Within the ment tools.

Max Family Members

Feature CY7C344(B) CY7C343(B) CY7C342(B) CY7C346(B) CY7C341(B)

Macrocells 32 64 128 128 192
MAX Flip-Flops 32 64 128 128 192
MAX Latchesl!] 64 128 256 256 384
MAX Inputs2] 23 35 59 84 71
MAX Outputs 16 28 52 64 64
Packages 28H,J,W,p 44H,J 68H,J,R 84H,J/100R,N 84H,J,R

Key: P—Plastic DIP; H—Windowed Ceramic Leaded Chip Carrier; J—Plastic J-Lead Chip Carrier; R—Windowed Pin Grid Array;
‘W—Windowed Ceramic DIP; N—Plastic Quad Flatpack

Notes:

1. When all expander product terms are used to implement latches.

2. With one output.

PAL is a registered trademark of Advanced Micro Devices.

MAX is a registered trademark of Altera Corporation.

Warp2 and Warp3 are trademarks of Cypress Semiconductor Corporation.
ViewDraw and ViewSim are trademarks of ViewLogic Corp.

Windows is a trademark of Microsoft Corporation.
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Figure 1. Key MAX Features
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Functional Description
The Logic Array Block

The logic array block, shown in Figure 2, is the heart of the MAX
architecture. It consists of a macrocell array, expander product
term array, and an I/O block. The number of macrocells, expan-
ders, and 1/O vary, depending upon the device used. Global feed-
back of all signals is provided within a LAB, giving each functional
block complete access to the LAB resources. The LAB itself is fed
by the programmable interconnect array and dedicated input bus.
The feedbacks of the macrocells and I/O pins feed the PIA, provid-
ing access to them through other LABsin the device. The members
of the CY7C340 family of EPLDs that have a single LAB use a
global bus, so a PIA is not needed (see Figure 3).

The MAX Macrocell

Traditionally, PLDs have been divided into either PLA (program-
mable AND), programmable OR),or PAL® (programmable AND,
fixed OR) architectures. PLDs of the latter type provide faster in-
put-to-output delays, but can be inefficient due to fixed allocation
of product terms. Statistical analysis of PLD logic designs has
shown that 70% of alllogic functions (per macrocell) require three
product terms or less.

The macrocell structure of MAX has been optimized to handle
variable product term requirements. As shown in Figure 4, each
macrocell consists of a product term array and a configurable regis-
ter. In the macrocell, combinatorial logic is implemented with
three product terms ORed together, which then feeds an XOR
gate. The second input to the XOR gate is also controlled by a
product term, providing the ability to control active HIGH or ac-
tive LOW logic and to implement T- and JK-type flip-flops.

If more product terms are required to implement a given function,
they may be added to the macrocell from the expander product
term array. These additional product terms may be added to any

) — /0

|4 BLOCK

wHACTZ—~

A 4
>
o)
2
=

EXPANDER
PRODUCT
TERM
ARRAY

AN LAY S —————— |

PROGRAMMABLE

INTERCONNECT
ARRAY

Figure 2. Typical LAB Block Diagram

macrocell, allowing the designer to build gate-intensive logic, such
as address decoders, adders, comparators, and complex state ma-
chines, without using extra macrocells.

The register within the macrocell may be programmed for either
D, T, JK, or RS operation. It may alternately be configured as a
flow-through latch for minimum input-to-output delays, or by-
passed entirely for purely combinatorial logic. In addition, each
register supports both asynchronous preset and clear, allowing
asynchronous loading of counters of shift registers, as found in
many standard TTL functions. These registers may be clocked with
a synchronous system clock, or clocked independently from the
logic array.

Expander Product Terms

The expander product terms, as shown in Figure 5, are fed by the
dedicated input bus, the programmable interconnect array, the
macrocell feedback, the expanders themselves, and the I/O pin
feedbacks. The outputs of the expanders then go to each and every
product term in the macrocell array. This allows expanders to be
“shared” by the product terms in the logic array block. One expan-
der may feed all macrocells in the LAB, or even multiple product
terms in the same macrocell. Since these expanders feed the sec-
ondary product terms (preset, clear, clock, and output enable) of
eachmacrocell, complexlogicfunctions maybe implemented with-
out utilizing another macrocell. Likewise, expanders may feed and
be shared by other expanders, to implement complex multilevel
logic and input latches.

I/O Block

Separate from the macrocell array is the I/O control block of the
LAB. Figure 6 shows the I/O block diagram. The three-state buffer
is controlled by a macrocell product term and the drives the I/O
pad. The input of this buffer comes from a macrocell within the
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| |
| v |
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| EXPANDER |
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| I
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A | S mmepe e ————— J
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Figure 3. 7C344 LAB Block Diagram
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Functional Description (continued)

associated LAB. The feedback path from the I/O pin may feed oth-
erblockswithinthe LAB, as well as the PIA. By decoupling the /O
pins from the flip-flops, all the registers in the LAB are “buried,”
allowing the I/O pins to be used as dedicated outputs, bidirectional
outputs, or as additional dedicated inputs. Therefore, applications
requiring many buried flip-flops, such as counters, shift registers,
and state machines, nolonger consume both the macrocell register
and the associated I/O pin, as in earlier devices.

The Programmable Interconnect Array

PLD density and speed has traditionally been limited by signal
routing; i.e., getting signals from one macrocell to another. For
smaller devices, asingle array is used and all signals are available to
allmacrocells. But as the devices increase in density, the number of
signals being routed becomes very large, increasing the amount of
silicon used for interconnections. Also, because the signal must be
global, the added loading on the internal connection path reduces
the overall speed performance of the device. The MAX architec-
ture solves these problems. It is based on the concept of small, flex-
ible logic array blocks that, in the larger devices, are intercon-
nected by a PIA.

The PIA solves interconnect limitations by routing only the signals
needed by each LAB. The architecture is designed so that every
signal on the chip is within the PIA. The PIA is then programmed
to give each LAB access to the signals that it requires. Consequent-
ly, each LAB receives only the signals needed. This effectively
solves any routing problems that may arise in a design without de-
gradingthe performance of the device. Unlike masked or program-
mable gate arrays, which induce variable delays dependent on
routing, the PIA has a fixed delay from point to point. This elimi-
nates undesired skews among logic signals, which may cause
glitches in internal or external logic.

Development Software Support

Warp2

Warp2 is a state-of-the-art VHDL compiler for designing with Cy-
press PLDs and PROMs. Warp?2 utilizes a proper subset of IEEE
1076 VHDL as its Hardware Description Language (HDL) for de-
signentry. VHDL provides a number of significant benefits for the
designentryprocess. Warp2accepts VHDL input, synthesizes and
optimizes the entered design, and outputs a JEDEC map for the
desired device. For simulation, Warp2 provides the graphical
waveform simulator from the PLD ToolKit.

VHDL (VHSIC Hardware Description Language) is an open,
powerful, non-proprietarylanguage thatis astandard forbehavior-
al design entry and simulation. It is already mandated for use by
the Department of Defense, and supported by every major vendor
of CAE tools. VHDL allows designers to learn a single language
that is useful for all facets of the design process.

Warp3

Warp3 is a sophisticated design tool that is based on the latest ver-
sion of ViewLogic’s CAE design environment. Warp3 features
schematic capture (ViewDraw ™), VHDL waveform simulation
(ViewSim ™), a VHDL debugger, and VHDL synthesis, all inte-
grated in a graphical design environment. Warp3 is available on
PCs using Windows® 3.1 or subsequent versions, and on Sun
workstations.

For further information on Warp software, see the Warp2 and
Warp3 datasheets contained in this data book.

Ordering Information

Device Adapters

CY3340 Adapter for CY7C341in PLCC packages.

CY3340R  Adapter for CY7C341 in PGA packages.

CY3342 Adapter for CY7C342in PLCC packages.

CY3342F  Adapter for CY7C342 in Flatpack
packages.

CY3342R  Adapter for CY7C342 in PGA packages.

CY3342B  Adapter for CY7C342B in PLCC
packages

CY3342BR Adapterfor CY7C342BinPGA packages.

CY33435 Adapter for CY7C343 in PLCC packages.

CY3344 Adapter for CY7C344 in DIP and PLCC
packages.

CY3346 Adapter for CY7C346 in PLCC packages

CY3346N  Adapter for CY7C346 in PQFP packages

CY3346R  Adapter for CY7C346 in PGA packages
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Cross Reference
ALTERA CYPRESS ALTERA CYPRESS
PREFIX:EPM PREFIX:CY 5130GC~2 7C346—-30RC
5032DC 7C344-25WC 5130GM 7C346-35RM
5032DC-2 7C344~20WC 5130]C 7C346-35HC
5032DC-15 7C344—-15WC 51301C—1 7C346—25HC
5032DC-17 Call Factory 5130IC—2 7C346—30HC
5032DC—20 7C344—20WC 5130IM 7C346—35HM
5032DC—-25 7C344-25WC 5130LC 7C346-35JC
5032DM 7C344—25WMB 5130LC-1 7C346-251C
5032DM-25 7C344—25WMB 5130LC-2 7C346-30JC
5032JC 7C344—25HC 5130LI 7C346-3511
5032JC—2 7C344~20HC 5130L1-2 7C346-30J1
5032JC-15 7C344—15HC 5130QC 7C346—-35NC
50321C-17 Call Factory 5130QC-1 7C346—25NC
50321C-20 7C344—20HC 5130QC-2 7C346—30NC
5032JC-25 7C344~25HC 5130Q1 7C346-35NI
5032J1-20 7C344—20H1 5192AGC-1 7C341B—-15RC
50329M 7C344—-25HMB 5192AGC-2 7C341B—20RC
5032IM~25 7C344—25HMB 5192AJC-1 7C341B—15HC
5032LC 7C344-251C 5192AJC~2 7C341B—20HC
5032LC—2 7C344-20JC 5192ALC-1 7C341B—-151C
5032LC—15 7C344-151C 5192ALC~-2 7C431B—201C
5032L.C-17 Call Factory 5192GC 7C341-35RC
5032LC—20 7C344-20JC 5192GC~1 7C341-25RC
5032LC—25 7C344-251C 5192GC-2 7C341-30RC
5032PC 7C344—25PC 51921C 7C341-35HC
5032PC~2 7C344—20PC 51921C-1 7C341-25HC
5032PC—15 7C344-15PC 5192JC-2 7C341-30HC
5032PC—17 Call Factory 519211 7C341-35HI
5032PC—20 7C344—20PC 5192LC 7C341-351C
5032PC—-25 7C344-25PC 5192LC-1 7C341-251C
5064JC 7C343-35HC 5192LC-2 7C341-30IC
50641C—1 7C343-25HC
50645C—2 7C343-30HC
5064J1 7C343—35HI
5064IM 7C343-35HMB
5064LC 7C343-35JC . 29 _
5064LC—1 7C343—251C Document #: 38—-00087—-D
5064LC~2 7C343-30JC
5128AGC—1 7C342B—12RC
5128AGC—2 7C342B-15RC
5128AGC-3 7C342B—20RC
5128AJC—1 7C342B—12HC
5128AJC—2 7C342B~15HC
5128AJC-3 7C342B—20HC
5128ALC—1 7C342B-12IC
5128ALC~2 7C342B—15JC
5128ALC-3 7C342B-20]C
5128GC 7C342—-35RC
5128GC~1 7C342—25RC
5128GC-2 7C342—-30RC
5128GM 7C342-35RMB
51281C 7C342—35HC
5128JC-1 7C342—25HC
5128JC-2 7C342—30HC
512871 7C342~35HI
512811-2 7C342~30HI
5128IM 7C342-35HMB
5128LC 7C342-351C
5128LC—1 7C342-251C
5128LC—-2 7C342-30JC
512811 7C342—-35]1
5128L1-2 7C342-30HI
5130GC 7C346-35RC
5130GC—1 7C346—-25RC




Features

e 192 macrocells in 12 LABs

o 8 dedicated inputs, 64 bidirectional
1/O pins

¢ 0.8-micron double-metal CMOS
EPROM technology (CY7C341)

e Advanced 0.65-micron CMOS
technology to increase performance
(CY7C341B)

e Programmable interconnect array

384 expander product terms

o Available in 84-pin HLCC, PLCC, and
PGA packages

Functional Description

The CY7C341and CY7C341B are Erasable
Programmable Logic Devices (EPLD) in
which CMOS EPROM celis are used to con-
figure logic functions within the device. The
MAX architecture is 100% user configurable
allowing the devices to accommodate a vari-
ety of independent logic functions.

The 192 macrocells in the CY7C341/
CY7C341B are divided into 12 Logic Array
Blocks (LABs), 16 per LAB. There are 384
expander product terms, 32 per LAB, tobe
used and shared by the macrocells within
each LAB. Each LAB is interconnected
with a programmable interconnect array,
allowing all signals to be routed throughout
the chip.

The speed and density of the CY7C341/
CY7C341B allows them to be used in a
wide range of applications, from replace-
ment of large amounts of 7400 series TTL
logic, to complex controllers and multifunc-
tion chips. With greater than 37 times the
functionality of 20-pin PLDs, the CY7C341/
CY7C341B allows the replacement of over
75 TTL devices. By replacing large amounts
of logic, the CY7C341 and CY7C341B re-
duces board space, part count, and increases
system reliability.

EachLABcontains 16macrocells. InLABs
A, F, G, and L, 8 macrocelis are connected
toI/O pinsand 8 are buried, while for LABs

Selection Guide
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CY7C341
CY7C341B

192-Macrocell MAX® EPLD

B,C,D,E,H, 1,7, and K, 4 macrocells are
connected to I/O pins and 12 are buried.
Moreover,inadditionto the /O andburied
macrocells,thereare32singleproductterm
logic expanders in each LAB. Their use
greatly enhances the capability of the ma-
crocells without increasing the number of
product terms in each macrocell.

Logic Array Blocks

There are 12 logic array blocks in the
CY7C341/CY7C341B. Each LAB consists
of amacrocell array containing 16 macrocells,
anexpanderproducttermarraycontaining 32
expanders, and an I/O block. The LAB is fed
by the programmable interconnect array and
the dedicated input bus. All macrocell feed-
backs go to the macrocell array, the expander
array, and the programmable interconnect
array. Expanders feed themselves and the
macrocell array. All I/O feedbacks go to the
programmable interconnect array so that
they may be accessed by macrocells in other
LABs aswell as the macrocells in the LABin
which they are situated.

Externally, the CY7C341/CY7C341B pro-
vide 8 dedicated inputs, one of which may be
used as a system clock. There are 64 I/O pins
that may be individually configured for input,
output, or bidirectional data flow.
Programmable Interconnect Array
The Programmable Interconnect Array
(PIA) solves interconnect limitations by
routing only the signals needed by each log-
ic array block. The inputs to the PIA are
the outputs of every macrocell within the
device and the I/O pin feedback of every
pin on the device.

Unlike masked or programmable gate ar-
rays, which induce variable delay depen-
dent on routing, the PIA has a fixed delay.
This eliminates undesired skews among
logicsignals, which may cause glitchesinin-
ternal or externallogic. The fixed delay, re-
gardless of programmable interconnect
arrayconfiguration, simplifies designby as-
suringthatinternalsignal skewsorracesare

avoided. The resultis ease of designimple-
mentation, often in a single pass, without
the multiple internal logic placement and
routing iterations required for a program-
mable gate array to achieve design timing
objectives.

Timing Delays

Timing delays within the CY7C341/
CY7C341B may be easily determined us-
ing Warp2™, Warp3™ , or MAX+PLUS®
software or by the model shown in
Figure 1. The CY7C341/ CY7C341B have
fixed internal delays, allowing the user to
determine the worst case timing delays for
any design. For complete timing informa-
tion, the Warp3 or MAX +PLUS software
provides a timing simulator.

Design Recommendations

Forproperoperation,inputandoutputpins
must be constrained to the range GND <
(Vinor Vour) < Vee. Unused inputs must
always be tied to an appropriate logic level
(either Vccor GND). Eachset of Vocand
GND pins must be connected together
directlyatthe device. Powersupplydecoup-
ling capacitors of at least 0.2 uF must be
connected between Vecand GND. For the
most effective decoupling, each V¢ pin
should be separately decoupled to GND,
directly at the device. Decoupling capaci-
tors should have good frequency response,
such as monolithic ceramic types.

Design Security

The CY7C341/CY7C341B contain a pro-
grammable design security feature that
controls the access to the data pro-
grammed into the device. If this program-
mable feature is used, a proprietary design
implemented in the device cannot be
copied or retrieved. This enables a high
level of design control to be obtained since
programmed data within EPROM cells is
invisible. The bit that controls this func-
tion, along with all other program data,
may be reset simply by erasing the device.

7C341-25 | 7C341-30 | 7C341-35
7C341B-25 | 7C341B-30 | 7C341B-35 | 7C341-40
Maximum Access Time (ns) 25 30 35 40
Igaximpm Commercial 380 380 380
perating Industrial 480 480 480
Cu t (MmA
rrent (mA) -y 780 %0 70 %0
gllaxilmbum Commercial 360 360 360
tandby Industrial 435 435 435
C t (mA
urrent (mA) |y 135 35 75 735

Shaded areas contain preliminary information.

MAX is a registered trademark of Altera Corporation. Warp2 and Warp3 are trademarks of Cypress Semiconductor Corporation.
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CY7C341
CY7C341B

Logic Block Diagram
1 (A8) INPUT/CLK [} {7 INPUT (Ce) 84
2 (A5) INPUT T} {J INPUT (c7 83
41 (K6) INPUT T INpUT (L7) 44
42 (J8) ineuT 53 J  INpUT (J7) 43
. | SYSTEM CLOCK |
LAB A u\j LAB G
4 (Cs) MACROCELL MACROGELL 97 L 46 (Le)
5 (A4) C— MACROCELI MACROCELL98 1 47 ()
6 (B4) CI— MACROCEL y — MACROCELL 99 F—OJ 48 (ke)
7 (K3 O 4 K MACROCELL100 L1 49 (L9)
8 (& O— WACROCELLG |V [ MACROCELL101 T 50 (L10)
o () O0— wmACROCEILe | [ MacROCEIL102 T 51 (kg)
10 (A1) O— __MACRQGELL 7 ] | macROcEILt0s T 5 1)
1 (82) O MACROCELL 8 _'\ <:_MAQB§&EI.L1M__—C| 53 (K10)
MACROCELL 9 - 16 _l/ MACROCELL 105 ~ 112
LAB B i { LAB H
12 (2 CF— MACROCELL 17 MACROCELL 113 1 54 (J10)
13 81 &— MACROCELL 18 MACROCELL 114 {1 55 (K11)
14 (€1) EF—{ " MACROCELL ] [ MACROCELL115 T 56 (Jt1)
i (08 B —I——ViAcROGEI 20— ‘ [ MACROCELLT16 L 57 (H10)
MACROCELL 21 - 32 MACROCELL 117 ~ 128
LAB C LAB!
16 (O1) =t MACROCELL 33 P MACROCELL 129 |—1 58 (H11)
17 (E3) CO— MACROCELL 34 MACROCELL 130 F—J 59 (F10)
20 (F2) CO— MACROCELL 35 | _——f\ MACROCELL 131 — 62 G9)
21 (F3) O ___MACROCELL36 | ‘/_MAQBQS&LL.L'E_—EI 63 (F9)
MACROCELL 37 - 48 : N MACROCELL 133 — 144
eo 3 S <5 4 ves
22 (G3) 3] MACROCELL 49 MACROCELL 145 ___}—{] 64 (F11)
23 (G1) O MACROCELL 50 MACROCELL 146 {1 65 (E11)
25 (F1) O—ml MACROCELL 51 y — ——N]__MACROCELL 147 |—{1 67 (E9)
26 (H1) CO— MACROCELL 52 V/ MACROCELL 148 |—{"1 68 (D11)
MACROCELL 53 — 64 :> /1_ MACROCELL 149 — 160
LAB E
27 (H2) [remee] MAGROCELL 65 MACROCELL —) &0 (D10)
28 () O— MACROCELL 66 MACROCELI —{1 70 (c11)
20 (K1) O— MACROCELL 67 MACROCELL — 71 &)
30 (12 CO— MACROCELL 68 MACROCELL 1 72 (10
MACROCELL 69 — 80 :> <: MACROCELL 165 — 176
ver ¢ S b < g % ™
31 (L) O MACROCELL 81 C177 11 73 A1)
32 (ko) C3—{__ MACROCELL 82 MACROCELL 178 |—{ 74 (B10)
33 (K3) MACROCELL 83 /1_ MACROCELL 179 —{ 75 (89)
34 (L2) MACROCELL 84 K MACROCELL 180 __|—{ 76 (A10)
35 (3) O MACROCELL 85 N MACROCELL 181 0 77 (A9)
36 (k4) O] ___MACROCELL 86 MACROCELL 182 {1 78 (88)
37 (4 OO—  MACROCELL &7 [ MACROCELL183 T 79 (ag)
® ) D—__mmmua_:> <:_MAQBQ£EI.L.LEA_—D % ©6)
MACROCELL 89 — 96 MACROCELL 185 — 192

3,24, 45,66 (B5, G2, K7, E10) >— vg¢
18, 19, 39, 40, 60, 61, 81, 82 (E1, E2, K5, L5, G10, G11,A7, B7) [>— GND

() - PERTAIN TO 84-PIN PGA PACKAGE

GC341-1
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Design Security (continued)

The CY7C341/CY7C341B is fully functionally tested and guaran-
teed through complete testing of each programmable EPROM bit
and all internal logic elements thus ensuring 100% programming

The erasable nature of these devices allows test programs to be
used and erased during early stages of the production flow. The
devices also contain on-board logic test circuitry to allow verifica-
tion of function and AC specification once encapsulated in non-
windowed packages.

yield.
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Figure 1. CY7C341 Internal Timing Model
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Maximum Ratings
(Abovewhich the useful life may be impaired. For user guidelines, DC Input Voltagel!] ..................... —3.0Vto +7.0V
not tested.) DC Program VOItage ............coevevneuneuneennss 13.0V
Stora.ge Temperature . . [SRPERILEPPRRTLS —65°C to +150°C (ngtrliﬁ}fcg%rgegggl :)% thod 3015y >1100v
Ambient Temperature with
Power Applied ..............ooiiiii 0°Cto +70°C Operating Range
Maximum Junction Temperature -
(Under Bias) .. vvoeviverereeenineeineeeiianannns 150°C Ambient
Supply Voltage to Ground Potential .. ....... -2.0Vto +7.0V Range Temperatnce Ve
. o Commercial 0°Cto +70°C 5V £5%
Maximum Power Dissipation .................... 2500 mW
DC Ve or GND CUITEnt . ... e s00ma | Industrial —40°Cto +85°C SV * 10%
DC Output Current, per Pin ........... —25mA to +25 mA Military —55°Cto +125°C (Case) | SV * 10%
Electrical Characteristics Over the Operating Rangel?l
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Vee = Min,, Iog = —4.0mA 2.4 v
VoL Output LOW Voltage Vce = Min,, Iop, = 8 mA 0.45 \'%
Vin Input HIGH Level 22 Vcce+0.3 v
ViL Input LOW Level -0.3 0.8 A\
Ix Input Current GND < VN < Ve -10 +10 HA
Ioz Output Leakage Current | Vg = Ve or GND —-40 +40 uA
Tos Output Short Ve = Max., Voyt = GNDI3: 4] -30 —-90 mA
Circuit Current
Icci Power Supply = Ve or GND Com’l 360 mA
Current (Standby) (No Load) Mil/Ind 435 A
Icc2 Power Surply V1 = Ve or GND (No Load) | Com’l 380 mA
Currentls f = 1.0 MHzI3, ] Mil/Ind 280 A
tr (Recommended) | Input Rise Time 100 ns
tg (Recommended) | Input Fall Time 100 ns
CapacitancelS] '
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Ta = 25°C, f = 1 MHz, 10 ; pF
Cour Output Capacitance Vee = 5.0V 20 pF
Notes:

1. Minimum DCinput is —0.3V. During transitions, the inputs may un- 5.

dershoot to —2.0V for periods less than 20 ns
2. Typical values are for Tp = 25°C and V¢ = 5V.

3. Guaranteed but not 100% tested.

4. Notmore than one output should be tested at a time. Duration of the
short circuit should not be more than one second. Vgyt = 0.5V has
been chosen to avoid test problems caused by tester ground degrada-

tion.

AC Test Loads and Waveforms

5V R1464Q
OUTPUT
50 pF R2
I 25092
INCLUDING = —
JGAND ~ -
SCOPE (a)
Equivalent to:

material.

This parameter is measured with device programmed asa 16-bit count-
er in each LAB and is tested periodically by sampling production

6. Part (a)in AC Test Load and Waveforms is used for all parameters ex-

cept tgg and txz, which is used for part (b) in AC Test Load and Wave-
forms. All external timing parameters are measured referenced to ex-

ternal pins of the device.
R1464Q
5V ALL INPUT PULSES
OUTPUTT 3.0V = | 90"/:’00/
5 pF 3 R2 GND 10% -

I 25002 < 6ns = l‘- <6ns

= = tr tF

(b) C341-5 C341-6

OUTPUTo— 132 5 17sv

THEVENIN EQUIVALENT (COMMERCIAL/MILITARY)
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External Synchronous Switching Characteristics Over the Operating Rangel6!

=T 7C341-25
7C341B-15 | 7C341B-20 | 7C341B-25
Parameter Description Min. Max. Min. |-Max. | Min. Max. Unit
tpD1 Dedicated Input to - Com’l 15 ' 20 - 25 ns
Combinatorial Output Del: -
ombinatorial Output Delay Ml % %
tpD2 I/O Input to C[é)]mbinatorial Com’l 25 33 40 ns
Output Del
utput Delay Mil . 3 40
tpD3 Dedicated Input to Com’l 23} : 37 ns
Combinatorial Output Delay with Ex- - —
pander Delayl%] Mil 37
tpD4 1/0 Input to Combinatorial Output Com’l ; 33 52 ns
Delay with Expander Delayl3: 10 >
tEA Input to Output 25 ns
Enable Delayl> 71
25
tER Input to Output Disable Delayl®] 25 ns
25
tcol Synchronous Clock Input to 14 ns
Output Delay
14
tcoz Synchronous Clock to Local Feedback 30 ns
to Combinatorial Output(3 1 m
ts1 Dedicated Input or Feedback Set-ug ns
Time to Synchronous Clock Output[®-12]
tsp T/O Input Set-up Time to ns
Synchronous Clock Input!8]
tH Input Hold Time from ns
Synchronous Clock Inputl®]
twWH Synchronous Clock Input ns
High Time
twi Synchronous Clock Input ns
Low Time
tRW Asynchronous Clear Width[3. 6] ns
tRR Asynchronous Clear ns
Recoveryl3
trRO Asynchronous Clear to Registered 25 ns
Output Delay!5!
25
tpw Asynchronous Preset Width[3. 6] ns
tpR Asynchronous Preset ns
Recovery Timel3; 6]
Shaded areas contain preliminary mformation.
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External Synchronous Switching Characteristics Over the Operating Rangel6l(continued)

7C341-25
7C341B—15 7C341B-20 7C341B-25
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpo Asynchronous Preset to Registered Com’l 15 20 25 ns
Output Delayl6] -
Mil 20 25
tcr Synchronous Clock to Local Com’l 3 3 3 ns
Feedback Inputl3: 13 -
Mil 3 3
tp External Synchronous Clock Period Com’l 12 14 16 ns
1/fmax - "
( ) Mil 14 16
fMAX1L External Feedback Maximlgnm Com’l 58.8 50 345 MHz
Frequency (1/(t + . g .
quency (1/(tco1 + ts1)) il 50 345
fMax2 Internal Local Feedback Maximum Com’l 76.9 62.5 55.5 MHz
Frequency, lesser of (1/ts1 + tcg))
or (ftcop3 11 Mil 62.5 555
fMAX3 Data Path Maximum Frequency, least of Com’l 100 714 62.5 MHz
YtwL + t A WUts1 + ty), -
or (1ftcop)l> 161 Mil 71.4 62.5
fmaxa Maximum Regis%rl’%oggle Frequency Com’l 100 71.4 62.5 MHz
(twr, + t g -
((twe + twi) Mil 714 625
tod Output Data Stable Time from Com’l 3 3 3 ns
Synchronous Clock Inputl? 18] -
Mil 3 3

Shaded areas contain preliminary information.

Notes:

7. Thisspecification is a measure of the delay from input signal applied ~ 12. Ifdataisapplied toan I/O input for capture by amacrocell register, the
to a dedicated input to combinatorial output on any output pin. This T/O pin set-up time minimums should be observed. These parameters
delay assumes no expander terms are used to form the logic function. are g for synchronous operation and tas; for asynchronous opera-
When this note is applied to any parameter specification it indicates tion.
that the signal (data, asynchronous clock, asynchronous clear, and/or  13. Thisspecification is a measure of the delay associated with the internal
asynchronous preset) is applied to a dedicated input only and no signal register feedback path. This is the delay from synchronous clock to
path (either clock or data) employs expander logic. LAB logic array input. This delay plus the register set-up time, tsy, is
If an input signal is applied to an [/O pin an additional delay equal to the minimum internal period for an internal synchronous state ma-
tp1a should be added to the comparable delay for a dedicated input. chine configuration. This delay is for feedback within the same LAB.
If expanders are used, add the maximum expander delay tgxp to the This parameter is tested periodically by sampling production material.
overall delay for the comparable delay without expanders. 14. This specification indicates the guaranteed maximum frequency, in

8. This specification is a measure of the delay from input signal applied synchronous mode, at which a state machine configuration with exter-
to an1/O macrocell pin to any output. This delay assumes no expander nal feedback can operate. Itis assumed that all data inputs and feed-
terms are used to form the logic function. back signals are applied to dedicated inputs. All feedback is assumed

9. Thisspecification isameasure of the delay from an input signal applied to be local or iginating within the same LAB.
to a dedicated input to combinatorial output on any output pin. This ~ 15. This specification indicates the guaranteed maximum frequency at
delay assumes expander terms are used to form the logic functions and whichastatemachine, with internal-only feedback, can operate. If reg-
includes the worst-case expander logic delay for one pass through the ister output states must also control external points, this frequency can
expander logic. still be observed as long as this frequency is less than 1/tcos.

10. Thisspecification isameasure of the delay from an inputsignalapplied ~ 16. This frequency indicates the maximum frequency at which the device
to an I/O macrocell pin to any output. This delay assumes expander may operate in data path mode (dedicated input pin to output pin).
terms are used to form the logic function and includes the worst-case This assumes data input signals are applied to dedicated input pins and
expander logic delay for one pass through the expander logic. This pa- no expander logic is used. If any of the data inputs are 1/O pins, ts; is
rameter is tested periodically by sampling production material. the appropriate tg for calculation. )

11. Thisspecification is a measure of the delay from synchronous register ~ 17. This specification indicates the guaranteed maximum frequency, in
clock to internal feedback of the register output signal to the input of synchronousmode, atwhich anindividual outputor buried registercan
the LAB logic array and then to a combinatorial output. This delay as- be cycle by a clock signal applied to the dedicated clock input pin.
sumes no expanders are used, register is synchronously clockedandall ~ 18. This parameter indicates the minimum time after a synchronous regis-

feedback iswithin the same LAB. This parameter is tested periodically
by sampling production material.

ter clock input that the previous register output data is maintained on
the output pin.
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External Synchronous Switching Characteristics Over the Operating Rangel®! (continued)
7C341-30 7C341-35
7C341B-30 | 7C341B-35 | 7C341-40
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpD1 Dedicated Input to Combinatorial Com’l 30 35 ns
Output Delayl7] v 30 T m
tpD2 I/O Input to Combinatorial Com’l 45 55 ns
Output Delaylé] i e = 5
tpp3 Dedicated Input to Combinatorial Com’l 44 55 ns
Output Delay with Expander Delayl°] i ” = P
tpp4 1I/O Input to Combinatorial Output Delay with | Com’l 59 75 ns
Expander Delay(3. 10] i = N 50
tEA glr?;btléoD(glflg[g}ﬂ Com’l 30 35 ns
Mil 30 35 40
tER Input to Output Disable Delaylé] Com’l 30 35 ns
Mil 30 35 40
tcol Synchronous Clock Input to Com’l 16 20 ns
Output Delay Mil 16 20 23
tcoz ?grggll;?&ggtso(l;il;cg;? Lo[caaluFeedback Com’l 35 42 ns
pue Mil 35 D) 28
ts1 Dedicated Input or Feedback Set-up Time to | Com’l 20 25 ns
Synchronous Clock Output(6-12] v > T 5
ts 1/O Input Set-up Time to Com’l 39 45 ns
Synchronous Clock Input{8! T m 5 >
tH Input Hold Time from Com’l 0 0 ns
Synchronous Clock Inputl®] i 5 5 5
twH Synchronous Clock Input Com’l 10 12.5 ns
High Time Mil 10 125 15
twL Synchronous Clock Input Com’l 10 12.5 ns
| ow Time Mil 10 125 5
tRw Asynchronous Clear Width[3: 6] Com’l 30 35 ns
Mil 30 35 40
tRR ﬁzzgf]lexro[%ous Clear Com’l 30 35 ns
v Mil 30 3 20
trRO Asynchronous Clear to Registered Com’l 30 35 ns
Output Delayl Mil 30 35 40
tpw Asynchronous Preset Width(3. 61 Com’l 30 35 ns
Mil 30 35 40
tpR Asynchronous Preset Com’l 30 35 ns
Recovery Timel3: 6] i o = m
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External Synchronous Switching Characteristics Over the Operating Rangel®] (continued)
7C341-30 7C341-35
7C341B-30 | 7C341B-35 7C341-40
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpo Asynchronous Preset to Registered Com’] 30 35 ns
Output Delay!®] -
Mil 30 35 40
tcr Synchronous Clock to Local Com’l 3 5 ns
Feedback Inputl 13] -
Mil 3 5 7
tp Ex‘;ernal S ilchronous Clock Period Com’l 20 25 ns
1/fmAx:
(Vyaxs) Mil 20 25 30
fmax1 External Feedback Maximlgnm Com’l 277 22.2 MHz
Fi 1/(t + t. 4
requency (I/(tcor + ts1)) Ml | 277 222 196
fmaxz Internal Local Feedback Maximum Com’l 43 33 MHz
Frequency, lesser of (1/(ts1 + tcr
or (Ltcop)> Bl ) Mil 43 33 285
fmMAx3 Data Path Maximum Frequency, least of Com’l 50 40.0 MHz
Y(twr, + )k 1/(tsy + ty), -
or (tcop)l 101 Mil 50 40.0 333
fmaxa Maximum Regisigrl%oggle Frequency Com’] 50 40.0 MHz
(t +t 4
(W/(twe + twin)) Mil 50 40.0 333
toH Output Data Stable Time from Com’l 3 3 ns
Synchronous Clock Input(3: 18] i 3 3 3
i
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External Asynchronous Switching Characteristics Over the Operating RangelS]

Notes:

7C341-25
7C341B-25
Parameter Description Min. | Max. | Unit
tACO1 Dedicated Asynchronous Clock Input Com’l 25 ns
to Output Delayl®] Yl %3
tACO?2 Asynchronous Clock Input to Local Com’l 40 ns
Feedback to Combinatorial Output [19] Yl 70
taS1 Dedicated Input or Feedback Set-up Time to | Com’l : 5 ns
Asynchronous Clock Input(®] M 5 3
tas2 /O Input Set-Up Time to Com’l | 14 | 20 ns
Asynchronous Clock Input(®] il 20
tAH Input Hold Time from Asynchronous Com’l 6 ns
Clock Input!®] Ml 3
tAWH Asynchronous Clock Input HIGH Timel6] | Com’l 11 ns
Mil 11
tAWL Asynchronous Clock Input LOW Timel6 201 | Com’l 9 ns
Mil 9
tACF Asynchronous Clock to Local Com’l 15 ns
Feedback Input(2!] N G
tAp External Asynchronous Clock Period Com’l 20 ns
(Vimaxa) Mil 20
fmaxail External Feedback Maximum Frequency in | Com’l 333 MHz
Asynchronous Mode 1/(tacor1 + tas1)l il 73
fmMaxa2 Maximum Internal Asynchronous Com’l 50 MHz
Frequency!Z N 30
fMaxas Data Path Maximum Frequency in Com’l 40 MHz
Asynchronous Model24] N 70
fmaxad Maximum Asynchronous Register Com’l 50 MHz
Toggle Frequency 1/(tawn + tawr)®] Nl =0
tAOH Output Data Stable Time from Com’l 15 ns
Asynchronous Clock Input{26] -
Mil 15
haded areas contain preliminary information.

19. This specification is a measure of the delay from an asynchronousreg-

ister clock input tointernal feedback of the register output signal tothe
input of the LAB logic array and then to a combinatorial output. This
delay assumes no expanders are used in the logic of combinatorial out-
put or the asynchronous clock input. The clock signal is applied to the
dedicated clock input pin and all feedback is within a single LAB. This
parameter is tested perjodically by sampling production material.
20. This parameter is measured with a positive-edge-triggered clock at the
register. For negative-edge triggering, the tawp and t oy parameters
must be swapped. If a given input is used to clock multiple registers
with both positive and negative polarity, taw should be used for both
tawn and tAwL.

21. Thisspecification is a measure of the delay associated with the internal
register feedback path for an asynchronousclock toLABlogicarray in-
put. This delay plus the asynchronous register set-up time, tass, is the
minimum internal period for an internal asynchronously clocked state
machine configuration. This delay is for feedback within the same
LAB, and assumes there is no expander logic in the clock path and the
clock input signal is applied to a dedicated input pin. This parameter
is tested periodically by sampling production material.

22. This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine configuration with ex-

23.

25.

26.

3-15

ternal feedback can operate. It is assumed that all data inputs, clock in-
puts, and feedback signals are applied to dedicated inputs, and that no
expander logic is employed in the clock signal path or data path.
This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine with internal-only
feedback can operate. This parameter is determined by the lesser of
(1/tack + tas1)) or (1/(tawn +tawr)). If register output states must
also control external points, this frequency can still be observed as long
as this frequency is less than 1/taco:1.

. This frequency is the maximum frequency at which the device may op-

erate in the asynchronously clocked data path mode. Thisspecification
is determined by the least of 1/(tawn + tawr), 1/{tasi + tam) or
1/tacor- It assumes data and clock input signals are applied to dedi-
cated input pins and no expander logic is used.

This specification indicates the guaranteed maximum frequency at
which anindividual outputor buried registercanbe cycled in asynchro-
nously clocked mode by a clock signal applied to an external dedicated
input pin.

This parameter indicates the minimum time that the previous register
output data is maintained on the output after an asynchronous register
clock input applied to an external dedicated input pin.
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External Asynchronous Switching Characteristics Over the Operating Range(®] (continued)

7C341-30 7C341-35
7C341B-30 | 7C341B-35 7C341-40

Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit

tACO1 Dedicated Asynchronous Clock Input Com’l 30 35 ns
to Output Delayl®) v £ = 5

tACO2 Asynchronous Clock Input to Local Com’l 46 55 ns
Feedback to Combinatorial Output [19] Vi T3 5 &

tast Dedicated Input or Feedback Set-up Time to | Com’l 6 8 ns
Asynchronous Clock Inputl6] Vil 3 3 M)

tasy I/O Input Set-Up Time to Com’l 27 30 ns
Asynchronous Clock Input(6] VAl > 30 )

tAH Input Hold Time from Asynchronous Com’l 8 10 ns
Clock Inputl® Ve 3 m 2

tAwH Asynchrqn01[16s] Clock Input Com’l 14 16 ns
HIGH Time Mil 1 16 20

tAWL Asynchronous Clock Input Com’l 11 14 ns
LOW Time(5 ] Mil 11 1a 20

tACF Asynchronous Clock to Local Com’l 18 . 22 ns
Feedback Inputl21] il 3 o7 %

tAP External Asynchronous Clock Period Com’l 25 30 ns
(1/fmax4) Mil 25 30 40

fmaxal External Feedback Maximum Com’l 27 23 MHz
Frequency in Asynchronous Mode :
1/(tacor + tasy)22l Mil 27 23 18

famaxa2 Maximum Internal Asynchronous Com’l 40 333 MHz
Frequency®] Mil 20 333 %

fMaxA3 Data Path Maximum Frequency in Com’l | 333 28.5 MHz
Asynchronous Model* Ml [ 333 285 722

fMAxA4 Maximum Asynchronous Register Com’l 40 333 MHz
Toggle Frequency 1/(tawn + tawr)?] N 0 T3 %5

tACH Output Data Stable Time from Com’l 15 15 ns
Asynchronous Clock Inputl20] Ve s 5 5
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Switching Waveforms

External Combinatorial

DEDICATED INPUT/
1/0 INPUT

X

re—tpp1["/tppol®]

COMBINATORIAL
OUTPUT

fe—— tealfl ——
COMBINATORIAL N HIGH-IMPEDANCE
REGISTERED OUTPUT S 3-STATE
fe— teal® 7 —
HIGH IMPEDANCE -
3.STATE (N VALID OUTPUT e
External Synchronous
DEDICATED INPUT/
1/0 INPUTI7]
—» iy twH —» twi
SYNCHR%I;I_g(L_J)ﬁ A
—» tcot trw/tew tRr/trR
ASYNCHRONOUS o —>] <
CLEAR/PRESET(7] troltro
REGISTERED
OUTPUTS
I— tcoz
COMBINATORIAL OUTPUT FROM
REGISTERED FEEDBACKI!0]
C341-8
External Asynchronous
DEDICATED INPUT/
1/0 INPUTI?]
—»= taH tawH —mte taw,
tast  [e—
ASYNCHRONOQUS /]
CLOCK INPUT
—» tacot trw/tpw trr/ter
ASYNCHRONOUS thoH —>) [«
CLEAR/PRESETI(7] trofteo
ASYNCHRONOUS REGISTERED
OUTPUTS
I tacoz
COMBINATORIAL OUTPUT FROM
ASYNCH. REGISTERED FEEDBACK
C341-9
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Internal Switching Characteristics Over the Operating Rangel!]

7C341-~25
7C341B-25
Parameter Description Min. | Max. | Unit
N Dedicated Input Pad and Com’l 5 ns
Buffer Delay Mil 35
tio 1/O Input Pad and Com’l 6 ns
Buffer Delay Mil 3
tEXP Expander Array Delay Com’l 12 ns
Mil 12
tLAD Logic Array Data Delay Com’l 12 ns
Mil 12
tLAC Logic Array Control Delay Com’l 10 ns
Mil 10
top Output Buffer and Pad Delay Com’l S ns
Mil 5
tzx Output Buffer Enable Delayl27] Com’l 10 ns
Mil 10
txz Output Buffer Disable Delay Com’l 10 ns
Mil 10
tRSU Register Set-Up Time Relative to Com’l 6 ns
Clock Signal at Register Yl 3
tRH Register Hold Time Relative to Com’l 6 ns
Clock Signal at Register Mil 5
tLATCH Flow-Through Latch Delay Com’l 3 ns
Mil 3
tRD Register Delay Com’l 1 ns
Mil 1
tcoMB Transparent Mode Delay(28] Com’l 3 ns
Mil 3
tcy Clock High Time Com’l 8 ns
Mil 8
tcL Clock Low Time Com’l 8 ns
Mil 8
tic Asynchronous Clock Logic Delay Com’l 14 ns
Mil 14
tics Synchronous Clock Delay Com’l 2 ns
Mil 2
tFD Feedback Delay Com’l 1 ns
Mil 1
tPRE Asynchronous Register Preset Time Com’l 5 ns
Mil 5
tCLR Asynchronous Register Clear Time Com’l 5 ns
Mil 5
tpcw Asynchronous Preset and Com’l 5 ns
Clear Pulse Width Mil 35
tpCR Asynchronous Preset and Com’l 5 ns
Clear Recovery Time Mil 5
tpia Programmable Interconnect Com’l 14 ns
Array Delay Time Mil 14
Shaded areas contain preliminary information
Notes: 28. This specification guarantees the maximum combinatorial delay asso-
27. Sample tested only for an output change of 500 mV. ciated with the macrocell register bypass when the macrocell is confi-

gured for combinatorial operation.
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Internal Switching Characteristics Over the Operating Rangel!l (continued)

7C341-30 7C341-35
7C341B-30 7C341B~-35 7C341-40
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tiN Dedicated Input Pad and Com’l 7 9 ns
Buffer Delay Mil 7 9 11
tro 1/O Input Pad and Com’l 6 9 ns
Buffer Delay Mil 3 9 12
tEXP Expander Array Delay Com’l 14 20 ns
Mil 14 20 25
tLAD Logic Array Data Delay Com’l 14 16 ns
Mil 14 16 18
tLAC Logic Array Control Delay Com’l 12 13 ns
Mil 12 13 14
top Output Buffer and Pad Delay Com’l 5 6 ns
Mil 5 6 7
tzx Output Buffer Enable Delayl27] Com’l 11 13 ns
Mil 11 13 15
txz Output Buffer Disable Delay Com’l 11 13 ns
Mil 11 13 15
trRSU Register Set-Up Time Relative to Com’l 8 10 ns
Clock Signal at Register Mil g 10 12
tRH Register Hold Time Relative to Com’l 8 10 ns
Clock Signal at Register Mil ] 10 12
tLATCH Flow-Through Latch Delay Com’l 4 4 ns
Mil 4 4 4
tRD Register Delay Com’l 2 2 ns
Mil 2 2 2
tcoMB Transparent Mode Delay[28] Com’l 4 4 ns
Mil 4 4 4
tcy Clock High Time Com’l 10 12.5 ns
Mil 10 12.5 15
tcL Clock Low Time Com’l 10 12.5 ns
Mil 10 12.5 15
tic Asynchronous Clock Logic Delay Com’l 16 18 ns
Mil 16 18 20
tics Synchronous Clock Delay Com’l 2 3 ns
Mil 2 3 4
tFD Feedback Delay Com’l 1 2 ns
Mil 1 2 3
tPRE Asynchronous Register Preset Time Com’l 6 7 ns
Mil 6 7 8
tcLR Asynchronous Register Clear Time Com’l 6 7 ns
Mil 6 7 8
tpcw Asynchronous Preset and Com’l 6 7 ns
Clear Pulse Width Mil 6 7 8
tPCR Asynchronous Preset and Com’l 6 7 ns
Clear Recovery Time Mil 3 7 g
tp1A Programmable Interconnect Com’l 16 20 ns
Array Delay Time Mil 16 20 24
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Switching Waveforms (continued)

Internal Combinatorial
1

tin
INPUT PIN *

fe——— tpjp —»
tio je—

/0 PIN

e texp —
EXPANDER
ARRAY DELAY

LOGIC ARRAY
INPUT

je— tiac, tLaD —>]

LOGIC ARRAY
OUTPUT

C341-10

Internal Asynchronous
R

CLOCKPIN

CLOCK INTO
LOGIC ARRAY

tic —»

CLOCK FROM
LOGIC ARRAY

tRsy —>te— tpy
DATA FROM
LOGIC ARRAY

tRDtaTcH —=fa— trD tolmtpRE —m== trp
REGISTER OUTPUT

TO LOCAL LAB
LOGIC ARRAY

tpia
REGISTER OUTPUT
TO ANOTHER LAB

Internal Synchronous

C341-11

tcH je—— to ——»

SYSTEM CLOCK PIN N ¢ \
th —»| fe— tics

SYSTEM CLOCK m
AT REGISTER

tRsy —wje— tgy

DATA FROM
LOGIC ARRAY

C341-12
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Switching Waveforms (continued)
Internal Synchronous
CLOCK FROM M
LOGIC ARRAY l<~ tco —»
tRD
DATA FROM
LOGIC ARRAY X X
txz txz tzx —>
P X HIGH IMPEDANCE
-/l STATE
C341-13
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Ordering Information
Speed Package Operatin;
(l:.s) Ordering Code Name Package Type ll)lzmge s
15 C341B—15HC/HI Windowed Leadad Chip Carrier '

“CY7C341B~15RC/RL.
"CY7C341B-20HC/HI
"CY7C341B—20JCAT
"CY7C341B—20RC/RT |

CY7C341-25HC/HI
CY7C341-251C1
CY7C341-25RORL

25 84-Lead Wmdowed Leaded Chip Cartier Commercial/hdustrial
84-Lead Plastic Leaded Chip Carrier

84-Lead Windowed Pin Grid Array

"CY7C341B—25HMB |
CY7C341B-25RMB ™ |
30 CY7C341-30HC/HI
CY7C341-30JC/J1

84-Lead Windbwé(i Leaded Chip Carrier Commercial/lndustrial
84-Lead Plastic Leaded Chip Carrier

CY7C341-30RC/RI R84 84- Lead Windowed Pin Grld Array
CY7C341B=30HC/HI | H84 i
CY7C341B—301C/T 183

CY7C341B—30RC/RT | R84 4y 31ic

CY7C341-30HMB H84 84-Lead Wmdowed Leaded Chip Carrier | Military

CY7C341-30RMB R84 84-Lead Windowed Pin Grld Array

| CY7C341B—30HMB Hed A cade '
CY7C341B-30RMB |- R84 : y

3 CY7C341-35HC/HI T81 |84 Tead Windowed Leaded Chip Carrier | Commercial/Industrial

CY7C341-35JC/11 183 84-Lead Plastic Leaded Chip Carrier
CY7C341- 35RC/RI R84 84-Lead Wmdowed Pin Grid Array

CY7C341-35HMB T84 |84 Load Windowed Teaded Chip Carrier | Miitary

CY7C341-35RMB R84 84-Lead Windowed Pin Grid Array

-Lead Wmdowed Leade Chlp Carrlerl
CY7C341-40RMB R84 84-Lead Windowed Pin Grid Array

Shaded areas contain preliminary information

40 Military
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MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics
Parameter Subgroups
Vou 1,23
VoL 1,23
Viu 1,2,3
v 1,2,3
Iix 1,23
Ioz 1,2,3
Iccr 1,2,3

Switching Characteristics

Parameter Subgroups

tpD1 7,8,9,10,11
tpD2 7,8,9,10, 11
tPD3 7,8,9,10,11
tcol 7,8,9,10,11
ts1 7,8,9,10, 11
ty 7,8,9,10,11
taCo1 7,8,9,10, 11
taco2 7,8,9,10,11
tas1 7,8,9,10,11
tAH 7,8,9,10,11

Document #: 38—00137—F
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Features Functional Description

e 128 macrocells in 8 LABs

8 dedicated inputs, 52 bidirectional
1/O pins

Programmable interconnect array

0.8-micron double-metal CMOS
EPROM technology (CY7C342)

Advanced 0.65-micron CMOS
technology to increase performance
(CY7C342B)

Available in 68-pin HLCC, PLCC, and
PGA

The CY7C342/CY7C342B is an Erasable
Programmable Logic Device (EPLD) in
which CMOS EPROM cells are used to
configure logic functions within the device.
The MAX architecture is 100% user confi-
gurable, allowing the devices to accommo-
date a variety of independent logic
functions.

The 128 macrocells in the CY7C342/
CY7C342B are divided into 8 Logic Array
Blocks (LABs), 16 per LAB. There are 256
expander product terms, 32 per LAB, tobe
used and shared by the macrocells within

128-Macrocell MAX® EPLD

Each LAB is interconnected with a pro-
grammableinterconnectarray,allowingall
signals to be routed throughout the chip.

The speed and density of the
CY7C342/CY7C342B allows it to be used
in a wide range of applications, from re-
placement of large amounts of 7400-series
TTL logic, to complex controllers and
multifunction chips. With greater than 25
times the functionality of 20-pin PLDs, the
CY7C342/CY7C342B allows the replace-
ment of over 50 TTL devices. By replacing
large amounts of logic, the CY7C342/
CY7C342B reduces board space, part
count, and increases system reliability.

each LAB.
Logic Block Diagram —
1 (B6) INPUT/CLK INPUT (A7) 68
2 (A6) INPUT INPUT  (A8) 66
32 (L4) INPUT INPUT (L) 36
34 (L5) INPUT INPUT  (K6) 35
| SYSTEM CLOCK
LAB A LAB H
4 (p5) ~———f MACROCELL 1 MACROCELL 120 }— (B8) 65
5(B4) ~—— WMACROCELLZ | | WACROCELLT18 _ |—— (A9) 64
6(Ad) =~ MACROCELL3 | [ MACROCELLT18__|— (B9)63
7(B8) ~——— "WMACROCELLA | [ WACROCELLT7 o  (A10) 62
8 (A3) —— 5 MACROCELL 116} (B10)61
9 (A2) MACROCELL 6 [ MACROCELL115__}—— (B11)60
10 (B2) ~———— _MACROCELL7 | MACROCELL 114 |——- (C11)59
11 (81) ——— MACROCELL 8 < MACROCELL 113 |—— (C10)58
MACROCELL 9-16 MACROCELL 121-128
LAB B l {} g L iLABG
12(C2) ~——f MACROCELL 101 |—— (D11)57
13 (C1) ~———— MACROCELL 18 MACROCELL 100 __|———— (D10)56
14 (D2) ~———1 MACROCELL 19 MACROCELL 99 — (E11)55
15 (D1) ~——"MACROCELL 20 ROCELL 98 — (F11)53
17 (E1) ~———] MACROCELL2T |\ MACROCELL 97 — (F10)52
MACROCELL 2232 |——N C: MACROCELL 102-112
H P
|
A
LAB C LAB F
18 (F2) MACROCELL 33 MACROCELL 85 F—— (G11)51
19 (F1) =] R 34 | MACROCELLB4 | (H11)49
21 (G1) MACROCELL 83 |—— (H10)48
22 (H2) | MACROCELL82 | @11}47
23 (H1) —MACROCELL 37 MACROCELL 81 __pw————  {J10) 46
MAGROCELL 3848 |—\ C_—_ MACROCELL 86-96
LABD é E {} lLABE
24 (J2) ~———]__MACROCELL 49 MACROCELL 72 (K11) 45
25 (J1) ~——{  WMACROCELL 50 MACROCELL 71 —— (K10) 44
26 (K1) =~ MACROCELL70 ___ t—— (L10)43
27 (K2) ~————r] ACROCELL 69 |— (L9)42
28 (L2) ~————y —MACRUCELL53 | IACROCELL 68 ___|——— (K9) 41
29 (K3) ~——— MACROCELL 54 ACROCELL 67 — (L8)40
30 (L) ~———f MACROCELLSS | _ N| ACROCELL 66 | (K8)39
31 (K4) =" MACROCELL56 | y < IACROCELL 65 =" (L7)38
MACROCELL 5764 MACROCELL 73—-80
3, 20, 37, 54 (85, G2, K7, E10) (>— Ve () - PERTAIN TO 68-PIN PGA PACKAGE
16, 33, 50, 67 (E2, K5, G10, B7) [_>—GND C342-1

MAX is a registered trademark of Altera Corporation. Warp2 and Warp3 are trademarks of Cypress Semiconductor.

3-24




= CY7C342
-

=5 CYPRESS CYIC342B

Selection Guide

7C342~25 7C342-30 7C342-35
7C342B-25 | 7C342B-30 | 7C342B-35
Maximum Access Time (ns) 25 30 35
Maximum Operating | Commercial | 250 250 250
Current (mA) Military 320 320 320
Industrial 320 320 320
Maximum Static Commercial 225 225 225
Current (mA) Military 775 275 275
Industrial | 275 275 275
Shaded area contains preliminary information.
Pin Configurations
PLCC PGA
Top View Bottom View
=1
5 2 5. & L o | vo |iNeuT|iNeUT|INPUT) KO | WO | WO | WO
g2z o2
2228282 72225=2228¢8228
nflaizinisicsisiniaisicsisininislin K] 1o o [l/e] /0 | GND JINPUT| Vgc | VO l{e] [/{e] 110
98765 43 21 686706665 646362
110 s o
o Ot wh 1o Jlw | wo o | 1o
o [12 58 110
o 13 57% 1o H| o | o o | o
10 [J14 se[] VO
o g1s ss[] /0
o | v GND | 1O
GND []16 54 Voo G cc
1o 17 53[] 1o
o s s2f1 10 |l wo { 1o 77(23;4225 o { 1o
10 Q19 7C342 51 /0
Vee 7C342B sofJ GND e | vo | GND Vee | 110
1o N o
110 0 o
110 A vo plw | w o | o
110 B o
o (] /o clw | wo o | vo
1o 28 39 40 N o
mpmps RJNEURINIEEIENpWR =S INPUT/|
09090995 % 555 8 09909099 B| IO /(o] 1o o | Vec Vok GND | 1O [l[e] o [lle]
T 5L 8L
2%z z2
casa2 A M| vo | w ] vo| o ineut|iNpuT|iNeuT| WO | 1O
1 2 3 4 5 6 7 8 s 10 1
C342-3
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Maximum Ratings .
(Above which the useful life maybe impaired. For user guidelines, DC Input Voltageltl .................... -30Vto + 7.0V
not tested.) DC Program VOIage .........c.oovvuveeunieennnns 13.0V
Storage Temperature .................. —65°Ct0 +150°C  taric Discharge Voltage . ...................... > 1100V
Ambient Temperature with (per MIL~STD~883, Method 3015)
Power Applied ............... ool 0°Cto +70°C .
Maximum Junction Temperature Operating Range
(underbias) .........cooiiiiiiiiiii 150°C Ambient
Supply Voltage to Ground Potential . . ... ... -3.0V to +7.0V Range Temperature Vcc
Maximum Power Dissipation ................... 2500 mW Commercial 0°Cto +70°C 5V *5%
DC Vecor GND Current ....... [ 500 mA Industrial -40°Cto +85°C 5V + 10%
DC Output Current per Pin .......... -25mAto +25 mA Military —55°C to +125°C (Case) 5V x= 10%
Electrical Characteristics Over the Operating Rangel?]
Parameter Description Test Conditions Min. Max. Unit
Von Output HIGH Voltage Ve = Min, Iog = —4.0 mA 2.4 \%
VoL Output LOW Voltage Ve = Min,, Igp = 8.0 mA 0.45 \"
Vin Input HIGH Voltage 2.2 Vee +0.3 \
v Input LOW Voltage -0.3 0.8 v
Irx Input Current GND < Vin £ Vee -10 +10 A
Ioz Output Leakage Current Vo = Ve or GND -40 +40 A
Tos Output Short Circuit Current | Vgc = Max., Voyr = 0.5VI34] -30 -90 mA
Icct Power Supply Current (Static) | Vi = GND (No Load) Com’l 225 mA
Mil/Ind 275
Icc Power Supply Currentl°] Vi = Vecor GND (No Load) | Com’l 250 mA
f= 1.0 MHzl* Mil/nd 350
tR Recommended Input Rise Time 100 ns
tp Recommended Input Fall Time 100 ns
CapacitancelS]
Parameter Description Test Conditions Max. Unit
CIN Input Capacitance Vin =2V, f = 1.0 MHz 10 pF
Cout Output Capacitance Vour = 2V, f = 1.0 MHz 10 pF
Notes:

1. Minimum DCinput is — 0.3V, During transitions, the inputs may un-
dershoot to ~ 3.0V for periods less than 20 ns.

2. Typical values are for Tp = 25°C and V¢ = 5V.

3. Not more than one output should be tested at a tipe. Duration of the
short circuit should not be more than one second. Voyt = 0.5V has
been chosen to avoid test problems caused by tester ground
degradation.

AC Test Loads and Waveformsb!

4. Guaranteed but not 100% tested.

5. Thisparameterismeasured with device programmed asa 16-bit count-
er in each LAB.

6. Part (a) in AC Test Load and Waveforms is used for all parameters ex-
cept tpr and txz, which is used for part (b) in AC Test Load and Wave-
forms. All external timing parameters are measured referenced to ex-
ternal pins of the device.

R1464Q R1464Q
> v ALL INPUT PULSES
OUTPUT ] OUTPUT b 3.0V - o0
10% 10%
50 pF R2 5 pF s R2 GND
I 250Q I 250Q . one
INCLUDING == - INCLUDING == - <6ns <
JGAND ~ = JGAND ~ =
SCOPE ) SCOPE Caaz-4 coines
a
Equivalent to: THEVENIN EQUIVALENT (commercial/military)

163Q
OUTPUT 0e——AM———0 1.75V



——
—
—-4

CY7C342
CY7C342B

=—=2YPRESS

Logic Array Blocks

There are 8 logic array blocks in the CY7C342/CY7C342B. Each
LAB consists of a macrocell array containing 16 macrocells, an ex-
pander product term array containing 32 expanders, and an I/O
block. The LAB is fed by the programmable interconnect array
and the dedicated input bus. Allmacrocell feedbacks go to the ma-
crocell array, the expander array, and the programmable intercon-
nect array. Expanders feed themselves and the macrocell array.
All T/O feedbacks go to the programmable interconnect array so
that they may be accessed by macrocells in other LABs as well as
the macrocells in the LAB in which they are situated.

Externally, the CY7C342/CY7C342B provides eight dedicated in-
puts, one of which may be used as a system clock. There are 521/O
pins that may be individually configured for input, output, or bidi-
rectional data flow.

Programmable Interconnect Array

TheProgrammable Interconnect Array (PIA)solvesinterconnect lim-
itations by routing only the signals needed by each logic array block.
The inputs to the PIA are the outputs of every macrocell within the
device and the I/O pin feedback of every pin on the device.

Unlike masked or programmable gate arrays, which induce vari-
able delay dependent on routing, the PIA has a fixed delay. This
eliminates undesired skews among logic signals that may cause
glitches in internal or externallogic. The fixed delay, regardiess of
programmable interconnect array configuration, simplifies design
by assuring that internal signal skews or races are avoided. There-
sultis ease of design implementation, often in a signal pass, without
the multiple internal logic placement and routing iterations re-

quired for a programmable gate array to achieve design timing ob-
jectives.

Timing Delays

Timing delays within the CY7C342/CY7C342B may be easily de-
termined using Warp2™, Warp3 ™ , or MAX+PLUS® software or
by the model shown in Figure 1. The CY7C342/CY7C342B has
fixed internal delays, allowing the user to determine the worst case
timing delays for any design. For complete timing information the
Warp3 or MAX+PLUS software provides a timing simulator.

Design Recommendations

Operation of the devices described herein with conditions
abovethoselisted under “Maximum Ratings” may cause perma-
nent damage to the device. Thisisastressrating only and func-
tional operation of the device at these or any other conditions
above those indicated in the operational sections of this data-
sheet is not implied. Exposure to absolute maximum ratings
conditions for extended periods of time may affect device reli-
ability. The CY7C342/CY7C342B contains circuitry to protect
device pins from high static voltages or electric fields, but nor-
mal precautions should be taken to avoid application of any
voltage higher than the maximum rated voltages.

For proper operation, input and output pins mustbe constrained to
the range GND < (Vinor Vout) < Vee. Unused inputs must al-
ways be tied to an appropriate logic level (either Vcc or GND).
Eachsetof Vccand GND pins must be connected together direct-
ly at the device. Power supply decoupling capacitors of at least 0.2
uF must be connected between Vccand GND. For the most effec-
tive decoupling, each V¢ pin should be separately decoupled to

EXPANDER _J
DELAY
texp
REGISTER
LOGIC ARRAY ’
CONTROL DELAY | tcim oéJETS\%T
INPUT by :
P OUTPUT
1
BNEP._‘ZQ LOGIC ARRAY | trsy tro :33 3
t DELAY tcome 2
" tap tRH tLATCH
SYSTEM CLOCK DELAY tics
PIA CLOCK
DELAY DEILAY
tpia c
FEEDBACK
DELAY
trD
1/0 DELAY
tlo C342-6

Figure 1. CY7C342/CY7C342B Internal Timing Model
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GND directly at the device. Decoupling capacitors should have
good frequency response, such as monolithic ceramic types have.

Design Security

The CY7C342/CY7C342B contains a programmable design secu-
rity feature that controls the access to the data programmed into
the device. If this programmable feature is used, a proprietary de-
sign implemented in the device cannot be copied or retrieved. This
enables a high level of design control to be obtained since pro-
grammed data within EPROM cells is invisible. The bit that con-
trols this function, along with all other program data, may be reset
simply by erasing the entire device.

The CY7C342/CY7C342B is fully functionally tested and guaran-
teed through complete testing of each programmable EPROM bit
and all internal logic elements thus ensuring 100% programming
yield.

The erasable nature of these devices allows test programs to be
used and erased during early stages of the production flow. The de-
vices also contain on-board logic test circuitry to allow verification
of function and AC specification once encapsulated in non-win-
dowed packages.

Typical Icc vs. fyax

400
S 300[~
>
< Vee =5.0V
3 Room Temp.
w
=
=
2
Q
£ 00 |-
1 ] I 1 1
100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 50 MHz
MAXIMUM FREQUENCY
Output Drive Current

100
loL
80 |-
Vee =5.0V
60 |~ Room Temp.

40

20

lo OUTPUT CURRENT (mA) TYPICAL

1
0 045 1 2 3 4 5
Vo OUTPUT VOLTAGE (V)

Timing Considerations

Unless otherwise stated, propagation delays do not include expan-
ders. When using expanders, add the maximum expander delay
tgxp to the overall delay. Similarly, there is an additional tpya
delay for an input from an I/O pin when compared to a signal from
straight input pin.

When calculating synchronous frequencies, use tg; if all inputs are
on dedicated input pins. The parameter tgy should be used if data
is applied at an I/O pin. If tgp is greater than tcoq, 1/ts becomes
the limiting frequency in the data path mode unless 1/(twy + twy.)
is less than 1/tsp.

‘When expander logic is used in the data path, add the appropriate
maximum expander delay, tgxp tots;. Determine which of 1/(twy
+ twL), 1/tco1, or 1/(tgxp + ts1) is the lowest frequency. The low-
est of these frequencies is the maximum data path frequency for
the synchronous configuration.

When calculating external asynchronous frequencies, use ta gy ifall
inputs are on the dedicated input pins. If any data is applied to an
1/0 pin, tasy must be used as the required set-up time. If (tasy +
tag) is greater than taco1, 1/(tasz + tan) becomes the limiting
frequency in the data path mode unless 1/(tawH + tawr) is less
than 1/(tasy + tap)-

‘When expander logic is used in the data path, add the appropriate
maximum expander delay, tgxp to tas;. Determine which of
1/(tawy + tawL), 1/taco1, or 1/(tgxp + tasy) is the lowest fre-
quency. The lowest of these frequencies is the maximum data path
frequency for the asynchronous configuration.

The parameter toy indicates the system compatibility of this de-
vice when driving other synchronous logic with positive input hold
times, which is controlled by the same synchronous clock. Iftopis
greater than the minimum required input hold time of the subse-
quent synchronous logic, then the devices are guaranteed to func-
tion properly with a common synchronous clock under worst-case
environmental and supply voltage conditions.

The parameter tpop indicates the system compatibility of this de-
vice when driving subsequent registered logic with a positive hold
time and using the same asynchronous clock as the
CY7C342/CY7C342B.

In general, if tooy is greater than the minimum required input
hold time of the subsequent logic (synchronous or asynchronous)
then the devices are guaranteed to function properly under worst-
case environmental and supply voltage conditions, provided the
clock signal source is the same. This also applies if expander logic
is used in the clock signal path of the driving device, but not for the
driven device. This is due to the expander logic in the second de-
vice’s clock signal path adding an additional delay (tgxp) causing
the output data from the preceding device to change prior to the
arrival of the clock signal at the following device’s register.



CY7C342

CYPRESS CY7C342B
Commercial and Industrial External Synchronous Switching Characteristics(] Over Operating Range
7C342B~12 | 7C342B—-15 | 7C342B~-20
Parameter Description Min. | Max, | Min. | Max, | Min. | Max. | Unit
tpD1 Dedicated Input to Combinatorial Output Delayl’] 12 15 20 ns
tpD2 1/O Input to Combinatorial Output Delayl®] 20 25 32 ns
tpD3 Dedicated Input to Combinatorial Qutput Delay with 18 23 30 ns
Expander Delayl%] ’
tpp4 1/0 In[put to Combinatorial Output Delay with Expander 26 33 42 ns
Delayl* 101 i
tEA Input to Output Enable Delayl* 7] 12 15 20 ns
tER Input to Output Disable Delayl4 71 12 15 20 ns
tcot Synchronous Clock Input to Output Delay 6 -7 1 8 ns
tco2 Synchronous Clock to Local Feedback to 14 17 120 ns
Combinatorial Qutput(% j
ts1 Dedicated Input or Feedback Set-Up Time to
Synchronous Clock Inputl7- 12|
ts2 1/O Input Set-Up Time to Synchronous Clock Inputl’l
ty Input Hold Time from Synchronous Clock Inputl’]
twH Synchronous Clock Input HIGH Time
twL Synchronous Clock Input LOW Time
tRW Asynchronous Clear Width[4 7]
tRR Asynchronous Clear Recovery Timel% 7]
trRO Asynchronous Clear to Registered Qutput Delayl’]
tpw Asynchronous Preset Width(4 7]
tpR Asynchronous Preset Recovery Timel 7]
tpo Asynchronous Preset to Registered Output Delayl”]
tcr Synchronous Clock to Local Feedback Inputl4 13]
tp External Synchronous Clock Period (1/(fpax3 )
fmaxi External Feedback Maximum Frequency
(U(tcor + tsp))l+ 14
fmAx2 Internal Local Feedback Maximum Frequency, lesser of
(1(ts1 + tcp)) or (Itcop)* 1)
fMaxs Data Path Maximum Freq4uency, lesser of (1/(twL + twn)), 1.
(U(ts1 + tm)) or (Ltcop)t™ 161 :
fMaxa Maximum Register Toggle Frequency (1/(twL+twr))4 71 | 1111 100 71.4
toH Output Data Stable Time from Synchronous Clock Input(% 18] | 3 3
Shaded area contains preliminary information.
7C342-25 7C342—-30 7C342-35
7C342B-25 | 7C342B~-30 | 7C342B—35
Parameter Description Min. | Max. { Min. | Max. | Min. | Max. | Unit
tpD1 Dedicated Input to Combinatorial Qutput Delayl’] 25 30 35 ns
tpD2 1/O Input to Combinatorial Output Delay[8] 39 46 55 ns
tpD3 Dedicated Input to Combinatorial Output Delay with 37 44 55 ns
Expander Delayl]
tpD4 1/0 In[put to Combinatorial Output Delay with Expander 51 60 75 ns
Delayl* 10]
tea Input to Output Enable Delayl% 7] 25 30 35 ns
tER Input to Output Disable Delayl# 7] 25 30 35 ns
tco1 Synchronous Clock Input to Output Delay 14 16 20 ns
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Commercial and Industrial External Synchronous Switching Characteristics (continued)

7C342-25 | 7C342-30 7C342-35
7C342B-25 | 7C342B—-30 | 7C342B—-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tcoz Synchronous Clock to Local Feedback to Combinatorial 30 35 42 ns
Outputl* 11]
ts1 Dedicated In7put or Feedback Set-Up Time to Synchronous 15 20 25 ns
Clock Inputl”12]
ts2 /O Input Set-Up Time to Synchronous Clock Inputl’] 29 36 45 ns
tH Input Hold Time from Synchronous Clock Inputl’] 0 0 0 ns
twH Synchronous Clock Input HIGH Time 8 10 12.5 ns
twL Synchronous Clock Input LOW Time 8 10 12.5 ns
tRW Asynchronous Clear Width!% 7] 25 30 35 ns
tRR Asynchronous Clear Recovery Timel* 7] 25 30 35 ns
trRO Asynchronous Clear to Registered Output Delayl’] 25 30 35 ns
tpw Asynchronous Preset Widthl* 7] 25 30 35 ns
tpR Asynchronous Preset Recovery Timel* 7] 25 30 35 ns
tpo Asynchronous Preset to Registered Output Delayl’] 25 30 35 ns
tep Synchronous Clock to Local Feedback Input!4 131 3 3 6 ns
tp External Synchronous Clock Period (1/(fpax3))l¥! 16 20 25 ns
fMaxi External Feedback Maximum Frequency 345 27.7 222 MHz
((tcor + tsp)t 14]
fmaxz Internal Local Feedback Maximum Frequency, lesser of 555 434 322 MHz
(U(ts1 + tcp)) or (Litcont 1!
fmaxs Data Path Maximum Freq4uency, lesser of (1/(twL + twh))s 62.5 50 40 MHz
(/(ts1 + ta) or (L/tcop)!™ 1°]
fyaxa Maximum Register Toggle Frequency (1/(twp +tws))!4 7] 62.5 50 40 MHz
ton Output Data Stable Time from Synchronous Clock Input® 181 | 3 3 3 ns
Notes:
7. This specification is a measure of the delay from input signal applied ~ 12. Ifdataisapplied to an1/O input for capture by amacrocell register, the

to adedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 66, or 68)
to combinatorial output on any output pin. This delay assumes no ex-
pander terms are used to form the logic function.

‘When this note is applied to any parameter specification it indicates
that the signal (data, asynchronous clock, asynchronous clear, and/or
asynchronous preset) is applied to a dedicated input only and no signal
path (either clock or data) employs expander logic.

If an input signal is applied to an I/O pin an additional delay equal to
tpra should be added to the comparable delay for a dedicated input.
If expanders are used, add the maximum expander delay tgxp to the
overall delay for the comparable delay without expanders.

8. This specification is a measure of the delay from input signal applied
to an I/O macrocell pin to any output. This delay assumes no expander
terms are used to form the logic function.

9. Thisspecification is a measure of the delay from an input signal applied to
a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 36, 66, or 68) to
combinatorial output on any output pin. This delay assumes expander
terms are used to form the logic function and includes the worst-case ex-
pander logic delay for one pass through the expander logic.
Thisspecification is ameasure of the delay from an input signal applied
to an I/O macrocell pin to any output. This delay assumes expander
terms are used to form the logic function and includes the worst-case
expander logic delay for one pass through the expander logic. This pa-
rameter is tested periodically by sampling production material.
This specification is a measure of the delay from synchronous register
clock to internal feedback of the register output signal to the input of
the LAB logic array and then to a combinatorial output. This delay as-
sumes no expanders are used, register is synchronously clocked and all
feedback iswithin the same LAB. This parameter is tested periodically
by sampling production material.

10.

11.

1/0 pin input set-up time minimums should be observed. These pa-
rameters are ts for synchronous operation and tas; for asynchronous
operation.

This specification is ameasure of the delay associated with the internal
register feedback path. This is the delay from synchronous clock to
LAB logic array input. This delay plus the register set-up time, tgg, is
the minimum internal period for an internal synchronous state ma-
chine configuration. This delay is for feedback within the same LAB.
This parameter is tested periodically by sampling production material.
This specification indicates the guaranteed maximum frequency, in
synchronous mode, at which a state machine configuration with exter-
nal feedback can operate. It is assumed that all data inputs and feed-
back signals are applied to dedicated inputs. All feedback is assumed
to be local originating within the same LAB.

This specification indicates the guaranteed maximum frequency at
which a state machine with internal-only feedback can operate. Ifreg-
ister output states must also control external points, this frequency can
still be observed as long as this frequency is less than 1/tcos.

This frequency indicates the maximum frequency at which the device
may operate in data path mode (dedicated input pin to output pin).
This assumes data input signals are applied to dedicated input pinsand
no expander logic is used. If any of the data inputs are I/O pins, tg is
the appropriate tg for calculation.

This specification indicates the guaranteed maximum frequency, in
synchronousmode, atwhich an individual output or buried registercan
be cycled by a clock signal applied to the dedicated clock input pin.
This parameter indicates the minimum time after a synchronous regis-
ter clock input that the previous register output data is maintained on
the output pin.

13.

14.

15.

16.

17.

18.
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Commercial and Industrial External Asynchronous Switching CharacteristicslS Over Operating Range

7C342B—12 | 7C342B~-15 | 7C342B—-20
Parameter Description Min. | Max. | Min. | Max. | Min. | Max..| Unit
tacol Asynchronous Clock Input to Output Delayl’] 0 | ns
taACO2 Asynchronous Clock Input to Local Feedback to Combinatorial ’ ns
Output!19]
tas1 Dedicated Input or Feedback Set-Up Time to Asynchronous ns
Clock Input[ﬁ
tasz 1/O Input Set-Up Time to Asynchronous Clock Inputl?] ns
tAH Input Hold Time from Asynchronous Clock Input(’] ns
tAWH Asynchronous Clock Input HIGH Timel7] ns
tAWL Asynchronous Clock Input LOW Timel7: 201 ns
tacr Asynchronous Clock to Local Feedback Inputl4 21] ’ ns
tap External Asynchronous Clock Period (1/(fpaxas))! 14 16 18 ns
fmaxail External Feedback Maximum Frequency in Asynchronous 62.5 50 40 - MH:z
Mode (1/(tacor + tas))t 2 ‘ :
fmaxa2 | Maximum Internal Asynchronous Frequencyl® 23 | 714 62.5 55:5 | MHz
fMaxA3 Data Path Maximum Frequency in Asynchronous Model4 24] 833 66.6 50 | MHz
fmaxa4 | Maximum Asynchronous Register Toggle Frequency 71.4 62:5 MHz
Y(tawn + tawD)l®
tAOH Output Data Stable Time from Asynchronous Clock Inputl% 261 |- 12 12 ns
Shaded area contains preliminary information.
Notes:

19. This specification is a measure of the delay from an asynchronous reg-
ister clock input to internal feedback of the register output signal to the
input of the LAB logic array and then to a combinatorial output. This
delay assumes no expanders are used in the logic of combinatorial out-
put or the asynchronous clock input. The clock signal is applied to the
dedicated clock input pin and all feedback is within a single LAB. This
parameter is tested periodically by sampling production material.

20. This parameter is measured with a positive-edge triggered clock at the
register. For negative edge triggering, the tawp and tawy parameters
must be swapped. If a given input is used to clock multiple registers
with both positive and negative polarity, t awp should be used for both
taws and tawy.

21. Thisspecification is a measure of the delay associated with the internal
register feedback path for an asynchronousclock toLABlogicarrayin-
put. This delay plus the asynchronous register set-up time, togs, is the
minimum internal period for an internal asynchronously clocked state
machine configuration. This delay is for feedback within the same
LAB, assumesno expanderlogicin the clock path, and assumes that the
clock input signal is applied to a dedicated input pin. This parameter
is tested periodically by sampling production material.

22. This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine configuration with ex-
ternal feedback can operate. It is assumed that all data inputs, clock in-

23.

24,

25.

26.

puts, and feedback signals are applied to dedicated inputs and that no
expander logic is employed in the clock signal path or data path.
This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine with internal-only
feedback can operate. This parameter is determined by the lesser of
(1/(tack + tas1)) or (1/(tawH + tawy)). If register output states must
also control external points, this frequencycan still be observed aslong
as this frequency is less than 1/toco1.

This specification assumes no expander logic is utilized, all data inputs
and clock inputs are applied to dedicated inputs, and all state feedback
is within a single LAB. This parameter is tested periodically by sam-
pling production material.

This frequency is the maximum frequency at which the device may op-
erate in the asynchronously clocked data path mode. This specification
is determined by the lesser of 1/(tawn + tawL), 1/(tas1 + tam) or
1/taco1. It assumes data and clock input signals are applied to dedi-
cated input pins and no expander logic is used.

This specification indicates the guaranteed maximum frequency at which
an individual output or buried register can be cycled in asynchronously
clocked mode by a clock signal applied to an external dedicated input pin.
This parameter indicates the minimum time that the previous register
output data is maintained on the output after an asynchronous register
clock input applied to an external dedicated input pin.



= CY7C342
)= CY7C342B

==¢ CYPRESS

Commercial and Industrial External Asynchronous Switching Characteristics(®! Over Operating Range (continued)

7C342-25 | 7C342-30 | 7C342-35
7C342B-25 | 7C342B—30 | 7C342B-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tACO1 Asynchronous Clock Input to Output Delaym 25 30 35 ns
tACO2 Asynchronous Clock Input to Local Feedback to Combinatorial 39 46 55 ns
Output(!9]
tas1 Dedicated Input or Feedback Set-Up Time to Asynchronous 5 6 8 ns
Clock anut[ﬁ
tasz 1/O Input Set-Up Time to Asynchronous Clock Inputl’] 19 22 28 ns
tAl Input Hold Time from Asynchronous Clock Inputm 6 8 10 ns
tAWH Asynchronous Clock Input HIGH Timel] 11 14 16 ns
tAWL Asynchronous Clock Input LOW Timel”> 20] 9 11 14 ns
tACF Asynchronous Clock to Local Feedback Input(* 21] 15 18 22 ns
tAP External Asynchronous Clock Period (1/(fpaxas))l?! 20 25 30 ns
fMaxAl External Feedback Maximum Frequency in Asynchronous 333 277 232 MHz
Mode (1/(tacos + tas))l 22!
fmaxa2 | Maximum Internal Asynchronous Frequencyl® 23] 50 40 333 MHz
fmaxas Data Path Maximum Frequency in Asynchronous Model% %] 40 333 285 MHz
fmaxasg Maximum Asynchronous Register Toggle Frequency 50 40 333 MHz
1(tawn + tawD)®
tAOH Output Data Stable Time from Asynchronous Clock Inputl® 201 [ 15 15 15 ns
Commercial and Industrial Typical Internal Switching Characteristics Over Operating Range
7C342B-12 | 7C342B~15 | 7C342B~20
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
N Dedicated Input Pad and Buffer Delay |
t1o I/O Input Pad and Buffer Delay
tEXP Expander Array Delay
tLAD Logic Array Data Delay
tLAC Logic Array Control Delay
top Output Buffer and Pad Delay
tzx Output Buffer Enable Delayl?7]
txz, Output Buffer Disable Delay
tRSU Register Set-Up Time Relative to Clock Signal at Register
tRH Register Hold Time Relative to Clock Signal at Register
tLATCH Flow Through Latch Delay
tRD Register Delay
tcoOMB Transparent Mode Delayl28]
tcH Clock HIGH Time
tcL Clock LOW Time
tic Asynchronous Clock Logic Delay
tics Synchronous Clock Delay
trD Feedback Delay
tPRE Asynchronous Register Preset Time
tcLR Asynchronous Register Clear Time
tpcw Asynchronous Preset andClear Pulse Width
tpCR Asynchronous Preset and Clear Recovery Time
tpia Programmable Interconnect Array Delay Time

Shaded area contains preliminary information.



Iﬂ

*l

= =

= — 3
-
r—J

Commercial and Industrial Typical Internal Switching Characteristics Over Operating Range (continued)

CYPRESS

CY7C342
CY7C342B

7C342-25 7C342-30 7C342-35
7C342B-25 | 7C342B—30 | 7C342B-35
Parameter Description Min. | Max. | Min, | Max. | Min. | Max. | Unit
N Dedicated Input Pad and Buffer Delay 5 7 9 ns
tio I/O Input Pad and Buffer Delay 6 6 9 ns
tEXP Expander Array Delay 12 14 20 ns
tLAD Logic Array Data Delay 12 14 16 ns
tLAC Logic Array Control Delay 10 12 13 ns
top Output Buffer and Pad Delay 5 5 6 ns
tzx Output Buffer Enable Delay[27] 10 1 13 ns
txz7 Output Buffer Disable Delay 10 11 13 ns
tRSU Register Set-Up Time Relative to Clock Signal at Register 6 8 10 ns
tRH Register Hold Time Relative to Clock Signal at Register 6 8 10 ns
tL ATCH Flow Through Latch Delay 3 4 4 ns
tRD Register Delay 1 2 2 ns
tcoMB Transparent Mode Delay[28] 3 4 4 ns
tcu Clock HIGH Time 8 10 12.5 ns
tcL Clock LOW Time 8 10 125 ns
tic Asynchronous Clock Logic Delay 14 16 18 ns
tics Synchronous Clock Delay 2 2 3 ns
teD Feedback Delay 1 1 2 ns
tPRE Asynchronous Register Preset Time 5 6 7 ns
tCLR Asynchronous Register Clear Time 5 6 7 ns
tpew Asynchronous Preset and Clear Pulse Width 5 6 7 ns
tPCR Asynchronous Preset and Clear Recovery Time 57 6 7 ns
tPIA Programmable Interconnect Array Delay Time 14 16 20 ns
Notes:

27. Sample tested only for an output change of 500 mV.

28. This specification guarantees the maximum combinatorial delay asso-
ciated with the macrocell register bypass when the macrocell is confi-
gured for combinatorial operation.
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Military External Synchronous Switching Characteristics!®l Over Operating Range

7C342-30 7C342-35
. 7C342B~15 7C342B-30 | 7C342B-35

Parameter Description 1 Min. | Max. | Min. | Max. | Unit

teD1 Dedicated Input to Combina- 30 35 ns
torial Output Delayl’] [

tpp2 I/O Input to Combinatorial 46 55 ns
Output Delay!8]

tpD3 Dedicated Input to Combina- 44 55 ns
torial Output Delay with Ex-
pander Delayl¥]

tep4 1/O Input to Combinatorial 60 75 ns
Output Delay with
Expander Delayl4 10]

tEA Input to Output Enable 30 35 ns
Delay(* 7

tER Input to Output Disable 30 35 ns
Delayl%

tco1 Synchronous Clock Input to 16 20 ns
Output Delay

tcoz Synchronous Clock to Local 35 42 ns
Feedback to Combinatorial
Output(4 1]

ts1 Dedicated Input or Feedback 20 25 ns
Set-Up Time to Synchronous
Clock Inputl” 12]

ts2 1I/0 Input Set-Up Time to 36 45 ns
Synchronous Clock Inputl7]

tH Input Hold Time from 0 0 ns
Synchronous Clock Inputl’]

twH Synchronous Clock Input 10 12.5 ns
HIGH Time

twL Synchronous Clock Input 10 12.5 ns
LOW Time

tRW Asynchronous Clear Width[4 7] 30 35 ns

tRR Asynchronous Clear Recovery | 35 ns
Timel® k

trRO Asynchronous Clear to Regis- 30 35 ns
tered Output Delayl’]

tpw Asynchronous Preset 35 ns
Width[4.7]

tpR Asynchronous Preset 35 ns
Recovery Timel4 71 ;

tpo Asynchronous Preset to Regis- | 30 35 ns
tered Output Delay!’]

tcr Synchronous Clock to Local 3 6 ns
Feedback Input4 13

tp External Synchronous Clock 25 ns
Period (1/(fmaxa))l*!
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Shaded area contains preliminary information.
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Military External Synchronous Switching Characteristics(6] Over Operating Range (continued)
L ‘ 7C342—-30 | 7C342-35
| 7C342B—1 7C342B~30 | 7C342B—-35
Parameter Description i Min. | Max. | Min. | Max. | Unit
fmaxi External Feedback Maximum 277 222 MHz
Frequency (1/(tcos + tsp)l* 141
fmaxz Internal Local Feedback 43.4 322 MHz
Maximum Frequency, lesser of
(/(ts1 + tcE)) or (Ltcon 1!
fmaxs Data Path Maximum Frequency, 50 40 MHz
lesser of (1/(twr + twH))
(1ts1 + t)) or (I/tcon)* 16]
fMAX4 Maximum Register Toggle 50 40 MHz
Frequency (1/(twrL + twr))* 17}
toH Output Data Stable Time from 3 3 ns
Synchronous Clock Inputl4 18]
Shaded area contains preliminary information.
Military External Asynchronous Switching Characteristicsl6] Over Operating Range
: [ 7c342-30 | 7C342-35
7C342B—-30 | 7C342B—-35
Parameter Description Min. | Max. | Min. | Max. | Unit
taco1 Asynchronous Clock Input to 30 35 ns
Output Delayl’]
tACO2 Asynchronous Clock Input to 46 55 ns
Local Feedback to Combinatorial
Output(19]
tAs1 Dedicated Input or Feedback 6 8 ns
Set-Up Time to Asynchronous
Clock Inputl7]
tas2 1/O Input Set-Up Time to 22 28 ns
Asynchronous Clock Input!’]
tAH Input Hold Time from 8 10 ns
Asynchronous Clock Inputl’]
tAWH Asynchronous Clock Input 14 16 ns
HIGH Timel’]
tAWL Asynchronous Clock Input 11 14 ns
LOW Timel7> 20]
tACF Asynchronous Clock to Local 18 22 ns
Feedback Inputl 21]
tAp External Asynchronous Clock 25 30 ns
Period (1/(fmaxaq))l4!
fmaxal External Feedback Maximum 277 232 MHz
Frequency in Asynchronous
Mode (1/(taco1 + tas)!» %
fMAXA2 Maximum Internal Asynchronous |:62. 40 333 MHz
Frequencyl4 ~
fMAXA3 Data Path Maximum Freq;lency 333 28.5 MHz
in Asynchronous Model* 24]
fMaxad Maximum Asynchronous 40 333 MHz
Register Toggle Freggency
U(tawn + taw)[» >
tAOH Output Data Stable Time from 15 15 ns
Asynchronous Clock Inputl# 261
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Military Typical Internal Switching Characteristics Over Operating Range
: 4 7C342~30 | 7C342-35
Parameter Description x| Min. | Max. | Min. | Max. } Unit
tiN Dedicated Input Pad and : 7 9 ns
Buffer Delay
tio I/O Input Pad and Buffer Delay 6 9 ns
tEXP Expander Array Delay 14 20 ns
tLAD Logic Array Data Delay 14 16 ns
tLAC Logic Array Control Delay 12 13 ns
toD Output Buffer and Pad Delay 5 6 ns
tzx Output Buffer Enable Delayl27] 11 13 ns
txz Output Buffer Disable Delay 11 13 ns
tRSU Register Set-Up Time Relative 8 10 ns
to Clock Signal at Register
tRH Register Hold Time Relative 8 10 ns
to Clock Signal at Register
tLATCH Flow Through Latch Delay ns
trRD Register Delay ns
tcoMB Transparent Mode Delayl(28] ns
tcH Clock HIGH Time 10 12.5 ns
tcL Clock LOW Time 10 12.5 ns
tic Asynchronous Clock Logic Delay 16 18 | ns
tics Synchronous Clock Delay 2 3 ns
tFD Feedback Delay 1 2 ns
tPRE Asynchronous Register Preset 6 ns
Time
tcLR Asynchronous Register Clear 6 7 ns
Time
tpcw Asynchronous Preset and 6 7 ns
Clear Pulse Width
tpCR Asynchronous Preset and 6 7 ns
Clear Recovery Time
tpiA Programmable Interconnect 16 20 ns
Array Delay Time

Shaded area contains preliminary information.
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Switching Waveforms
External Combinatorial
DEDICATED INPUT/
1/0 INPUT

COMBINATORIAL
OUTPUT

COMBINATORIAL OR
REGISTERED OUTPUT

HIGH-IMPEDANCE
THREE-STATE

CY7C342

CY7C342B
re—— tpp1[7tppol®]
P—
H— HIGH-IMPEDANCE
b o THREE-STATE

teal?] ]
|‘— EA —;L

(g VALID OUTPUT

C342-7

External Synchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACKI7!

SYNCHRONOQUS
CLOCK

ASYNCHRONOUS
CLEAR/PRESETI7!

REGISTERED
OUTPUTS

COMBINATORIAL QUTPUT FROM
REGISTERED FEEDBACKI1]

ton

ty $ je— ty

taw/tew tra/ter

tro/tro

T

tcoz

C342-8

External Asynchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACK

ASYNCHRONOUS

CLOCKINPUT _______ /

ASYNCHRONQUS
CLEAR/PRESET

ASYNCHRONOUS REGISTERED
QUTPUTS

COMBINATORIAL QUTPUT FROM
ASYNCHRONOUS REGISTERED
FEEDBACK

tas1 PTe tAH

tacon

tAoH —»]

tAwH —> e tawl

taw/tew trr/ter

tro/tro

-

tacoz

C342-9
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Switching Waveforms (continued)

Internal Combinatorial

INPUT PIN

/O PIN

EXPANDER
ARRAY DELAY

LOGIC ARRAY
INPUT

LOGIC ARRAY
OUTPUT

CY7C342
CY7C342B
* N
tpia
to |«— .
p— tEXP —
X tLac ttap —
C342-10

Internal Asynchronous

tR

CLOCKPIN

CLOCK INTO
LOGIC ARRAY

CLOCK FROM
LOGIC ARRAY

DATA FROM
LOGIC ARRAY

REGISTER OUTPUT
TO LOCAL LAB
LOGIC ARRAY

REGISTER OUTPUT
TO ANOTHER LAB

tic ——

trsy —>1e trH

% toLptere —fe= tep

tRotLATCH —je— trD

X

t}

C342-11

Internal Synchronous

SYSTEM CLOCK PIN

SYSTEM CLOCK
AT REGISTER

DATA FROM
LOGIC ARRAY

<—th—-|

toL ———»

N\

je— tics

j-— tRSU —

fe—— iRy

—X

C342-12
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Switching Waveforms (continued)

Internal Synchronous

CLOCK FROM
LOGIC ARRAY

DATA FROM
LOGIC ARRAY

OUTPUT PIN

tRD

top —

X

X

X?&q

)E _
HIGH IMPEDANCE

A

STATE N

C342-13
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Ordering Information

S(T:)d Ordering Code P;;l:ge Package Type O];{e;:&ng

12 CY7C342B-12HC HS81 68-Pin Windowed Leaded Chip Carrier Commercial
CY7C342B—-12JC 181 68-Lead Plastic Leaded Chip Carrier
CY7C342B-12RC R68 68-Pin Windowed Ceramic Pin Grid Array

15 CY7C342B-15HC/HI H81 68-Pin Windowed Leaded Chip Carrier Commercial/
CY7C342B— 151G/ 381 | 68-Lead Plastic Leaded Chip Carrier Industrial
CY7C342B~15RC/RI R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342B-15HMB HS81 68-Pin Windowed Leaded Chip Carrier Military
CY7C342B—15RMB R68 68-Pin Windowed Ceramic Pin Grid Array

20 CY7C342B-20HC/HI H81 68-Pin Windowed Leaded Chip Carrier Commercial/
CY7C342B-20C/ 781 | 68-Lead Plastic Leaded Chip Carrier Industrial
CY7C342B-20RC/RI R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342B-20HMB HS81 68-Pin Windowed Leaded Chip Carrier Military
CY7C342B—-20RMB R68 68-Pin Windowed Ceramic Pin Grid Array

25 CY7C342—-25HC/HI HS81 68-Pin Windowed Leaded Chip Carrier Commercial/
CY7C342-251CN1 7181 |68-Lead Plastic Leaded Chip Carrier Industrial
CY7C342-25RC/RI R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342B—25HC/HI H81 68-Pin Windowed Leaded Chip Carrier
CY7C342B~-25JC/I1 J81 68-Lead Plastic Leaded Chip Carrier
CY7C342B—-25RC/RI R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342B-25HMB H81 68-Pin Windowed Leaded Chip Carrier Military
CY7C342B-25RMB R68 68-Pin Windowed Ceramic Pin Grid Array

30 CY7C342—-30HC/HI HS1 68-Pin Windowed Leaded Chip Carrier Commercial/
CY7C342—301C/T 181 | 68-Lead Plastic Leaded Chip Carrier Industrial
CY7C342—-30RC/RI R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342B-30HC/HI HS81 68-Pin Windowed Leaded Chip Carrier
CY7C342B—-30JC/J1 181 68-Lead Plastic Leaded Chip Carrier
CY7C342B—30RC/RI R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342—-30HMB H81 68-Pin Windowed Leaded Chip Carrier | Military
CY7C342-30RMB R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342B-30HMB HS81 68-Pin Windowed Leaded Chip Carrier
CY7C342B-30RMB R68 68-Pin Windowed Ceramic Pin Grid Array

35 CY7C342-35HC/HI H81 68-Pin Windowed Leaded Chip Carrier Commercial/
CY7C342-351C/I1 781 | 68-Lead Plastic Leaded Chip Carrier Industrial
CY7C342—-35RC/RI R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342B—-35HC/HI HS81 68-Pin Windowed Leaded Chip Carrier
CY7C342B-35JC/II1 J81 68-Lead Plastic Leaded Chip Carrier
CY7C342B—35RC/RI R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342-35HMB H81 68-Pin Windowed Leaded Chip Carrier | Military
CY7C342—-35RMB R68 68-Pin Windowed Ceramic Pin Grid Array
CY7C342B—~35HMB H81 68-Pin Windowed Leaded Chip Carrier
CY7C342B—-35RMB R68 68-Pin Windowed Ceramic Pin Grid Array
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MILITARY SPECIFICATIONS
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CY7C342B

Group A Subgroup Testing

DC Characteristics

Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
Vi 1,23
Vi 1,2,3
Iix 1,2,3
Ioz 1,2,3
Icct 1,2,3

Document #: 38—00119—F

Switching Characteristics

Parameter Subgroups

tpD1 7,8,9,10,11
tpp2 7,8,9,10,11
tpD3 7,8,9,10,11
tcol 7,8,9,10, 11
ts1 7,8,9,10, 11
ts2 7,8,9,10, 11
tH 7,8,9,10,11
twH 7,8,9,10,11
twL 7,8,9,10,11
trRO 7,8,9,10,11
tpo 7,8,9,10, 11
tACO1 7,8,9,10, 11
tast 7,8,9,10,11
tAH 7,8,9,10,11
tAWH 7,8,9,10,11
tAWL 7,8,9,10, 11
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64-Macrocell MAX®

EPLD
Features Functional Description connect Array (PIA). There are 8 input pins,
o 64 MAX macrocells in 4 LABs one that doubles as a clock pin when needed.

8 dedicated inputs, 24 bidirectional
T/O pins

Programmable interconnect array
0.8-micron double-metal CMOS
EPROM technology (CY7C343)
Advanced 0.65-micron CMOS
technology to increase performance
(CY7C343B)

Available in 44-pin HLCC, PLCC

The CY7C343/CY7C343B is a high-per-
formance, high-density erasable program-
mable logic device, available in 44-pin
PLCC and HLCC packages.

The CY7C343/CY7C343B contains 64
highly flexible macrocells and 128 expander
product terms. These resources are divided
into four Logic Array Blocks (LABSs) con-

The CY7C343/CY7C343B also has 28
I/0 pins, each connected to amacrocell
(6 for LABs A and C, and 8 for LABs B
and D). The remaining 36 macrocells are
used for embedded logic.

The CY7C343/CY7C343B is excellent for
a wide range of both synchronous and
asynchronous applications.

e Lowest power MAX device nected through the Programmable Inter-
Logic Block Diagram
9INPUT [ ] <] INPUT 35
11 INPUT > <] INPUT/CLK 34
12INPUT >— <] INPUT 33
13inpuT > <J INPUT 31
DEDICATED INPUTS
[ SYSTEM GLOGK ] )
LABA y LABD
2 — MACROCELL MACROCELL 56 __}—{ 1
4 O MACROCELL MACROCELL 55 — 4
/O PINS 5 C— MACROCELL N | | MACROCELL 54 0 42
6 CO— MACROCELL \l MACROCELL 53 /0 4 1/0 PINS
7 O— MACROCELL 5 MACROCELL52 ___|—{] 40
s CO— MACROCELL 6 MACROCELL 51 —J 39
50— as
MACROGELLS 7 - 16 3 k [ WACROCELLZS —T—7 a7
| P MACROCELLS 57 — 64
LAB B i { } | { LAB C
15 &—1 MACROCELL MACROCELL 38—~ 30
16 & MACROCELL 13 A 37 O 20
17 & MACROCELL 19 \l/; N MACROCELL 36 |——1I1
jorms 18 B MACROCELL 20 | MACROCELL 35 0 g? 0 PINS
/ 19 O MACROCELL 21 V MACROCELL32 __|—11 26
20 OO MACROCELL 22 MACROCELL 33 —1{ 24
22 O— MACROCELL 23
23 C}——____ MACROCELL 24 A
K MACROCELLS 39 — 48
MACROCELLS 25 — 32
3, 14,25,36) >— v,
(10,21,32,43 [>— GND 3431
Selection Guide
7C343-20 | 7C343-25 | 7C343-30 | 7C343-35
-] 7C343B—20 | 7C343B—25 | 7C343B-30 | 7C343B~35
Maximum Access Time (ns) 20 25 30 35
Maximum Operating Commercial 135 135 135 135
Current (mA Military 325 525 235 225
Industrial 225 225 225 225
Maximum Standby Commercial 125 125 125 125
Current (mA) Military 300 200 200 200
Industrial 200 200 200 200

Shaded area contains advanced information.
MAX and MAX+PLUS are registered trademarks of Altera Corporation. Warp2 and Warp3 are trademarks of Cypress Semiconductor
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5 : HLCC
Pin Configuration Top View
cgo 82298
/ 6 5 4 3 2 ||1_J 44 43 42 41 40
[lle} Ij 7 39[] o
o s 38l 1 /O
INPUT [J o a7|J 1o
GND [ 10 a6l Vee
INPUT [ 14 35] INPUT
INPUT 12 34[] INPUT/CLK
INPUT [ 13 33| ] INPUT
Ve [ 14 3p[] GND
o [ 1s 7C343 31[] INPUT
1o e 30[] O
[l[e] E 17 29 :| 110
18 19 20 21 22 23 24 25 26 27 28
999%929>822% C343-2
Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, DC Input Voltagel!l ..................... =3.0V to +7.0V
not tested.) DC Program VOltage «........c..c.vveeenereenninns 13.0v
Storage Temperature .................. —65°Cto +150°C  Static Discharge Voltage ...................o.o.. >1100V
Ambient Temperature with (per MIL-STD-883, method 3015)
Power Applied ............. ... ...l 0°Cto +70°C  Qperating Range
Maximum Junction Temperature -
. ° Ambient
(UnderBias) ................. SERREEELERCEIELIRE 150°C Range Temperature Vee
Supl;?ly Voltage to quunq Potential ........ =2.0V to +7.0V Commercial 0°C to +70°C 3V +5%
Maximum Power Dissipation ................... 2500 mW Tndustrial °C =°C v £10%
DCVccorGND Current ....vvvvevnnvneneennn.. 500 mA n. Tls ra —40°Cto +8 -z
DC Output Current, per Pin .......... —25mA to +25 mA Military =55°Cto +125°C (Case) | SV *10%
Electrical Characteristics Over the Operating Rangel?!

Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Vce = Min, Ipg = —4.0 mA 2.4 v
VoL Output LOW Voltage Vce = Min, Igp, = 8mA 0.45 A\
Vi Input HIGH Level 22 | Vee+03 \%
VL Input LOW Level -03 0.8 \'%
Irx Input Current GND < Viny < Ve - 10 +10 A
loz Output Leakage Current Vo = V¢ or GND — 40 +40 A
Ios Output Short Circuit Current | Ve = Max.,, Vout = 0.5V 41 -30 - 90 mA
Icai Power Supply Current V1 = Vccor GND Commercial 125 mA

(Standby) (No Load) Military/Industrial 200 mA
Icc2 Power Supply Current(5] Vi= Ve or[?g]ID (No Load) [ Commercial 135 mA
= 1.0 MHz% Military/Industrial 225 mA
tR Recommended Input Rise 100 ns
Time
tp Recommended Input Fall 100 ns
Time
Notes:

1. Minimum DC input is —0.3V. During transitions, the inputs may un-
dershoot to —2.0V for periods less than 20 ns.

2. Typical values are for Tp = 25°C and Ve = SV.

3. Not more than one output should be tested at a time. Duration of the
short circuit should not be more than one second. Voyt = 0.5V has

been chosen to avoid test problems caused by tester ground degra-
dation.

4. Guaranteed but not 100% tested.

5. Measured with device programmed as a 16-bit counter in each LAB.
This parameter is tested periodically by sampling production material.
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Capacitancel®]

Parameter Description Test Conditions Max. Unit
Cin Input Capacitance ViN =2V, = 1.0 MHz 10 pF
Cour Output Capacitance Vourt = 2.0V, f = 1.0 MHz 10 pF
Notes:

6. Part(a)in AC Test Load and Waveforms is used for all parameters ex-
cepttgr and txz, which is used for part (b) in AC Test Load and Wave-

AC Test Loads and Waveformsl®]

forms. All external timing parameters are measured referenced to ex-
ternal pins of the device.

R1464Q R1464Q
O AAVA— O AANA—
> v ALL INPUT PULSES
OUTPUT OUTPUT 3.0V °
| 10% 5% 90?07
o
50 pF R2 5 pF R2 GND °
I j 208 I 2500 - > <6ns
INCLUDING — e INCLUDING = L <6ns <
JIGAND ~ N JIGAND ~ =
SCOPE SCOPE C343-3 Casa—a
(a) (b)
Equivalent to: THEVENIN EQUIVALENT (commercial/military)

163Q
OUTPUT 0———AMae——0 1.75V

Programmable Interconnect Array

The Programmable Interconnect Array (PIA) solves interconnect
limitations by routing only the signals needed by each logic array
block. The inputs to the PIA are the outputs of every macrocell
within the device and the I/O pin feedback of every pin on the de-
vice.

Unlike masked or programmable gate arrays, which induce vari-
able delay dependent on routing, the PIA has a fixed delay. This
eliminates undesired skews among logic signals, which may cause
glitches in internal or external logic. The fixed delay, regardless of
programmable interconnect array configuration, simplifies design
by ensuring that internal signal skews or races are avoided. The re-
sult is simpler design implementation, often in a single pass, with-
out the multiple internallogic placement and routing iterations re-
quired for a programmable gate array to achieve design timing
objectives.

Timing Delays

Timing delays within the CY7C343/CY7C343B may be easily de-
termined using Warp2™, Warp3™ , or MAX+PLUS® software or
by the model shown in Figure 1. The CY7C343/CY7C343B has
fixed internal delays, allowing the user to determine the worst case
timing delays for any design. For complete timing information, the
Warp3 or MAX+PLUS software provides a timing simulator.

Design Recommendations

Operation of the devices described herein with conditions above
thoselisted under “Absolute Maximum Ratings” maycause perma-
nent damage to the device. Thisis a stress rating only and function-
al operation of the device at these or any other conditions above
those indicated in the operational sections of this data sheet is not
implied. Exposure to absolute maximum ratings conditions for ex-
tended periods of time may affect device reliability.The

CY7C343/CY7C343B contains circuitry to protect device pins
from highstaticvoltagesorelectricfields; however, normal precau-
tions should be taken to avoid applying any voltage higher than
maximum rated voltages.

For proper operation, input and output pinsmust be constrained to
the range GND < (Vin or Vourt) < Ve Unused inputs must al-
ways be tied to an appropriate logic level (either Voc or GND).
Eachsetof Vceand GND pins must be connected together direct-
ly at the device. Power supply decoupling capacitors of atleast 0.2
wF must be connected between Vccand GND. For the most effec-
tive decoupling, each V¢ pin should be separately decoupled to
GND, directly at the device. Decoupling capacitors should have
good frequency response, such as monolithic ceramic types.

Timing Considerations

Unless otherwise stated, propagation delays do not include expan-
ders. When using expanders, add the maximum expander delay
tgxp tothe overall delay. Similarly, there is an additional tprs delay
for an input from an I/O pin when compared to a signal from a
straight input pin.

When calculating synchronous frequencies, use tg; if all inputs are
on the input pins. tgy should be used if data is applied at an I/O pin.
If tg, is greater than tcog, 1/tsy becomes the limiting frequency in
the data path mode unless 1/(twyy + twy) is less than 1/tso.

When expander logic is used in the data path, add the appropriate
maximum expander delay, tgxp to ts;. Determine which of 1/(twy
+ twL), 1/tco1, or 1/(texp + tsy) is the lowest frequency. The low-
est of these frequencies is the maximum data path frequency for
the synchronous configuration.

‘When calculatingexternal asynchronous frequencies, use tas; if all
inputs are on dedicated input pins. If any data is applied to an 1/O
pin, tasy must be used as the required set-up time. If (tas + tAr)
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is greater than taocoi, 1/(tas2 + tay) becomes the limiting fre-
quency in the data path mode unless 1/(tawy + tap) is less than
/(tasz + tan).

‘When expander logic is used in the data path, add the appropriate
maximum expander delay, tgxp to tag;. Determine which of
1/(tawn + tawL), 1/tacot, or 1/(tgxp + tas1) is the lowest fre-
quency. The lowest of these frequencies is the maximum data path
frequency for the asynchronous configuration.

The parameter top indicates the system compatibility of this de-
vice when driving other synchronous logic with positive input hold
times, which is controlled by the same synchronous clock. If toy is
greater than the minimum required input hold time of the subse-
quent synchronous logic, then the devices are guaranteed to func-
tion properly with a common synchronous clock under worst-case
environmental and supply voltage conditions.

The parameter tpoy indicates the system compatibility of this de-
vice when driving subsequent registered logic with a positive hold
time and using the same clock as the CY7C343/CY7C343B.

In general, if tyop is greater than the minimum required input
hold time of the subsequent logic (synchronous or asynchronous),
then the devices are guaranteed to function properly under worst-
case environmental and supply voltage conditions, provided the
clock signal source is the same. This also applies if expander logic
is used in the clock signal path of the drivingdevice, but not for the
driven device. This is due to the expander logic in the second de-
vice’s clock signal path adding an additional delay (tgxp), causing
the output data from the preceding device to change prior to the
arrival of the clock signal at the following device’s register.

EXPANDER _J
DELAY
texp
REGISTER
LOGIC ARRAY
CONTROL DELAY | fcLr ODUETLpAgT
INPUT tac - NPUT
> OUTPUT
ENEPL% LOGIC ARRAY | tggy tRD ttgg
t DELAY tcoms tox
" tLap A tiatcH
SYSTEM CLOCK DELAY tcs
PIA e CLOCK
DELAY DELAY
tpia tic
FEEDBACK
DELAY
trD
1/O DELAY
o C343-5

Figure 1. CY7C343/CY7C343B Internal Timing Model
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External Synchronous Switching Characteristics[6] Over Operating Range

: v 7C343-20
7C343B~12 7C343B~15 7C343B-20
Parameter Description .Min. | M Min. | Max. | Min. | Max. | Unit
tpp1 Dedicated Input to Combinatorial Com’l/Ind 15 20 ns
Output Delayl’] N - N
tpp2 J/O In[}gut to Combinatorial Output Com’l/Ind 32 ns
Delayl® Mil 2
tpD3 Dedicated Input to Combinatorial Com’l/Ind 30 ns
Output Delay with Expander Delay(%! Nl 3
tpD4 I/O Input to Combinatorial Qutput Com’l/Ind 42 ns
Delay with Expander Delayl* 10 Vil -
tEA Input to Output Enable Delayl 7] Com’}Ind 20 ns
Mil 20
tER Input to OQutput Disable Delayl# 7] Com’l/Ind 20 ns
Mil 20
tco1 Synchronous Clock Input to Output Com’JInd 12 ns
Delay Mil 12
tcoz Synchronous Clock to Local Feedback | Com’/Ind 25 ns
to Combinatorial Outputl* 111 N %
ts1 Dedicated Input or Feedback Set-Up | Com’VInd 12 ns
Time to Synchronous Clock Inputl’] il B
tso 1/O Input Set-UZ? Time to Synchronous | Com’/Ind 24 ns
Clock Inputl’.1 il 7
ty Input Hold Time from Synchronous Com’)/Ind 0 ns
Clock Input!’l Nl 5
twH Synchronous Clock Input HIGH Time | Com’/Ind 6 ns
Mil 6
twL Synchronous Clock Input LOW Time | Com’l/Ind 6 ns
Mil 6
tRW Asynchronous Clear Width[4 7] Com’)/Ind 20 ns
Mil 20
tRR Asynchronous Clear Recovery Timel* 7] | Com’l/Ind 20 ns
Mil 20
tRO Asynchronous Clear to Registered Com’l/Ind 20 ns
Output Delayl”] M =5
tPR Asynchronous Preset Recovery Timel4 7] | Com’}/Ind 20 ns
Mil 20
tpo Asynchronous Preset to Registered Com’)/Ind 20 ns
Output Delayl’] N 20
tcr Synchronous Clock to Local Feedback | Com’)/Ind 3 ns
Inputl4 13] N 3
tp External Synchronous Clock Period Com’)/Ind 12 ns
(1/ivaxs)l Mil D
fMaxi External Maximum Frequency Com’l/Ind 41.6 MHz
(/(tcor + ts)4 14 Ml 1.6

Shaded areas contain advanced information.
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External Synchronous Switching Characteristics(®! Over Operating Range (continued)

! 7C343-20
7C343B~12° 7C343B-20
Parameter Description ‘Ma Min. | Max. | Unit
fMax2 Internal Local Feedback Maximum Com’l/Ind 66.6 MH:z
Freque lesser of (1/(tg; + t or
(mgmn?’ (U(ts1 + tcF)) i T
fMaxs Data Path Maximum Frequency, least of | Com’l/Ind 833 MHz
Y(twr + t 1/(ts + ty), or
e o, g Wt + ) Mil 833
fmAx4 Maximum Reglster Toggle Frequency | Com’l/Ind 83.3 MH:z
(V/(twr + twr) 4 7] Mil 833
toH Output Data Stable Time from Com’)/Ind 3 ns
Synchronous Clock Inputl4 18] -
Mil 3
tpw Asynchronous Preset Width[ 7] Com’l/Ind 20 ns
Mil 20

Shaded areas contain advanced information.

Notes:

7. This specification is a measure of the delay from input signal applied
to a dedicated input (44-pin PLCCinput pin 9, 11,12, 13,31, 33,34, or
35) to combinatorial output on any output pin. This delay assumes no
expander terms are used to form the logic function.

‘When this note is applied to any parameter specification it indicates
that the signal (data, asynchronous clock, asynchronous clear, and/or
asynchronous preset) is applied to a dedicated input only and no signal
path (either clock or data) employs expander logic.

If an input signal is applied to an I/O pin, an additional delay equal to
tpra should be added to the comparable delay for a dedicated input.
If expanders are used, add the maximum eapander delay tgxp to the
overall delay for the comparable delay without expanders.

8. This specification is a measure of the delay from input signal applied
to an I/O macrocell pin to any output. This delay assumes no expander
terms are used to form the logic function.

9. Thisspecification is ameasure of the delay from aninput signal applied
to adedicated input (44-pin PLCC input pin 9, 11,12, 13,31, 33,34, or
35) to combinatorial output on any output pin. This delay assumes ex-
pander terms are used to form the logic function and includes the
worst-case expander logic delay for one pass through the expander log-
ic. This parameter is tested periodically by sampling production mate-
rial.

10. Thisspecification is a measure of the delay from an input signal applied
to an I/O macrocell pin to any output. This delay assumes expander
terms are used to form the logic function and includes the worst-case
expander logic delay for one pass through the expander logic. This pa-
rameter is tested periodically by sampling production material.

11. Thisspecification is a measure of the delay from synchronous register
clock to internal feedback of the register output signal to the input of
the LAB logic array and then to a combinatorial output. This delay as-
sumes no expanders are used, register is synchronously clocked and all
feedback iswithin the same LAB. This parameter is tested periodically
by sampling production material.

12.

13.

14.

15.

16.

17.

18.

If data is applied to an I/O input for capture by a macrocell register, the
1/0 pin set-up time minimums should be observed. These parameters
are tgy for synchronous operation and tag for asynchronous opera-
tion.

This specification is a measure of the delay associated with the internal
register feedback path. This is the delay from synchronous clock to
LAB logic array input. This delay plus the register set-up time, tgy, is
the minimum internal period for an internal synchronous state ma-
chine configuration. This delay is for feedback within the same LAB.
This parameter is tested periodically by sampling production material.
This specification indicates the guaranteed maximum frequency, in
synchronous mode, at which a state machine configuration with exter-
nal feedback can operate. It is assumed that all data inputs and feed-
back signals are applied to dedicated inputs.

This specification indicates the guaranteed maximum frequency at
which astate machine, with internal-only feedback, can operate. If reg-
ister output states must also control external points, this frequency can
still be observed as long as this frequency is less than 1/tco;. All feed-
back is assumed to be Jocal, originating within the same LAB.

This frequency indicates the maximum frequency at which the device
may operate in data path mode. This delay assumes data input signals
are applied to dedicated inputs and no expander logic is used.

This specification indicates the guaranteed maximum frequency, in
synchronous mode, at which anindividual output orburiedregister can
be cycled.

This parameter indicates the minimum time after a synchronous regis-
ter clock input that the previous register output data is maintained on
the output pin.
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External Synchronous Switching Characteristics(®] Over Operating Range (continued)
7C343-25 7C343-30 7C343-35
7C343B-25 7C343B-30 7C343B-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpp1 Dedicated Input to Combinatorial Com’l/Ind 25 30 35 ns
Output Delayl’] Nl 55 ) =
tpp2 I/O Iny [gut to Combinatorial Output Com’}/Ind 39 44 53 ns
Delay®™ Mil 35 2 53
tpp3 Dedicated Input to Combinatorial Com’l/Ind 37 44 55 ns
Output Delay with Expander Delay®] Mil 37 Y} 35
tpp4 I/O Input to Combinatorial Ou ut Com’//Ind 51 58 73 ns
Delay with Expander Delayl4 1 vl 3 3 =
tEA Input to Output Enable Delay(4 7] Com’l/Ind 25 30 35 ns
Mil 25 30 35
tER Input to Output Disable Delayl4 7] Com’/Ind 25 30 35 ns
Mil 25 30 35
tcol Synchronous Clock Input to Output Com’/Ind 14 16 20 ns
Delay Ml 14 16 20
tcoz Synchronous Clock to Local Feedback | Com’)/Ind 30 35 42 ns
to Combinatorial Output(4 11] N N = )
ts1 Dedicated Input or Feedback Set-Up | Com’l/Ind 15 20 25 ns
Time to Synchronous Clock Inputl’] N s 70 %
tsa I/O Input Set~U£ Time to Synchronous | Com’)/Ind 30 35 42 ns
Clock Inputl” Ml 30 35 )
ta Input Hold Time from Synchronous Com’}/Ind 0 0 0 ns
Clock Inputl7] i 0 0 0
twH Synchronous Clock Input HIGH Time | Com’/Ind 8 10 12.5 ns
Mil 8 10 12.5
twL Synchronous Clock Input LOW Time | Com’/Ind 8 10 12.5 ns
Mil 8 10 125
tRW Asynchronous Clear Width(4 7] Com’/Ind 25 30 35 ns
Mil 25 30 35
tRR Asynchronous Clear Recovery Timel4 71 | Com’/Ind 25 30 35 ns
Mil 25 30 35
trO Asynchronous Clear to Registered Com’l/Ind 25 30 35 ns
Output Delayl"] Y > ) =
tpR Asynchronous Preset Recovery Timel* 7] | Com’l/Ind 25 30 35 ns
Mil 25 30 35
tpo Asynchronous Preset to Registered Com’)/Ind 25 30 35 ns
Output Delayl’] N %3 £ 5
tcp Synchronous Clock to Local Feedback | Com’)/Ind 3 3 5 ns
Inputt ] Mil 3 3 5
tp External S[ynchronous Clock Period Com’)/Ind 16 20 25 ns
(1/fvaxs)* Mil 16 20 %
fmaxt External Maximum Conr’l/Ind 34 27 222 MHz
Frequency (1/(tcop + ts1))[4 14] N e 77 53
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External Synchronous Switching Characteristics!® Over Operating Range (continued)

7C343-25 7C343-30 7C343-35
7C343B-25 7C343B-30 7C343B-35
Parameter Description ‘| Min. | Max. | Min. { Max. | Min. Max. | Unit
fmaxz Internal Local Feedback Maximum Com’/Ind 55 43 33 MH:z
flr/et(q:gell)lﬁy,l %ﬁ:sser of (1/(ts1 + tcg)) or el = = B
fMaxa Data Path Maximum Frequency, least of | Com’)/Ind 62.5 50 40 MHz
%{%g%l;&t W0 Vst + i, or Mil 625 30 40
fMax4 Maximum Register Toggle Frequency | Com’l/Ind 62.5 50 40 MHz
(U(twr+ twr)[5 17) Mil 625 50 40
toH Output Data Stable Time from Com’V/Ind 3 3 3 ns
Synchronous Clock Inputl4 18] Nl 3 3 3
tpw Asynchronous Preset Width(4 7] Com’YInd 25 30 35 ns
Mil 25 30 35

External Asynchronous Switching Characteristics Over Operating Rangel6]

o 7C343-20
7C343B~12 | 7C343B—15 7C343B-20

Parameter Description ‘Min. | Min, Max. | Min. Max. Unit

tACO1 Asynchronous Clock Input to Output | Com’/Ind ! ; 15 20 ns
Delayl”] Mil 15 20

taco2 Asynchronous Clock Input to Local Com’l/Ind 25 32 ns
Feedback to Combinatorial -
Outputl19] Mil 25 32

taS] Dedicated Input or Feedback Set-U_,ﬁ) ns
Time to Asynchronous Clock Input!

tas I/O Input Set-Up Time to ns
Asynchronous Clock Inputl7)

tAH Input Hold Time from Asynchronous ns
Clock Inputl’l

tAwWH Asynchronous Clock Input HIGH ns
Timel”

tAWL Asynchronous Clock Input LOW ns
Timel7> 201

tACF Asynchronous Clock to Local Feedback 13 ns
Inputl4 21] 3

tAp External Asynchronous Clock Period ns
(1/imaxad)

fmaxal External Maximum Frequency in MHz
Asynchronous Mode
1(taco1 + tas)l4 22

fmaxaz Maximum Internal Asynchronous MHz
Frequencyl®

fMaxas Data Path Maximum Fre?uency in MHz
Asynchronous Model% 24

fmaxa4 Maximum Asynchronous Register MHz
Toggle Frequency
(taws + tawp )% 2!

tAOH Output Data Stable Time from ns
Asynchronous Clock Inputl4 26]

haded areas contain advanced information.
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External Asynchronous Switching Characteristics Over Operating Rangel6] (continued)

7C343-25 7C343-30 7C343-35
7C343B-25 7C343B-30 7C343B-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max, | Unit
tacol Async}%ronous Clock Input to Output | Com’VInd 25 30 35 ns
Delay!’] Mil 35 30 35
tacoz Asynchronous Clock Input to Local Com’l/Ind 40 46 55 ns
Feedback to Combinatorial -
Outputl19] Mil 40 46 55
tas] Dedicated Input or Feedback Set-Uﬁ Com’VInd 5 6 8 ns
Time to Asynchronous Clock Inputl Mil 5 6 g
tAS) 1/O Input Set-Up Time to Com’Ind 20 25 30 ns
Asynchronous Clock Inputl”] il 30 >3 30
tAH Input Hold Time from Asynchronous | Com’l/Ind 6 8 10 ns
Clock Inputm Mil 5 8 10
tAWH Asynchronous Clock Input HIGH Com’V/Ind 11 14 16 ns
Time Ml 11 14 16
tAWL Asynchronous Clock Input LOW Com’)/Ind 9 11 14 ns
Timel" Mil 9 1 14
tACE Async}}ré)lnous Clock to Local Feedback | Com’l/Ind 15 18 22 ns
Inputl* 2] Ml i i 2
tAP External Asynchronous Clock Period | Com’/Ind 20 25 30 ns
(1/fmaxa4) Mil 20 25 30
fmaxal External Maximum Frequency in Com’l/Ind 33 27 23 MHz
Asynchronous Mode -
1/(taco1 + tas)® 22 Mil 33 27 23
fmaxaz Maximum I4nternal Asynchronous Com’//Ind 50 40 33 MHz
Frequencyl* T 50 70 3
fmaxas Data Path Maximum Fre?uency in Com’l/Ind 40 33 28 MHz
Asynchronous Model# 24 Mi 70 33 58
fMaxas Maximum Asynchronous ReFister Toggle | Com’VInd 50 40 33 MHz
Frequency 1/(tawn + tawL)t" 2] Ml 30 ) 33
tAOH Output Data Stable Time from Com’l/Ind 15 15 15 ns
Asynchronous Clock Inputl* 26] il 15 13 15

Notes:

19. This specification is a measure of the delay from an asynchronousreg- ~ 21. Thisspecification is a measure of the delay associated with the internal
ister clock input to internal feedback of the register output signal to the register feedback path for anasynchronousclock to LABlogicarrayin-
input of the LAB logic array and then to a combinatorial output. This put. This delay plus the asynchronous register set-up time, tss), is the
delay assumes no expanders are used in the logic of combinatorial out- minimum internal period for an internal asynchronously clocked state
put or the asynchronous clock input. The clock signal is applied to a machine configuration. This delay is for feedback within the same
dedicated input pin and all feedback is within a single LAB. This pa- LAB,assumesno expander logicin the clock path, and assumes that the
rameter is tested periodically by sampling production material. clock input signal is applied to a dedicated input pin. This parameter

20. This parameter is measured with a positive-edge triggered clock at the is tested periodically by sampling production material.
register. For negative edge triggering, the tawp and tawr parameters 22, This specification indicates the guaranteed maximum frequency at

which an asynchronously clocked state machine configuration with ex-
ternal feedback can operate. It is assumed that all data inputs, clock in-
puts, and feedback signals are applied to dedicated inputs, and that no
expander logic is employed in the clock signal path or data path.
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Internal Switching Characteristics Over Operating Rangel®]

i 7C343-20
7C343B-12 7C343B—-15 | 7C343B-20
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tIN Dedicated Input Pad and Buffer Delay | Com’l/Ind 2.5 3 4 ns
Mil 3 4
tio 1/0 Input Pad and Buffer Delay Com’l/Ind 2.5 3 4 ns
Mil 3 4
tEXP Expander Array Delay Com’l/Ind 6 8 10 ns
Mil i 8 10
tLAD Logic Array Data Delay Com’l/Ind 6 8 10 ns
Mil o 8 10
tLac Logic Array Control Delay Com’l/Ind o 5 6 8 ns
Mil Ly : 6 8
top Output Buffer and Pad Delay Com’l/Ind 3 3 4 ns
4
tzx Output Buffer Enable Delayl?7] 8 ns
8
txz Output Buffer Disable Delay 8 ns
8
tRSU Register Set-Up Time Relative to Clock 4 ns
Signal at Register 1
tRH Register Hold Time Relative to Clock 4 ns
Signal at Register 4
tLATCH Flow-Through Latch Delay 2 ns
2
trRD Register Delay 1 ns
1
tcoMB Transparent Mode Delayl28] 2 ns
2
tcy Clock HIGH Time 6 ns
6
tcL Clock LOW Time 6 ns
6
tic Asynchronous Clock Logic Delay 12 ns
12
tics Synchronous Clock Delay 2 ns
2
tFD Feedback Delay 1 ns
1
tPRE Asynchronous Register Preset Time 4 ns
4
tcLr Asynchronous Register Clear Time 4 ns
Mil 4
tpcw Asynchronous Preset and Clear Pulse | Com’l /Ind 4 © ns
Width Mil 4
tpcrR Asynchronous Preset and Clear Com’l/Ind 4 ns
Recovery Time )
tpiA Programmable Interconnect Array 12 ns
Delay Time 12

Shaded areas contain advanced information.
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Internal Switching Characteristics Over Operating Rangel®l (continued)
7C343-25 7C343-30 7C343-35
7C343B-25 7C343B—-30 7C343B-35
Parameter Description Min. Max. | Min. Max. | Min. Max. | Unit
N Dedicated Input Pad and Buffer Delay | Com’)/Ind 5 7 9 ns
Mil 5 7 9
tio I/O Input Pad and Buffer Delay Com’l/Ind 5 5 7 ns
Mil 5 5 7
tEXP Expander Array Delay Com’)/Ind 12 14 20 ns
Mil 12 14 20
tLAD Logic Array Data Delay Com’)/Ind 12 14 16 ns
Mil 12 14 16
tLAC Logic Array Control Delay Com’/Ind 10 12 13 ns
Mil 10 12 13
top Output Buffer and Pad Delay Com’l/Ind 5 5 6 ns
Mil . 5 5 6
tzx Output Buffer Enable Delayl27] Com’/Ind 10 11 13 ns
Mil 10 11 13
txz, Output Buffer Disable Delay Com’//Ind 10 11 13 ns
Mil 10 11 13
tRSU Register Set-Up Time Relative to Clock | Com’)/Ind 6 8 10 ns
Signal at Register Mil 6 3 10
tRH Register Hold Time Relative to Clock | Com’)/Ind 6 8 12 ns
Signal at Register Mil 6 g 13
tLATCH Flow-Through Latch Delay Com’/Ind 3 4 4 ns
Mil 3 4 4
tRD Register Delay Com’l/Ind 1 2 2 ns
Mil 1 2 2
tcoMB Transparent Mode Delay[28] Com’}/Ind 3 4 4 ns
Mil 3 4 4
tcH Clock HIGH Time Com’l/Ind 8 10 12.5 ns
Mil 8 10 12.5
tcL Clock LOW Time Com’l/Ind 8 10 125 ns
Mil 8 10 12.5
tic Asynchronous Clock Logic Delay Com’l/Ind 14 16 18 ns
Mil 14 16 18
tics Synchronous Clock Delay Com’l/Ind 2 2 3 ns
Mil 2 2 3
tFD Feedback Delay Com’l/Ind 1 1 2 ns
Mil 1 1 2
tPRE Asynchronous Register Preset Time Com’l/Ind 5 6 7 ns
Mil 5 6 7
tCLR Asynchronous Register Clear Time Com’l/Ind 5 6 7 ns
Mil 5 6 7
tpcw Asynchronous Preset and Clear Pulse | Com’l/Ind 5 6 7 ns
Width Ll 3 6 7
tpCR Asynchronous Preset and Clear Com’}/Ind 5 6 7 ns
Recovery Time Mil 35 3 7
tpra Programmable Interconnect Array Com’l/Ind 14 16 20 ns
Delay Time Mil 14 16 20
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Switching Waveforms

External Combinatorial

DEDICATED INPUT/
1/0 INPUT

X

l«—— tpp117/tppo 8]

COMBINATORIAL
OUTPUT

fe—— Rl ——s]

COMBINATORIAL OR
REGISTERED OUTPUT

f— e

HIGH-IMPEDANCE

THREE-STATE

-5 HIGH-IMPEDANCE
& THREE-STATE
VALID OUTPUT
C343-6

External Synchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACK!’]

tg1 —me ty twH —te— tw
SYNCHRONOUS
CLOCK oo/
— tcot trRw/tpw tRA/teR
ASYNCHRONOUS t,

CLEAR/PRESETI?] OH *
REGISTERED
OUTPUTS

';= tcoz

COMBINATORIAL OUTPUT FROM

REGISTERED FEEDBACKI!1]

Notes:
23. This specification indicates the guaranteed maximum frequency at

which an asynchronously clocked state machine with internal-only
feedback can operate. This parameter is determined by the lesser of
(1tack + tas1)) or (1/{tawn +tawr)). If register output states must
alsocontrol external points, this frequency can still be observed aslong
as this frequency is less than 1/tacor.

. This frequency is the maximum frequency at which the device may op-
erateinthe asynchronously clocked data path mode. This specification
is determined by the least of 1/(tawH + tawr), 1/(tas; + tan) or
1/taco1. It assumes data and clock input signals are applied to dedi-
cated input pins and no expander logic is used.

25.

[

26.

27.
28.

C343-7

This specification indicates the guaranteed maximum frequency at
which anindividual output or buried register can be cycled in asynchro-
nously clocked mode by a clock signal applied to an external dedicated
input pin.

This parameter indicates the minimum time that the previous register
outputdata is maintained on the output after an asynchronous register
clock input.

Sample tested only for an output change of 500 mV.

This specification guarantees the maximum combinatorial delay asso-
ciated with the macrocell register bypass when the macrocell is confi-
gured for combinatorial operation.
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Switching Waveforms (continued)
External Asynchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACKI7]

tast ﬂ‘ tan tAwH —e tawt
ASYNCHRONOUS
CLOCKINPUT /]
tacot
taw/tew trr/teR
ASYNCHRONOUS taon —»  |je—
CLEAR/PRESETI7]
tro/tro
ASYNCHRONOUS REGISTERED
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Ny

tacoz

COMBINATORIAL OUTPUT FROM
ASYNCH. REGISTERED FEEDBACK

C343-10

Internal Combinatorial tn

INPUT PIN
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tio [e—»

1/0 PIN

f«— texp —
EXPANDER
ARRAY DELAY

LOGIC ARRAY
INPUT

le— tac, ttap —

oo Y X

C343-8

Internal Asynchronous

R
CLOCKPIN

CLOCK INTO
LOGIC ARRAY

tic —

CLOCK FROM
LOGIC ARRAY

tRsu —»1*— Ry

DATA FROM
LOGIC ARRAY
tRoAtLATCH —+— trD tcLrotPRE —>|<— teD

REGISTER QUTPUT S ‘ :
TO LOCAL LAB
LOGIC ARRAY

tpia
REGISTER OUTPUT
TO ANOTHER LAB

C343-9
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Switching Waveforms (continued)

Internal Synchronous

tcH
SYSTEM CLOCK PIN

tiN —-l <— tcs

SYSTEM CLOCK

toL ——»

AT REGISTER m

tRsy —»te— iRy

DATA FROM
LOGIC ARRAY

Output Mode

CLOCK FROM __/—_\—/—\
LOGIC ARRAY

tro | top —
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DATA FROM
LOGIC ARRAY X

X

txz —-J

OUTPUT PIN

X

tzx -
HIGH IMPEDANCE

STATE

C343-11
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Ordering Information .
S(l:fse)d Ordering Code e Package Type 011?3&2“
12} CY7C343B~12HC/HI H67 44-Pin Windowed Leaded Chip Carrier | Commercial/Industrial
| €Y7C343B-121C/I1 367 | 44-Lead Plastic Leaded Chip Carrier .. |
15 1 CY7C343B~15HC/HI H67. . | 44-Pin Windowed Leaded Chip Carrier | Commercial/Industrial
[ CYICIB-T5ICIIT | 167 | 44-Lead Plastic Leaded Chip Carrier '
| B CY7C343B~15HMB - H67 | 44-Pin Windowed Leaded Chip Carrier | Military i

20 CY7C343—-20HC/HI ‘ H67 44-Pin Windowed Leaded Chip Carrier Commercial/lndﬁsfrial
CY7C343-20JC/J1 J67 44-Lead Plastic Leaded Chip Carrier
CY7C343B-20HC/HI Ho7 44-Pin Windowed Leaded Chip Carrier
CY7C343B-20)C/31 J67 44-Lead Plastic Leaded Chip Carrier
CY7C343B-20HMB H67 44-Pin Windowed Leaded Chip Carrier | Military

25 CY7C343-25HC/HI H67 44-Pin Windowed Leaded Chip Carrier | Commercial/Industrial
CY7C343-25JC/11 J67 44-Lead Plastic Leaded Chip Carrier
CY7C343B~25HC/HI H67 44-Pin Windowed Leaded Chip Carrier
CY7C343B- 251 367 | 44-Lead Plastic Leaded Chip Carrier
CY7C343-25HMB H67 44-Pin Windowed Leaded Chip Carrier | Military
CY7C343B—25HMB He67 44-Pin Windowed Leaded Chip Carrier

30 CY7C343~30HC/HI H67 44-Pin Windowed Leaded Chip Carrier | Commercial/Industrial
CY7C343-30JC/JL Jo7 44-Lead Plastic Leaded Chip Carrier
CY7C343B-30HC/HI H67 44-Pin Windowed Leaded Chip Carrier
CY7C343B—300CAT J67 44-Lead Plastic Leaded Chip Carrier
CY7C343-30HMB H67 44-Pin Windowed Leaded Chip Carrier | Military
CY7C343B-30HMB He67 44-Pin Windowed Leaded Chip Carrier

35 CY7C343—-35HC/HI H67 44-Pin Windowed Leaded Chip Carrier | Commercial/Industrial
CY7C343-35JC/J1 J67 44-Lead Plastic Leaded Chip Carrier
CY7C343B-35HC/HI H67 44-Pin Windowed Leaded Chip Carrier
CY7C343B-351C/H 367 44-Lead Plastic Leaded Chip Carrier
CY7C343—-35HMB H67 44-Pin Windowed Leaded Chip Carrier | Military
CY7C343B-35HMB - H67 44-Pin Windowed Leaded Chip Carrier

Shaded area contains advanced information.
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MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics

Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
Viu 1,2,3
\%: 8 1,2,3
Ix 1,2,3
Ioz 1,2,3
Icct 1,2,3

Switching Characteristics

Parameter Subgroups

tpD1 7,8,9,10,11
tpp2 7,8,9,10,11
tpD3 7,8,9,10, 11
tcol 7,8,9,10, 11
ts 7,8,9,10, 11
ty 7,8,9,10,11
taco1 7,8,9,10, 11
tacoz 7,8,9,10,11
tas 7,8,9,10,11
taH 7,8,9,10,11

Document #: 38—00128—F
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32-Macrocell MAX® EPLD

Features Functional Description and I/O pins are interconnected within the
e High-performance, high-density re-  Available in a 28-pin 300-mil DIP or win- -AB-
placement for TTL, 74HC, and cus- dowed J-leaded ceramic chip carrier .
tom logic (HLCC), the CY7C344/CY7C344Brepre- Lhe speed and demsity of the
e 32 macrocells, 64 expander product sents the densest EPLD of this size. Eight CY7C344/CY7C344B makes it a natural
terms in one LAB dedicated inputs and 16 bidirectional /O  for all types of applications. With just this
o 8dedicated inputs, 16 I/O pins pins communicate to one logicarrayblock.  one device, the designer can implement
® 0.8-micron double-metal CMOS In the CY7C344 LAB there are 32 macro- ~ complex state machines, registered logic,
EPROM technology (CY7C344) cellsand 64 expanderproductterms. When ~ and combinatorial “glue”logic, withoutus-
o Advanced 0.65-micron CMOS an I/O macrocell is used as an input, two ~ ing multiple chips. This architectural flexi-
technology to increase performance expanders are used to create aninputpath.  bility allows the CY7C344/CY7C344B to
(CY7C344B) Evenifall of the I/O pins are driven byma- ~ replace multichip TTL solutions, whether
e 28-pin 300-mil DIP, cerDIP or 28-pin  crocell registers, there are still 16 “buried”  they are synchronous, asynchronous, com-
HLCC, PLCC package registers available. All inputs, macrocells, binatorial, or all three.
Logic Block Diagram[!] Pin Configurations
HLCC
15(22) INPUT O o’ INPUT 1®) Top View
15(23) INPUT [3 —0 INPUT/CLK  2(9) coo 5(% oo
27(6)  INPUT O — INPUT 13(20) nRn
28(7)  INPUT D~ —0O INPUT  14(21) 4321282726
{ 1o g5 25 g 1o
INPUT £} 6 240 o
MACROCELL 2 |ag—in] MACROCELL 1 —— 10 3(10 weut 07 23 B INPUT
MACROCELL 4  [wst—i MACROCELL 3 Vo 4(11) INPUT O 8 22 A INPUT
MACROCELLG _ |a—m] © |l WACROCELLS | Vo 5(12)  INPUT/CLK 9 21 B INnpuT
MACROCELLS | - MAGROCELL 7 0 o 6(13) vo g1o 20 NPUT
WACROCELL 10 | © MAGROGELL 9 & 1o 9(16) Y0 H™ 121314 1516 171810 P 1O
MACROCELL 12 ft—3»] i MACROCELL 11 c 1o 10(17) 90 8000
MACROCELL 14— | MACROCELL 13 O [—®— 10 11(18) =oz=== C344-2
MACROCELL 16 Jut~—sn MACROCELL 15 N —®— /o 12(19) CerDIP
MACROCELL 18 _[w— 5 |e— MACROCELL {7 T [—9— w0 1724 ToprView
MACROCELL 20  jes—#~ (; e MACROCELL 19 R g /O 18(25)
MACROCELL22 |e—{ g (w3 MACROCELL 21 N VO 19(26) INPUT [ 1 28] INPUT
MACROCELL24 _|a—»| (e MAGROCELLZ L Ee— o 200 INPUT/CLK [ 2 27 1 INPUT
o da 2810
MACROCELL 26 - l—»  MACROCELL 25 —®— 10 232 Vo O =50
MACROCELL 28 ft— a—»|  MACROCELL 27 —®— 10 24@3) wods 24F 10
MACROCELL 30 |at—i»] lt—s»|  MACROCELL 29 —®— 10 25 o e 2310
MACROCELL 32 MACROCELL 31 —®— 10 26(5) Vee 7 22{3 Voo
GND [8 211 GND
ode 200 /0
oo 19[d /o
64 EXPANDER PRODUCT TERM ARRAY S2 Casa— 1o 11 18 vo
o 12 17 o
INPUT ] 13 160 INPUT
INPUT [ 14 INPUT
C344-3
Selection Guide
7C344-15 7C344-20 7C344-25
7C344B-15 | 7C344B-20 | 7C344B-25 | 7C344-35
Maximum Access Time (ns) 15 20 25 35
Maximum Commercial 200 200 200 200
Operatin r
Chrnt fmA) Military 220 220 220
Industrial 220 220 220
Maximum Standby Commercial 150 150 150 150
Current (mA) Military 170 170 170
Industrial 170 170 170
haded area contains advanced information.

Note:

1. Numbers in parenthesis refer to J-leaded packages.
MAX and MAX +PLUS are registered trademarks of Altera Corporation. Warp2 and Warp3 are trademarks of Cypress Semiconductor.
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines,

DC Output Current,perPin .......... —-25mA to +25 mA

not tested.) DC Input Voltagel?] ..................... —-3.0V to +7.0V
Storage Temperature .................. —65°Cto +150°C  DCProgram Voltage ....................ooonn. +13.0V
Ambient Temperature with Operating Range
Power Applied ...........c.oiiiiii... 0°Cto +70°C Arhiont
Maximum Junction Temperature (Under Bias) ...... 150°C Range Temperature Vce
Supply Voltage to Ground Potential ........ —2.0Vto +7.0V Commercial 0°Cto +70°C 5V £5%
Maximum Power Dissipation ................... 1500 mW Industrial —40°C to +85°C 5V +10%
DCVecorGND Current ..o, 500 mA Military ~55°C to +125°C (Case) 5V +10%
Static Discharge Voltage
(per MIL-STD—883, Method 3015) .............. >2001V
Electrical Characteristics Over the Operating Rangel®]
Parameter Description Test Conditions Min. Max Unit
Vou Output HIGH Voltage Vce = Min, Ipg = — 4.0 mA 2.4 v
VoL Output LOW Voltage Vce = Min, Iop, = 8 mA 0.45 v
Vig Input HIGH Level 22 | Vec+03 | Vv
ViL Input LOW Level -0.3 0.8 v
Iix Input Current GND < Viy < Ve -10 +10 pA
Ioz Output Leakage Current Vo = Ve or GND -40 +40 uA
Ios Output Short Vce = Max, Vour = 0.5VI%3] -30 -90 mA
Circuit Current
Icct Power Supply Vi = Vcc or GND (No Load) | Commercial 150 mA
Current (Standby) Military/Industrial 70 | mA
Icc Power Supply Current Vi = Vecor GND (No Load) | Commercial 200 mA
f = 1.0 MHzl* Military/Industrial 220 mA
tR Recommended Input Rise Time 100 ns
tp Recommended Input Fall Time 100 ns
Capacitance
Parameter Description Test Conditions Max. Unit
CIN Input Capacitance Vin =2V, f=1.0MHz 10 pF
CouTt Output Capacitance Vour = 2.0V, f= 1.0 MHz 10 pF
AC Test Loads and Waveforms!’!
sv o AR 5v LR ALL INPUT PULSES
OUTPUT OUTPuTo-—l—- 3.0V T 90%
50 pF s R2 5pF s R2 GND 10% 10%
I 2500 I ‘L2509 <6ns —> I" tf: <6ns
INCLUDNG - L + L . .
JIG AND R F
SCOPE  (a) (b) C344-4 C344-5

THEVENIN EQUIVALENT (commercial/military)

163Q
OUTPUT 0——WA————0 1.75V

Equivalent to:

Notes:

2. Minimum DC input is —0.3V. During transitions, the inputs may un-

dershoot to ~2.0V for periods less than 20 ns.

Typical values are for Tg = 25°C and V¢ = 5V.

Guaranteed by design but not 100% tested.

5. Not more than one output should be tested at a time. Duration of the
short circuit should not be more than one second. Voyr = 0.5V has
been chosen to avoid test problems caused by tester ground degradation.

M

C344-6

6. Measured with device programmed as a 16-bit counter.

7. Part(a) in AC Test Load and Waveforms is used for all parameters ex-
cept tgr and txz, which is used for part (b) in AC Test Load and Wave-
forms. All external timing parameters are measured referenced to ex-
ternal pins of the device.
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Timing Delays

Timing delays within the CY7C344/CY7C344B may be easily de-
termined using Warp2™, Warp3™ or MAX+PLUS® software or
by the model shown in Figure 1. The CY7C344/CY7C344B has
fixed internal delays, allowing the user to determine the worst case
timing delays for any design. For complete timing information, the
Warp3 or MAX+PLUS software provides a timing simulator.

Design Recommendations

Operation of the devices described herein with conditions above
those listed under “Absolute Maximum Ratings” may cause per-
manent damage to the device. This is a stress rating only and func-
tional operation of the device at these or any other conditions
above those indicated in the operational sections of this datasheet
is not implied. Exposure to absolute maximum ratings conditions
for extended periods of time may affect device reliability. The
CY7C344/CY7C344B contains circuitry to protect device pins
from high-static voltages or electric fields; however, normal pre-
cautions should be taken to avoid applying any voltage higher
than maximum rated voltages.

For proper operation, input and output pins must be constrained to
the range GND < (Vin or VouT) < Vcc. Unused inputs must al-
ways be tied to an appropriate logic level (either Voc or GND).
Each et of Vccand GND pins must be connected together direct-
ly atthe device. Power supply decoupling capacitors of at least 0.2
uF must be connected between Ve and GND. For the most effec-
tive decoupling, each V¢ pin should be separately decoupled.

Timing Considerations

Unless otherwise stated, propagation delays do not include expan-
ders. When using expanders, add the maximum expander delay
tgxp to the overall delay.

When calculating synchronous frequencies, use tg if all inputs are
on the input pins. tgp should be used if data is applied at an I/O pin.
If tgp is greater than tco1, 1/ts2 becomes the limiting frequency in
the data-path mode unless 1/(twyy + twy) is less than 1/tg).

EXPANDER
DELAY

texp

LOGIC ARRAY
CONTROL DELAY

tcLR

‘When expander logic is used in the data path, add the appropriate
maximum expander delay, tgxp to tg. Determine which of 1/(twy
+ twi), 1/tco1, or 1/(texp + ts1) is the lowest frequency. The low-
est of these frequencies is the maximum data-path frequency for
the synchronous configuration.

‘When calculating external asynchronous frequencies, use t s 51 ifall
inputs are on dedicated input pins. If any data is applied to an I/O
pin, tasy must be used as the required set-up time. If (tasy + tan)
is greater than tacoi, 1/(tasy + tay) becomes the limiting fre-
quency in the data-path mode unless 1/(t awy + tawr ) is less than
(tasz + tan)-

‘When expander logic is used in the data path, add the appropriate
maximum expander delay, tgxp to tas;. Determine which of
1/(tawn + tawL), 1/taco1, or 1/(tgxp + tasi) is the lowest fre-
quency. The lowest of these frequencies is the maximum data-path
frequency for the asynchronous configuration.

The parameter toy indicates the system compatibility of this de-
vice when driving other synchronous logic with positive input hold
times, which is controlled by the same synchronous clock. If tog is
greater than the minimum required input hold time of the subse-
quent synchronous logic, then the devices are guaranteed to func-
tion properly with a common synchronous clock under worst-case
environmental and supply voltage conditions.

The parameter taop indicates the system compatibility of this de-
vice when driving subsequent registered logic with a positive hold
time and using the same clock as the CY7C344/CY7C344B.

In general, if toop is greater than the minimum required input
hold time of the subsequent logic (synchronous or asynchronous),
then.the devices are guaranteed to function properly under worst-
case environmental and supply voltage conditions, provided the
clock signal source is the same. This also applies if expander logic
is used in the clock signal path of the driving device, but not for the
driven device. This is due to the expander logic in the second de-
vice’s clock signal path adding an additional delay (tgxp), causing
the output data from the preceding device to change prior to the
arrival of the clock signal at the following device’s register.

REGISTER

OUTPUT
DELAY

INPUT tiac

INPUT

DELAY LOGIC ARRAY

trRE

trsu tRD txz

OUTPUT

top —K3

DELAY
tLap

tn

tRH tLATCH

tcoms tzx

—»

CLOCK

SYSTEM CLOCK DELAY tcg

DELAY
tic

/O
1/0 DELAY
to

110 —¥

FEEDBACK
DELAY

teD C344-7

Figure 1. CY7C344/CY7C344B Timing Model
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External Synchronous Switching Characteristics(?] Over Operating Range '
7C344—-15
7C344B~10 | 7C344B—12 | 7C344B-15
Parameter Description Min. | Max. | Min. | Max. | Min. [ Max. | Unit
tpD1 Dedicated Input to Combinatorial Output Delay(8] | Com/Ind 10 - 12 15 ns
Mil 12 15
tpp2 1/0 Input to Combinatorial Output Delayl®] Com’l/Ind 12 15 ns
Mil 12 15
tpD3 Dedicated Input to Combinatorial Output Delay | Com’l/Ind 16 18 30 ns
with Expander Delay(10] il m s
tpD4 1/O Input to Combinatorial Output Delay with Com’)/Ind 161 18 30 ns
Expander Delayl# 11] M r 30
tEA Input to Output Enable Delayl4] Com’l/Ind 10 12 20 ns
Mil 12 20
tER Input to Output Disable Delayll Com’l/Ind 10 12 20 ns
Mil 20
tcol Synchronous Clock Input to Output Delay Com’l/Ind 10 ns
Mil 10
tcoz Synchronous Clock to Local Feedback to Com’l/Ind 20 ns
Combinatorial Output(4 12] Ml T
ts Dedicated Input or Feedback Set-Up Time to Com’/Ind ns
Synchronous Clock Input Ml
ty Input Hold Time from Synchronous Clock Input(”l | Com’/Ind ns
Mil
twH Synchronous Clock Input HIGH Timel*) Com’VInd ns
Mil
twL Synchronous Clock Input LOW Timel4] Com’l/Ind ns
Mil
tRW Asynchronous Clear Width(4l Com’)/Ind ns
Mil
tRR Asynchronous Clear Recovery Timel4] Com’/Ind ns
Mil
tRO Asynchronous Clear to Registered Output Delay!4l | Com’l/Ind 15 ns
Mil 15
tpw Asynchronous Preset Width!“] Com’l/Ind ns
Mil
tpR Asynchronous Preset Recovery Timel4! Com’l/Ind ns
Mil
tpo AsynchronousPresettoRegistered OutputDelay!*! | Com’l/Ind 15 ns
Mil 15
tcp Synchronous Clock to Local Feedback Inputl4 13] | Com’)/Ind 4 ns
Mil 4

Shaded area contains advanced information.
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External Synchronous Switching Characteristics(’] Over Operating Range (continued)

| 7C344-15
7C344B—-10 | 7C344B—12 | 7C344B-15
Parameter Description Min. | Max Max. | Min. | Max. | Unit
tp External Synchronous Clock Period (1/fpax3)i | Com’}Ind 8 i 13 ns
Mil - 13
fmax1 External Maximum Frequency(1/(tcoi + ts))!»14l | Com’VInd | 90.9 50.0 MHz
Mil 1 50.0
fmaxz Maximum Frequency with Internal Only Feedback | Com’l/Ind 71.4 MHz
(tcr + )H 1] Mil 714
fmaxs Data Path Maximum Frequeﬂcyfﬁ%east of Y(twr, + | ComVInd 83.3 MHz
twa), Uts + tu), or (Ltcont® Mil 83.3
fmaxs Maxiﬁmm Register Toggle Frequency 1/(twy, + | Com’l/Ind 111 83.3 MHz
twr)t Mil T 3
toH Outpt[l“tl?ata Stable Time from SynchronousClock | Com’l/Ind 3 3 3 ns
Tnputt® Mil 3 3

Shaded area contains advanced information.

Notes:

8. Thisparameter is the delay from an input signal appliedtoa dedicated ~ 13. Thisspecification is a measure of the delay associated with the internal
input pin to a combinatorial output on any output pin. This delay as- register feedback path. This delay plus the register set-up time, tg, isthe
sumes no expander terms are used to form the logic function. minimum internal period for an internal state machine configuration.

9. This parameter is the delay associated with an input signal applied to This parameter is tested periodically by sampling production material.
an I/O macrocell pin to any output. This delay assumes no expander ~ 14. This specification indicates the guaranteed maximum frequency at
terms are used to form the logic function. which a state machine configuration with external only feedback can

10. This parameter is the delay associated with an input signal applied to operate.
adedicated input pin to combinatorial output on any output pin. This ~ 15. This specification indicates the guaranteed maximum frequency at
delay assumes expander terms are used to form the logic function and which astate machinewithinternal-only feedback canoperate. If regis-
includes the worst-case expander logic delay for one pass through the ter output states must also control external points, this frequency can
expander logic. This parameter is tested periodically by sampling pro- still be observed as long as it is less than 1/tco;. This specification as-
duction material. sumes no expander logicis used. This parameter is tested periodically

11. This parameter is the delay associated with an input signal applied to by sampling production material.
an [/O macrocell pin to any output pin. This delay assumes expander ~ 16. This frequency indicates the maximum frequency at which the device
terms are used to form the logic function and includes the worst-case may operate in data-path mode (dedicated input pin to output pin).
expander logic delay for one pass through the expander logic. This pa- This assumes that no expander logic is used.
rameter is tested periodically by sampling production material. 17. Thisspecificationindicatesthe guaranteed maximum frequencyinsyn-

12. Thisspecification is a measure of the delay from synchronous register chronous mode, at which an individual output or buried register can be
clock input to internal feedback of the register output signal to acombi- cycled by a clock signal applied to either a dedicated input pin or anI/O
natorial output for which the registered output signal is used as an in- pin.
put. This parameter assumes no expanders are used in the logicof the 18, This parameter indicates the minimum time after a synchronous regis-

combinatorial output and the register is synchronously clocked. This
parameter is tested periodically by sampling production material.

ter clock input that the previous register output data is maintained on
the output pin.
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External Synchronous Switching Characteristics(’] Over Operating Range (continued)
7C344-20 7C344-25
7C344B—20 | 7C344B-25 | 7C344-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tpD1 Dedicated Input to Combinatorial OutputDelay!8! | Com’l/Ind 20 25 ns
Mil 20 25 35
tpp2 1/O Input to Combinatorial Output Delay!®] Com’l/Ind 20 25 ns
Mil 20 25 35
tpD3 Dedicated Input to Combinatorial Output Delay | Com’l/Ind 30 40 ns
with Expander Delayl10] i 0 20 55
tpD4 I/O Input to Combinatorial Output Delay with Ex- | Com’/Ind 30 40 ns
pander Delayl* 11 i ™ 20 55
tEA Input to Output Enable Delayl“] Com’l/Ind 20 25 ns
Mil 20 25 35
tER Input to Output Disable Delay!4] Com'/Ind 20 25 ns
Mil 20 25 35
tco1 Synchronous Clock Input to Output Delay Com’l/Ind 12 15 ns
Mil 12 15 20
tcoz Synchronous ClocktoLocal FeedbacktoCombina- | Com’l/Ind 22 29 ns
torial Outputl4 M > % =
ts Dedicated Input or Feedback Set-Up Time to Syn- | Com/Ind 12 15 ns
chronous Clock Input Ml ) 15 1
ty Input Hold Time from Synchronous Clock Input!”l | ComVInd 0 0 ns
Mil 0 0 0
twH Synchronous Clock Input HIGH Timel“] Com’//Ind 7 8 ns
) Mil 7 8 10
twL Synchronous Clock Input LOW Timel4l Com’)/Ind 7 8 ns
Mil 7 8 10
tRW Asynchronous Clear Width4] Com/Ind | 20 25 ns
Mil 20 25 35
tRR Asynchronous Clear Recovery Timel4! Com’//Ind 20 25 ns
Mil 20 25 35
trO Asynchronous Clear toRegistered Output Delay!! | Com’VInd 20 25 ns
Mil 20 25 35
tpw Asynchronous Preset Widthl4] Com’VInd 20 25 ns
Mil 20 25 35
tpR Asynchronous Preset Recovery Timel4] Com’J/Ind 20 25 ns
Mil 20 25 35
tpo Asynchronous Preset to Registered Output Com’l/Ind 20 25 ns
Delay!* Mil 20 % 35
tc Synchronous Clock to Local Feedback Inputl4 13] | Com’l/Ind 4 7 ns
Mil 4 7 13
tp External Synchronous Clock Period (1/fvaxz)¥ | Com’Ind 14 16 ns
Mil 14 16 20
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External Synchronous Switching Characteristics(”] Over Operating Range (continued)
7C344-20 7C344-25
7C344B—20 | 7C344B—25 | 7C344-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
fmMAXL External Maximum Frequency(1/(tcoi +ts))!4 4] | ComV/Ind | 41.6 333 MHz
Mil 41.6 333 24.3
fmaxe Maximum Freguency with Internal Only Feedback |ComVInd | 62.5 454 MHz
(1/(‘CF + s ) Mil 625 254 254
fmaxs Data Path Maximum Frequency, least of 1/(twy, + | Com’/Ind [ 71.4 62.5 MHz
twi), 1/t + te), or (Ucont* Mil 714 625 176
fMAx4 Max1fnum Register Toggle Frequency 1/(twy + | Com’/Ind | 71.4 62.5 MHz
twp) Mil 714 625 500
ton Output Data Stable Time from Com’)/Ind 3 3 ns -
Synchronous Clock Inputl% 18] i 3 3 3
External Asynchronous Switching Characteristics Over Operating Rangel”]
‘ 7C344-15
: 7C344B§ 10 1 7C344B-15
Parameter Description ‘Min. /| Max. | | Min. | Max. | Unit
tacol Asynchronous Clock Input to Output Delay Com’l/Ind : 10 | 15 ns
Mil v 15
tacoz Asynchronous Clock Iny gut to Local Feedback to | Com’//Ind 1?55 1 30 ns
Combinatorial Qutputl - T
Mil 30
tAS Dedicated Input or Feedback Set-Up Time to | Com’/Ind 7 ns
Asynchronous Clock Input .
Mil 7
tAH Input Hold Time from Asynchronous Clock Input | Com’l/Ind 7 ns
Mil 7
tAWH Asynchronous Clock Input HIGH Timel4 20} Com’)/Ind 6 ns
Mil 6
tAWL Asynchronous Clock Input LOW Timel4] Com’}/Ind 7 ns
Mil 7
tACF Asynchronous Clock to Local Feedback Input(4:21] | Com’)/Ind 18 ns
Mil 18
tap External Asynchronous Clock Period (1/fmax4)4! | Com)/Ind 13 ns
Mil 13
fmaxal External Maximum Fre%lency in Asynchronous | Com’l/Ind 45.4 MHz
Mode 1/(tacot + tas)l*
fmaxa2 Maximum Internal Asynchronous Frequency MHz
1(tack + tas) or Utawn + tawp)®
fMaxA3 Data Path Maximum Frequency in Asynchronous MHz
Model*
fmaxas Maximum Asynchronous Reﬁister Toggle MHz
Frequency 1/(tawn + tawp )l
taoH Output Data Stable Time from Asynchronous ns
Clock Inputl* 2

Shaded area contains advanced information.
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External Asynchronous Switching Characteristics Over Operating Rangel”l (continued)

7C344-20 7C344-25
7C344B-20 | 7C344B—25 | 7C344-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tACO1 Asynchronous Clock Input to Output Delay Com’VInd 20 25 ns
Mil 20 25 35
tACO2 Asynchronous Clock In Put to Local Feedback to | Com’V/Ind 30 37 ns
Combinatorial Output(?¥ Ml 30 37 29
tas Dedicated Input or Feedback Set-Up Time to | Com’l/Ind 9 12 ns
Asynchronous Clock Input Mil 9 12 15
tAH Input Hold Time from Asynchronous Clock Input | Com’}/Ind 9 12 ns
Mil 9 12 175
tAWH Asynchronous Clock Input HIGH Timel4 20 Com’l/Ind 7 9 ns
Mil 7 9 15
tAWL Asynchronous Clock Input LOW Timel4l Com’YInd 9 11 ns
Mil 9 11 15
tACE Asynchronous Clock to Local Feedback Input{42!] | Com’//Ind 18 21 ns
Mil 18 21 27
tAP External Asynchronous Clock Period (1/fpax4)4! | Com’Ind 16 20 ns
Mil 16 20 30
fMAXAL External Maximum Fre%lency in Asynchronous | Com’/Ind | 34.4 27 MHz
Mode 1/(tacor + tas)" Mil 344 27 20
fmaxaz Maximum Internal Asynchronous Frequency | Com’l/Ind 37 303 MHz
1(tacr + tas) or 1(tawn + tawr)® Mil 37 303 538
fMAxA3 Data Path Maximum Frequency in Asynchronous | Com’/Ind 50 40 MHz
Model* Mil 50 40 285
fMAxA4 Maximum Asynchronous Re]glster Toggle Fre- | Coml/Ind | 62.5 50 MHz
quency 1/(taws + tawr)! Mil 62.5 50 333
tAOH Output Data Stable Time from Asynchronous | Com’/Ind 15 15 ns
Clock Inputl42 M T T T
Notes:
19. Thisspecification is a measure of the delay from an asynchronousreg- ~ 23. This specification indicates the guaranteed maximum frequency at

ister clock input to internal feedback of the registered output signal to
a combinatorial output for which the registered output signal is used
as an input. Assumes no expanders are used in logic of combinatorial
output or the asynchronous clock input. This parameter is tested peri-
odically by sampling production material.

20. This parameteris measured with a positive-edge-triggered clock at the
register. For negative edge triggering, the tawy and tawy, parameters
must be swapped. If a given input is used to clock multiple registers
with both positive and negative polarity, taw should be used for both
tawn and tawr.

21. Thisspecification is ameasure of the delay associated with the internal
register feedback path for an asynchronously clocked register. This
delay plus the asynchronous register set-up time, tas, is the minimum
internal period for an asynchronously clocked state machine configu-
ration. Thisdelay assumes no expander logic in the asynchronous clock
path. This parameter is tested periodically by sampling production ma-
terial.

22. Thisparameterindicates the guaranteed maximum frequency at which
an asynchronously clocked state machine configuration with external
feedback can operate. Itis assumed that no expander logic is employed
in the clock signal path or data path.

24.

25.

26.

which an asynchronously clocked state machine with internal-only
feedback can operate. If register output states must also control exter-
nal points, this frequency can still be observed as long as this frequency
islessthan 1/tpoco;. Thisspecification assumes no expander logicis uti-
lized. This parameter s tested periodically bysampling production ma-
terial.

This specification indicates the guaranteed maximum frequency at
whichan individual output or buried registercan be cycled in asynchro-
nously clocked mode. This frequency is least of 1/(tawn + tawL),
1/(tas + taH), or 1/tacos. It also indicates the maximum frequency at
which the device may operate in the asynchronously clocked data-path
mode. Assumes no expander logic is used.

This specification indicates the guaranteed maximum frequency at
whichanindividual outputor buried registercanbe cycled in asynchro-
nously clocked mode by a clock signal applied to an external dedicated
input or an I/0 pin.

This parameter indicates the minimum time that the previous register
output data is maintained on the output pin after an asynchronousreg-
ister clock input to an external dedicated input or I/O pin.
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Typical Internal Switching Characteristics Over Operating Rangel”]
7C344-15
7C344B-10 | 7C344B—12 | 7C344B-15
Parameter Description [Min. | Max. | Min. | Max. | Min. | Max. | Unit
tIN Dedicated Input Pad and Buffer Delay Com’l/Ind 2 2.5 4 ns
Mil ) 2.5 4
tio I/O Input Pad and Buffer Delay Com’l/Ind 2 2.5 4 ns
Mil 25 4
tExPp Expander Array Delay Com’l/Ind 6 6 8 ns
Mil 6 8
tLAD Logic Array Data Delay Com’l/Ind 5 6 7 ns
Mil ) 6 7
tLAC Logic Array Control Delay Com’l/Ind 5 5 5 ns
Mil 5 5
top Output Buffer and Pad Delay Com’)/Ind 3 3 4 ns
Mil 3 4
tzx Output Buffer Enable Delay(2] Com’}/Ind 5 5 7 ns
Mil 5 7
txz Output Buffer Disable Delay Com’l/Ind 5 5 7 ns
Mil 5 7
tRSU Register Set-Up Time Relative to Clock Signal at | Com’l/Ind 2 2 5 ns
Register Mil 2 5
tRH Register Hold Time Relative to Clock Signal at | Com’V/Ind 4 5 7 ns
Register Mil 3 7
tLATCH Flow-Through Latch Delay Com’}/Ind 05 05 1 ns
Mil 0.5 1
tRD Register Delay Com’)/Ind 0.5 0.5 1 ns
Mil 0.5 1
tcoMB Transparent Mode Delayl28] Com’l/Ind 0.5 0.5 1 ns
Mil 0.5 1
tcu Clock HIGH Time Com'l/Ind 3 4 6 ns
Mil 4 6
tcL Clock LOW Time Com’l/Ind 3 4 6 ns
Mil 4 6
tic Asynchronous Clock Logic Delay Com’l/Ind 7 ns
Mil 7
tics Synchronous Clock Delay Com’l/Ind 1 ns
Mil 1
tFD Feedback Delay Com’)/Ind 1 ns
Mil 1
tPRE Asynchronous Register Preset Time Com’l/Ind 5 ns
Mil 5
tCLR Asynchronous Register Clear Time Com’)/Ind 5 ns
Mil 5
tpcw Asynchronous Preset and Clear Pulse Width Com’l/Ind 2 5 ns
Mil 5
tPCR Asynchronous Preset and Clear Recovery Time | Com’l/Ind 2 5 ns
Mil 5
haded area contains advanced information.

Note:

27. Sample tested only for an output change of 500 mV.

28. This specification guarantees the maximum combinatorial delay asso-
ciated with the macrocell register bypass when the macrocell is confi-
gured for combinatorial operation.
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Typical Internal Switching Characteristics Over Operating Rangel’l (continued)
7C344-20 7C344-25
7C344B-20 | 7C344B-25 | 7C344-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
N Dedicated Input Pad and Buffer Delay Com’l/Ind 5 7 ns
Mil 5 7 11
tijo I/0 Input Pad and Buffer Delay Com’l/Ind 5 7 ns
Mil 5 7 11
tEXP Expander Array Delay Com’)/Ind 10 15 ns
Mil 10 15 20
tLAD Logic Array Data Delay Com’l/Ind 9 10 ns
Mil 9 10 11
tLaC Logic Array Control Delay Com’l/Ind 7 7 ns
Mil 7 7 7
top Output Buffer and Pad Delay Com’l/Ind 5 5 ns
Mil 5 5 8
tzx Output Buffer Enable Delay(27] Com’l/Ind 8 11 ns
Mil 8 11 12
txz Output Buffer Disable Delay Com’l/Ind 8 11 ns
Mil 8 11 12
tRSU Register Set-Up Time Relative to Clock Signal at | Com’)/Ind 5 8 ns
Register Vil 3 3 1
tRH Register Hold Time Relative to Clock Signal at | Com’l/Ind 9 12 ns
Register Mil 9 2 15
tLATCH Flow-Through Latch Delay Com’/Ind 1 3 ns
Mil 1 3 5
tRD Register Delay Com’l/Ind 1 1 ns
Mil 1 1 1
tcoMB Transparent Mode Delay!28] Com’l/Ind 1 3 ns
Mil 1 3 5
tcy Clock HIGH Time Com’}/Ind 7 8 ns
Mil 7 8 9
tcL Clock LOW Time Com’)/Ind 7 8 ns
Mil 7 8 9
tic Asynchronous Clock Logic Delay Com’l/Ind 8 10 ns
Mil 8 10 12
tics Synchronous Clock Delay Com’//Ind 2 3 ns
Mil 2 3 5
tFD Feedback Delay Com’l/Ind 1 1 ns
Mil 1 1 1
tpPRE Asynchronous Register Preset Time Com’V/Ind 6 9 ns
Mil 6 9 12
tCLR Asynchronous Register Clear Time Com’l/Ind 6 9 ns
Mil 6 9 12
tpew Asynchronous Preset and Clear Pulse Width Com’/Ind 5 7 ns
Mil 5 7 9
tPCR ‘Asynchronous Preset and Clear Recovery Time | Com’/Ind 5 7 ns
Mil 5 7 9
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Switching Waveforms

External Combinatorial

DEDICATED INPUT/ *
1/0 INPUT

[«— tpp1/tpo2

COMBINATORIAL
OUTPUT

COMBINATORIAL OR
REGISTERED OUTPUT

HIGH-IMPEDANCE

THREE-STATE

ter
s HIGH-IMPEDANCE
H THREE-STATE
71 VALID OUTPUT
T C344-8

External Synchronous

DEDICATED INPUTS OR

tra/ter

trw/tpw

tro/tro

REGISTERED FEEDBACK
tg —mte
SYNCHRONOUS
CLOCK e/
—1 tcot
ASYNCHRONOUS ol e
CLEAR/PRESET toH
REGISTERED
OUTPUTS
L
e

tco2 ‘

COMBINATORIAL OUTPUT FROM
REGISTERED FEEDBACKI12]

C344-9

External Asynchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACK

tas -
ASYNCHRONQUS
CLOCKINPUT /]
tacot
taw/tew tar/ter
ASYNCHRONOUS taon —»d je—
CLEAR/PRESET
tro/tro
ASYNCHRONOUS REGISTERED
OUTPUTS
tacoz

COMBINATORIAL OUTPUT FROM
ASYNCH. REGISTERED

FEEDBACKI19]
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Switching Waveforms (continued)

Internal Combinatorial

|« tin
INPUT PIN *
i

LT
0 [«
I/OPIN
j«— texp —>
EXPANDER
ARRAY DELAY
je— 1t A, tLap —>
LOGIC ARRAY
INPUT
LOGIC ARRAY
OUTPUT

C344-11

Internal Asynchronous

tr

CLOCK PIN

CLOCK INTO
LOGIC ARRAY

- m
CLOCK FROM
LOGIC ARRAY

tRsu —"I‘— tRH

REGISTER QUTPUT
TO LOCAL LAB

DATA FROM S
LOGIC ARRAY
- tRo.tLATCH —+~— tro toLritPrRE —-—+- trD §<

LOGIC ARRAY —
teia
REGISTER OUTPUT
TO ANOTHER LAB .

Internal Synchronous (Input Path)

C344-12

toH teL
SYSTEM CLOCK PIN

tin —-| (e tics
SYSTEM CLOCK
AT REGISTER m—

tRsy —e— trH

DATA FROM
LOGIC ARRAY

C344-13
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Switching Waveforms (continued)

Internal Synchronous (Output Path)

w7 N\
LOGIC ARRAY
trp |- top -» )

DATA FROM
LOGIC ARRAY X X
E txz -:l

OUTPUT PIN )l( HiGH 2
A

C344-14
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Ordering Information
Sgles;e)d Ordering Code P;gl;alg ¢ Package Type Oll)g:;ng
10 CY7C344B—-10HC H64 28-Lead Windowed Leaded Chip Carrier | Commercial
CY7C344B—-101C J64 28-Lead Plastic Leaded Chip Carrier :
CY7C344B-10PC P21 28-Lead (300-Mil) Molded DIP
CY7C344B-10WC W22 28-Lead Windowed CerDIP :
12 CY7C344B—-12HC/HI H64 28-Lead Windowed Leaded Chip Carrier | Commercial/Industrial
CY7C344B~12JC/J1 Jo4 28-Lead Plastic Leaded Chxp Carrier
CY7C344B—12PC/PI | P21 = |28-Lead (300-Mil) Molde i
CY7C3MB—12WC/WI | W22 | 28-Lead Windowed CerDIP.
CY7C344B—12HMB. | -~ H64 - | 28-Lead Windowed Leaded Chip Carrie;
CY7C344B-12WMB W22 28-Lead Windowed CerDIP o .
15 CY7C344—15HC/HI H64 28-Lead Windowed Leaded Chip Carrier | Commercial/Industrial
CY7C344-15JC/J1 J64 28-Lead Plastic Leaded Chip Carrier
CY7C344-15PC/PI P21 28-Lead (300-Mil) Molded DIP
CY7C344—-15WC/WI W22 28-Lead Windowed CerDIP
' ] Ho64 28-Lead Win
Jo4 28-Lead Plas
P21 28-Lead (300
CY7C344B—-15SWC/WI| W22 28-Lead Windowed CerDIP :
CY7C344B-15HMB Ho64 28-Lead Windowed Leaded Chip Camer Military
CY7C344B~15WMB W22 28-Lead Windowed CerDIP .
20 CY7C344—20HC/HI Ho64 28-Lead Windowed Leaded Chip Carrier | Commercial/Industrial
CY7C344-20)C/J1 J64 28-Lead Plastic Leaded Chip Carrier
CY7C344-20PC/PI P21 28-Lead (300-Mil) Molded DIP
CY7C344-20WC/WI W22 28-Lead Windowed CerDIP
CY7C344B-20HC/HI H64 28-Lead Windo
[€Y7C344B—20IC/T J64 | 28-Lead Plastic
CY7C344B—20PC/P1 P21 28-Lead (300-Mil
CY7C344B—-20WC/WI| W22 28-Lead Windowed |
CY7C344—-20HMB Ho64 28-Lead Windowed Leaded Chip Carrier | Military
CY7C344—-20WMB W22 28-Lead Windowed CerDIP
CY7C344B—20HMB H64 28-Lead Windowed Leaded Chip Carnerk
CY7C344B-20WMB W22 28-Lead Windowed CerDIP
25 CY7C344—-25HC/HI Ho4 28-Lead Windowed Leaded Chip Carrler Commercial/Industrial
CY7C344-25JC/J1 J64 28-Lead Plastic Leaded Chip Carrier
CY7C344~-25PC/PI P21 28-Lead (300-Mil) Molded DIP
CY7C344 -25WC/WI w22 28-Lead Windowed CerDIP
28-Lead Plastic L
: 28-Lead (300-Mil) Mol
;CY7C344B 25W W22 - | 28-Lead Windowed CerL
CY7C344-25HMB H64 28-Lead Windowed Leaded hip Carrier | Military
CY7C344—-25WMB w22 28-Lead Windowed CerDIP
CY7C344B~25HMB ' | - H64 - | 28-Lead Windowed Leaded
CY7C344B—25WMB W22 | 28-1ead Windowed CerDIP
35 CY7C344—35HMB Ho4 28-Lead Windowed Leaded Chlp Carrier | Military
CY7C344-35WMB W22 28-Lead Windowed CerDIP

Shaded area contains advanced mformation.
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MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics

Parameter Subgroups

Vou 1,2,3

VoL 1,23

Vg 1,2,3

Vi 1,2,3

Iix 1,2,3

Ioz 1,2,3

Icc1 1,2,3

Switching Characteristics

Parameter Subgroups

tpp1 7,8,9,10, 11
trp2 7,8,9,10,11
tPD3 7,8,9,10, 11
tco1 7,8,9,10, 11
ts 7,8,9,10,11
tH 7,8,9,10, 11
taco1 7,8,9,10, 11
taco1 7,8,9,10, 11
tAs 7,8,9,10,11
tAH 7,8,9,10,11

Document #: 38—00127—F

CY7C344B
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128-Macrocell MAX® EPLD

Features Functional Description Each LAB is interconnected through the
. programmable interconnect array, allow-
® 128 macrocells in 8 LABs The CY7C346/CY7C346B is an Erasable  ing all signals to be routed throughout the

20 dedicated inputs, 64 bidirectional
1/O pins

Programmable interconnect array

0.8-micron double-metal CMOS
EPROM technology (CY7C346)

Advanced 0.65-micron CMOS
technology to increase performance
(CY7C346B)

Programmable Logic Device (EPLD) in
which CMOS EPROM cells are used to
configure logic functionswithin the device.
The MAX architecture is 100% user confi-
gurable, allowing the devices to accommo-
date a variety of independent logic
functions.

The 128 macrocells in the CY7C346/
CY7C346B are divided into 8 Logic Array

chip.

The speed and density of the
CY7C346/CY7C346B allow it to be used
in a wide range of applications, from re-
placement of large amounts of 7400-series
TTLlogic, to complex controllers and mul-
tifunction chips. With greater than 25
times the functionality of 20-pin PLDs, the
CY7C346/CY7C346B allows the replace-

® Available in 84-pin HLCC, PLCC ) N
and 100-pin PG?&, PQFP ’ ’ Blocks (LABs), 16 per LAB. There are 256  ment of over 50 TTL devices. By replacing
expander product terms, 32 per LAB,tobe  large amounts of logic, the CY7C346/
used and shared by the macrocells within  CY7C346B reduces board space, part
each LAB. count, and increases system reliability.
Logic Block Diagram
.. 1 (C7) . INPUT/CLK ] INPUT ... 36
.78 (A10) .... INPUT INPUT 37
INPUT INPUT 38
INPUT INPUT ... (NI 41
INPUT INPUT ... 42
INPUT INPUT ... 43
INPUT INPUT ... 44
INPUT INPUT ... 47
. ) INPUT INPUT ... 48
.7 (B ..... INPUT INPUT ... 49
| SYSTEM CLOCK |
—LABA W LAB H
8 (B13) [ MACROCEIL 1 ] MACROCELL 120 __|—— (C13)NC
9(C12) L MACROCELL 119 |——— (D12)NC
10 (A13) MACROCELL 3 MACROCELL 118 —— (D13)77
11 (B12) | MACROCELL4 ¥/ MACROCELL 117 | (E12) 76
12 (A12) [ MACROCELL5 [N MACROCELL 116 |—— (E13) 75
13 (B11) MACROCELL 6 MACROCELL 115 | (F11)74
NC (A11———  MACROCELL 7 MACROCELL 114 __|— (G13)73
NC (B10——— MACROCELL8 | < MACROCELL 113__|—— (G11) 72
MACROCELL 9-16 MACROGELL 121-128
wes ¥ < b <t vuss
14 (A4) ———— E| | _MACROCELL 104 _ J— (G12) NC
:gzﬁg; —1__MACROCELL 18 MACROCELL 103 |—— E\I;!:SS)) 7r\4c
— MACROCELL 19 | MACROCELL 102 |——
17 (A2) —— IACROGELL 20 _'\_MAQBQQELLJ_QJ_— J12) 70
18(B3) ———— MACROCELL 21 —/|__MACROCELL 100 }—— (K13)69
21 (A1) ———  MACROCELL 22 MACROCELL 99 l—— (Ki2) 68
NC (82) = MACROCELL 23 MACROCELL 98 (L13) 67
NC (B1) | _MACROCELL 24 MACROCELL 97 f—— (L12)64
MACROGELL 25-32 P MACROCELL 105-112
|
LAB C * g E A LAB F
22 (C2) [ MACROCELL 33 ] MACROCELL 88 |~ (M13) NC
25 (C1) p  MACROCELL34 | MACROCELL 87 —— (M12)NC
26 (D2) MACROCELL 35 86 l— (N13)63
27 (1) | _MACRQGELL36 V'~ N L 85 l— (M11) 60
28 (E2) | MACROQCELL 37 [Nyt L84 —— (N12) 59
29 (E1) [ MAC L83 —— (N11)58
NG (F1) MACROCELL 39 [82 —— (M10)57
NC (G2) MACROCELL 40 > < 81 —— (N10) 56
MACROCELL 41-48 MACROCELL 86-96
LAB D % é % + LAB E
30 (G8) — MACROCELL72___ === (M4) NC
31 (G1) =1 __MACROCELL 50 | MACROCELL 71 —— (N3)NC
32 (H3) MACROCELL 51 N|[__MAGROCELL70 |~ (M3)55
33 (J) ——— MACROCEI( 5> | MACROCELL69 __|—— (N2) 54
34 (J2) —— MACROCELLS3 | —V MACROCELL 68 —— (M2)53
35 (K1) —— MACROCELL 64 | MACROCELL67 | (N1)52
NC (K2) e MACROQCELL 55 MACROCELL 66 — (&5
NC (L1) =~ __MACROCELL 56 | [ (M1)50
MACROCELL 57-64 MACROGELL 73-80
3,20, 37, 54 (A6,B6,F12,F13,H1,H2,M8,N8) > vic () - PERTAIN TO 100-PIN PGA PACKAGE cator
16, 33, 50, 67 (B8,C8,F2,F3,H11,H12,.L6,M6) [_>— GND

MAX is a registered trademark of Altera Corporation. Warp2 and Warp3 are trademarks of Cypress Semiconductor Corporation.

3-73
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Selection Guide

7C346-25 7C346-30 7C346-35
7C346B—25 | 7C346B—30 | 7C346B-35
Maximum Access Time (ns) 25 30 35
Maximum Operating Commercial 250 250 250
Current (mA Military 325 320 320
Industrial 320 320 320
Maximum Standby Commercial 225 225 225
Current (mA) Military 275 275 275
Industrial 275 275 275
Shaded area contains advanced information.
Pin Configurations
PLCC/CLCC PGA
Top View Bottom View
par
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9909223 °°2222552222292
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110 D o
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o [ 1o k |vo|wo vo | o
110 0 o
1o 1 o J |vo|wo o | o
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GND B Voo H |Vec|Vee] O GND|GND] I/O
]
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Pin Configurations (continued)
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, DC Input Voltagelll ................ ... -3.0Vto + 7.0V
not tested.) DC Program Voltage ............................. 13.0V
Storage Temperature .................. —65°Cto +150°C  gtatic Discharge Voltage ....................... > 1100V
Ambient Temperature with (per MIL—-STD—883, Method 3015)
Power Applied .............. ..ol —=55°Cto +125°C
Maximum Junction Temperature Operating Range
(underbias) .......oooviiiiiii 150°C Ambient
Supply Voltage to Ground Potential ... ... .. —2.0V to +7.0V Range Temperature Ve
Maximum Power Dissipation ................... 2500 mW Commercial 0°Cto +70°C 5V 5%
DCVccorGNDCurrent ......oovvvvvnennnnnnnn 500 mA Industrial —40°Cto +85°C 5V = 10%
DC Output Current perPin .......... —25 mA to +25 mA Military —55°C to +125°C (Case) 5V + 10%
Electrical Characteristics Over the Operating Rangel?]
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Vce = Min, Iog = —4.0 mA 2.4 \%
VoL Output LOW Voltage Vce = Min, IgL = 8.0 mA 0.45 \%
Via Input HIGH Voltage 2.2 Ve +0.3 v
VIiL Input LOW Voltage -0.3 0.8 \%
Irx Input Current GND < VN < Ve -10 +10 uA
Ioz Output Leakage Current Vo = V¢c or GND -40 +40 HA
Tos Output Short Circuit Current Vee = Max., Voyr = 0.5VI13:4] -30 -90 mA
Icc1 Power Supply Current (Standby) { Vi = GND (No Load) Com’l 225 mA
Mil/Ind 275
Icc2 Power Supply Current[3] Vi = Veeor GND (No Load) | Com'l 250 mA
£ = 1.0 MHl] Mil/Ind 320
tR Recommended Input Rise Time 100 ns
tp Recommended Input Fall Time 100 ns
Capacitancel®]
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Vin =2V, f = 1.0 MHz 10 pF
Cour Output Capacitance Vourt = 2V, f = 1.0 MHz 20 pF
IEOtehs/iinimum DCinput is — 0.3V. During transitions, the inputs may un- 4. Guaranteed by design but not 100% tested.

dershoot to — 3.0V for periods less than 20 ns.

2. Typical values are for Tp = 25°C and Ve = 5V.

3. Notmore than one output should be tested at a time. Duration of the
short circuit should not be more than one second. Voyr = 0.5V has
been chosen to avoid test problems caused by tester ground
degradation.

AC Test Loads and Waveformsl(¢]

R1464Q R1464Q

5. Thisparameteris measured with device programmed as a 16-bit count-
er in each LAB,

6. Part(a)in AC Test Load and Waveforms is used for all parameters ex-
cept tgr and txz, which is used for part (b) in AC Test Load and Wave-
forms. All external timing parameters are measured referenced to ex-
ternal pins of the device.

O—rrermeeee AN N
v 5V ALL INPUT PULSES
OUTPUT OUTPUT 3.0V —  00%
10% 10%
50 pF R2 5 pF R2 GND
I 250Q I 25002 - . <6ns
INCLUDING &= = INCLUDING == L =6ns =
JIG AND = JIG AND =
SCOPE SCOPE C346-5 C346-6

Equivalent to:

(a)

THEVENIN EQUIVALENT (COMMERCIAL/MILITARY)

163Q

OUTPUT 0—AM~———0 1.75V
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Logic Array Blocks

There are 8 logic array blocks in the CY7C346/CY7C346B. Each
LAB consists of amacrocell array containing 16 macrocells, an ex-
pander product term array containing 32 expanders, and an I/O
block. The LABisfedbythe programmable interconnect array and
the dedicated input bus. All macrocell feedbacks go to the macro-
cell array, the expander array, and the programmable interconnect
array. Expanders feed themselves and the macrocell array. All I/O
feedbacks go to the programmable interconnect array so that they
may be accessed by macrocells in other LABs as well as the macro-
cells in the LAB in which they are situated.

Externally, the CY7C346/CY7C346B provides 20 dedicated in-
puts, one of which may be used as a system clock. There are 64 I/O
pins that may be individually configured for input, output, or bidi-
rectional data flow.

Programmable Interconnect Array

The Programmable Interconnect Array (PIA) solves interconnect
limitations by routing only the signals needed by each logic array
block. The inputs to the PIA are the outputs of every macrocell
within the device and the I/O pin feedback of every pin on the
device.

Timing Delays

Timing delays within the CY7C346/CY7C346B may be easily de-
termined using Warp2™ , Warp3™ ,or MAX+PLUS® software or
by the model shown in Figure 1. The CY7C346 /CY7C346B has

fixed internal delays, allowing the user to determine the worst case
timing delays for any design. For complete timing information,

Design Recommendations

Operation of the devices described herein with conditions above
those listed under “Maximum Ratings” may cause permanent
damage to the device. This is a stress rating only and functional op-
eration of the device at these or any other conditions above those
indicated in the operational sections of this datasheet is not im-
plied. Exposure to absolute maximum ratings conditions for ex-
tended periods of time may affect device reliability. The
CY7C346/CY7C346B contains circuitry to protect device pins
from high static voltages or electric fields, but normal precautions
should be taken to avoid application of any voltage higher than the
maximum rated voltages.

For proper operation, input and output pins mustbe constrained to
the range GND < (Vi or Vour) < Ve Unused inputs must al-
ways be tied to an appropriate logic level (either Vo or GND).
Eachsetof Vc and GND pins must be connected together direct-
ly at the device. Power supply decoupling capacitors of at least 0.2
uF must be connected between Ve and GND. For the most effec-
tive decoupling, each V¢ pin should be separately decoupled to
GND directly at the device. Decoupling capacitors should have
good frequency response, such as monolithic ceramic types have.

Design Security

The CY7C346/CY7C346B contains a programmable design secu-
rity feature that controls the access to the data programmed into
the device. If this programmable feature is used, a proprietary de-
sign implemented in the device cannot be copied or retrieved. This
enables a high level of design control to be obtained since pro-
grammed data within EPROM cells is invisible. The bit that con-

Warp3 or MAX+PLUS  software provides a timing simulator. trols this function, along with all other program data, may be reset
simply by erasing the entire device.
EXPANDER _J
DELAY
texp
REGISTER
LOGIC ARRAY o
CONTROL DELAY | tcir UTPUT
INPUT tiac : DELAY
PRE OUTPUT
> 1 Z 2
B“‘EPUI( LOGIC ARRAY | trsu tro o
LA DELAY tcoms tzx
tin tLap tRH tLaTCH
SYSTEM CLOCK DELAY ticg
PIA ) CLOCK
DELAY DRLAY
tpia
FEEDBACK
DELAY
D
1/O DELAY
tIO C346-7

Figure 1. CY7C346/CY7C346B Internal Timing Model
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The CY7C346/CY7C346B is fully functionally tested and guaran-
teed through complete testing of each programmable EPROM bit
and allinternal logic elements thus ensuring 100% programming
yield.

The erasable nature of these devices allows test programs to be
used and erased during early stages of the production flow. The de-
vices also contain on-board logic test circuitry to allow verification
of function and AC specification once encapsulated in non-win-
dowed packages.

Typical Icc vs. fyiax

400

300

Vee =5.0V
Room Temp.

lec ACTIVE (mA) Typ.

100 |—

i | | | 1
0
100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 50 MHz

MAXIMUM FREQUENCY

C346-8
Output Drive Current
o
S 100
5 oL
T 8ol
E
. Ve =5.0V
g 60 Room Temp.
o
5
O 40|
5
E lom
5 20|
° X
e 1 1 1 I
0 045 1 2 3 4 5
Vo OUTPUT VOLTAGE (V) Cosb—g

Timing Considerations

Unless otherwise stated, propagation delays do not include expan-
ders. When using expanders, add the maximum expander delay
texp tothe overall delay. Similarly, there is an additional tpj delay
for an input from an I/O pin when compared to a signal from
straight input pin.

When calculating synchronous frequencies, use tg; if all inputs are
on dedicated input pins. The parameter tg, should be used if data
is applied at an I/O pin. If tg; is greater than tcog, 1/tsz becomes
the limiting frequency in the data path mode unless 1/(twy + twr)
is less than 1/tgs.

When expander logic is used in the data path, add the appropriate
maximum expander delay, tgxp to tg;. Determine which of 1/(twy
+ twL), 1/tcoi, or 1/(tgxp + tsy) is the lowest frequency. The low-
est of these frequencies is the maximum data path frequency for
the synchronous configuration.

‘When calculating external asynchronousfrequencies, use tag; if all
inputs are on the dedicated input pins. If any data is applied to an
/O pin, tasy must be used as the required set-up time. If (tasy +
tap) is greater than tacor, 1/(tas2 + tag) becomes the limiting
frequency in the data path mode unless 1/(tawp + tawr) is less
than 1/(tasz + tam)-

When expander logic is used in the data path, add the appropriate
maximum expander delay, tgxp to tasi. Determine which of
1/(tawy + tawL), 1/taco1, or 1/(texp + tasi) is the lowest fre-
quency. The lowest of these frequencies is the maximum data path
frequency for the asynchronous configuration.

The parameter toy indicates the system compatibility of this de-
vice when driving other synchronous logic with positive input hold
times, which is controlled by the same synchronous clock. If tgyy is
greater than the minimum required input hold time of the subse-
quent synchronous logic, then the devices are guaranteed to func-
tion properly with a common synchronous clock under worst-case
environmental and supply voltage conditions.

The parameter tpop indicates the system compatibility of this de-
vice when driving subsequent registered logic with a positive hold
time and using the same asynchronous clock as the
CY7C346/CYTC346B.

In general, if taoop is greater than the minimum required input
hold time of the subsequent logic (synchronous or asynchronous)
then the devices are guaranteed to function properly under worst-
case environmental and supply voltage conditions, provided the
clock signal source is the same. This also applies if expander logic
is used in the clock signal path of the driving device, but not for the
driven device. This is due to the expander logic in the second de-
vice’s clock signal path adding an additional delay (tgxp) causing
the output data from the preceding device to change prior to the
arrival of the clock signal at the following device’s register.
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Commercial and Industrial External Synchronous Switching Characteristics[®! Over Operating Range

Parameter Description

tpD1 Dedicated Input to Combinatorial
Output Delayl’]

tpp2 1/0O Input to Combinatorial
Output Delay(8

tpp3 Dedicated Input to Combinatorial
Output Delay with
Expander Delayl’]

tpD4 1/O Input to Combinatorial
Output Delay with
Expander Delayl% 101

tEA Input to Output Enable Delayl* 7]

tER Input to Output Disable Delayl# 7]

tcol Synchronous Clock Input to
Output Delay

tcoz Synchronous Clock to Local

Feedback to Combinatorial
Outputl4 111

ts1 Dedicated Input or Feedback
Set-Up Time to
Synchronous Clock Input(7- 12]

tso I/O Input Set-Up Time to
Synchronous Clock Input!]

ty Input Hold Time from
Synchronous Clock Inputl”]

twH Synchronous Clock Input
HIGH Time

twL Synchronous Clock Input
LOW Time

tRW Asynchronous Clear Widthl4 7]

tRR Asynchronous Clear Recovery
Timel®

trO Asynchronous Clear to Registered
Output Delayl”]

tpw Asynchronous Preset Width[4 7]

tpR Asynchronous Preset Recovery
Timel*

tpo Asynchronous Preset to Registered
Output Delayl’]

tcr Synchronous Clock to Local
Feedback Inputl4 13]

tp External Synchronous Clock
Period (1/(fmaxs)!

fmaxi External Feedback Maximum
Frequency (1/(tco1 + tsp)4 14]

fMax2 Internal Local Feedback
Maximum Frequency, lesser of

(1/(tsy + tcp)) or (Vtcop 13

Shaded area contains advanced information.

7C346-30 | 7C346-35
7C346B-30 | 7C346B—35
Min. | Max. | Min. | Max. | Unit
30 35 ns
45 55 ns
44 55 ns
59 75 ns
30 35 ns
30 35 ns
16 20 ns
35 42 ns
20 25 ns
36 45 ns
0 0 ns
10 125 ns
10 12.5 ns
30 35 ns
30 35 ns
30 35 ns
30 35 ns
30 35 ns
30 35 ns
3 6 ns
20 25 ns
27.7 222 MHz
43.4 322 MHz
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Commercial and Industrial External Synchronous Switching Characteristicsl6] Over Operating Range (continued)

Parameter Description

Data Path Maximum Frequency,
lesser of (1/(twr, + twr)).
(st + tw)) of (Vico) 19

fMAX3

fmaxa Maximum Register Toggle
Frequency (1/(twr. + twz))% 17)
toH Output Data Stable Time from

Synchronous Clock Inputl4 18]

Shaded area contains advanced information.

Notes:

7. This specification is a measure of the delay from input signal applied
to adedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 66, or 68)
to combinatorial output on any output pin. This delay assumes no ex-
pander terms are used to form the logic function.
When this note is applied to any parameter specification it indicates
that the signal (data, asynchronous clock, asynchronous clear, and/or
asynchronous preset) is applied to a dedicated input only and no signal
path (either clock or data) employs expander logic.
If an input signal is applied to an I/O pin an additional delay equal to
tpra should be added to the comparable delay for a dedicated input. If
expanders are used, add the maximum expander delay tgxp to the
overall delay for the comparable delay without expanders.

8. This specification is a measure of the delay from input signal applied
to an I/O macrocell pin to any output. This delay assumes no expander
terms are used to form the logic function.

9. Thisspecificationisa measure of the delay from aninput signal applied
to a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 36, 66, or
68) to combinatorial output on any output pin. This delay assumes ex-
pander terms are used to form the logic function and includes the
worst-case expander logic delay for one pass through the expander log-
ic.

10. Thisspecificationis ameasure of the delay from aninputsignal applied
to an I/O macrocell pin to any output. This delay assumes expander
terms are used to form the logic function and includes the worst-case
expander logic delay for one pass through the expander logic. This pa-
rameter is tested periodically by sampling production material.

11. This specification is a measure of the delay from synchronous register
clock to internal feedback of the register output signal to the input of
the LAB logic array and then to a combinatorial output. This delay as-
sumes no expanders are used, register is synchronously clocked and all
feedback is within the same LAB. This parameter is tested periodically
by sampling production material.

12.

13.

14.

15.

16.

17.

18.

7C346-25 | 7C346—-30 | 7C346-35
7C346B~25 | 7C346B—30 | 7C346B~35
| Min. | Max. | Min. | Max. | Min. | Max. | Unit
62.5 50 40 MHz
62.5 50 40 MHz
3 3 3 ns

If datais applied to an I/O input for capture by a macrocell register, the
I/O pininput set-up time minimums should be observed. These param-
eters are tg; for synchronous operation and tas; for asynchronous op-
eration.

This specification is a measure of the delay associated with the internal
register feedback path. This is the delay from synchronous clock to
LAB logic array input. This delay plus the register set-up time, tgy, is
the minimum internal period for an internal synchronous state ma-
chine configuration. This delay is for feedback within the same LAB.
This parameter is tested periodically by sampling production material.
This specification indicates the guaranteed maximum frequency, in
synchronous mode, at which a state machine configuration with exter-
nalfeedback canoperate. Itis assumed that all data inputs and external
feedback signals are applied to dedicated inputs.

This specification indicates the guaranteed maximum frequency at
whichastate machine withinternal-only feedback can operate. If regis-
ter output states must also control external points, this frequency can
still be observed as long as this frequency is less than 1/tco1. Allfeed-
back is assumed to be local originating within the same LAB.

This frequency indicates the maximum frequency at which the device
may operate in data path mode (dedicated input pin to output pin).
This assumes data input signals are applied to dedicated input pins and
no expander logic is used. If any of the data inputs are I/O pins, tsy is
the appropriate tg for calculation.

This specification indicates the guaranteed maximum frequency, in
synchronous mode, at which an individual output or buried register
can be cycled by a clock signal applied to the dedicated clock input pin.
This parameter indicates the minimum time after a synchronous regis-
ter clock input that the previous register output data is maintained on
the output pin.
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Commercial and Industrial External Asynchronous Switching Characteristics!®! Over Operating Range

Shaded area contains advanced information.

Notes:
19. This specification is a measure of the delay from an asynchronous reg-

ister clock input to internal feedback of the register output signal to the
input of the LAB logic array and then to a combinatorial output. This
delay assumes no expanders are used in the logic of combinatorial out-
put or the asynchronous clock input. The clock signal is applied to the
dedicated clock input pin and all feedback is within a single LAB. This
parameter is tested periodically by sampling production material.

20. This parameter is measured with a positive-edge triggered clock at the

21.

register. For negative edge triggering, the tawyy and taw parameters
must be swapped. If a given input is used to clock multiple registers
with both positive and negative polarity, tawy should be used for both
taws and tawr.

This specification is a measure of the delay associated with the internal
register feedback path for an asynchronousclockto LABlogicarrayin-
put. This delay plus the asynchronous register set-up time, tas1, is the
minimum internal period for an internal asynchronously clocked state
machine configuration. This delay is for feedback within the same
LAB, assumes no expander logicin the clock path, and assumes that the
clock input signal is applied to a dedicated input pin. This parameter
is tested periodically by sampling production material.

22, This specification indicates the guaranteed maximum frequency at

which an asynchronously clocked state machine configuration with ex-
ternal feedback can operate. It is assumed that all data inputs, clock in-
puts, and feedback signals are applied to dedicated inputs and that no
expander logic is employed in the clock signal path or data path.

. 7C346—-25 | 7C346—-30 | 7C346—35
7C346B—15 | 7C346B—20 | 7C346B—25 | 7C346B—30 | 7C346B—35
Parameter Description Min. | M Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit

taco1 Asynchronous Clock Input to 20 25 30 35 ns
Output Delayl”]

tACO2 Asynchronous Clock Input to 25 32 39 46 55 ns
Local Feedback to Combinatorial
Output(!9]

tas1 Dedicated Input or Feedback 6 8 ns
Set-Up Time to Asynchronous
Clock Input!7]

tasy I/O Input Set-Up Time to 22 28 ns
Asynchronous Clock Inputl(7]

tAH Input Hold Time from 8 10 ns
Asynchronous Clock Inputl7]

tAwWH Asynchronous Clock Input 14 16 ns
HIGH Timel’]

tAWL Asynchronous Clock Input 11 14 ns
LOW Timel7 201

tACF Asynchronous Clock to Local 15 18 22 ns
Feedback Inputl4 21]

tAp External Asynchronous Clock 25 30 ns
Period (1/(fMAXA4))[4]

fmaxal External Feedback Maximum 277 23.2 MHz
Frequency in Asynchronous
Mode (1/{tacoy + tas)l4 2

fmaxa2 | Maximum Internal Asynchronous 40 333 MHz
Frequencyl™

fmaxas | Data Path Maximum Frequency 333 28.5 MHz
in Asynchronous Mode [4

fmaxaa | Maximum Asynchronous 40 333 MHz
Register Toggle Fre%lency
(tawn + tawp)4 %] -

tAOH Output Data Stable Time from 15 15 ns
Asynchronous Clock Inputl 26!

23.

24,

26.

This specification indicates the guaranteed maximum frequency at
which an asynchronously clocked state machine with internal-only
feedback can operate. This parameter is determined by the lesser of
(1/(tack + tas1)) or (1/(tawn + tawr)). If register output states must
also control external points, this frequency canstill be observed aslong
as this frequency is less than 1/taoco1.

This specification assumes no expander logic s utilized, all data inputs
and clock inputs are applied to dedicated inputs, and all state feedback
is within a single LAB. This parameter is tested periodically by sam-
pling production material.

This frequency is the maximum frequency at which the device may op-
erate inthe asynchronously clocked data path mode. This specification
is determined by the lesser of 1/(tawn + tawL), 1/(tas) + tan) or
1/taco1- It assumes data and clock input signals are applied to dedi-
cated input pins and no expander logic is used.

. This specification indicates the guaranteed maximum frequency at

which anindividual output or buried register can be cycled in asynchro-
nously clocked mode by a clock signal applied to an external dedicated
input pin.

This parameter indicates the minimum time that the previous register
output data is maintained on the output after an asynchronous register
clock input applied to an external dedicated input pin.
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Commercial and Industrial Internal Switching Characteristics Over Operating Range
iy 7C346—25 7C346-30 7C346-35
7C346B~25 | 7C346B—30 | 7C346B-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
tN Dedicated Input Pad and 5 7 9 ns
Buffer Delay
tio I/O Input Pad and Buffer 6 6 9 ns
Delay
tEXP Expander Array Delay 12 14 20 ns
tLAD Logic Array Data Delay 12 14 16 ns
tLAC Logic Array Control Delay 10 12 13 ns
ton Output Buffer and Pad Delay S 5 6 ns
tzx Output  Buffer Enable |° 10 11 13 ns
Delayl?7]
txz Output Buffer Disable Delay 10 11 13 ns
trRSU Register Set-Up Time 6 8 10 ns
Relative to Clock Signal
at Register
tRH Register Hold Time Relative 6 8 10 ns
to Clock Signal at Register
tL ATCH Flow Through Latch Delay 3 4 4 ns
tRD Register Delay 1 2 2 ns
tcoMB Transparent Mode De]aym] 3 4 4 ns
tcH Clock HIGH Time 8 10 125 ns
tcL Clock LOW Time 8 10 12.5 ns
tic Asynchronous Clock Logic 14 16 18 ns
Delay
tics Synchronous Clock Delay 1 1 1 ns
tFD Feedback Delay 1 1 2 ns
tPRE Asynchronous Register 5 6 7 ns
Preset Time
tcLR Asynchronous Register Clear 5 6 7 ns
Time
tpcw Asynchronous Preset and 5 6 7 ns
Clear Pulse Width
tPCR Asynchronous Preset and 5 6 7 ns
Clear Recovery Time
tpIA Programmable Interconnect 14 16 20 ns
Array Delay Time
Shaded area contains advanced information.
Notes:

27. Sample tested only for an output change of 500 mV.

28. This specification guarantees the maximum combinatorial delay asso-
ciated with the macrocell register bypass when the macrocell is confi-
gured for combinatorial operation.
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Military External Synchronous Switching Characteristics(®l Over Operating Range

7C346-30 7C346-35
7C346B~25 7C346B-30 7C346B—35

Parameter Description Min. | Max. | Min. | Max. | Unit

tpp1 Dedicated Input to Combinatorial Out- |- 30 35 ns
put Delayl’]

tpp2 I/O Input to Combinatorial 45 55 ns
Output Delayl8]

tpp3 Dedicated Input to Combinatorial Out- | 44 55 ns
put Delay with Expander Delayl°]

tpp4 1/O Input to Combinatorial 59 75 ns
Output Delay with
Expander Delayl4 10]

tEA Input to Qutput Enable 30 35 ns
Delayl4 7]

tER Input to Qutput Disable 30 35 ns
Delayl

tco1 Synchronous Clock Input to 16 20 ns
Output Delay .

tcoz Synchronous Clock to Local 35 42 ns
Feedback to Combinatorial
Output 1]

ts1 Dedicated Input or Feedback 20 25 ns
Set-Up Time to
Synchronous Clock Input{?: 121

ts2 I/0 Input Set-Up Time to 36 45 ns
Synchronous Clock Inputl7]

tH Input Hold Time from 0 0 ns
Synchronous Clock Inputl’]

twH Synchronous Clock Input 10 12.5 ns
HIGH Time

tWL Synchronous Clock Input 10 12.5 ns
LOW Time

tRW Asynchronous Clear Width[47] 30 35 ns

tRR Asynchronous Clear Recovery 30 35 ns
Timel*

trRO Asynchronous Clear to Registered Out- 30 35 ns
put Delay!’]

tpw Asynchronous Preset Width(4 7] 30 35 ns

tpr Asynchronous Preset Recovery 30 35 ns
Timel4 7

tpo Asynchronous_Preset to Registered 30 35 ns
Output Delayl’]

tcr Synchronous Clock to Local 3 6 ns
Feedback Inputl4: 131

tp External Synchronous Clock 20 25 ns
Period (1/(fmax3))[4

fmMax1 External Feedback Maximum 277 222 MHz
Frequency (1/(tco1 + ts1))l* 14]

Shaded area contains advanced information.
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Military External Synchronous Switching Characteristicsl6] Over Operating Range (continued)
' ‘ [ 7C346-30 | 7C346-35
7C346B—20. | 7C346B—25 7C346B-30 7C346B-35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
fmax2 Internal Local Feedback 625 555 | 434 322 MHz
Maximum Frequency, lesser of
(U(ts1 + tc)) or (Ltcor)t 23] ,
fmaxs Data Path Maximum Frequency, 714 62.5 50 40 MHz
lesser of (Y/(twr, + twn))
(U(ts1 + tr)) or (1tcop) 16] ,
fMAx4 Maximum Register Toggle 4 625 | 50 40 MHz
Frequency (1/(twy, + twg))* 7]
toy Output Data Stable Time from 3 3 3 3 ns
Synchronous Clock Inputl* 18]
Shaded area contains advanced information.
Military External Asynchronous Switching Characteristics!®] Over Operating Range
. 7C346-30 7C346-35
7C346B—-20 7C346B—25 7C346B—30 7C346B—35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit
tacol Asynchronous Clock Input to 20 25 30 35 ns
Output Delay!7]
taco2 Asynchronous Clock Input to 32 39 46 55 ns
Local Feedback to Combinatorial
Output(1]
tAS1 Dedicated Input or Feedback 6 5 6 8 ns
Set-Up Time to Asynchronous
Clock Input!’]
tas2 1/O Input Set-Up Time to 17 19 22 28 ns
Asynchronous Clock Inputl7]
tayg Input Hold Time from 6 6 8 10 ns
Asynchronous Clock Input!7]
tAWH Asynchronous Clock Input 10 11 14 16 ns
HIGH Timel’]
tawL Asynchronous Clock Input 8 9 11 14 ns
LOW Timel”. 20}
tACF Asynchronous Clock to Local 13 15 18 22 ns
Feedback Inputl4 211
tap External Asynchronous Clock 30 ns
Period (1/ (fMAXA4))[4]
fmaxal External Feedback Maximum 232 MHz
Frequency in Asynchronous
Mode (1/{taco1 + tas)l* %]
fmaxaz Maximum Internal Asynchronous 333 MHz
Frequencyl4 23]
fMAxXA3 Data Path Maximum Frequency 28.5 MHz
in Asynchronous Model4 24]
fmaxasq Maximum Asynchronous 333 MHz
Register Toggle Freguency
Y(tawn + tawp)!> >}
tAOH Output Data Stable Time from 15 ns
Asynchronous Clock Inputl* 261

Shaded area contains advanced information.
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Military Typical Internal Switching Characteristics Over Operating Range

7C346-30 7C346—35
7C346B—-20 7C346B—25 7C346B-30 7C346B~35
Parameter Description Min. | Max. | Min. | Max. | Min. | Max, | Min. | Max. | Unit
tN Dedicated Input Pad and 4 5 7 9 ns
Buffer Delay
tio I/O Input Pad and Buffer Delay 4 6 6 9 ns
tEXP Expander Array Delay 10 12 14 20 ns
tLAD Logic Array Data Delay 10 12 14 16 ns
tLaC Logic Array Control Delay 7 10 12 13 ns
top Output Buffer and Pad Delay 3 5 5 6 ns
tzx Output Buffer Enable Delayl27] 5 10 11 13 ns
txz Output Buffer Disable Delay 5 10 11 13 ns
tRSU Register Set-Up Time Relative 5 8 10 ns
to Clock Signal at Register
tRH Register Hold Time Relative 5 8 10 ns
to Clock Signal at Register
tLATCH Flow Through Latch Delay ! 2 3 4 ns
tRD Register Delay S T 2 ns
tCOMB Transparent Mode Delay(28] 2 3 4 ns
tcH Clock HIGH Time 8 10 125 ns
teL Clock LOW Time %8 10 12.5 ns
tic Asynchronous Clock Logic Delay 8 ‘ 14 16 18 ns
tics Synchronous Clock Delay 105 2 2 3 ns
tFD Feedback Delay ' 1 1 2 ns
tpRE Asynchronous Register Preset Time 3 6 7 ns
tCLR Asynchronous Register Clear Time 3 6 7 ns
tpcw Asynchronous Preset and 4 f -5 i 6 7 ns
Clear Pulse Width :
tpCR Asynchronous Preset and 4 | 5 7 ns
Clear Recovery Time
tp1A Programmable Interconnect 16 20 ns
Array Delay Time

Shaded area contains advanced information.
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Switching Waveforms

External Combinatorial

DEDICATED INPUT/

1/O INPUT
[=— teo1("tppol®!
COMBINATORIAL
OUTPUT
tgrl?l ——> )
COMBINATORIAL OR .
REGISTERED OUTPUT > o

HIGH-IMPEDANCE

fe—— teal’l ——

A~

THREE-STATE

(N VALID OUTPUT

HIGH-IMPEDANCE
THREE-STATE

C346-10

External Synchronous

DEDICATED INPUTS OR
REGISTERED FEEDBACKI"]

SYNCHRONOUS
CLOCK

ASYNCHRONOUS ton
CLEAR/PRESETL"]

trw/tew tRe/teR

tao/tro

REGISTERED
OUTPUTS

x

COMBINATORIAL OUTPUT FROM
REGISTERED FEEDBACK! 1]

tcoz J*

C346-11

External Asynchronous

DEDICATED INPUTS OR’
REGISTERED FEEDBACK

tast >

ASYNCHRONOUS

CLOCKINPUT oo A

tacon

taw/tew trr/ter

ASYNCHRONOUS

tAOH —
CLEAR/PRESET

tro/tro

ASYNCHRONOUS REGISTERED
OUTPUTS

[¢——————— tpcop ————————

COMBINATORIAL OUTPUT FROM
ASYNCHRONOUS REGISTERED

FEEDBACK

C346-12
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Switching Waveforms (continued)

Internal Combinatorial
1

Y]
INPUT PIN >k

(e tpia —
to |e—

1/0 PIN

le— texp —d
EXPANDER
ARRAY DELAY
je— 1t ac, tLaAD —
LOGIC ARRAY
INPUT

LOGIC ARRAY
OUTPUT

C346-13

Internal Asynchronous

tr
CLOCK PIN

CLOCKINTO
LOGIC ARRAY

tic
CLOCK FROM
LOGIC ARRAY

tRsu —’I‘- tRH

REGISTER QUTPUT
TO LOCAL LAB
LOGIC ARRAY

tpia
REGISTER OUTPUT
TO ANOTHER LAB

DATA FROM
LOGIC ARRAY
tRotLATCH —=l=— trD toLrdtrRE —mfe= trp j{

C346-14

Internal Synchronous

teH toL —

SYSTEM CLOCK PIN / \

: ::I le— tics
SYSTEM CLOCK IN

AT REGISTER /_—\—m_

trsu —>fe— tan

DATA FROM
LOGIC ARRAY

C346-15
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Switching Waveforms (continued)

Internal Synchronous

CLOCK FROM
LOGIC ARRAY
tRD top —»

DATA FROM X

LOGIC ARRAY X_
txz tzx
. HIGH IMPEDANCE | /——————
OUTPUT PIN X X — K

C346-16



?? CY7C346
S/ CYPRESS CY7C3468
Ordering Information

[ Spesi | Ordering Code o Package Type Oprnge ®

(ns)

CY7C346—25HC/HI

Range

25 H84 84-Pin Windowed Leaded Chip Carrier
CY7C346—25JC/J1 J83 84-Lead Plastic Leaded Chip Carrier
CY7C346—25NC/NI N100 | 100-Lead Plastic Quad Flatpack
CY7C346—-25RC/RI R100 | 100-Pin Windowed Ceramic Pin Grid Array
[CY7CH6B—25R 00 [ 100°Pin Windowed s
30 |CY7C346—30HC/H H84 84-Pin Windowed Leaded Chip Carrier Commercial/Industrial
CY7C346—30JC/J1 183 84-Lead Plastic Leaded Chip Carrier
CY7C346—30NC/NI N100 |100-Lead Plastic Quad Flatpack
CY7C346—-30RC/RI R100 | 100-Pin Windowed Ceramic Pin Grid Array
R = ;
CY7C346—30HM. H84 84-Pin Windowed Leaded Chip Carrier Military
CY7C346—-30RMB R100 | 100-Pin Windowed Ceramic Pin Grid Array
35 [ Commercial/Industrial
CY7C346-35JC/J1 J83 84-Lead Plastic Leaded Chip Carrier
CY7C346—35NC/NI N100 100-Lead Plastic Quad Flatpack
CY7C346—-35RC/RI R100 | 100-Pin Windowed Ceramic Pin Grid Array
CY7C346-35HM Military
CY7C346-35RMB R100 100-Pin Windowed Ceramic Pin Grid Array
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MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics
Parameter Subgroups
Vou 1,23
VoL 1,2,3
Viu 1,23
ViL 1,2,3
Irx 1,2,3
Ioz 1,23
Icc1 1,2,3
Switching Characteristics
Parameter Subgroups
tppD1 7,8,9,10, 11
{pD2 7,8,9,10, 11
tpD3 7,8,9,10, 11
tcotl 7,8,9,10, 11
ts1 7,8,9,10, 11
tsy 7,8,9,10, 11
tH 7,8,9,10,11
tWH 7,8,9,10,11
twr 7,8,9,10, 11
tRO 7,8,9,10,11
tpo 7,8,9,10, 11
tAco1 7,8,9,10, 11
taco2 7,8,9,10, 11
tAs1 7,8,9,10,11
tAH 7,8,9,10,11
tAWH 7,8,9,10,11
tAWL 7,8,9,10,11

Document #: 38—00244—B



This is an abbreviated datasheet. Contact a
Cypress representative for complete specifications.
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Ultra High Speed
State Machine EPLD
Features — Skew-controlled OR output array A programmable on-board clock doubler
. . . —_ Qutputs are sum of states like PLA  allowsthe device tooperate at 125 MHzin-
* High speed: 125-MHz state machine P ternally based on a 62.5-MHz input clock

output generation

— Token passing

— Multiple, concurrent processes
— Multiway branch or join

One clock with programmable clock
doubler

Programmable miser bits for power

savings

8 to 12 inputs with input macrocells

— Metastability hardened: 10-year
MBTF

—0, 1, or 2 input registers

— 3 programmable clock enables
e 32 synchronous state macrocells
o 10 to 14 outputs

e Security fuse

o Available in 28-pin slimline DIP and
28-pin HLCC

e UV-erasable and reprogrammable

o Programming and operation 100%
testable

Product Characteristics

The CY7C361 is a CMOS erasable, pro-
grammable logic device (EPLD) with very
high speed sequencing capabilities.
Applicationsinclude high-speedcacheand
I/O subsystems control, control of high-
speed numeric processors, and high-speed
arbitration between synchronous or
asynchronous systems.

reference. The clock doubler is not a
phase-locked loop. Itproduces an internal
pulse on each edge of the external clock.
The length of each internal pulse is deter-
mined by the intrinsic delays within the
CY7C361. When the doubler is enabled,
all macrocells in the CY7C361 are refer-
enced to the doubled clock. If the clock
doubleris disabled, a 125-MHzinput clock
can be connected to pin 4, and it will be
used as a clock to all macrocells.

The CY7C361 has two arrays, similar to
those in a PLA exceptthat the registers are
placed between the two arrays so that the
long feedback path of the PLA is elimi-
nated.

Logic Block Diagram
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Pin Configurations
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Selection Guide

Icc mA at fayax fmax MHz tis ns tco ns
Generic Part Number Com Mil Com Mil Com Mil Com Mil
CY7C361-125 200 125 2 15
CY7C361-100 200 200 100 100 3 3 19 19
CY7C361-83 83.3 83.3 5 23 23

Document #: 38—00106—D



FLASH370®
PRELIMINARY CPLD Family

High-Density Flash CPLDs

Features o Warp2™ the CY7C375 all of the macrocells are fed

— Low-cost, text-based design tool, to I/O pins and the device is available in
® Flash erasable CMOS CPLDs PLD compiler ¢ ’ 160-pin packages. Figure 1 shows a block
o High density — IEEE 1076-compliant VHDL diagram of the CY7C374/5.

— 32—256 macrocells
— 32-192 I/O pins
— Multiple clock pins

Functional Description
Programmable Interconnect Matrix

— Available on PC and Sun platforms
e Warp3™ CAE development system

High speed

—tpp =85 — 15ns

—ts=5—-10ns

—tco =6 —10ns
Fast Programmable Interconnect Ma-

trix (PIM)

— Uniform predictable delay, inde-

pendent of routing

Intelligent product term allocator

— 0—16 product terms to any macro-

cell

— Provides product term steering on
an individual basis

— Provides product term sharing
among local macrocells

— Prevents stealing of neighboring

product terms

Simple timing model
— No fanout delays
— No expander delays

— No dedicated vs. I/O pin delays

— No additional delay through PIM
— No penalty for using full 16 prod-

uct terms

— No delay for steering or sharing *

product terms
Flexible clocking

—2~4 clock pins per device
— Clock polarity control

— VHDL input

— ViewLogic graphical user interface

— Schematic capture (ViewDraw™ )

— VHDL simulation (ViewSim™)

— Available on PC and Sun platforms
General Description

The FLASH370 family of CMOS CPLDs
provides a range of high-density program-
mable logic solutions with unparalleled
performance. Each member of the family

is designed with Cypress’s state-of-the-art’

0.65-micron Flash technology. All of the
devices are electrically erasable and repro-
grammable, simplifying product inventory
and reducing costs.

The FLASH370 family is designed to bring
the flexibility, ease of use and performance
of the 22V10 to high-density CPLDs. The
architecture is based on a number of logic
blocks that are connected by a Program-
mable Interconnect Matrix (PIM). Each
logic block features its own product term
array, product term allocator array, and 16
macrocells. The PIM distributes signals

from one logic block to another as well as

all inputs from pins.

The family features a wide variety of densi-
ties and pin counts to choose from. Ateach
density there are two packaging options to
choose from—one thatis I/O intensive and
another that is register intensive. For ex-
ample, the CY7C374 and CY7C375 both

The Programmable Interconnect Matrix
(PIM) consists of a completely global rout-
ing matrix for signals from I/O pins and
feedbacks from the logic blocks. The PIM
is an extremely robust interconnect that
avoids fitting and density limitations.
Routing is automatically accomplished by
software and the propagation delay
through the PIM is transparent to the user.
Signals from any pin or any logic block can
be routed to any or all logic blocks.

The inputs to the PIM consist of all /O
and dedicated input pins and all macrocell
feedbacks from within the logic blocks.
The number of PIM inputs increases with
pincount and the number of logic blocks.
The outputs from the PIM are signals
routed to the appropriate logic block(s).
Each logic block receives 36 inputs from
the PIM and their complements, allowing
for 32-bit operations to be implemented
in a single pass through the device. The
wide number of inputs to the Jogic block
also improves the routing capacity of the
FLASH370 family.

An important feature of the PIM involves
timing. The propagation delaythroughthe
PIM is accounted for in the timing specifi-
cations for each device. There is no addi-
tional delay for traveling through the PIM.
In fact, all inputs travel through the PIM.
Likewise, there are no route-dependent
timing parameters on the FLASH370 de-

* lS)ecurity bit and user ID supported feature 128 macrocells. On the CY7C374  vices. The worst-case P M delays are in-
o Packages ) half of the macrocells are buried and the ~corporated in all appropriate FLASH370
—44-288 pins device is available in 84-pin packages. On Specifications.
—PLCC, CLCC, PGA, and TQFP
packages
FLASH370 Selection Guide
Device Pins Macrocells | Dedicated Inputs 1/O Pins Flip-Flops Speed (ns) Speed (MHz)
371 44 32 6 32 44 8.5 143
372 44 64 6 32 76 10 125
84 64 6 64 76 10 125
84 128 6 64 140 12 100
160 128 6 128 140 12 100
: 1 6 : 8
192 83
256
© 240 256 [

Shaded area contains advanced information.
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Figure 1. CY7C374/5 Block Diagram

Functional Description (continued)

Routingsignals through the PIMis completely invisible to the user.
Allrouting is accomplished 100% by software—no hand routing is
.necessary. Warp2and third-party development packages automat-
ically route designs for the FLASH370 family in a matter of minutes.
Finally, the rich routing resources of the FLASH370 family accom-
modate last minute logic changes while maintaining fixed pin as-
signments.

Logic Block

The logic block is the basic building block of the FLASH370 archi-
tecture. It consists of a product term array, an intelligent product-
term allocator, 16 macrocells, and a number of I/O cells. The num-
ber of I/O cells varies depending on the device used.

There are two types of logic blocks in the FLAsH370 family. The
first type features an equal number (16) of 1/O cells and macrocells
and is shown in Figure 2. This architecture is best for I/O-intensive
applications. The second type of logic block features a buried ma-
crocell along with each I/O macrocell. In other words, in each logic
block, there are eight macrocells that are connected to I/O cells
and eight macrocells that are internally fed back to the PIM only.
This organization is designed for register-intensive applications
and is displayed in Figure 3. Note that at each FLASH370 density
(except the smallest), an I/O intensive and a register-intensive de-
vice is available.

Product Term Array

Each logic block features a 72 x 86 programmable product term
array. This array is fed with 36 inputs from the PIM, which origi-
nate from macrocell feedbacks and device pins. Active LOW and
active HIGH versions of each of these inputs are generated to
create the full 72-input field. The 86 product terms in the array can
be created from any of the 72 inputs.

Of the 86 product terms, 80 are for general-purpose use for the 16
macrocells in the logic block. Four of the remaining six product
terms in the logic block are output enable (OE) product terms.
Each of the OE product terms control up to 8 of the 16 macrocells
and are selectable on an individual macrocell basis. In other words,
each I/O cell can select between one of two OE product terms to
control the output buffer. The first two of these four OE product
terms are available to the upper half of the I/O macrocells in alogic
block. The other two OFE product terms are available to the lower
half of the I/O macrocells in a logic block. The final two product
terms in each logic block are dedicated asynchronous set and
asynchronous reset product terms.

Product Term Allocator

Through the product term allocator, software automatically dis-
tributes product terms among the 16 macrocells in the logic block
asneeded. A total of 80 product terms are available from the local
product term array. The product term allocator provides two im-
portant capabilities without affecting performance: product term
steering and product term sharing.
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Figure 2. Logic Block for CY7C371, CY7C373, CY7C375, CY7C377, and CY7C379 (I/O Intensive)
! {/2 ,f 2 ko
X MACRO- /0 '
' CELL CELL >
. 0-16 1 1 )
' PRODUCT T '
' 6 TERMS |-. I .
' MACRO- )
' CELL | to cells )
' 0-16 2 887 '
' PRODUCT X
FROM ! TERMS . . o
PM v 36 72x 86 80 PRODUCT . . Ve
———<—>| PRODUCT TERM TERM . . v .
' ARRAY ALLOCATOR | ¢_1g . . Lo
: PRODUCT [ '
X TERMS  ['wACRO- /0 .
! CELL CELL NG
] 9 9 :
! 0-16 T .
' PRODUCT I .
' TERMS MACRO- i !
' CELL '
o 16 s ;
' 16 :
N ' 8 :
flash370-3



PRELIMINARY FrLasu370

=
==# CYPRESS

Product Term Steering

Product term steering is the process of assigning product terms to
macrocells as needed. For example, if one macrocell requires ten
product terms while another needs just three, the product term al-
locator will “steer” ten product terms to one macrocell and three to
the other. On FLASH370 devices, product terms are steered on an
individual basis. Any number between 0 and 16 product terms can
be steered to any macrocell. Note that 0 product terms is useful in
cases where a particular macrocell is unused or used as an input
register.

Product Term Sharing

Product term sharing is the process of using the same product term
among multiple macrocells. For example, if more than one output
has one or more product terms in its equation that are common to
other outputs, those product terms are only programmed once.
The FLASH370 product term allocator allows sharing across groups
of four output macrocells in a variable fashion. The software auto-
matically takes advantage of this capability—the user does not
have to intervene. Note that greater usable density can often be
achieved if the user “floats” the pin assignment. This allows the
compiler to group macrocells that have common product terms ad-
jacently.

Note that neither product term sharing nor product term steering
have any effect on the speed of the product. Allworst-case steering
and sharing configurations have been incorporated in the timing
specifications for the FLASH370 devices.

FrLasH370Macrocell
1/0 Macrocell

Within each logic block there are 8 or 16 I/O macrocells depending
on the device used. Figure 4 illustrates the architecture of the /O
macrocell. The macrocell features aregister that can be configured
as combinatorial, a D flip-flop, a T flip-flop, or a level-triggered
latch.

The register can be asynchronously set or asynchronously reset at
the logic block level with the separate set and reset product terms.

1/0 MACROCELL

Each ofthese product terms features programmable polarity. This
allows the registers to be set or reset based on an AND expression
or an OR expression.

Clocking of the register is very flexible. Depending on the device,
either two or four global synchronous clocks are available to clock
the register. Furthermore, each clock features programmable po-
larity so that registers can be triggered on falling as well as rising
edges (see the Dedicated/Clock Inputs section). Clock polarity is
chosen at the logic block level.

At the output of the macrocell, a polarity control mux is available
to select active LOW or active HIGH signals. This has the added
advantage of allowing significant logic reduction to occur in many
applications.

The FLASH370 macrocell features a feedback path to the PIM sep-
arate from the I/O pin input path. This means that if the macrocell
is buried (fed back internally only), the associated I/O pin can still
be used as an input.

Buried Macrocell

Some of the devices in the FLASH370 family feature additional ma-
crocells that do not feed individual I/O pins. Figure 5 displays the
architecture of the I/0 and buried macrocells for these devices.
The I/O macrocell is identical to the one on devices without buried
macrocells.

The buried macrocell is very similar to the I/O macrocell. Again, it
includes a register that can be configured as combinatorial, a D
flip-flop, a T flip-flop, or alatch. The clock for this register has the
same options as described for the I/O macrocell. The primary dif-
ference between the I/O macrocell and the buried macrocell is that
the buried macrocell does not have the ability to output data di-
rectly to an I/O pin.

One additional difference on the buried macrocell is the addition
of input register capability. The buried macrocell can be config-
ured to act as an input register (D-type or latch) whose input comes
from the I/O pin associated with the neighboring macrocell. The
output of all buried macrocells is sent directly to the PIM regard-
less of its configuration.

P
' 1
' 1
) l 1/0 CELL
t Lo e :
b
0-16 PRODUCT ! | )
TERMS . J L=y 0 | '
—= T el
' DITL Q | '
) 0 T \ | '
gamp > c4 ! 0 !
. - 2 a R || ) — 1 !
: I 3s|1 ISO I 0" T 2 @ '
TR = e I '
: co ciltl DECODE ' T '
! c5 C6 '
! T 1 N I A I 1
. c2 ©c3 '
PR SN DU U
FEEDBACK TO PIM

FEEDBACK TO PIM

ASYNCHRONOUS

BLOCK RESET
ASYNCHRONOUS 4 SYSTEM CLOCKS (CY7C373 — CY7C379)
BLOCK PRESET 2 SYSTEM CLOCKS (CY7C371 — CY7C372)

flash370-4
2 BANK OE TERMS

Figure 4. 1/0 Macrocell

Note:
1. Clisnotused on the CY7C371 and CY7C372 since the mux size is 2:1



FLasu370 1/0 Cell

The I/O cell on the FLASH370 devices is illustrated along with the
I/O macrocellin Figures 4 and 5. The user can program the I/O cell
to change the way the three-state output buffer is enabled and/or
disabled. Each output can be set permanently on (output only),
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permanently off (input only), or dynamically controlled by one of
two OE product terms.

Dedicated/Clock Inputs

Six pins on each member of the FLASH370 family are designated as
input-only. There are two types of dedicated inputs on FLASH370
devices: input pins and input/clock pins. Figure 6 illustrates the ar-
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Figure 5. I/O and Buried Macrocells
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Note:

Figure 6. Input Pins

2. C9isnotused on the CY7C371 and CY7C372 since the mux size is 2:1.
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Figure 7. Input/Clock Pins
Notes:

3. C8and C9 are not included on the CY7C371 and CY7C372 since each input/clock pin has the other input/clock pin as its clock.
4. C15 and C16 are not used on the CY7C371 and CY7C372 since there are two clocks.

chitecture for input pins. Four input options are available for the
user: combinatorial, registered, double-registered, or latched. Ifa
registered or latched option is selected, any one of the input clocks
can be selected for control.

Figure 7 illustrates the architecture of input/clock pins. There are
either two or four input/clock pins available, depending on the de-
vice selected. (The CY7C371 and CY7C372 have two input/clock
pins while the other devices have four input/clock pins.) Like the
input pins, input/clock pins can be combinatorial, registered,
double registered, or latched. In addition, these pins feed the
clocking structures throughout the device. The clock path at the
input is user-configurable in polarity. The polarity of the clock sig-
nal canalso be controlled by the user. Note that this polarity is sep-
arately controlled for input'registers and output registers.
Timing Model

One of the most important features of the FLAsSH370 family is the
simplicity of its timing. All delays are worst case and system perfor-
mance is unaffected by the features used or not used on the parts.
Figure 8illustrates the true timing model for the 8.5-ns devices. For
combinatorial paths, any input to any output incurs an 8.5-ns
worst-case delay regardless of the amount of logic used. For syn-
chronous systems, the input set-up time to the output macrocells
for any input is 5.0 ns and the clock to output time is also 6.0 ns.

D COMBINATORIAL SIGNAL D
tpp=8.5ns

REGISTERED SIGNAL

D DTL Q D

— 1"

CLOCK ts =5.0ns

flash370-8

tco =6.0ns

Figure 8. Timing Model for CY7C371

Again, these measurements are for any output and clock, regard-
less of the logic used.

Stated another way, the FLASH370 features:
no fanout delays

no expander delays

no dedicated vs. I/O pin delays

no additional delay through PIM

no penalty for using 0—16 product terms
no added delay for steering product terms
no added delay for sharing product terms
no routing delays

e no output bypass delays

The simple timing model of the FLASH370 family eliminates unex-
pected performance penalties.
Development Software Support
Warp2

Warp2 is a state-of-the-art VHDL compiler for designing with Cy-
press PLDs and PROMs. Warp2 utilizes a proper subset of IEEE
1076 VHDL as its Hardware Description Language (HDL) for de-
sign entry. VHDL provides a number of significant benefits for the
design entry. VHDL provides a number of significant benefits for
the design engineer. Warp2 accepts VHDL input, synthesizes and
optimizes the entered design, and outputs a JEDEC map for the
desired device. For simulation, Warp2 provides the graphical wa-
veform simulator called Nova.

VHDL (VHSIC Hardware Description Language) is an open,
powerful, non-proprietarylanguage thatis astandard for behavior-
al design entry and simulation. It is already mandated for use by
the Department of Defense and supported by every major vendor
of CAE tools. VHDL allows designers to learn a single language
that is useful for all facets of the design process.

Warp3

Warp3 is a sophisticated design tool that is based on the latest ver-
sion of ViewLogic’s CAE design environment. Warp3 features
schematic capture (ViewDraw), VHDL waveform simulation
(ViewSim), a VHDL debugger, and VHDL synthesis, all inte-
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grated in a graphical design environment. Warp3 is available on
PCsusing Windows® 3.1 or subsequent versions and on Sun work-
stations.

Third-Party Software

Cypress maintains a very strong commitment to third-party design
software vendors. All major third-party software vendors (includ-
ing ABEL™,LOG/iC™, CUPL™ , and Minc) will provide support
for the FLASH370 family of devices. To expedite this support, Cy-
press supplies vendors with all pertinent architectural information
as well as design fitters for our products.

Document #: 38—00215—-B

Programming

The QuickPro II™ and Impulse3™ device programmess from Cy-
press will program all Cypress PLDs, CPLDs, and PROMs. Both
units are standalone programmers that connect to any IBM-com-
patible PC via the printer port.

Third-Party Programmers

As with development software, Cypress strongly supports third-
partyprogrammers. Allmajor third-party programmers (including
Data I/O, Logical Devices, Minato, SMS, and Stag) will support
the FLASH370 family.

Warp2, Warp3, FLASH370, Impulse3 and QuickPro II are trademarks of Cypress Semiconductor Corporation.

ViewSim and ViewDraw are trademarks of ViewLogic.
ABEL is a trademark of Data I/O Corporation.

LOG/iC is a trademark of Isdata Corporation.

CUPL is a trademark of Logical Devices, Inc.

Windows is a registered trademark of Microsoft Corporation.
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32-Macrocell Flash CPLD

Features Functional Description

o 32 macrocells in two logic blocks The CY7C371is a Flash erasable Complex

® 321/O pins ?rogf-?mfn:;bl;{fsg ig%exicfe (CIPL]f)I)x?gIllld
. . . . is part of the H. amily of high-

¢ gitillesdlcated inputs including 2 clock density, high-speed CPLDs. Like allmem-

bers of the FLASH370 family, the CY7C371
is designed to bring the ease of use and
high performance of the 22V10 to high-
density CPLDs.

e No hidden delays
o High speed
— fyax = 143 MHz

(PIM). The PIM brings flexibility, rout-
ability, speed, and a uniform delay to the
interconnect.

Like all members of the FLASH370 family,
the CY7C371 is rich in I/O resources.
Each macrocell in the device features an
associated I/O pin, resulting in 32 I/O pins
on the CY7C371. In addition, there are
four dedicated inputs and two input/clock
pins.

—tpp=8.5ns The 32 macrocells in the CY7C371 are di- . .
—ts=5ns vided between twologicblocks. Eachlogic ~ Finally, the CY7C371 features a very sim-
 teo = 6 ns block includes 16 macrocells, a 72 x 86  Ple timing model. Unlike other high-den-
co product term array, and an intelligent Sity CPLD architectures, there are no hid-
o Electrically alterable FLASH product term allocator. den speed delays such as fanout effects, in-
technology The logic blocks in the FLASH370 archit terconnect delays, orexpander delays. Re-
e Available in 44-pin PLCC and CLCC " ¢ log Stmd (?th ¢ ar Cl fec; gardless of the number of resources used
packages ure are connected with an extremely 1ast - o the type of application, the timing pa-
i . . and predictable routing resource—the ..o the CY7C371 in th
o Pin compatible with the CY7C372 Programmable  Interconnect Matrix sam: ers on the remam the
Logic Block Diagram
INPUTS CLOCK
INPUTS
4 2
INPUT INPUT/CLOCK
MACROCELLS MACROCELLS
L 2 l 2
PIM
16 1/0s LOGIG LOGIC 161/0s
BLOCK 72 72 BLOCK
16 16
16 16
7¢371-1
Selection Guide
7€C371~143 7C371—-110 7C371-83 7C371—-66
Maximum Propagation Delay, tpp (ns) 8.5 10 12 15
Maximum Operating Commercial : 180 180 180
Current, Iccy (mA) Conditions v~
Military 230 230
Maximum Standby Commercial 175 175 175
Current, Icc (mA) Conditions —
Military 220 220

Shaded area contains advanced information.
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Pin Configuration

1/0g7
11006
1/0z5
1/024
CLK1/l5
GND
lg

I3
O23
/022
Y021

7¢371-2

Logic Block

The number of logic blocks distinguishes the members of the
FLAsH370 family. The CY7C371 includes two logic blocks. Each
logic block is constructed of a product term array, a product term
allocator, and 16 macrocells.

Product Term Array

The product term array in the FLASH370 logic block includes 36 in-
puts from the PIM and outputs 86 product terms to the product
term allocator. The 36 inputs from the PIM are available in both
positive and negative polarity, making the overall array size 72x86.
This large array in each logic block allows for very complex func-
tions to be implemented in a single pass through the device.

Maximum Ratings
(Above which the useful life may be impaired. For user guidelines,
not tested.)

.................. -65°Cto +150°C

Storage Temperature

Ambient Temperature with

Power Applied -55°Cto +125°C

Supply Voltage to Ground Potential ......... —-0.5V to +7.0V
DC Voltage Applied to Outputs
inHighZState ..............ooovvninnn -0.5V to +7.0V
DCInput Voltage ..........c.ovvvevinnnnnn -0.5V to +7.0V
DCProgram Voltage .........ovvvviiviininineeonnns 12,5V
Output Current into Outputs (LOW) ............... 16 mA
AC Test Loads and Waveforms
2380 (COM'L)
319Q (MIL)
5V 5v
OUTPUT ¢ OUTPUT
$ 170Q ML
35pF 3 329 ﬁﬁﬁ_ ) 5 pF
INCLUDING I jL INCLUDING
JIG AND = = JIG AND
SCOPE @ SCOPE
Equivalent to: THEVENIN EQUIVALENT
99Q (COM’L)
136Q (MIL) 2.08V (COM'L)

QUTPUT O——wW———0 2,13V (MIL)

3

Product Term Allocator

The product term allocator is a dynamic, configurable resource
that shifts product terms to macrocells that require them. Any
number of product terms between 0 and 16 inclusive can be as-
signed to any of the logic block macrocelis (this is called product
term steering). Furthermore, product terms can be shared among
multiple macrocells. This means that product terms that are com-
mon to more than one output can be implemented in a single prod-
uct term. Product term steering and product term sharing help to
increase the effective density of the FLASH370 CPLDs. Note that
product term allocation is handled by software and is invisible to
the user.

1/0 Macrocell

Each of the macrocells on the CY7C371 has a separate associated
1/0 pin. The input to the macrocell is the sum of between 0 and 16
product terms from the product term allocator. The macrocell in-
cludes a register that can be optionally bypassed. It also has polar-
ity control, and two global clocks to trigger the register. The ma-
crocell also features a separate feedback path to the PIM so that
the register can be buried if the I/O pin is used as an input.

Programmable Interconnect Matrix

The Programmable Interconnect Matrix (PIM) connects the two
logic blocks on the CY7C371 to the inputs and to each other. All
inputs (including feedbacks) travel through the PIM. There is no
speed penalty incurred by signals traversing the PIM.

Design Tools

Development software for the CY7C371 is available from Cy-
press’s Warp2™ and Warp3™ software packages. Both of these
products are based on the IEEE-standard VHDL language. Cy-
press also actively supports third-party design tools such as
ABEL™, CUPL™, MINC, and LOG/iC™. Please see the Third
Party Tools datasheet for further information.

Static Discharge Voltage ........................ >2001V
(per MIL-STD-883, Method 3015)
Latch-Up Current ................cooiiinnin, >200 mA
Operating Range
Ambient
Range Temperature Vee

Commercial 0°Cto +70°C 5V +5%

Military[1] —55°Cto +125°C 5V + 10%

Industrial —40°Cto 85°C 5V = 10%
238Q (COM'L)
3199 (MIL)

1 1700 (comy
S 236Q (MIL)
J_: _]_L 7¢371-3
= b -
ALL INPUT PULSES
3.0v
90% 90%
10% 10%
GND
<2ns <2nS 7¢371-4
100
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Electrical Characteristics Over the Operating Range[2]
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Vee = Ioy = —3.2 mA (Com’V/Ind) 24 \'%
Min.
n Tor = —2.0 mA (Mil) v
VoL Output LOW Voltage Vce = IoL = 16 mA (Com’l/Ind) 0.5 v
Min.
1 ToL = 12 mA (Mil) v
Vin Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all inputsBl [ 2.0 7.0 A%
ViL Input LOW Voltage Guaranteed Input Logical LOW Voltage for all inputst® | —0.5 0.8 \Y
Irx Input Load Current GND < Vi< Ve -10 +10 A
Ioz Output Leakage Current | GND < Vg < V¢, Output Disabled =50 +50 uA
Ios Output Short Vcce = Max., Voyt = 0.5V =30 -90 mA
Circuit Current(4 5]
Icct Power Supply Current Ve = Max,, Ioyt = 0 mA, ) Com’l 175 mA
Standb; f = 0 mHz, Viy = GND, V -
(Standby) s YIN e Mil 220
Ice Power Supply Currentls] | Vi = Vccor GND, f = 1 MHzLo! Com’l 180 mA
Mil 230
Capacitancel5]
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Vin = 2.0V at f=1 MHz 10 pF
Cout Output Capacitance Vour = 2.0Vatf=1MHz 12 pF
Endurance Characteristicsl]
Parameter Description Test Conditions Min. Max, Unit
N Minimum Reprogramming Cycles Normal Programming Conditions 100 Cycles
Parameter | Vx Output Waveform—Measurement Level
tER (-) 1.5V v,
OH 5y Vx  7aa7is
t 2.6V
ER(+) VoL .O_SV—:=‘E—_ Vx
7c371-6
tEA (+) ov v 1.5V. Vou
X 763717
tRA (-) Vihe AV __.:___=L___
X5V VoL  7caris
(a) Test Waveforms
Notes:
1. Tais the “instant on” case temperature. 5. Tested initially and after any design or process changes that may affect
2. See the last page of this specification for Group A subgroup testing in- these parameters.
formation. 6. Measured with loadable, 16-bit up/down counter programmed into
3. These are absolute values with respect to device ground. All over- each logic block.

shoots due to system or tester noise are included.

4. Not more than one output should be tested at a time. Duration of the
short circuit should not exceed 1 second. VoyT = 0.5V has been cho-
sen to avoid test problems caused by tester ground degradation.
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Switching Characteristics Over the Operating Rangel”] .
7€37 7C371-110 | 7C371-83 | 7C371-66
Parameter Description Min. | Max. | Min. | Max. { Min. | Max, | Min. | Max. | Unit
Combinatorial Mode Parameters
tpD Input to Combinatorial Output 8.5 10 12 15 | ns
tpDL Input to Output Through Transparent Input or 11.5 13 18 22 ns
Output Latch
tPDLL Input to Output Through Transparent Input and 15 20 24 ns
Output Latches
tEA Input to OQutput Enable 14 19 24 ns
tER Input to Output Disable 14 19 24 ns
Input Registered/Latched Mode Parameters
twL Clock or Latch Enable Input LOW Timel>! 2.5 3 5 6 ns
twH Clock or Latch Enable Input HIGH Timel®! 25 1. | 3 5 6 ns
trs Input Register or Latch Set-Up Time 2 1 2 3 4 ns
tiH Input Register or Latch Hold Time 2 2 3 4 ns
tico Input Register Clock or Latch Enable to Combina- 12.5 14 19 24 ns
torial Output
ticoL Input Register Clock or Latch Enable to Output 14.5 16 21 26 ns
Through Transparent Output Latch i
Output Registered/Latched Mode Parameters
tco Clock or Latch Enable to Output 6.5 10 12 ns
ts Set-Up Time from Input to Clock or Latch Enable 6 10 12 ns
ty Register or Latch Data Hold Time 0 0 0 ns
tcoz Output Clock or Latch Enable to Output Delay 14 19 24 ns
(Through Memory Array)
tscs Output Clock or Latch Enable to Output Clock or 9 12 15 ns
Latch Enable (Through Memory Array)
tscs2 Output Clock Through Array to Output Clock 16.5 21 27 ns
(2-Pass Delay)l]
tsL Set-Up Time from Input Through Transparent 12 15 ns
Latch to Output Register Clock or Latch Enable
tHL Hold Time for Input Through Transparent Latch 0 0 ns
from Output Register Clock or Latch Enable e
fmax1 Maximum Frequency with Internal Feedback T 83.3 66.6 MH:z
(Least of 1/tscs, 1/(ts + ty), or 1/tco)l®] :
fmaxe Maximum Frequency Data Path in Output Regis- 100 833 MHz
tered/Latched Mode {SLesser of 1/(twr + twm),
1/(ts + tg), or 1/tco)P]
MAX3 Maximum Frequency with external feedback 50 41.6 MHz
(Lesser of 1/(tco + ts) and 1/{twr + twe))P
tou—tig | Output Data Stable from Output clock Minus 0 0 ns
37 Input Register Hold Time for 7C37x% 8]
Pipelined Mode Parameters
tics Input Register Clock to Output Register Clock 9 12 15 ns
fmaxa Maximum Frequency in Pipelined Mode (Least of |- 111 76.9 62.5 MHz
W(tco + tis), Mtics, Y(twr + twir), U(tis + tim), |
or 1/tscs)

Shaded area contains advanced information.

Note:

7. All AC parameters are measured with 16 outputs switching.

8. This specification is intended to guarantee interface compatibility of
the other members of the FLASH370 family with the CY7C371. This
specification is met for the devices operating at the same ambient tem-
perature and at the same power supply voltage.
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Switching Characteristics Over the Operating Rangel”l (continued)

7C371-143 | 7C371-110 | 7C371-83 | 7C371-66
Parameter Description Min. l Max. | Min. | Max. | Min. | Max. | Min. | Max. | Unit

Reset/Preset Parameters

tRW Asynchronous Reset Widthl] 8 10 15 20 ns
tRR Asynchronous Reset Recovery Timel] 10 12 17 22 ns
tRO Asynchronous Reset to Qutput 14 16 21 26 ns
tpw Asynchronous Preset Width°] 8 10 15 20 ns
tpr Asynchronous Preset Recovery Timel>] 10 12 17 22 ns
tpo Asynchronous Preset to Output 14 16 21 26 ns
tPOR Power-On Resetl”] 1. 1 1 1 us

Shaded area contains advanced information.
Switching Waveforms

Combinatorial Output

INPUT
tep
COMEN SuTRUT XXXXX
7c371-9
Registered Qutput
INPUT
T ts ety
CLOCK \ N\
tco

o XX

twh { twi
CLOCK ,\/ L /\’
7¢371-10

Latched Output
INPUT >< *
ts { tH |
LATCH ENABLE
[<— tPOL tco

outeuT XX XX

7¢371-11
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Switching Waveforms (continued)
Registered Input

REGISTERED
INPUT

‘| i

INPUT REGISTER
CLOCK

tico

COMBINATORIAL
OUTPUT ><

twH WL
CLOCK J’ ‘L /\/
7¢371-12

Input Clock to Output Clock

REGISTERED K
INPUT

INPUT REGISTER
CLOCK

tics

OUTPUT
REGISTER CLOCK

7¢371-13

Latched Input

LATCHED INPUT ><

s tH 1
LATCH ENABLE }

< tppL tico
commER: XX XX

twH wL
LATCH ENABLE J’ l ,l’
7037114
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Switching Waveforms (continued)
Latched Input and Output

LATCHED INPUT X >< ><

— tppLL

LATCHED
OUTPUT

ticoL tsL
— — ty

INPUT LATCH
ENABLE

tics

OUTPUT LATCH /S
ENABLE /]

} twH ! twi
LATCH ENABLE Jf m
7c¢371-15

Asynchronous Reset

tRw

Pyt D4 Y

e—— tpo

o XXX

lfe—— tRR

CLOCK
7¢371-16
Asynchronous Preset
tpw
INPUT >( ><
[e— tpo
REGISTERED
OUTPUT ><><><
[ tpR

CLOCK

7¢371-17
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Switching Waveforms (continued)
Power-Up Reset Waveform
Ve
PQWER 10%,/] 90%
SUPPLY VOLTAGE
tpor >
REGISTERED
ACTVELOW XXX X XXX
OUTPUTS ts
N\ )/
CLOCK NS p
tpor MAX = 1 s WL o 76371-18
Output Enable/Disable
INPUT
ter tea
4
OUTPUTS o4 K
7¢371-19
Ordering Information
Speed Package Operating
(MHz) Ordering Code Name Package Type Range
CYTC371-143]C 6 44-Lead Plastic Leaded Chip Carrier | Commercial
CY7C371-110]C J67 44-Lead Plastic Leaded Chip Carrier | Commercial
CY7C371-83]C J67 44-Lead Plastic Leaded Chip Carrier | Commercial
CY7C371-83J1 J67 44-Lead Plastic Leaded Chip Carrier | Industrial
CY7C371-83YMB Y67 44-Lead Ceramic Leaded Chip Carrier | Military
66 CY7C371-66)C 167 44-Lead Plastic Leaded Chip Carrier | Commercial
CY7C371-66]1 167 44-Lead Plastic Leaded Chip Carrier | Industrial
CY7C371-66YMB Y67 44-Lead Ceramic Leaded Chip Carrier | Military
Shaded areas contain advanced information.
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics Switching Characteristics
Parameter Subgroups Parameter Subgroups
Vou 1,2,3 tpD 9,10, 11
VoL 1,2,3 tco 9,10, 11
Vi 1,2,3 tico 9,10, 11
ViL 1,23 ts 9,10, 11
Iix 1,2,3 tg 9,10, 11
Toz 1,2,3 t1s 9,10, 11
Icca 1,2,3 tiH 9,10, 11
Document #: 38—00212—-D tics 9,10, 11

ABEL is a trademark of Data I/O Corporation.

LOG/iC is a trademark of Isdata Corporation.

CUPL is a trademark of Logical Devices Incorporated.

FLASH370, Warp2, and Warp3 are trademarks of Cypress
Semiconductor Corporation.
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Features

64 macrocells in four logic blocks
32 1/O pins

6 dedicated inputs including 2 clock
pins

No hidden delays

High speed

_fMAX = 125 MHz

—tpp = 10 ns

—tg = 5.5ns

—tco = 6.5ns

Electrically alterable Flash
technology

Available in 44-pin PLCC and CLCC
packages

PRELIMINARY

CY7C372

64-Macrocell Flash CPLD

Functional Description

The CY7C372is aFlash erasable Complex
Programmable Logic Device (CPLD) and
is part of the FLASH370™ family of high-
density, high-speed CPLDs. Like all mem-
bers of the FLASH370 family, the CY7C372
is designed to bring the ease of use and
high performance of the 22V10 to high-
density PLDs.

The 64 macrocells in the CY7C372 are di-
vided between four logic blocks. Each logic
block includes 16 macrocells, a 72 x 86
product term array, and an intelligent
product term allocator.

The logic blocks in the FLASH370 architec-
ture are connected with an extremely fast
and predictable routing resource—the

(PIM). The PIM brings flexibility, rout-
ability, speed, and a uniform delay to the
interconnect.

Like all members of the FLASH370 family,
the CY7C372 is rich in /O resources. Ev-
ery two macrocells in the device feature an
associated I/O pin, resulting in 32 I/O pins
on the CY7C372. In addition, there are
four dedicated inputs and two input/clock
pins.

Finally, the CY7C372 features a very sim-
ple timing model. Unlike other high-densi-
ty CPLD architectures, there are no hid-
den speed delays such as fanout effects, in-
terconnect delays, or expander delays. Re-
gardless of the number of resources used.
or the type of application, the timing pa-
rameters on the CY7C372 remain the

o Pin compatible with the CY7C371 Programmable Interconnect ~Matrix o

Logic Block Diagram

INPUTS CLOCK

INPUTS
4 2
INPUT INPUT/CLOCK
e i 1.
81/0s 81/0s
LOGIC 72 7 LOGIC
< BLOCK PIM BLOCK FG
16 16
81/0s LOGIC = ocic 81/0s
<X BLOCK 2 2 | Block <=
16 16
16 16
7c372-1
Selection Guide
7C372-100 7C372-83 7C372-66
Maximum Propagation Delay tpp (ns) 12 15 20
Maximum Standby Commercial 250 250 250
Current, Iccy (mA) o :
Military 300
Maximum Operating Commercial 280 280
Current, Iccy (mA) —
Military 330

Shaded area contains advanced information.
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Pin Configuration

7¢c372-2

Functional Description (continued)
Logic Block

The number of logic blocks distinguishes the members of the
FLAsH370 family. The CY7C372 includes four logic blocks. Each
logic block is constructed of a product term array, a product term
allocator, and 16 macrocells.

Product Term Array

The product term array in the FLASH370 logic block includes 36 in-
puts from the PIM and outputs 86 product terms to the product
term allocator. The 36 inputs from the PIM are available in both
positive and negative polarity, making the overall array size 72x 86.
This large array in each logic block allows for very complex func-
tions to be implemented in a single pass through the device.

Product Term Allocator
The product term allocator is a dynamic, configurable resource
that shifts product terms to macrocells that require them. Any

number of product terms between 0 and 16 inclusive can be as-
signed to any of the logic block macrocells (this is called product

Maximum Ratings

(Above which the useful life may be impaired. For user guidelines,
not tested.)

Storage Temperature ................... —-65°Cto +150°C
Ambient Temperature with

Power Applied ................ ... ... —~55°Cto +125°C
Supply Voltage to Ground Potential . ........ —-0.5Vto +7.0V
DC Voltage Applied to Outputs

inHighZState .......................... —-0.5V to +7.0V
DClInputVoltage ........................ —-0.5Vto +7.0V
DCProgram Voltage .............ccovviunevennnnn. 125V

Output Current into Outputs

term steering). Furthermore, product terms can be shared among
multiple macrocells. This means that product terms that are com-
mon to more than one output can be implemented in a single prod-
uct term. Product term steering and product term sharing help to
increase the effective density of the FLasH370 PLDs. Note that
product term allocation is handled by software and is invisible to
the user.

1/0 Macrocell

Half of the macrocells on the CY7C372 have separate 1/O pins
associated with them. In other words, each I/O pin is shared by two
macrocells. The input to the macrocell is the sum of between 0 and
16 product terms from the product term allocator. The macrocell
includes a register that can be optionally bypassed. It also has po-
larity control, and two global clocks to trigger the register. The I/O
macrocell also features a separate feedback path to the PIM so that
the register can be buried if the I/O pin is used as an input.

Buried Macrocell

The buried macrocell is very similar to the I/O macrocell. Again, it
includes a register that can be configured as combinatorial, asa D
flip-flop, a T flip-flop, or a latch. The clock for this register has the
same options as described for the I/O macrocell. One difference on
the buried macrocell is the addition of input register capability.
The user can program the buried macrocell to act as an input regis-
ter (D-type or latch) whose input comes from the I/O pin
associated with the neighboring macrocell. The output of all buried
macrocells is sent directly to the PIM regardless of its config-
uration.

Programmable Interconnect Matrix

The Programmable Interconnect Matrix (PIM) connects the four
logic blocks on the CY7C372 to the inputs and to each other. All
inputs (including feedbacks) travel through the PIM. There is no
speed penalty incurred by signals traversing the PIM.

Development Tools

Development software for the CY7C372 is available from Cy-
press’s Warp2™ and Warp3™ software packages. Both of these
products are based on the IEEE standard VHDL language. Cy-
press also supports third-party vendors suchas ABEL ™, CUPL™,
and LOG/iC™. Please contact your local Cypress representative
for further information.

Static Discharge Voltage ........................ >2001V
(per MIL-STD-883, Method 3015)
Latch-Up Current ..........ccoviviivinnnnn... >200 mA
Operating Range
Ambient
Range Temperature Vee

Commercial 0°Cto +70°C 5V *5%

Military(1] ~55°Cto +125°C 5V £ 10%
Note:

1. Tais the “instant on” case temperature.
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Electrical Characteristics Over the Operating Rangel?]
7C372
Parameter Description Test Conditions Min. Max. Unit
Von Output HIGH Voltage Vcc = Min. Ion = —3.2 mA (Com’l/Ind) 2.4 v
Ion = —2.0 mA (Mil) \%
VoL Output LOW Voltage Vee = Min. IoL = 16 mA (Com’)/Ind) 0.5 A%
IoL = 12 mA (Mil) v
ViH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs(3] 2.0 7.0 v
ViL Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputsi®) | —0.5 0.8 %
Ix Input Load Current GND < Vi < V¢ =10 +10 A
Ioz Output Leakage Current | GND < Vg < V¢, Output Disabled -50 +50 nA
Ios Output Short Vee = Max., Voyr = 0.5V -30 -90 mA
Circuit Current(* 3]
Ica Power Supply Current Vce = Max,, Ioyt = 0 mA, Com’l 250 mA
(Standby) f = 0 mHz, Vin = GND, Vcc v 300
Ice Power Supply Current5] V1 = Ve or GND, f = 40 MHz Com’l 280 mA
Mil 330
Capacitancel!
Parameter Description Test Conditions Max Unit
CIN Input Capacitance Vin = 2.0V at f=1 MHz 10 pF
Cout Output Capacitance Vour =20Vatf=1MHz 12 pF
Endurance Characteristicsl’]
Parameter Description Test Conditions Min. Max. Unit
N Minimum Reprogramming Cycles Normal Programming Conditions 100 Cycles
Notes:

2. Seethe last page of this specification for Group A subgroup testingin- 4.

formation.

3. These are absolute values with respect to device ground. All over-

shoots due to system or tester noise are included.

AC Test Loads and Waveforms

Not more than one output should be tested at a time. Duration of the
short circuit should not exceed 1 second. Voyt = 0.5V has been cho-
sen to avoid test problems caused by tester ground degradation.
Tested initially and after any design or process changes that may affect
these parameters.

238Q (com’l) 238Q (com’l)
319Q (mil) 319 (mil)
5V sV
OUTPUT O_l——_]: 1708 (com) OUTPUT (i 170Q (cqm’l)
35 DFI j’_zaeg (mil) 5 pF I j’fssg (mil
INCLUDING = = INCLUDING = =
JIG AND JIG AND 7¢372-3
SCOPE SCOPE )
(a)
Equivalent to: THEVENIN EQUIVALENT 3.0v ALL INPUT PULSES
99Q (com’l) .
h 90% 90%
136Q (mil)  2.08V (com’l) ) ° !
OUTPUT O———W——0  2.13V (mil) GND 10% 10%
<2ns <2ns
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Switching Characteristics Over the Operating Rangel6]

7C372-125 | 7C372—-100 | 7C372—-83 | 7C372—-66

Parameter Description Min. |Max. Min.—[Max. Min. | Max. | Min. lMax. Unit

Combinatorial Mode Parameters

tpp Input to Combinatorial Output 10 12 15 20 ns

tpDL Input to Output Through Transparent Input or 13 - 15 18 22 ns
Output Latch c

tPDLL Input to Output Through Transparent Input and | 15 16 19 24 ns
Output Latches e

tEA Input to Output Enable o] 14 16 19 24 | ns

tER Input to Output Disable 14 16 19 24 ns

Input Registered/Latched Mode Parameters

twi Clock or Latch Enable Input LOW Timel5] 3 3 4 5 ns

twi Clock or Latch Enable Input HIGH Timel] 3 3 4 5 ns

trs Input Register or Latch Set-Up Time 2 2 3 4 ns

il Input Register or Latch Hold Time 2 2 3 4 ns

tico Input Register Clock or Latch Enable to 14 16 19 24 ns
Combinatorial Output oo

ticoL Input Register Clock or Latch Enable to Output | 16 18 21 26 ns

Through Transparent Output Latch

Output Registered/Latched Mode Parameters

tco Clock or Latch Enable to Output 6.5 6.5 8 10 ns
ts Set-Up Time from Input to Clock or Latch Enable | 5.5 6.5 8 10 ns
tH Register or Latch Data Hold Time 0 ) 0 0 0 ns
tco2 Output Clock or Latch Enable to Output Delay 14 16 19 24 ns
(Through Memory Array)
tscs Output Clock or Latch Enable to Output Clock or | . 12 15 ns
Latch Enable (Through Memory Array)
tsL Set-Up Time from Input Through Transparent 15 20 ns
Latch to Output Register Clock or Latch Enable
tHL Hold Time for Input Through Transparent Latch 0 0 ns
from Output Register Clock or Latch Enable
fmax: Maximum Frequency with Internal Feedback in 83 66 MHz
Output Registered Mode (Least of 1/tgcs,
1/(ts + tg), or 1/tco)l®!
fmaxz Maximum Frequency Data Path in Output Regis- 125 100 MHz
tered/Latched Mode (SLesser of 1/(twL + twn),
1/(ts + tg), or 1/tco)ld)
fMaxs Maximum Frequency with External Feedback 62.5 50 MHz
(Lesser of 1/(tco + ts) and 1/(twy + twp))l!
tog—tiH Output Data Stable from Output clock Minus 0 0 ns
37x Input Register Hold Time for 7C37x[% 7]
Pipelined Mode Parameters
tics Input Register Clock to Output Register Clock 12 15 ns
fmaxa Maximum Frequency in Pipelined Mode (Least of 83.3 66.6 MHz
Wtco + tﬁ)’ Hties, V(twL + twr), U(tis + tiw),
or 1/tscs)l
Shaded area contains advanced information.
Note:
6. All AC parameters are measured with 16 outputs switching. 7. This specification is intended to guarantee interface compatibility of

the other members of the FLASH370 family with the CY7C372. This
specification is met for the devices operating at the same ambient tem-
perature and at the same power supply voltage.
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Switching Characteristics Over the Operating Rangel6! (continued)

5] 7C372-100 | 7C372—-83 | 7C372-66
Parameter Description { Min. [ Max. | Min. { Max. | Min. | Max. | Unit
Reset/Preset Parameters
tRW Asynchronous Reset Width[°] 12 15 20 ns
tRR Asynchronous Reset Recovery Timel°] 14 17 22 ns
trRO Asynchronous Reset to Output 18 21 26 ns
tpw Asynchronous Preset Widthl] 12 15 20 ns
tpR Asynchronous Preset Recovery Timel>] 14 17 22 ns
tpo Asynchronous Preset to Output 18 21 26 ns
tPOR Power-On Resetl”] 1 1 1 us
Shaded area contains advanced information.
Switching Waveforms
Combinatorial Output
INPUT f
I tpD |
COMBINATORIAL
OUTPUT XXXXXX*
7c372-5
Registered Output
INPUT *
* ts fe tH
CLOCK \ N\
tco
REGISTERED
OUTPUT ><
} twH ' tw {
CLOCK /" L /l 7¢372-6
Latched Output
INPUT >< *
[ tg th |
LATCH ENABLE yd

le— tpp|_ tco j(
“ouTRuT XX XX

7¢372-7
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Switching Waveforms (continued)

Registered Input

REGISTERED
INPUT

INPUT REGISTER
CLOCK

COMBINATORIAL
OUTPUT

CLOCK

T tis

twH

v

7c372-8

Input Clock to Output Clock

REGISTERED
INPUT

INPUT REGISTER
CLOCK

OUTPUT
REGISTER CLOCK

X

tics

7c372-9

Latched Input

LATCHED INPUT

LATCH ENABLE

COMBINATORIAL
OUTPUT

LATCH ENABLE l

tis } tiH 1
re— tpoL

tico

XX XX

' twi J

twH

7c372-10
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Switching Waveforms (continued)

Latched Input and Output

LATCHED INPUT

X

re— tppLL

LATCHED
OUTPUT

INPUT LATCH
ENABLE

OUTPUT LATCH
ENABLE

ticoL.

tsL

le— L

tics

LATCH ENABLE

twH ' twi

7c372-11

Asynchronous Reset

tRw

INPUT

l&—— tpo

REGISTERED
OUTPUT

XXX

CLOCK

[&—— tpR

7c372-12

Asynchronous Preset

tpw

INPUT

< tpg

REGISTERED
OUTPUT

XXX

CLOCK

[e—— tpr

7¢372-13
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Switching Waveforms (continued)

Power-Up Reset Waveform

POWER 10%,/] 90% Yoo
SUPPLY VOLTAGE =)
tror
XXX
OUTPUTS ts
CLOCK \\\ /’
tpor MAX = 1 us — ty — 7c372-14
Output Enable/Disable
INPUT
ter tea
OUTPUTS > &&&
7¢372-15
Ordering Information
Speed Package Operating
(MHz) Ordering Code Name Package Type Range
CY7C372-1251C J67 . | 44-Lead Plastic Leaded Chip C rci
100 | CY7C372-1001C 367 | 44-Lead Plastic Leaded Chip Carrier Commercial
83 CY7C372-83]C J67 44-Lead Plastic Leaded Chip Carrier Commercial
_CYTC372-83YMB | Y67 | 44-Lead Ceram ed Chi | Military
66 CY7C372-66]JC J67 44-1 ead Plastic Leaded Chip Carrier Commercial
CY7C372-66YMB Y67 44-Lead Ceramic Leaded Chip Carrier Military
Shaded areas contain advanced information.
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics Switching Characteristics
Parameter Subgroups Parameter Subgroups
Vou 1,2,3 tpD 9,10, 11
VoL 1,2,3 tco 9,10, 11
Viu 1,2,3 tico 9,10, 11
ViL 1,23 ts 9,10,11
Irx 1,2,3 tH 9,10, 11
Ioz 1,2,3 trs 9,10, 11
Icc 1,2,3 tiH 9,10, 11
Document #: 38—00213—B tics 9,10, 11

FLASH370, Warp2, and Warp3 are trademarks of Cypress Semiconductor Corporation.
ABEL is a trademark of Data I/O Corporation.

LOG/iC is a trademark of Isdata Corporation.

CUPL is a trademark of Logical Devices Incorporated.
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Features

64 macrocells in four logic blocks
64 1/O pins

6 dedicated inputs including 4 clock
pins

¢ No hidden delays

e High speed

— fmax = 125 MHz

—tpp = 10 ns

—tg = 5.5 ns

—tco = 6.5ns

Electrically alterable Flash
technology

Available in 84-pin PLCC, CLCC, and
PGA and 100-pin TQFP packages

o Pin compatible with the CY7C374
Functional Description

The CY7C373isaFlash erasable Complex
Programmable Logic Device (CPLD) and
is part of the FLASH370™ family of high-
density, high-speed CPLDs. Like all mem-
bers of the FLASH370 family, the CY7C373

¥ CYPRESS

PRELIMINARY

CY7C373

64-Macrocell Flash CPLD

is designed to bring the ease of use and
high performance of the 22V10 to high-
density CPLDs.

The 64 macrocells in the CY7C373 are di-
vided between fourlogicblocks. Eachlogic
block includes 16 macrocells, a 72 x 86
product term array, and an intelligent
product term allocator.

The logic blocks in the FLASH370 architec-
ture are connected with an extremely fast
and predictable routing resource—the
Programmable Interconnect Matrix
(PIM). The PIM brings flexibility, rout-
ability, speed, and a uniform delay to the
interconnect.

Like all members of the FLAsH370 family,
the CY7C373 is rich in I/O resources. Ev-
ery macrocell in the device features an
associated I/O pin, resulting in 64 1/O pins
on the CY7C373. In addition, there are
two dedicated inputs and four input/clock
pins.

Finally, the CY7C373 features a very sim-
pletimingmodel. Unlike other high-densi-
ty CPLD architectures, there are no hid-

den speed delays such as fanout effects, in-
terconnect delays, orexpander delays. Re-
gardless of the number of resources used
or the type of application, the timing pa-
rameters on the CY7C373 remain the
same.

Logic Block

The number of logic blocks distinguishes
the members of the FLASH370 family. The
CY7C373 includes four logic blocks. Each
logicblockisconstructed of a product term
array, a product termallocator, and 16 ma-
crocells.

Product Term Array

The product term array in the FLASH370
logic block includes 36 inputs from the
PIM and outputs 86 product terms to the
product termallocator. The 36 inputs from
the PIM are available in both positive and
negative polarity, making the overall array
size 72 x 86. This large array in each logic
block allows for very complex functions to
be implemented in single passes through
the device.

Shaded area contains advanced information.

Logic Block Diagram INPUTS CLOCK
INPUTS
2 4
INPUT INPUT/CLOCK
MACROCELLS MACROCELLS
» i 4
1610s LOGIC LOGIC 16108
<= BLOCK 2| Pm 2 | ok [DT<=
16 16
16V0s LOGIC LOGIC 16105
<<H  slock 72 2 | gock D
16 16
32 32 7C373-1
Selection Guide
7C373-100 7C373-83 7C373—66
Maximum Propagation Delay tpp (ns) 12 15 20
Maximum Standby Commercial 250 250 250
Current, Icc; (mA) —
Military 300 300
Maximum Operating Commercial 280 280 280
Current, Icc; (mA) — —
Military 0 330
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Pin Configurations

CLK1/ly
1Ot
/07
/04
/Oy
/O
1102
/0
1/Og3
GND

CYPRESS
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CY7C373

PGA
Bottom View
Pligg/‘g:ig‘sc L| 1023 | 11025 | 11026 | 1026 | 1031 | 1033 | Voo | ¥Os4 | VOas | 1087 { 11080
K| V021 | GND | VOgq | V027 | ¥Oso | 1o | Vg2 | VO35 | 1/0s5 | GND | 1704
J| voy | vo 1029 | Vec | GND 11040 | 1O
GND 20 22 29 cC '40 42
1/0s5
0ss  H) 104g | HO1g 1043 | 1044
1/Os3
/052
051 G C'-IK‘ VOt | GND cLk2 | voge | 10s7
1/0s0 & iy
/040
1/Oug 11047 [ cko | vee Ve | 104s | GND
LI, o
GND
Voo E| 1045 | 1044 | V043 11049 | 1/04g | CLK3
CLK2/l3 1o
11047
/046 D] V042 ] 1/Oy4 1/0s1 | 1/Os0
/045
/044
11043 C| WO | vos | M W01 | Voc | Is 1/Os4 | 1/Os2
11042
/0,
yor Bl v0s | anD | W06 | 105 | 10y |1Os: | 1Og2 | #0ss | Oss | GND | 105
- L] O] - c
7C373-4 1107 | v0s | vO4 | VO, 1/0g3 | 1/Ogg | 1/O! 1/O; 1/Oss
NQR OB ITBVEes a0 A 7 5. 4 2 Vee | GND 63 '60 58 57
PELIFIIITIIE
1 2 3 4 5 6 7 8 9 10 1
73732
TQFP
Top View
oovswmvmwv—oogoo 8%58%”“8%0
£5202000QQ220952 99222022225
10099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
75 1 NC
Yo mumm B} 74 B3 vee
GND T 2 73 B3 10ss
oy mm— 1 72 =1 1/Os4
110 ] 4 71 BE=3 1053
0o C—'5 70 =3 1105,
on E 6 69 [ 1054
/012 E 7 68 3 105
/O3 8 67 [ 1104
101s ] o 66 |—3 1O
o1 &—] 10 65 =3 ClKs/la
CLKy/le T 11 64 [—J GND
Voo ] 12 63 —1 NC
N/c —]1 62 —1 Ve
p C—] 14 61 —3 CLKy/l3
CLK1/||  — 60 fd V047
11015 C—] 18 59 f—1 1/045
07 - 17 58 =1 1045
01 C ] 18 57 = 104,
1oy ] 19 56 [—1 1104
00 C—] 20 55 1 104
1102y ] 21 54 [——1 /04
11022 T 22 53 3 104
11005 5= 23 52 —1 GND
Veo 24 51 /3 NC 7C373.3
NC 3 25 26 27 28 20 30 31 32 3334 35 36 37 38 30 40 41 42 43 44 45 4647 48 49 50

LIIJIJLILILIUIJLIULIUULILILILIUIJLILIULILILI

PNo(.)ClO

EREEREE .
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Functional Description (continued)

Product Term Allocator

The product term allocator is a dynamic, configurable resource
that shifts product term resources to macrocells that require them.
Any number of product terms between 0 and 16 inclusive can be
assigned to any of the logic block macrocells (this is called product
term steering). Furthermore, product terms can be shared among
multiple macrocells. This means that product terms that are com-
mon to more than one output can be implementedin a single prod-
uct term. Product term steering and product term sharing help to
increase the effective density of the FLasH370 CPLDs. Note that
the product term allocator is handled by software and is invisible to
the user.

1/0 Macrocell

Each of the macrocells on the CY7C373 has a separate 1/O pin
associated with it. In other words, each I/O pin is shared by two ma-
crocells. The input to the macrocell is the sum of between 0 and 16
product terms from the product term allocator. The macrocell in-
cludes a register that can be optionally bypassed, polarity control
over the input sum-term, and two global clocks to trigger the regis-
ter. The macrocell also features a separate feedback path to the
PIM so that the register can be buried if the I/O pin is used as an
input.

Programmable Interconnect Matrix

The Programmable Interconnect Matrix (PIM) connects the four
logic blocks on the CY7C373 to the inputs and to each other. All
inputs (including feedbacks) travel through the PIM. There is no
speed penalty incurred by signals traversing the PIM.

Development Tools

Development software for the CY7C373 is available from Cy-
press’s Warp2™ and Warp3™ software packages. Both of these

products are based on the IEEE standard VHDL language. Cypress
also supports third-party vendors such as ABEL™, CUPL™, and
LOG/C™. Please contact your local Cypress representative for fur-
ther information.

Maximum Ratings

(Above which the useful life may be impaired. For user guidelines,
not tested.)

Storage Temperature ................... —65°C to +150°C
Ambient Temperature with
Power Applied ............... ... .. —55°Cto +125°C
Supply Voltage to Ground Potential ......... -0.5Vto +7.0V
DC Voltage Applied to Outputs
inHighZState .......................... —0.5V to +7.0V
DCInput Voltage .............coovvvnnnnn -0.5V to +7.0V
DC Program Voltage .................ooiiuiiina.. 12.5V
Output Current into Outputs ...................... 16 mA
Static Discharge Voltage ........................ >2001V
(per MIL-STD-883, Method 3015)
Latch-Up Current ............. ..ot >200 mA
Operating Range
Ambient
Range Temperature Vee

Commercial 0°Cto +70°C 5V *5%

Militarylll —55°Cto +125°C 5V +10%
Note:

1. Ty is the “instant on” case temperature.

3-117



=
S PRELIMINARY CY7C373
—# CYPRESS
Electrical Characteristics Over the Operating Rangel?]
7C373
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Vce = Min. Ion = —3.2 mA (Com’l/Ind) 2.4 \Y%
Iog = —2.0 mA (Mil) . A%
VoL Output LOW Voltage Vee = Min. Ioyr, = 16 mA (Com’l/Ind) 0.5 A%
IoL = 12 mA (Mil) v
Vi Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputsi3 [ 2.0 7.0 v
ViL Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputsi®l | 0.5 0.8 v
Iix Input Load Current GND < Vi < Ve -10 +10 HA
Ioz Output Leakage Current | GND < Vg < V¢, Output Disabled =50 +50 HA
Ios Output Short Vce = Max, Voyr = 0.5V =30 -90 mA
Circuit Currentl* 3]
Iccr Power Supply Current Vce = Max, [oyt = 0 mA, Com’l 250 mA
(Standby) f=0mHz, VN = GND, V¢ Ml 300
Iceo Power Supply Current!s] Vi = Vccor GND, f = 40 MHz Com’l 280 mA
Mil 330
Capacitancel’]
Parameter Description Test Conditions Max. Unit
Cin Input Capacitance Vin = 2.0V atf=1 MHz 10 pF
Cout Output Capacitance Vour =20Vatf=1MHz 12 pF
Endurance Characteristics
Parameter Description Test Conditions Min. Max. Unit
N Minimum Reprogramming Cycles Normal Programming Conditions 100 Cycles
Notes:

2. See the last page of this specification for Group A subgroup testingin- 4.  Not more than one output should be tested at a time. Duration of the
i short circuit should not exceed 1 second. VoyT = 0.5V has been cho-

formation.

3. These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

AC Test Loads and Waveforms
238Q (COM'L)

these parameters.

2380 (COM'L)

319Q (MIL) 319Q (MIL)
5V 5V {
OUTPUT 4 OUTPUT 1706 (COML)
$ 170Q (COM'L) g 17 )
35 pFl j’_ 236Q (MIL) 5 pFI j’L 236Q (MIL)
INCLUDING = = INCLUDING = =
JIG AND JIG AND
SCOPE (a) SCOPE b) 7C373-5
8
Equivalentto:  THEVENIN EQUIVALENT B0V ALL INPUT PULSES
99Q (COM'L) ' 90%
136Q (MIL) 2,08V (COM'L) 10%
OUTPUT O———wWA——0 2,13V (MIL) GND

<2ns
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Switching Characteristics Over the Operating Rangel6]
7C373—125 | 7C373-100 | 7C373—-83 | 7C373-66
Parameter Description Min. | Max. | Min. | Max. | Min. Blax. Min. | Max. | Unit
Combinatorial Mode Parameters
tpD Input to Combinatorial Output 10 12 15 20 ns
tpDL Input to Output Through Transparent Input or 13 15 18 22 ns
Output Latch
tPDLL Input to Output Through Transparent Input and 16 19 24 ns
Output Latches
tEA Input to Output Enable 16 19 24 ns
tER Input to Output Disable 16 19 24 ns
Input Registered/Latched Mode Parameters
twL Clock or Latch Enable Input LOW TimelS] 3 4 5 ns
twH Clock or Latch Enable Input HIGH Timel>] 3 4 5 ns
trs Input Register or Latch Set-Up Time 2 3 4 ns
tiH Input Register or Latch Hold Time 2 3 4 ns
tico Input Register Clock or Latch Enable to 16 19 24 ns
Combinatorial Output
ticoL Input Register Clock or Latch Enable to Output 18 21 26 ns
Through Transparent Output Latch
Output Registered/Latched Mode Parameters
tco Clock or Latch Enable to Output .65 6.5 8 10 ns
ts Set-Up Time from Input to Clock or Latch Enable 6.5 8 10 ns
ty Register or Latch Data Hold Time 0 0 0 ns
tcoz Output Clock or Latch Enable to Output Delay 16 19 24 ns
(Through Memory Array)
tscs Output Clock or Latch Enable to Output Clock or 10 12 15 ns
Latch Enable (Through Memory Array)
tsL Set-Up Time from Input Through Transparent 12 15 20 ns
Latch to Output Register Clock or Latch Enable
tHL Hold Time for Input Through Transparent Latch 0 0 0 ns
from Output Register Clock or Latch Enable
fMax1 Maximum Frequency with Internal Feedback 100 83 66 MHz
(Least of 1/tgcs, 1/(ts + tyy), or 1/tco)l]
fmaxz Maximum Frequency Data Path in Output 153.8 125 100 MHz
Registered/Latched Mode &Lesser of 1/(twr, +
twh), 1/(ts + t), or Utco)Pl
fmaxs Maximum Frequency of (2) CY7C373s with 77 62.5 50 MHz
External Feedback (Lesser of 1/(tco + ts) and
(twe + twe)P!
top—tig | Output Data Stable from Output clock Minus 0 0 0 ns
37x Input Register Hold Time for 7C37x0> 7]
Pipelined Mode Parameters
tics Input Register Clock to Output Register Clock 10 12 15 ns
fmax4 Maximum Frequency in Pipelined Mode (Least of 83.3 66.6 50.0 MHz
tco + tg.?) Utres, (twr + twr), 1Ats + tim), |
or 1/tgcs)l
Shaded area contains advanced information.
Note:

6. All AC parameters are measured with 16 outputs switching.

7. This specification is intended to guarantee interface compatibility of
the other members of the FLAsH370 family with the CY7C373. This
specification is met for the devices operating at the same ambient tem-
perature and at the same power supply voltage.
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Switching Characteristics Over the Operating Rangel6] (continued)

373-125 | 7C373—100 | 7C373—83 | 7C373-66
Parameter Description ‘Max. | Min. [ Max. | Min. [ Max. | Min. [ Max. [ Unit

Reset/Preset Parameters

tRw Asynchronous Reset Width[>] 12 15 20 ns
tRR Asynchronous Reset Recovery Timel] 14 17 22 ns
trO Asynchronous Reset to Output 18 21 26 ns
tpw Asynchronous Preset Widthl] 12 15 20 ns
tpR Asynchronous Preset Recovery Timel®] 14 17 22 ns
tpo Asynchronous Preset to Output 18 21 26 ns
tPOR Power-On Reset[3] 1 1 1 s

Shaded area contains advanced information.
Switching Waveforms

Combinatorial Output

INPUT
| teD l
COMBINATORIAL
OUTPUT XXXXXX
7C373-7
Registered Output

! ts -ty

CLOCK \ x
tco
REGISTERED
OUTPUT XX
twi {

twH
CLOCK ____} \L___}—— 7C373-8

Latched Output

INPUT ><

ts tH |
LATCH ENABLE /I/

re— tppL tco j(
toutPuT XX XX

7C373-9
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Switching Waveforms (continued)
Registered Input

REGISTERED
INPUT

INPUT REGISTER
CLOCK

tico

COMBINATORIAL
OUTPUT XX
-l

twh { twi
CLOCK ," ‘L ;l‘
7C373-10

Input Clock to Output Clock

REGISTERED
INPUT X

INPUT REGISTER
CLOCK

ticg —

OUTPUT
REGISTER CLOCK

7C373-11

Latched Input

LATCHED INPUT ><

tis tiH |
LATCH ENABLE 4"

le— topL tico
coNe o XX XX

I »l |

twh twi
LATCH ENABLE 1/ LJ__
7C373-12
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Switching Waveforms (continued)
Latched Input and Output

LATCHED INPUT 3( *)( ><:

< tppLL

LATCHED
OUTPUT

ticoL tsL

— fe—  t
INPUT LATCH

ENABLE

tics

OUTPUT LATCH
ENABLE /

} twH WL
LATCH ENABLE 1’ L_jf—
7C373-13

Asynchronous Reset

trw

- Y ~

le—— tgo

oS XXX

[«— tpR

CLOCK

7C373-14

Asynchronous Preset

tew

INPUT >< ><

tro |
e 00010 4

[« tor

CLOCK

7C373-15
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Switching Waveforms (continued)
Power-Up Reset Waveform
v Vee
POWER 10%,/] %0%
SUPPLY VOLTAGE e
tpor
REGISTERED
ACTVE LOW XXXX XX
OUTPUTS ts
CLOCK \\\ /’
tpop MAX = 1 ps [e— ) 7C373-16
Output Enable/Disable
INPUT
| ter tea
V4
OUTPUTS AN
7087817
Ordering Information
Speed Package Package Operating
(MHz) Ordering Code Type Type Range
110 CY7C373<125AC Aloo | 100-Pin Thi 'Quad Flatpack C >reial
CY7C373-125GC G84 | 84-Pin Gi ray (Cavity Up)
CYT7C373~1251C J83 | 84-LeadPlastic Lgaded Chip Carrier
100 CY7C373-100AC A100 100-Pin Thin Quad Flatpack Commercial
CY7C373-100GC G84 84-Pin Grid Array (Cavity Up)
CY7C373-100JC J83 84-Lead Plastic Leaded Chip Carrier
83 CY7C373-83AC A100 100-Pin Thin Quad Flatpack Commercial
CY7C373-83GC G84 84-Pin Grid Array (Cavity Up)
CY7C373-83]C 183 84-Lead Plastic Leaded Chip Carrier
CY7C373=83GMB | G84 Pin Grid Array (Cavity Up)
CY7C373~83YMB. Y8 4-Pin Ceramic Leaded Chip Carrier
66 CY7C373-66AC A100 100-Pin Thin Quad Flatpack Commercial
CY7C373-66GC G84 84-Pin Grid Array (Cavity Up)
CY7C373-66JC J83 84-Lead Plastic Leaded Chip Carrier
CY7C373-66GMB G84 84-Pin Grid Array (Cavity Up) Military
CY7C373-66YMB Y84 84-Pin Ceramic Leaded Chip Carrier
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Group A Subgroup Testing

DC Characteristics
Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
Viu 1,2,3
Vir 1,2,3
Irx 1,2,3
Ioz 1,2,3
Icct 1,2,3

Document #: 38—00216—B

FLASH370, Warp2, and Warp3 are trademarks of Cypress Semiconductor Corporation.
ABEL is a trademark of Data I/O Corporation.

LOG/iC is a trademark of Isdata Corporation.

CUPL is a trademark of Logical Devices Incorporated.

Switching Characteristics

Parameter Subgroups
tpD 9,10,11
tco 9,10, 11
tico 9,10, 11
ts 9,10, 11
tH 9,10, 11
tis 9,10, 11
tIH 9,10, 11
tics 9,10, 11
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Features

128 macrocells in eight logic blocks
64 1/0 pins

6 dedicated inputs including 4 clock
pins

No hidden delays

High speed

— fmax = 100 MHz

—tpp = 12 ns

—tg=T7ns

—tco =Tns

Electrically Alterable Flash
technology

Available in 84-pin PLCC, 84-pin
CLCC, 100-pin TQFP, and 84-pin PGA
packages

e Pin compatible with the CY7C373
Functional Description

The CY7C374 is a Flash erasable Complex
Programmable Logic Device (CPLD) and
is part of the FLASH370™ family of high-
density, high-speed CPLDs. Like all mem-
bers of the FLASH370 family, the CY7C374

YPRESS
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128-Macrocell Flash CPLD

is designed to bring the ease of use and
high performance of the 22V10 to high-
density CPLDs.

The 128 macrocellsinthe CY7C374 are di-
vided between eight logic blocks. Each
logic block includes 16 macrocells, a 72 x
86 product term array, and an intelligent
product term allocator.

The logic blocks in the FLASH370 architec-
ture are connected with an extremely fast
and predictable routing resource—the
Programmable  Interconnect Matrix
(PIM). The PIM brings flexibility, rout-
ability, speed, and a uniform delay to the
interconnect.

Like all members of the FLASH370 family,
the CY7C374 is rich in I/O resources. Ev-
ery two macrocells in the device feature an
associated I/O pin, resulting in 64 I/O pins
on the CY7C374. In addition, there are
two dedicated inputs and four input/clock
pins.

Finally, the CY7C374 features a very sim-
ple timing model. Unlike other high-densi-
ty CPLD architectures, there are no hid-

den speed delays such as fanout effects, in-
terconnect delays, or expander delays. Re-
gardless of the number of resources used
or the type of application, the timing pa-
rameters on the CY7C374 remain the
same.

Logic Block

The number of logic blocks distinguishes
the members of the FLASH370 family. The
CY7C374includeseight logicblocks. Each
logicblockisconstructed of a product term
array, a product termallocator, and 16 ma-
crocells.

Product Term Array

The product term array in the FLASH370
logic block includes 36 inputs from the
PIM and outputs 86 product terms to the
product term allocator. The 36 inputs from
the PIM are available in both positive and
negative polarity, making the overall array
size 72 x 86. This large array in each logic
block allows for very complex functions to
be implemented in single passes through
the device.

Logic Block Diagram INPUTS CLOCK
INPUTS
4
INPUT INPUT/CLOCK
MACROCELLS MACROCELLS
L 4 vy % 4
81/0s 81/0s
P’ q LOGIC 72 72 LOGIC —
BLOCK BLOCK
l 16 | PIM 16 &
81/0s 81/0s
q LOGIC 72 72 LOGIC D
— BLOCK - —— BLOCK r<—
81/0s 81/0s
T 4 LOGIC 72 72 LOGIC D
BLOCK T 5 BLOCK ”
81/0s 81/0s
e q LOGIC 72 72 LOGIC D
BLOCK BLOCK
16 16 7C374-1
32 32
Selection Guide
7C374~100 7C374—-83 7C374—66
Maximum Propagation Delay tpp (ns) 12 15 20
Maximum Standby Commercial 300 300 300
Current, Icct (mA) Military 370 370
Maximum Operating Commercial 330 330 330
Current, Icca (mA) Milicary 400 400
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Pin Configurations PGA
PLCC/CLCC Bottom View
Top View
L| 1Oz | /025 | 1026 | /028 | 103y | 11033 | Vee | VOaa | 1036 | 1¥Os7 | 1039
K| 1021 | GND | 11024 | 11027 | 10g0 | 12 | Os2 | 11035 | #Osa | GND | 104y
J| 10z | 102 11029 | Vo | GND 11040 | 10u2
H| 11048 | 1O19 11043 | 104
| CLK1 | 1046 | GND crkz | 10ss | 107
M s
| 11047 | cLkO | Ve Veg | 11045 | GND
fl
E| 11015 | V014 | V013 /049 | /O4g | CLK3
/la
D| /012 | VO41 1/0s1 | 1/0sp
C|l 10y | Vo | MR 01 | Voo | 18 1Os4 | V052
B| 1105 | aND | 10s | 103 | 1100 | 1061 | /Osa | 10se | VOss | GND | 11055
al Y07 | Wos | w05 | 102 | vee | aND | VOss | U0so | VOss | 1087 | 1Oss
7C374-2
1 2 3 4 5 6 8 9 10 1
7C374-3
TQFP
Top View
hwm*mm—co%oomggzggﬁﬁgg
2%2929229& £129900902Q 52
10099 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
75 1 NC
ne 1 74 [ vge
GND =] 2 73 == 1/0cs
110g C—] 3 72 1 1/0s4
110 T 4 71 £33 10ss
11019 =1 s 70 =3 1/0sp
o ] 6 69 [ 1/0s5
1o, 7 68 — 1/0sp
11013 T 8 67 =31 10s
1014 C—] o 66 |— 1/Oss
1101s =—] 10 65 == CLKg/ly
CLKolly T} 11 64 |—J GND
Vee 12 63 =2 NC
ne 13 62 [ Vee
a0 T} 1a 61— ClKo/ly
oy 5 15 60 = 1,04
1101 ] 16 59 [— 104
110y7 ] 17 58 1 YO
11015 =] 18 57 = 1044
1049 =] 19 56 —3 1043
11020 &= 20 55 [—2 104
oy I 21 54 [—1 VO
105 ] 22 53 [ 1104
10,5 ] 23 s2 [—1 GND
Vee 24 51 —1 NC
NC ] 25 26 27 28 29 30 31 32 3334 35 3637 38 39 40 41 42 43 44 45 4647 48 49 50 7C374-4

UUUL!ULILILIIJIJUUULILIUUUUULIULIUU

z
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Functional Description (continued)
Product Term Allocator

The product term allocator is a dynamic, configurable resource
that shifts product terms to macrocells that require them. Any
number of product terms between 0 and 16 inclusive can be as-
signed to any of the logic block macrocells (this is called product
term steering). Furthermore, product terms can be shared among
multiple macrocells. This means that product terms that are com-
mon to more than one output can be implementedin a single prod-
uct term. Product term steering and product term sharing help to
increase the effective density of the FLaAsH370 CPLDs. Note that
product term allocation is handled by software and is invisible to
the user.

1/O Macrocell

Half of the macrocells on the CY7C374 have I/O pins associated
with them. The input to the macrocell is the sum of between 0 and
16 product terms from the product term allocator. The I/O macro-
cell includes a register that can be optionally bypassed, polarity
control over the input sum-term, and two global clocks to trigger
the register. The macrocell also features a separate feedback path
to the PIM so that the register can be buried if the I/O pin is used
as an input.

Buried Macrocell

The buried macrocell is very similar to the I/O macrocell. Again, it
includes a register that can be configured as combinatorial, asa D
flip-flop, a T flip-flop, or alatch. The clock for this register has the
same options as described for the I/O macrocell. One difference on
the buried macrocell is the addition of input register capability.
The user can program the buried macrocell to act as an input regis-
ter (D-type of latch) whose input comes from the I/O pin
associated with the neighboring macrocell. The outputofallburied
macrocells is sent directly to the PIM regardless of its config-
uration.

Programmable Interconnect Matrix

The Programmable Interconnect Matrix (PIM) connects the eight
logic blocks on the CY7C374 to the inputs and to each other. All

inputs (including feedbacks) travel through the PIM. There is no
speed penalty incurred by signals traversing the PIM.

Development Tools

Development software for the CY7C374 is available from Cy-
press’s Warp2™ and Warp3™ software packages. Both of these
products are based on the IEEE standard VHDL language. Cy-
press also supports third-party vendors suchas ABEL ™, CUPL™,
and LOG/iC™. Please contact your local Cypress representative
for further information.

Maximum Ratings
(Above which the useful life may be impaired. For user guidelines,
not tested.)

Storage Temperature ................... —65°C to +150°C
Ambient Temperature with
Power Applied ............... ..o —55°Cto +125°C
Supply Voltage to Ground Potential ......... —0.5V to +7.0V
DC Voltage Applied to Outputs
inHighZState .......................... ~0.5V to +7.0V
DClInput Voltage ...........covviiine —0.5V to +7.0V
DCProgram Voltage .................cooiiiiinnn. 12.5Vv
Output Current into Outputs ...................... 16 mA
Static Discharge Voltage ........................ >2001V
(per MIL-STD-883, Method 3015)
Latch-Up Current ...........c.coviiivenn.... >200 mA
Operating Range
Ambient
Range Temperature Vce

Commercial 0°Cto +70°C 5V £5%

Militaryl1] —55°Cto +125°C 5V + 10%
Note:

1. T is the “instant on” case temperature.
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Electrical Characteristics Over the Operating Rangel?]
7C374
Parameter Description Test Conditions Min, Max. Unit
Vou Output HIGH Voltage Vcce = Min. Ion = —3.2 mA (Com’V/Ind) 24 A%
Ion = —2.0 mA (Mil) A%
VoL Output LOW Voltage Vee = Min. Ior = 16 mA (Com’)/Ind) 05 A"
Iop = 12 mA (Mil) \%
Vi Input HIGH Voltage Guaranteed Input Logical HIGH voltage for all inputs/3] 2.0 7.0 A%
ViL Input LOW Voltage Guaranteed Input Logical LOW voltage for all inputs3l | —0.5 0.8 \
Irx Input Load Current GND < Vi < V¢ -10 +10 A
Ioz Output Leakage Current | GND < Vg < V¢, Output Disabled -50 +50 A
Ios Output Short Vcce = Max,, Voyrt = 0.5V -30 -90 mA
Circuit Current4 3]
Ica Power Supply Current Vee = Max,, Ioyt = 0 mA, Com’l 300 mA
(Standby) f = 0mHz, Viy = GND, Vcc il 370
Iccz Power Supply Currentls] Vi = Vccor GND, f = 40 MHz Com’l 330 mA
Mil 400
Capacitancel’]
Parameter Description Test Conditions Max. Unit
CiN Input Capacitance Vin = 2.0Vatf=1MHz 10 pF
Cour Output Capacitance Vout =20V atf=1MHz 12 pF
Endurance Characteristics(!
Parameter Description Test Conditions Min. Max. Unit
N Minimum Reprogramming Cycles Normal Programming Conditions 100 Cycles
Notes:
2. See the last page of this specification for Group A subgrouptestingin- 4. Not more than one output should be tested at a time. Duration of the
formation. short circuit should not exceed 1 second. Voyt = 0.5V has been cho-

sen to avoid test problems caused by tester ground degradation.
Tested initially and after any design or process changes that may affect
these parameters.

3. These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

AC Test Loads and Waveforms

238Q (COM'L) 238Q (COM'L)
319Q (MIL) 319Q (MIL)
5V 5V
OUTPUT { OUTPUT 4
$ 170Q (COM'L) < 170Q (COM'L)
35 pF j» 236Q (MIL) 5pF j» 236Q (MIL)
INGLUDING == = INCLUDING = L
JIG AND G AND
SCOPE (@ SCOPE ®) 7Ca745
Equivalent to: THEVENIN EQUIVALENT
990 (COM'L) a0V ALL INPUT PULSES
136Q (MIL) 2,08V (COM'L) 90%
OUTPUT O——vW——0 2,13V (MIL) Yo%
GND
<2ns <2ns

7C374-6
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Switching Characteristics Over the Operating Rangel6]
7C374~-100 | 7C374—-83 | 7C374—-66
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit

Combinatorial Mode Parameters

tpD Input to Combinatorial Output 12 15 20 ns

tppL Input to Output Through Transparent Input or Output Latch 15 18 22 ns

tPDLL Input to Output Through Transparent Input and Output Latches 16 19 24 ns

tEA Input to Output Enable 16 19 24 ns

tER Input to Output Disable 16 19 24 ns

Input Registered/Latched Mode Parameters

twL Clock or Latch Enable Input LOW Timel’] 3 4 5 ns

twH Clock or Latch Enable Input HIGH Timel’] 3 4 5 ns

tis Input Register or Latch Set-Up Time 2 3 4 ns

tH Input Register or Latch Hold Time 2 3 4 ns

tico Input Register Clock or Latch Enable to Combinatorial Output 16 19 24 ns

ticoL Input Register Clock or Latch Enable to Output Through Trans- 18 21 26 ns
parent Output Latch

Output Registered/Latched Mode Parameters

tco Clock or Latch Enable to Output 7 8 10 ns

ts Set-Up Time from Input to Clock or Latch Enable 8 10 ns

tH Register or Latch Data Hold Time 0 0 ns

tcoz Output Clock or Latch Enable to Output Delay (Through 16 19 24 ns
Memory Array)

tscs Output Clock or Latch Enable to Output Clock or Latch Enable | 10 12 15 ns
(Through Memory Array)

tsL Set-Up Time from Input Through Transparent Latch to Output | 12 15 20 ns
Register Clock or Latch Enable

tHL Hold Time for Input Through Transparent Latch from Output 0 0 0 ns
Register Clock or Latch Enable

fmaxi Maximum Frequency with Internal Feedback 100 83 66 MHz
(Least of 1/tscs, 1/(ts + tg), or 1/tco)l]

fmaxe Maximum Frequency Data Path in Output Registered/Latched 143 125 100 MHz
Mode (Lesser of 1/(twr. + tw), 1/(ts + tq), or 1/tco)

fmaxs Maximum Frequency with External Feedback 71.4 67.5 50 MHz
(Lesser of 1/(tco + ts) and 1/(twr + twr))

tog—tiz | Output Data Stable from Output clock Minus Input Register 0 0 0 ns

37x Hold Time for 7C37x>7]

Pipelined Mode Parameters

tics Input Register Clock to Output Register Clock 10 12 15 ns

fmAx4 Maximum Frequency in Pipelined Mode (Least of 1/(tco + tyg), | 100 83.3 66.6 MH:z
Vties, U(twe + twi), 1/(tis + tin), or Liscs)

Note:

6. All AC parameters are measured with 16 outputs switching.

7. This specification is intended to guarantee interface compatibility of
the other members of the FLASH370 family with the CY7C374. This
specification is met for the devices operating at the same ambient tem-
perature and at the same power supply voltage.
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Switching Characteristics Over the Operating Rangel®] (continued)

7C374-100 | 7C374—83 | 7C374—66
Parameter Description Min. | Max. | Min. | Max. | Min. | Max. | Unit
Reset/Preset Parameters
tRW Asynchronous Reset Width[>] 12 15 20 ns
tRR Asynchronous Reset Recovery Timel”] 14 17 22 ns
trRO Asynchronous Reset to Output 18 21 26 ns
tpw Asynchronous Preset Width[3] 12 15 20 ns
tpR Asynchronous Preset Recovery Timel> 14 17 22 ns
tpo Asynchronous Preset to Output 18 21 26 ns
tPOR Power-On Reset[>] 1 1 1 us
Switching Waveforms

Combinatorial Output

INPUT

oo |
coenons XRXXIIK

7C374-7

Registered Output

INPUT

ts tH

CLOCK \, \,
tco
REGISTERED
QUTPUT >< ><
|

twH ! twi
CLOCK J’ L /l 7C374-8

Latched Qutput

INPUT ><

ts > tH
LATCH ENABLE }

la— tppL tco j(
“ouTRUT XX XX

7C374-9
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Switching Waveforms (continued)

Registered Input

REGISTERED
INPUT

INPUT REGISTER
CLOCK

COMBINATORIAL
OUTPUT

CLOCK

CY7C374
] tis i 1 tH
tico
fe twH e twi >
_J L—J_ 7C374-10

Input Clock to Output Clock

REGISTERED
INPUT

INPUT REGISTER
CLOCK

OUTPUT
REGISTER CLOCK

X

ticg —

7C374-11

Latched Input

LATCHED INPUT

LATCH ENABLE

COMBINATORIAL
OUTPUT

LATCH ENABLE

tis J/ tiH |

e tpp) tico

XX XX

I !

I twH ! twi l

7C374-12
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Switching Waveforms (continued)

Latched Input and Output

LATCHED INPUT

LATCHED
QUTPUT

INPUT LATCH
ENABLE

OUTPUT LATCH
ENABLE

LATCH ENABLE

X

X X

re— tppLL

ticoL

tsL

— et

tics

_

twh l twi
7C374-13

Asynchronous Reset

INPUT

REGISTERED
OUTPUT

CLOCK

tRw

[e——— tro

XXX

le——— {RR

7C374-14

Asynchronous Preset

INPUT

REGISTERED
OUTPUT

CLOCK

tpw

l«—— ipo

XXX

—

7C374-15
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Switching Waveforms (continued)

Power-Up Reset Waveform

Voc
POWER 10%,/] 0%
SUPPLY VOLTAGE
tror
REGISTERED
ACTVELOW XXXXX XY
OUTPUTS ts
cLock NS P ¢
tpor MAX = 1 us j—— tw —— 70374-16
Output Enable/Disable
INPUT
ter tea
NN Ve,
OUTPUTS D77 <
7C374-17
Ordering Information
Speed Package Operating
(MHz) Ordering Code Name Package Type Range

100 CY7C374—-100AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C374-100GC G84 84-Pin Grid Array (Cavity Up)
CY7C374-100JC J83 84-Lead Plastic Leaded Chip Carrier

83 CY7C374—83AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C374—-83GC G84 84-Pin Grid Array (Cavity Up)
CY7C374-83]C 183 84-Lead Plastic Leaded Chip Carrier
CY7C374—-83GMB G84 84-Pin Grid Array (Cavity Up) Military
CY7C374-83YMB Y84 84-Pin Ceramic Leaded Chip Carrier

66 CY7C374—66AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C374-66GC G84 84-Pin Grid Array (Cavity Up)
CY7C374—-66JC 183 84-Lead Plastic Leaded Chip Carrier
CY7C374—66GMB G84 84-Pin Grid Array (Cavity Up) Military
CY7C374—66YMB Y84 84-Pin Ceramic Leaded Chip Carrier
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Group A Subgroup Testing

DC Characteristics

Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
Vin 1,23
ViL 1,2,3
Iix 1,2,3
loz 1,2,3
Ioct 1,2,3
fele7) 1,2,3

Document #: 38-00214—-C

FLASH370, Warp2, and Warp3 are trademarks of Cypress Semiconductor Corporation.
ABEL is a trademark of Data I/O Corporation.

CUPL is a trademark of Logical Devices Incorporated.

LOG/iC is a trademark of Isdata Corporation.

Switching Characteristics

Parameter Subgroups
tpD 9,10, 11
tppL 9,10, 11
tPDLL 9,10, 11
tco 9,10,11
tico 9,10, 11
tCOL 9,10, 11
ts 9,10, 11
tsL 9,10, 11
tH 9,10,11
tHL 9,10, 11
tis 9,10, 11
tiy 9,10, 11
tics 9,10, 11
tEA 9,10, 11
tER 9,10,11
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Features

128 macrocells in eight logic blocks
128 I/O pins

6_dedicated inputs including 4 clock
pins

No hidden delays

High speed

— fymax = 100 MHz

—tpp = 12 ns

—tg=T7ns

—tco = 7ns

Electrically alterable Flash
technology

Available in 160-pin TQFP, CQFP, and
PGA packages

CYPRESS

PRELIMINARY

CY7C375

128-Macrocell Flash CPLD

Functional Description

The CY7C375is a Flash erasable Complex
Programmable Logic Device (CPLD) and
is part of the FLASH370™ family of high-
density, high-speed CPLDs. Like all mem-
bers of the FLASH370 family, the CY7C375
is designed to bring the ease of use and
high performance of the 22V10 to high-
density PLDs.

The 128 macrocellsinthe CY7C375 are di-
vided between eight logicblocks. Eachlog-
ic block includes 16 macrocells, a 72 x 86
product term array, and an intelligent
product term allocator.

The logic blocks in the FLASH370 architec-
ture are connected with an extremely fast
and predictable routing resource—the

(PIM). The PIM brings flexibility, rout-
ability, speed, and a uniform delay to the
interconnect.

Like all members of the FLASH370 family,
the CY7C375 is rich in I/O resources. Ev-
ery macrocell in the device features an
associated I/O pin, resulting in 128 I/O
pins on the CY7C375. In addition, there
are two dedicated inputs and four input/
clock pins.

Finally, the CY7C375 features a very sim-
ple timing model. Unlike other high-densi-
ty CPLD architectures, there are no hid-
den speed delays such as fanout effects, in-
terconnect delays, or expander delays. Re-
gardless of the number of resources used
or the type of application, the timing pa-
rameters on the CY7C375 remain the

Programmable Interconnect Matrix g, o
Logic Block Diagram
INPUTS CLOCK
INPUTS
2 4
INPUT/CLOCK
MACROGELLS MACROCELLS
i i i
16 1/0Os LOGIC LOGIC 161/0s
<1< siock 72 7 | sook [T
l 16 PIM 16 l
16V0s LOGIC ™ LoGlC 161/0s
<< siock 2 2 | gock [
‘ 16 16 l
161/0s LOGIC LOGIC 16V/0s
=< BLOCK 72 2 | sock [P
l 16 16 l
161/0s Locic LOGIC 161/0s
<<=<H| slock & 7 | sock [P
16 16
64 7C375-1
Selection Guide
7C375-100 7C375-83 7C375-66
Maximum Propagation Delay (ns) 12 15 20
Maximum Standby Commercial 300 300 300
Current, Icc1 (mA) Military 370 370
Maximum Operating Commercial 330 330 330
Current, Iccz (mA) Military 400 400
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Pin Configurations

GND —
e —
1107 —3
/0 T—
11019 =
11020 1
1102y ]
11025 —]
102 — o
GND
1104
10,5 ——1
11026 T
1107 ]
/03 C—]
/029 ——
11050 =1
1103y =
ClKgly —]
Vee 00—
GND —]
CLK¢/hy
| m—

PN AWM o

TQFP/CQFP
Top View

120
119
118
17
116
115
114
113
12

111§

110
109

107
106
105
104
103
102
101
100

97
96
95
94
93

A

84

82
81

Vee
CLKoflg
/Ogs
1/Og4
1/Og3
1/0g2
1/Og1
1/0gp
1/0gg
/0gs
GND
1/0g7
1/Ogs
11085
/Oga
11085
1Og2
1/0g1
1/0go
1 GND
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Pin Configurations (continued)

PGA
Bottom View

R | 1/O409| /Oy12| 1/O115] 1/O118] /0121 | /O123 | /O126 | VO127| Qo | ¥/O3 | 1/Os /07 | Y010 | O1q | V/O14

P | 1/O106| V0110 0113|0116 | 10119 | 0122 | 0125 | GND | 0y | o4 | 406 | 1Os | #0415 | NCis | 1016

N [V0105 |O108 | 10111 [ V0518 | 1VO117 [ 1Oy20 | 0126 | 15 | 1O, | GND | 1Og | 1Oy | aND | 104 | 1O

M | 10102 {10104 | V0107 | Ve Voo Jonp | vee GND | 11015 | 4020 | 11022
L 1/0100 | /O101 { /0103 1/024 /023 | ¥/Ozs
K | 10gg | 10gs | GND 11024 | 11026 | 1027
3 | voss | w07 | 4 | oo Voo | V028 | W0z | 1050
H | 1/0gs | aND cn/.lgz GND GND C',-,:O GND | 1103 l
G | 10gs | 10s | 10gs | Voo veo | O | voss | v0se
F | 11061 | 10go | 10gs GND | 1035 | V0as
& | voso | 10g7 | VOgs /039 | 1037 | VO3g
a
D 1/Ogg | 1/Ogq | 1/Og2 | GND Vee | GND | Veo Veo /043 1040 /038

C | Ogs | VOas | GND | /076 | 11072 | GND | 0es | 12 | 060 | 1056 | VOss | 11080 | V047 | 10as | 1VO4

B | /Ogo | 1/O7g | 1/O77 | /O73 | /O70 | 1/Ogg | 1/Oes | GND | 1/Ogy | 1/Osg | 1/Oss | #/Os2 | 1/Oag | 1/Osg | 1/Oa2

A | VO7g | VOz5 | YOz4 | /O71 | 1/Ogg | /Og7 | 1/Oga { /Og3 | 1/Og2 | 1/Ose | VOs7 | 1/Osa | 1/Osy | 1/Osg | 1/Oas

7C375-2
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Functional Description (continued)
Logic Block

The number of logic blocks distinguishes the members of the
FLASH370 family. The CY7C375 includes eight logic blocks. Each
logic block is constructed of a product term array, a product term
allocator, and 16 macrocells.

Product Term Array

The product term array in the FLASH370logic block includes 36 in-
puts from the PIM and outputs 86 product terms to the product
term allocator. The 36 inputs from the PIM are available in both
positive and negative polarity, making the overall array size 72x 86.
This large array in each logic block allows for very complex func-
tions to be implemented in single passes through the device.

Product Term Allocator

The product term allocator is a dynamic, configurable resource
that shifts product terms to macrocells that require them. Any
number of product terms between 0 and 16 inclusive can be as-
signed to any of the logic block macrocells (this is called product
term steering). Furthermore, product terms can be shared among
multiple macrocells. This means that product terms that are com-
mon to more than one output can be implemented in asingle prod-
uct term. Product term steering and product term sharing help to
increase the effective density of the FLASH370 PLDs. Note that
product term allocation is handled by software and is invisible to
the user.

1/0 Macrocell

Each of the macrocells on the CY7C375 has a separate I/O pin
associated with it. The input to the macrocell is the sum of between
0 and 16 product terms from the product term allocator. The ma-
crocell includes a register that can be optionally bypassed, polarity
control over the input sum-term, and four global clocks to trigger
the register. The macrocell also features a separate feedback path
to the PIM so that the register can be buried if the I/O pin is used
as an input.

Programmable Interconnect Matrix

The Programmable Interconnect Matrix (PIM) connects the eight
logic blocks on the CY7C375 to the inputs and to each other. All

inputs (including feedbacks) travel through the PIM. There is no
speed penalty incurred by signals traversing the PIM.
Development Tools

Development software for the CY7C375 is available from Cy-
press’s Warp2™ and Warp3™ software packages. Both of these
products are based on the IEEE standard VHDL language. Cy-
press also supports third-party vendors such as ABEL™,
CUPL™, and LOG/iC™. Please contact your local Cypress rep-
resentative for further information.

Maximum Ratings
(Above which the useful life may be impaired. For user guidelines,
not tested.)

Storage Temperature ................... —65°Cto +150°C
Ambient Temperature with
Power Applied ........................ —55°Cto +125°C
Supply Voltage to Ground Potential ......... -0.5V to +7.0V
DC Voltage Applied to Outputs
inHighZState .......................... -0.5V to +7.0V
DClInput Voltage .............oovvinnnnt, -0.5V to +7.0V
DCProgram Voltage ..............coovvvininininnn.. 12.5Vv
Output Current into Outputs ...................... 16 mA
Static Discharge Voltage ........................ >2001V
(per MIL-STD-883, Method 3015)
Latch-Up Current ...............cooiininin., >200 mA
Operating Range
Ambient
Range Temperature Vee

Commercial 0°Cto +70°C 5V £ 5%

Militaryll] —55°Cto +125°C 5V % 10%
Note:

1. Ta is the “instant on” case temperature.
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Electrical Characteristics Over the Operating Range[?]
7C375
Parameter Description Test Conditions Min. Max. Unit
Von Output HIGH Voltage Vcc = Min. Iog = —3.2 mA (Com’)/Ind) 2.4 \'%
Iog = —2.0 mA (Mil) A%
VoL Output LOW Voltage Vce = Min. IoL = 16 mA (Com’V/Ind) 0.5 \%
IoL = 12 mA (Mil) A%
Vin Input HIGH Voltage Guaranteed Input Logical HIGH voltage for all inputsi3] | 2.0 7.0 \Y
Vi Input LOW Voltage Guaranteed Input Logical LOW voltage for all inputs®] | —0.5 0.8 v
Irx Input Load Current GND < Vi < Ve -10 +10 A
Ioz Output Leakage Current | GND < Vo < V¢, Output Disabled =50 +50 A
los Output Short Vce = Max., Vour = 0.5V -30 -90 mA
Circuit Current(4 3]
Ica Power Supply Current Ve = Max, Iout = 0 mA, Com’l 300 mA
(Standby) f = 0 mHz, Vin = GND, Vcc il 770
Iccn Power Supply Currentls] Vi = Vccor GND, f = 40 MHz Com’l 330 mA
Mil 400
Capacitancel!
Parameter Description Test Conditions Max, Unit
Cin Input Capacitance Vin =20Vatf=1MHz 10 pF
Cout Output Capacitance Vour =20Vatf=1MHz 12 pF
Endurance Characteristics®]
Parameter Description Test Conditions Min. Max. Unit
N Minimum Reprogramming Cycles Normal Programming Conditions 100 Cycles
Notes:
2. Seethe last page of this specification for Group A subgroup testingin- 4. Not more than one output should be tested at a time. Duration of the
formation. short circuit should not exceed 1 second. Voy = 0.5V has been cho-

3. These are absolute values with respect to device ground. All over-
shoots due to system or tester noise are included.

sen to avoid test problems caused by tester ground degradation.
Tested initially and after any design or process changes that may affect

these parameters.
AC Test Loads and Waveforms
238Q (COM'L) 238Q (COM'L)
319Q (MIL) 319Q (MIL)
5V 5V
OUTPUT O———l-—ﬁ; OUTPUT  170Q (COM'L)
35 pF I j:wog (CoML) 5pF I $236Q2 (MIL)
2
INCLUDING = ,L 3602 (MIL) — :L
JIG AND INCLUDING
SCOPE (@ G AND (b) 70753
Equivalent to: THEVENIN EQUIVALENT ALL INPUT PULSES
99Q (COM'L) 3.0v o
136Q (MIL) 2,08V (COM'L) °
OUTPUT O———wA——0 2,13V (MIL) GND 10%
<2ns <2ns

3-139

7C375-4



=7 CYPRESS

PRELIMINARY CY7C375
Switching Characteristics Over the Operating Rangel®!
7C375-100 | 7C375—-83 | 7C375—-66
Parameter Description Min.—l Max. | Min. [Max. Min. [Max. Unit
Combinatorial Mode Parameters
tpp Input to Combinatorial Output 12 15 20 ns
tpDL Input to Output Through Transparent Input or Output Latch 15 18 22 ns
tpDLL Input to Output Through Transparent Input and Output Latches 16 19 24 ns
tEA Input to Output Enable 16 19 24 ns
tER Input to Output Disable 16 19 24 ns
Input Registered/Latched Mode Parameters
twL Clock or Latch Enable Input LOW Timel5] 3 4 5 ns
twH Clock or Latch Enable Input HIGH Timel5] 3 4 5 ns
tis Input Register or Latch Set-Up Time 2 3 4 ns
tiH Input Register or Latch Hold Time 2 3 4 ns
tico Input Register Clock or Latch Enable to Combinatorial Output 16 19 24 ns
ticoL Input Register Clock or Latch Enable to Output Through Trans- 18 21 26 ns
parent Output Latch
Output Registered/Latched Mode Parameters
tco Clock or Latch Enable to OQutput 7 8 10 ns
ts Set-Up Time from Input to Clock or Latch Enable 7 10 ns
tH Register or Latch Data Hold Time 0 0 ns
tcoz Output Clock or Latch Enable to Output Delay (Through 16 19 24 ns
Memory Array)
tscs Output Clock or Latch Enable to Output Clock or Latch Enable | 10 12 15 ns
(Through Memory Array)
tsp Set-Up Time from Input Through Transparent Latch to Output 12 15 20 ns
Register Clock or Latch Enable
tHL Hold Time for Input Through Transparent Latch from Output 0 0 0 ns
Register Clock or Latch Enable
fmaxi Maximum Frequency with Internal Feedback 100 83 66 MH:z
(Least of 1/tgcs, 1/(ts + tg), or 1/tco)l!
fmaxe Maximum Frequency Data Path in Output Registered/Latched 143 125 100 MHz
Mode (Lesser of 1/(twr. + twr), 1/(ts + tg), or 1/tco)
fMAX3 Maximum Frequency with External Feedback 71.4 62.5 50 MHz
(Lesser of 1/(tco + ts) and 1/(twr + twiH))
tou—tig | Output Data Stable from Output clock Minus Input Register 0 0 0 ns
37x Hold Time for 7C37x% 7]
Pipelined Mode Parameters
tics Input Register Clock to Output Register Clock 10 12 15 ns
fvaxs Maximum Frequency in Pipelined Mode (Least of 1/(tco + tis), | 100 83.3 66.6 MHz
1tics, U(twr + twr), 1(tis + trm), or Vtscs)
Note:
6. All AC parameters are measured with 16 outputs switching.

7.

This specification is intended to guarantee interface compatibility of

the other members of the FLASH370 family with the CY7C375. This
specification is met for the devices operating at the same ambient tem-
perature and at the same power supply voltage.
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Switching Characteristics Over the Operating Rangel6] (continued)

7C375—-100 | 7C375—-83 | 7C375-66
Parameter Description Min. | Max. | Min. | Max. | Min. { Max. | Unit
Reset/Preset Parameters
tRw Asynchronous Reset Width!°] 12 15 20 ns
tRR Asynchronous Reset Recovery Timel%] 14 17 22 ns
tRO Asynchronous Reset to Output 18 21 26 ns
tpw Asynchronous Preset Width[®] 12 15 20 ns
tpR Asynchronous Preset Recovery Timel°] 14 17 22 ns
tpo Asynchronous Preset to Output 18 21 26 ns
tPOR Power-On Reset 1 1 1 us
Switching Waveforms

Combinatorial Output

INPUT

I teD |
conenons RIRRZZK

7C375-5

Registered Output
INPUT
) ts fe- ty
CLOCK \ \
tco
A SUrpuT X
twH ! twe |
cock j L—J/— 7C375-6
Latched Output

INPUT X

s > th 1
LATCH ENABLE J/

< tppL tco

“QureuT XX XX

7C375-7
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Switching Waveforms (continued)

Registered Input

REGISTERED
INPUT

INPUT REGISTER
CLOCK

COMBINATORIAL
OUTPUT

CLOCK

tiH

twH

7C375-8

Input Clock to Qutput Clock

REGISTERED
INPUT

INPUT REGISTER
CLOCK

OUTPUT
REGISTER CLOCK

X

ticg ——

7C375-9

Latched Input

LATCHED INPUT

LATCH ENABLE

COMBINATORIAL
OUTPUT

fe—— tg

} tiH

fe— tppp

XX

twH
LATCH ENABLE ;l;

7C375-10
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Switching Waveforms (continued)

Latched Input and Output

LATCHED INPUT X

fe—- tppyL

LATCHED
OUTPUT

INPUT LATCH
ENABLE

OUTPUT LATCH
ENABLE

ticoL

tst

—

tics

1
LATCH ENABLE J’

twH wL
7C375-11

Asynchronous Reset

taw
INPUT X K
le—— tro
" KXXX
[e—— trR
CLOCK
7C375-12
Asynchronous Preset
tpw
INPUT )( (
(——tro
REe SUrPoT XX XX
[—trR
CLOCK
7C375-13
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Switching Waveforms (continued)
Power-Up Reset Waveform
Vee
POWER 10%,/] 90%
SUPPLY VOLTAGE
tror
REGISTERED
ACTVELOW XXX XX XY
OUTPUTS ts
CLOCK \\ N ¢
tpor MAX = 1 us twi 7C375-14
Output Enable/Disable
INPUT
ter tea
NN y4
OUTPUTS Do AN
7C375-15
Ordering Information
Speed Package Operating
(MHZz) Ordering Code Name Package Type Range
100 CY7C375—-100AC A160 160-Lead Thin Quad Flatpack Commercial
83 CY7C375-83AC Al60 160-Lead Thin Quad Flatpack Commercial
CY7C375-83GMB G160 160-Pin Grid Array Military
CY7C375-83UMB U162 160-Pin Ceramic Quad Flatpack
66 CY7C375—-66AC A160 160-Lead Thin Quad Flatpack Commercial
CY7C375~66GMB G160 160-Pin Grid Array Military
CY7C375-66UMB U162 160-Pin Ceramic Quad Flatpack
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Group A Subgroup Testing

DC Characteristics
Parameter Subgroups
Von 1,23
VoL 1,2,3
Viu 1,2,3
ViL 1,2,3
Tix 1,2,3
loz 1,23
Icct 1,2,3
Ice2 1,2,3

Document #: 38—00217—-C

FLASH370, Warp2, and Warp3 are trademarks of Cypress Semiconductor Corporation.
ABEL is a trademark of Data I/O Corporation.

LOG/iC is a trademark of Isdata Corporation.

CUPL is a trademark of Logical Devices Incorporated.

Switching Characteristics

Parameter Subgroups
tpD 9,10, 11
tpDL 9,10, 11
tpDLL 9,10, 11
tco 9,10, 11
tico 9,10, 11
ticoL 9,10, 11
ts 9,10, 11
tsL 9, 10,11
ty 9,10, 11
tHL 9,10,11
t1s 9,10, 11
ty 9,10,11
tics 9,10, 11
tEA 9,10,11
tER 9,10,11
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Features

192 macrocells in 12 logic blocks
128 1/O pins

pins

No hidden delays
High speed
—fvax = 83 MHz
—tpp=15ns
—ts = 10ns
—tco = 10 ns

Electrically alterable Flash
technology

packages

6 dedicated inputs including 4 clock

Available in 160-pin PGA and TQFP

o Pin compatible with the CY7C375 and

ADVANCED INFORMATION CY7C376
CYPRESS

192-Macrocell Flash CPLD

Functional Description

The CY7C376is aFlash erasable Complex
Programmable Logic Device (CPLD) and
is part of the FLASH370™ family of high-
density, high-speed CPLDs. Like all mem-
bers of the FLASH370 family, the CY7C376
is designed to bring the ease of use and
high performance of the 22V10 to high-
density PLDs.

The 192 macrocellsinthe CY7C376 are di-
vided between twelve logic blocks. Each
logic block includes 16 macrocells, a 72 x
86 product term array, and an intelligent
product term allocator.

The logic blocks in the FLASH370 archi-
tecture are connected with an extremely
fast and predictable routing resource—
the Programmable Interconnect Matrix

(PIM). The PIM brings flexibility, rout-
ability, speed, and a uniform delay to the
interconnect.

Like all members of the FLASH370 family,
the CY7C376 is rich in I/O resources. Two
thirds of the macrocells in the device fea-
ture an associated I/O pin, resulting in 128
I/O pins on the CY7C376. In addition,
there are two dedicated inputs and four in-
put/clock pins.

Finally, the CY7C376 features a very sim-
ple timing model. Unlike other high-densi-
ty CPLD architectures, there are no hid-
den speed delays such as fanout effects, in-
terconnect delays, or expander delays. Re-
gardless of the number of resources used
or the type of application, the timing pa-
rameters on the CY7C376 remain the

the CY7C378 same-
Logic Block Diagram
CLOCK
INPUTS INPUTS
INPUT 2 *INPUT/CLOCK
MACROCELLS MACROCELLS

¢ 2 Y v f 4
121/0s LOGIC wac | 1210
— BLOCK 17: :z BLOCK

1 )
81/0s L0GIC > > wogic | | 8UOS
— < BLOCK 7 Z BLOCK

1 16 16 7
121/0s LOGIC PIM oaic | | 1210s
< BLOCK 72 2 BLOCK f

T 16 16 T
121/0s LOGIC LOGIC 1210s
—g<l BLOCK 72 72 Block [T —

1 16 16 )
81/0s LOGIC LOGIC 81/0s
—< BLOCK 2 2 Block [ 7<—

i 16 16 ‘
121/0s LOGIC LOGIC 121/0s
< <l BLOCK 1762 172 BLOCK > 1

64 64 7C376-1

Document #: 38—00225—-A

FLASH370 is a trademark of Cypress Semiconductor.

3-146




e, TGN
———°. E
S

——
a—
e Y
— .
—
————
——— s

e —
9 o

==¢ CYPRESS

Features

o 192 macrocells in 12 logic blocks
e 192 I/O pins

6 dedicated inputs including 4 clock
pins

o No hidden delays

High speed

—fmax = 83 MHz

—tpp = 15 ns

—tg = 10 ns

—tco = 10 ns

Electrically alterable Flash
technology

Available in 240-pin PGA , 208-pin
PQFP, and 225-pin BGA packages

ADVANCED INFORMATION  CY7C377

192-Macrocell Flash CPLD

Functional Description

The CY7C377is a Flash erasable Complex
Programmable Logic Device (CPLD) and
is part of the FLASH370™ family of high-
density, high-speed CPLDs. Like all mem-
bers of the FLASH370 family, the CY7C377
is designed to bring the ease of use and
high performance of the 22V10 to high-
density PLDs.

The 192 macrocellsinthe CY7C377 are di-
vided between 12 logic blocks. Each logic
block includes 16 macrocells, a 72 x 86
product term array, and an intelligent
product term allocator.

The logic blocks in the FLASH370 architec-
ture are connected with an extremely fast
and predictable routing resource—the

(PIM). The PIM brings flexibility, rout-
ability, speed, and a uniform delay to the
interconnect.

Like all members of the FLASH370 family,
the CY7C377 is rich in I/O resources. Ev-
ery macrocell in the device features an
associated I/O pin, resulting in 192 I/O
pins on the CY7C377. In addition, there
are two dedicated inputs and four input/
clock pins.

Finally, the CY7C377 features a very sim-
ple timing model. Unlike other high-densi-
ty CPLD architectures, there are no hid-
den speed delays such as fanout effects, in-
terconnect delays, or expander delays. Re-
gardless of the number of resources used
or the type of application, the timing pa-
rameters on the CY7C377 remain the

¢ Pin compatible with the CY7C379 Programmable Interconnect Matrix g, o
Logic Block Diagram
CLOCK
INPUTS INPUTS
INPUT 2 4 INPUT/CLOCK
MACROCELLS MACROCELLS
1 I
16 1/0s 161/0s
< LOGIC LoGIC
BLOCK 2 72 Block [T —
‘ 16 16 ‘
16 1/0s 16 1/O0s
LOGIC LOGIC
—~<l BLOCK 2 72 BlOCk [T
) 16 16 )

P LOGIC PIM LOGIC 161/0s
— BLOCK 72 72 Block b <—
1 16 16 )

8o | 4 LOGIC LOGIC 161/0s
— BLOCK 2 2 Block [T 7<—
‘ 16 16 ‘

16 1/0s 161/0s

<<} roclc LOGIC
BLOCK 72 72 Block [7<—
‘ 16 16 +
P I LOGIC LOGIC 16 1/Os
— BLOCK 2 72 Block [Tp<—
16 16
96 96
7C377-1

Document #: 38—00226~A

FLASH370 is a trademark of Cypress Semiconductor.
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256-Macrocell Flash CPLD

Features Functional Description (II?IM). ThedPIMdbriﬂg.Sf ﬂeXi(l;illity, rOllllt-
e 256 macrocells in 16 logic blocks The CY7C378is a Flash erasable Complex ?ntlelrtgc’)riﬁf;t » and a uniform delay to the
o 128 /O pins Programmable Logic Device (CPLD)and | ' .

. . . . is part of the FLASH370™ family of high- Like all memb.crshof t.he FLASH370 family,
¢ 6 dedicated inputs including 4 clock the CY7C378 is rich in I/O resources. Ev-

pins
o No hidden delays
e High speed

density, high-speed CPLDs. Like all mem-
bers of the FLASH370 family, the CY7C378
is designed to bring the ease of use and
high performance of the 22V10 to high-

ery two macrocells in the device feature an
associated I/O pin, resulting in 128 J/O
pins on the CY7C378. In addition, there
are two dedicated inputs and four input/

— = density PLDs.
fmax = 83 MHz Y . . clock pins.
—tpp =15ns The 256 macrocellsinthe CY7C378 are di- . .
—tg=10ns vided between 16 logic blocks. Each logic Flna'llyz the CY7C373 features a very sim-
ey = 10 ns block includes 16 macrocells, a 72 x 86  ple timingmodel. Unlike other high-densi-
Co = product term array, and an intglligent ¥ CPLD architectures, there are no hid-
o Electrically alterable Flash product term allocator. denspeed delays such as fanout effects, in-
technology terconnect delays, or expander delays. Re-

Available in 160-pin PGA and TQFP
packages

The logic blocks in the FLASH370 archi-
tecture are connected with an extremely
fast and predictable routing resource—

gardless of the number of resources used
or the type of application, the timing pa-
rameters on the CY7C378 remain the

* ;i:g;{'f;ggt,;gle with the CY7C375and  the Programmable Interconnect Matrix -
Logic Block Diagram INPUTS CLOCK
INPUTS
neut 2 T #iNPuT/CLOCK
MACROCELLS MACROCELLS

81/0s

81/0s

81/0s

81/0s

FEEE

81/0s

81/0s

81/0s

81/0s

EEEE

4

LOGIC
BLOCK
LOGIC
BLOCK

LOGIC
BLOCK

PIM

LOGIC
BLOCK

LOGIC
BLOCK

7C378-1

Document #: 38—00368

FLASH370 is a trademark of Cypress Semiconductor.
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Features

256 macrocells in 16 logic blocks
192 1/O pins

6 dedicated inputs including 4 clock

ADVANCED INFORMATION

CY7C379

256-Macrocell Flash CPLD

Functional Description

The CY7C379is aFlash erasable Complex
Programmable Logic Device (CPLD) and
is part of the FLASH370™ family of high-
density, high-speed CPLDs. Like all mem-

(PIM). The PIM brings flexibility, rout-
ability, speed, and a uniform delay to the
interconnect.

Like all members of the FLASH370 family,
the CY7C379 is rich in I/O resources.

pins bers of the FLASH370 family, the CY7C379 ~ Three quartersof the macrocells in the de-
® No hidden delays is designed to bring the ease of use and vice feature an associated 1/O pin, result-
e High speed high performance of the 22V10 to high- ing in 192 I/O pins on the CY7C379. In
— fyax = 83 MHz density PLDs. adgl;lon, .therte/ zilrektwp dedicated inputs
—tpp=15ns The 256 macrocellsinthe CY7C379aredi- - oo [PU/CIOCK pIS. .
—tg=10ns vided between sixteen logic blocks. Each Finally, the CY7C379 features a very sim-
—teo = 10 s logic block includes 16 macrocells, a 72 x ple timingmodel. Unlike other high-densi-
co 86 product term array, and an intelligent ty CPLD architectures, there are no hid-

Electrically alterable Flash
technology

Available in 240-pin PGA, 208-pin
PQFP, and 225-pin BGA packages

product term allocator.

The logic blocks in the FLASH370 architec-
ture are connected with an extremely fast
and predictable routing resource—the

den speed delays such as fanout effects, in-
terconnect delays, or expander delays. Re-
gardless of the number of resources used
or the type of application, the timing pa-
rameters on the CY7C379 remain the

o Pin compatible with the CY7C377 Programmable  Interconnect ~Matrix o
. . CLOCK
Logic Block Diagram INPUTS INPUTS
4
INPUT INPUT/CLOCK
MACROCELLS MACROCELLS

21/0s

jo} O
@ @

-
N
(o]
[7]

R
(o]
w

21/0s

9&3 S)RS 9“
S S
w w

PIM

12],

o]

g Ve V@ Ve Vg Ve Ve V@

7C379-1

Document #: 38-00336
FLASH370 is a trademark of Cypress Semiconductor.
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Features
e Very high speed
— Loadable counter frequencies
greater than 100 MHz
— Chip-to-chip operating frequencies
up to 85 MHz

— Input + logic cell + output delays
under 9 ns

o High usable density

— Up to 12,000 “gate array” gates,
equivalent to 36,000 EPLD or LCA
gates

— Technology migration path to
20,000 gates and above

o Low power, high output drive
— Standby current typically 2 mA

— 16-bit counter operating at 100
MHz consumes 50 mA

— Minimum Ig), and Igg of 8 mA

o Flexible FPGA architecture
-— Wide fan-in (up to 14 input gates)
— Multiple outputs in each cell

— Very low cell propagation delay
(3.4 ns)

o Low-cost, easy-to-use design tools

— Designs entered in VHDL,
schematics, or both

— Fast, fully automatic place and
route

— Waveform simulation with back
annotated net delays

— PC and workstation platforms
Robust routing resources

— Fully automatic place and route of
designs using up to 100 percent of
logic resources

e Input hysteresis provides high noise
immunity

¥ CYPRESS

pASIC380
Family

e Thorough testability
— Built-in scan path permits 100
percent factory testing of logic and
T/O cells
— Automatic Test Vector Generation
(ATVG) software supports user
testing after programming
o CMOS process with ViaLink ™
programming technology
— High-speed metal-to-metal link
— Non-volatile antifuse technology

Functional Description

The pASIC380 Family of very high speed
CMOS, user-programmable, ASICdevices
is based on the first FPGA technology to
combine high speed, high density, and low
power in a single architecture.

All pASIC380 Family devices are based on
an array of highly flexible logic cells that
have been optimized for efficient imple-
mentation of high-speed arithmetic,
counter, data path, state machine, and
glue logic functions. Logic cells are
configured and interconnected by rows
and columns of routing metal lines and
ViaLink metal-to-metal programmable-
via interconnect elements.

ViaLink technology provides a non-vola-
tile, permanently programmed custom
logic function capable of operating at
speeds of over 100 MHz. Internal logic cell
delays are under 4 ns and total input to
output combinatorial logic delays are
under 10 ns. This permits high-density
programmable devices to be used with
today’s fastest CISC and RISC micropro-
cessors, while consuming a fraction of the

Very High Speed
CMOS FPGAs

power and board area of PALs ™, GALs®,
and discrete logic elements.

PASIC380 Family devices range in density
from 1000 “gate array” gates (3,000
EPLD/LCA gates) in 44- and 68-pin
packages to 12,000 (36,000) gates in 208-
and 313-pin packages.

All devices share a common architecture
and CAE design software to allow easy
transfer of designs from one product to
another. The small size of the ViaLink
programming element insures a technolo-
gy migration path to devices of 20,000
gates or more.

Designs are entered into the pASIC380
Family devices on PC or workstation
platforms using third-party, general-pur-
pose design-entry and simulation CAE
packages, together with Cypress device-
specific place and route and programming
tools. Sufficient on-chip routing channels
are provided to allow fully automatic place
and route of designs using up to 100
percent of the available logic cells.

All the necessary hardware, software,
documentationandaccessoriesrequiredto
complete a design, from entering a
schematic to programming a device are
included in Warp3™ and Impulse3™,
available from Cypress. Warp3 includes a
schematic capture system together with a
waveform-based timing simulator. In addi-
tion to schematic entry, users can describe
designs using VHDL. All applications run
under Microsoft Windows ® graphicaluser
interface to insure a highly productive and
easy-to-use design environment. Sun
workstation UNIX™ platforms are also
available.

PASIC380 Family Members

Gate Count
(in thousands) CY7C389A
6 12 + .
CY7C387A  CY7C388A
24 8 g hd
2 4 L CY7C385A  CY7C386A
9 3 -+
CY7C383A CY7C384A
6 2 + ® e
3 1 TCY7C3.81A. CY7C382A
EPLD Gate | | 1 ! 1 1
. f R S— e
LCA Array 40 80 120 160 208 290

Number of Package Pins

380-1
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Figure 1. Unprogrammed ViaLink Element

ViaLink Programming Element

Programmable devices implement customer-defined logic func-
tions by interconnecting user-configurable logic cells through a
variety of semiconductor switching elements. The maximumspeed
of operationis determined by the effective impedance of the switch
in both programmed, ON, and unprogrammed, OFE, states.

In pASIC380 devices, the switch is called a ViaLink element. The
ViaLink element is an antifuse formed in a via between the two
layers of metal of a standard CMOS process. The direct
metal-to-metal link created as a result of programming achieves a
connection with resistance values as a low as 50 ohms. This is less
than 5 percent of the resistance of an EPROM or SRAM switch
and 10 percent of that of a dielectric antifuse. The capacitance of
anunprogrammed ViaLink site is also lower than these alternative
approaches. The resulting low RC time constant provides speeds
two to three times faster than older generation technologies.

Figure 1 shows an unprogrammed ViaLink site. In a custom metal
masked ASIC, such as a gate array, the top and bottom layers of
metal make direct contact through the via. In a ViaLink
programmable ASIC device, the two layers of metal are initially
separated by an insulating semiconductor layer with resistance in
excess of 1 gigaohm.

A programming pulse of 10 to 11 volts applied across the via forms
a bidirectional conductive link connecting the top and bottom
metal layers, as shown in Figure 2. The tight distribution of link
resistance is shown in Figure 3.

Standard CMOS Process

PASIC380 devices are the first FPGA devices to be fabricatedon a
conventional high-volume CMOS process. The base technology is

Titlf

380-3

Figure 2, Programmed ViaLink Element

a 0.65-micron, n-well CMOS technology with a single polysilicon
layerand two layers of metal interconnect. The only deviation from
the standard process flow occurs when the ViaLink module is
inserted between the metal deposition steps.

As the size of a ViaLink is identical to that of a standard metal
interconnect via, programmable elements can be packed very
densely. The microphotograph in Figure 4 shows an array of
ViaLink elements. The density is limited only by the minimum
dimensions of the metal-line pitch. The current Cypress
0.65-micron process allows the development of pASIC380 devices
with tens of thousands of usable gates.
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Figure 3. Distribution of Programmed Link Resistance
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Figure 4. An Array of ViaLink Elements
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Figure 5. A Matrix of Logic Cells and Wiring Channels

The pASIC380 device architecture consists of an array of
user-configurable logic building blocks, called logic cells. Figure 5
shows a section of a pASIC380 device containing internal logic
cells, input/output cells, and dual-layer vertical and horizontal
metal routing channels. Through ViaLink elements located at the
wire intersections, the output of any cell may be programmed to
connect to the input of any other cell.

The regularity and orthogonality of this interconnect, together
with the capability to achieve 100 percent routability of logic cells
makes the pASIC380 architecture closer in structure and
performance to a metal-masked gate array than any other FPGA
family. It also makes system operating speed far less sensitive to
partitioning and placement decisions, thus minor revisions to a
logic design usually result in only small changes in performance.
(See Figure 6.)

Organization

The pASIC380 Family of very high speed FPGAs contains devices
covering a wide spectrum of I/O and density requirements.

The key features of all five pASIC380 devices are listed in Zable 1.
See the individual product datasheets for more specific
information on each device.

Individual part numbers indicate unique logic cell and I/O cell
combinations. For example, the CY7C383A contains 192 logic
cells and 56 I/O cells in a 68-pin package. The CY7C384A also
contains 192 logic cells, but it has 68 I/O cells and is packaged in 84-
and 100-pin packages. Note that at each pASIC380 density there is
a density upgrade available in the same package. In other words,
the CY7C383A features 2,000 gates in the same pinout as the
1,000-gate CY7C382A. The same applies to the CY7C385A and
CY7C384A.

Gate counts for pASIC380 devices are based on the number of
usable or “gate array” gates. Each of the internal logic cells has a
total logic capacity of up to 30 gates. As a typical application will
use 10 to 12 of these gates, the usable gate count is significantly
lower than the total number of available gates. On the pASIC380
product family, Cypress uses the more conservative usable (gate
array) gate method of specifying density. Total available gate
densities may also be specified as EPLD/LCA gates.
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Table 1. Key Features of pASIC380 Devices
Device Logic Cells 1/O Cells | Dedicated Inputs Usable Gates EPLD/LCA Gates Packages
7C381A 96 32 8 1000 3000 44-Pin PLCC
7C382A 96 56 8 1000 3000 68-Pin PLCC, PGA
100-Pin TQFP
7C383A 192 56 8 2000 6000 68-Pin PLCC, PGA
7C384A 192 68 8 2000 6000 84-Pin PLCC, PGA
100-Pin TQFP
7C385A 384 68 8 4000 12000 84-Pin PLCC, PGA
100-Pin TQFP
TC386A 384 114 8 4000 12000 144-Pin TQFP
145-Pin PGA
160-Pin CQFP

7C381.

768

Shaded area contains advanced information.

QF
208~P1n CQFP
245-Pin CPGA

245-Pin CPGA
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Figure 7. pASIC380 Internal Logic Cell

pASIC380 Internal Logic Cell

The pASIC380 internal logic cell, shown in Figure 7, is a
general-purpose building block that can implement most TTL and
gate array macro library functions. It has been optimized to
maintain the inherent speed advantage of the ViaLink technology
while insuring maximum logic flexibility.

The logiccell consists of two 6-input AND gates, four 2-input AND
gates, three 2-to-1 multiplexers and a D flip-flop. As noted above,
each cell represents approximately 30 gate-equivalents of logic
capability. The pASIC380 logic cell is unique among FPGA
architectures in that it offers up to 14-input-wide gating functions.
It can implement all possible Boolean transfer functions of up to
three variables as well as many functions of up to 14 variables.

Glitch-free switching of the multiplexer is insured because the
internal capacitance of the circuit maintains enough charge tohold
the output in a steady state during input transitions. The
multiplexer output feeds the D-type flip-flop, which can also be
configured to provide JK-, SR-, or T-type functions as well as count
with carry-in. Two independent SET and RESET inputs can be
used to asynchronously control the output condition. The
combination of wide gating capability and a built-in register makes
the pASIC380 logic cell particularly well suited to the design of
high-speed state machines, shift registers, encoders, decoders,
arbitration and arithmetic logic, as well as a wide variety of
counters.

Each pASIC380 logic cell features five separate outputs. The
existence of multiple outputs makes it easier to pack independent
functions into a single logic cell. For example, if one function
requires a single register, both 6-input AND gates (A and F) are
available for other uses. Logic packing is accomplished
automatically by Warp3 software.

The function of alogic cell is determined by the logic levels applied
to the inputs of the AND gates. ViaLink sites located on signal
wires tied to the gate inputs perform the dual role of configuring

the logic function of a cell and establishing connections between
cells.

The pASIC380 macro library contains more than 200 of the most
frequently used logic functions already optimized to fit the logic
cell architecture. A detailed understanding of the logic cell is
therefore not necessary to successfully design with pASIC380
devices. CAE tools will automatically translate a conventional
logic schematic and/or VHDL source code into a device and
provide excellent performance and utilization.

Three types of input and output structures are provided on
PASIC380 devices to configure buffering functions at the external
pads. They are called the Bidirectional Input/Output (I/O) cell, the
Dedicated Input (I) cell, and the Clock/Dedicated Input (CLK/I)
cell.

The bidirectional I/O cell, shown in Figure 8, consists of a 2-input
OR gate connected to a pin buffer driver. The buffer output is
controlled by a three-state enable line to allow the pad to also act
as an input. The output may be configured as active HIGH, active
LOW, or as an open drain inverting buffer.

Figure 8. Bidirectional 1/O Cell

The Dedicated Input cell, shown in Figure 9, conveys true and
complement signals from the input pads into the array of logic
cells. Asthese pads have nearly twice the current drive capability of
the I/O pads, they are useful for distributing high fanout signals
across the device.

— D1

Figure 9. Dedicated Input High-Drive Cell

380-8

The Clock/Dedicated Input cell (Figure 10) drives a low-skew,
fanout-independent clock tree that can connect to the clock, set, or
reset inputs of the logic cell flip-flops. The CY7C384A, for
example, has 68 I/O cells, 6 I cells, and 2 I/CLK cells.

Ng——"

1‘2 L 12 O

380-9

CLK/I

Figure 10. Clock/Dedicated Input Cell

pASIC380 Interconnect Structure

Multiple logic cells are joined together to form a complex logic
function by interconnection through the routing channels. To
describe the organization of these routing channels, a hypothetical
14-pindevice consisting of two logic cellsis shown in Figure 11. This
device contains the same architectural features as the members of
the pASIC380 family.

Active logic functions are performed by the internallogic cells, the
I/Ocells (pins 2,3,7,9,10,and 14) and the I cells (pins 4, 6,11, and
13). These cells are connected with vertical and horizontal wiring
channels.

4-5
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Four types of signal wires are employed: segmented wires, quad
wires, express wires, and clock wires. Segmented wires are
predominantly used for local connections and have ViaLink
elements known asa Cross Link (denoted by the open boxsymbol),
at every crossover point. They may also be connected to the
segmented wires of cells above and below through ViaLink
elements, called Pass Links (denoted by the X symbol). Express
lines are similar to segmented wires except that they are not
divided by Pass Links. Quad Lines are a compromise between
express and segmented lines. Dedicated clock wires are lightly
loaded with only three links per cell to distribute high-speed clock
edges to the flip-flop CLK, SET, and RESET inputs. Express wires
mayalsobe used to deliver clock signals into the multiplexer region
of the cell for combinatorial gating. The automatic place and route
software allocates signals to the appropriate wires to insure the
optimum speed/density combination.

Vertical Ve and GND wires are located close to the logic cell gate
inputs to allow any input that is not driven by the output of another
cell to be automatically tied to either Vcc or GND. All of the
vertical wires (segmented, express, quad, clock, and power)
considered as a group are called vertical channels. These channels
span the full height of the device and run to the left of each column
of logic cells.

Horizontal wiring channels, called rows, provide connections, via
cross links, to other columns of logic cells and to the periphery of
the chip. Appropriate programming of ViaLink elements allows
electrical connection to be made from any logic cell output to the
input of any other logic or I/O cell. Ample wires are provided in the
channels to permit automatic place and route of many designs
using up to 100 percent of the device logic cells. Designs can be

i

Vee

completed automatically even with a high percentage of fixed user
placement of internal cells and pin locations.

This information is presented to provide the user with insight into
how a logic function is implemented in pASIC380 devices.
However, itis not necessary to develop a detailed understanding of
the architecture in order to achieve efficient designs. All routine
tasks are fully automatic. No manual wire routing is necessary, nor
is it permitted by the software. Fully automatic placement of logic
functions is also offered. But if it is necessary to achieve a specific
pin configuration or register alignment, for example, manual
placement is supported.

Power Consumption

Typical standby power supply current consumption, Iccy, of a
pASIC380 device is 2 mA. The worst-case limit for standby current
(Icci) over the full operating range of the pASIC380 devices is
10 mA. Formulas for calculating Icc under AC conditions (Iccz)
are provided in the “pASIC380 Power vs. Operating Frequency”
section of the Programmable Logic Data Book. As an example of
the low-power consumption of pASIC380 devices, the 16-bit
counter example detailed in the application note consumes just 50
mA at 100 MHz.

Programming and Testing

PASIC380 devices may be programmed and functionally tested on
the Cypress Impulse3 Programmer. Third-party programmers are
also being qualified. See the third party tools section.

All pASIC380 devices have a built-in serial scan path linking the
logic cell register functions (Figure 12). Thisis provided toimprove
factory test coverage and to permit testing by the user with
automatically generated test vectors following programming.

233282

GND

382338

2

?w

I R A

i

380-10
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Figure 11. pASIC380 Device Features
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Figure 12. Internal Serial Scan Path

Automatic Test Vector Generation software is included in Warp3.
The Programmer permits a high degree of test coverage to be
achieved conveniently and rapidly using test vectors optimized for
the pASIC380 architecture.

Reliability

The pASIC380 Family is based on a 0.65-micron high-volume
CMOS fabrication process with the ViaLink programmable-via

Document #: 38—00210—B

PAL is a trademark of Advanced Micro Devices

GAL is a registered trademark of Lattice Semiconductor Corp.
PASIC and ViaLink are trademarks of QuickLogic Corp.
Microsoft Windows is a registered trademark of Microsoft Corp.
UNIX is a trademark of AT&T.

antifuse technology inserted between the metal deposition steps.
The base CMOS process has been qualified to meet the
requirements of MIL-STD-883B, Revision C.

The ViaLink element exists in one of two states: a highly resistive
unprogrammed state, OFF, and the low-impedance, conductive
state, ON. It is connected between the output of one logic cell and
the inputs of other logic cells directly or through other links. No
DC current flows through either a programmed or an
unprogrammed link during operation as a logic device. An
unprogrammed link sees a worst-case voltage equal to Vcc biased
acrossits terminals. A programmed link carries AC current caused
by charging and discharging of device and interconnect
capacitances during switching.

Study of test structures and complete pASIC380 devices hasshown
that an unprogrammed link under V¢ bias remains in the
unprogrammed state over time. Similar testson programmed links
under current bias exhibit the same stability. The long-term
reliability of the combined CMOS and ViaLink structure is similar
to that of the base gate array process. For further details, see the
PASIC380 Family Reliability Report, contained in the reliability
section of the Programmable Logic Data Book.
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Features
o Very high speed

— Loadable counter frequencies
greater than 150 MHz

— Chip-to-chip operating frequencies
up to 120 MHz

— Input + logic cell + output delays
at 6.5 ns

Unparalleled FPGA performance for
counters, data path, state machines,
arithmetic, and random logic

High usable density

— 8 x 12 array of 96 logic cells pro-
vides 3,000 total available gates

— 1,000 typically usable “gate array”
gates in 44- and 68-pin PLCC/
CPGA packages, 100-pin TQFP

Low power, high output drive

— Standby current typically 2 mA

— 16-bit counter operating at 150
MHz consumes 50

— Minimum Ig;, and Igg of 8 mA
Flexible logic cell architecture

— Wide fan-in (up to 14 input gates)
— Multiple outputs in each cell

— Very low cell propagation delay
(1.7 ns)

Powerful design tools—Warp3™
— Designs entered in VHDL, sche-

CYPRESS

CY7C381A
CY7C382A

Very High Speed

1K (3K) Gate CMOS FPGA

— Waveform simulation with back
annotated net delays

— PC and workstation platforms
Robust routing resources

—- Fully automatic place and route of
designs using up to 100 percent of
logic resources

— No hand routing required

32 (CY7C381A) to 56 (CY7C382A) bi-
directional input/output pins

6 dedicated input/high-drive pins

2 clock/dedicated input pins with fan-
out-independent, low-skew nets

— Clock skew <1 ns

Input hysteresis provides high noise
immunity

Thorough testability

— Built-in scan path permits 100 per-
cent factory testing of logic and 1/0
cells

— Automatic Test Vector Generation
(ATVG) software supports user
testing after programming

0.65u CMOS process with ViaLink™
programming technology

— High-speed metal-to-metal link
— Non-volatile antifuse technology
68-pin PLCC is compatible with

EPLD 1800 and LCA 2064 industry-
standard pinouts

Functional Description

The CY7C381A and CY7C382A are very
high speed CMOS user-programmable
ASIC (pASIC™) devices. The 96 logic cell
field-programmable gatearray (FPGA)of-
fers 1,000 typically usable “gate array”
gates. This is equivalent to 3,000 EPLD or
LCA gates. The CY7C381A is available in
a 44-pin PLCC. The CY7C382A is avail-
able in a 68-pin PLCC and CPGA and a
100-pin TQFP.

Low-impedance, metal-to-metal ViaLink
interconnect technology providesnon-vol-
atile custom logic capable of operating at
speeds above 150 MHz with input delays
under 1.5 ns and output delays under 3 ns.
This permits high-density programmable
devices to be used with today’s fastest
CISC and RISC microprocessors.

Designs are entered into the CY7C381A
and CY7C382A using Cypress Warp3
software or one of several third-partytools.
Warp3isasophisticated CAE package that
features schematic entry, waveform-based
timing simulation, and VHDL design syn-
thesis. The CY7C381A and CY7C382A
feature ample on-chip routing channels for
fast, fully automatic place and route of high
gate utilization designs.

For detailed information about the
PASIC380 architecture, see the pASIC380

matics, or both o 100-pin TQFP is pin compatnblewnth Family datasheet.
— Fast, fully automatic place and CY7C384A and CY7C385A
route
Logic Block Diagram
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s|lo|o|lo|o|o|o|jo|o|o|g
s|lojojo|o|olojo|o|o)| o]
Ojojolojo|jojojo|o|o
- - | L} | - | ] | ] L ] | | »
8 |/O/HIGH-DRIVE INPUT CLOCK CELLS
44,68, or 100 PINS, INCLUDING 56 I/O CELLS, 6 INPUT HIGH-DRIVE CELLS, 2 INPUT/CLK (HIGH-DRIVE) CELLS 7C381A1

ViaLink and pASIC are trademarks of QuickLogic Corporation.
Warp3 is a trademark of Cypress Semiconductor Corporation.
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Pin Configurations
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Pin Configurations (continued)

CPGA
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, Latch-Up Current ............................ +200 hA
not tested.)
Storage Temperature Operating Range
Ceramic ..., - 65°Cto +150°C Ambient
Plastic .......coovvviiiiniiiin, —40°Cto +125°C Range Temperature v,
Lead Temperature ............covevininiiniinnnnns 300°C g. - e " £
Supply Voltage ......................... —05Vio 470y | Commercial 0°Cto +70°C V= 5%
Tnput Voltage ...................... —05Vto Ve +05v | Industrial ~40°Cto +85°C 5V +10%
ESD Pad Protection ..................coouuu. +2000 V Military —55°Cto +125°C 5V +10%
DClInput Voltage ...............covvviinn. —0.5V to 7.0V
Delay Factor (K)
Speed Military” Industrial Commercial
Grade Min. Max. Min. Max. Min. Max.
-0 0.39 1.82 0.4 1.67 0.46 1.55
-1 0.39 145 0.4 1.43 0.46 1.33
-2 0.4 1.35 0.46 125
Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max Unit
Vou Output HIGH Voltage Iog = ~ 4.0 mA 3.7 \%
Iog = — 8.0mA 2.4 v
Ioyg = — 10.0 pA Vee - 0.1 \Y%
VoL Output LOW Voltage IoL = 8.0 mA Military/Industrial 0.4 \%
IorL = 12 mA Commercial
IoL = 10.0 pA 0.1 A%
Vg Input HIGH Voltage 2.0 \'
ViL Input LOW Voltage 0.8 \'
Iy Input Leakage Current VN = Ve or Vsg -10 +10 A
Ioz OutputLeakage Current-—Three-State | Viny = Ve or Vg -10 +10 nA
Ios Output Short Circuit Current Vour = Vss -10 -80 mA
Vour =Vcce 30 140 mA
Icc Standby Supply Current VN, Viio = Vec or Vss 10 mA
Capacitance
Parameter Description Test Conditions Max. Unit
CiN Input Capacitancelll Ta = 25°C, f = 1 MHz, 10 pF
Cour Output Capacitance Vee =30V 20 pF
Notes:

1. Cp = 20 pF max. on I/(SI).
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Switching Characteristics Over the Operating Range
Propagation Delaysl?|
with Fanout of
Parameter Description 1 2 3 4 8 Unit
LOGIC CELLS
tpD Combinatorial Delayl3] 1.7 21 2.6 3.0 48 ns
tsy Set-Up Timel3] 2.1 2.1 2.1 21 21 ns
ty Hold Time 0.0 0.0 0.0 0.0 0.0 ns
tcLk Clock to Q Delay 1.0 1.5 1.9 23 42 ns
tCwHI Clock HIGH Time 2.0 2.0 2.0 2.0 2.0 ns
tewLo Clock LOW Time 2.0 20 2.0 2.0 2.0 ns
tSET Set Delay 1.7 2.1 2.6 3.0 4.8 ns
tRESET Reset Delay 1.5 1.8 22 25 39 ns
tsw Set Width 1.9 1.9 1.9 1.9 19 ns
tRw Reset Width 1.8 18 1.8 1.8 1.8 ns
Propagation Delays[2]
Parameter Description 1 2 3 4 6 8 Unit
INPUT CELLS
N Input Delay (HIGH Drive) 2.1 22 2.3 2.4 2.6 2.9 ns
tIND Input, Inverting Delay (HIGH Drive) 2.1 22 23 2.5 2.8 31 ns
tio Input Delay (Bidirectional Pad) 14 1.8 22 2.6 3.4 4.2 ns
tGCK Clock Buffer Delayl4] 2.7 2.7 2.8 2.9 3.0 ns
tGCKHI Clock Buffer Min. HIGH4] 2.0 2.0 2.0 2.0 2.0 ns
tGCKLO Clock Buffer Min. LOWI4] 2.0 2.0 2.0 2.0 2.0 ns
Propagation Delays(2]
with Output Load Capacitance (pF) of
Parameter Description 30 50 75 100 150 Unit
OUTPUT CELLS
tOUTLH Output Delay LOW to HIGH 2.7 34 4.2 5.0 6.7 ns
toUTHL Output Delay HIGH to LOW 2.8 3.7 4.7 5.6 7.6 ns
tpzH Output Delay Three-State to HIGH 4.0 49 6.1 73 9.7 ns
tpzL Output Delay Three-State to LOW 3.6 42 5.0 58 73 ns
tpHZ Output Delay HIGH to Three-Statel°] 2.9 ns
tprz Output Delay LOW to Three-Statel5] 33 ns

Notes:

2. Worst-case propagation delay times over process variationat Voc = 4. Clock buffer fanout refers to the maximum number of flip-flops per
5.0V and Ta = 25°C. Multiply by the appropriate delay factor, K, for half column. The number of half columns used does not affect clock
speed grade to get worst-case parameters over full Vcc and tempera- buffer delay.
ture range as specified in the operating range. Allinputs are TTLwith 5, The following loads are used for tpxz:

3-ns linear transition time between 0 and 3 volts.

These limits are derived from worst-case values for a representative
selection of the slowest paths through the pASIC logic cell including
net delays. Guaranteed delay values for specific paths should be deter-
mined from simulation results.

1kQ

1 kQ 5pF
l tpHZ SPPE  tprz
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High Drive Buffer
# H‘i%l!:.giﬁves Propagation Delays(?l with Fanout of
Parameter Description Together 12 24 48 72 96 Unit
N High Drive Input Delay 1 4.0 49 ns
2 35 5.0 ns
3 4.0 4.8 5.6 ns
4 4.1 4.8 ns
NI High Drive Input, Inverting Delay 1 42 5.1 ns
2 37 52 ns
3 4.2 5.0 5.8 ns
4 43 5.0 ns
Switching Waveforms
Combinatorial Delay
INPUT

) tpD
OUTPUT *

Set-Up and Hold Times

7C381A-6
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tsy —e— t

tow towLo

CLOCK v

tork
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Set and Reset Delays

SET 7/ \|\

tsw 1
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Q *
l —
RESET / taw o

tRESET {
Q
7C381A-8
Output Delay
touTLH toutHL
OUTPUT / \

7C381A-9
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Switching Waveforms (continued)

Three-State Delay

QUTPUT
BUFFER
ENABLE

THREE-STATE THREE-STATE THREE-STATE

7C381A-10

OUTPUT

Typical AC Characteristics

Propagation delays depend on routing, fan-out, load capacitance,  Factor table. The effects of voltage and temperature variation are
supply voltage, junction temperature, and process variation. The  illustrated in the graphs below. Warp3 incorporates datasheet AC
AC Characteristics are a design guide to provide initial timingesti- ~ Characteristics into the design database for pre—place-and-route
mates at nominal conditions. Worst-case estimates are obtained  simulations. The Warp3 Delay Modeler extracts specific timing pa-
when nominal propagation delays are multiplied by the appropri-  rameters for precise simulation results following place and route.
ate Delay Factor, K, as specified by the speed grade in the Delay

VOLTAGE FACTOR (Ky) VERSUS SUPPLY VOLTAGE (Vcc)

1.10
¥

1.08 \

1.06
1.04

1.02 \

1.00

Ky

0.98

0.96

0.94 \

0.92 -
4.50 4.75 5.00 5.25 5.50

SUPPLY VOLTAGE, V¢ (Volts)

7C381A-11

TEMPERATURE FACTOR (K1) VERSUS TEMPERATURE

1.30

1.25 S
1.20 ~
7

1.15

1.10 r/
1.05 /

1.00

Kt

0.95

/

0.90

=

0.85 -

0.80
—60 -40 -20 0 20 40 60 80 100 120 140
JUNCTION TEMPERATURE (°C)

*THETA JA = 45 °G/WATT FOR PLCC TosEAT2
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Combinatorial Delay Example (Load = 30 pF)
tio trp tour
je—— 14ns | 1.7ns >l 28ns —»
INT ) |> out
IN2 ™
7C381A-13
INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns
Sequential Delay Example (Load = 30 pF)
tio tsu toik tour
je—— 1.4ns } 21ns } 1.0ns } 28ns >
IN1 ™S~
OUT|
P |

\ 7C381A-14 n

INPUT DELAY + REG SET-UP + CLOCK TO OUTPUT + OUTPUT DELAY = 7.3 ns

CLK
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Ordering Information

Speed Package Operating
Grade Ordering Code Name Package Type Range
2 CY7C381A-2]C J67 44-Lead Plastic Leaded Chip Carrier | Commercial
CY7C381A-2]1 J67 44-1 ead Plastic Leaded Chip Carrier | Industrial
1 CY7C381A-1JC J67 44-Lead Plastic Leaded Chip Carrier | Commercial
CY7C381A—-1J1 167 44-Lead Plastic Leaded Chip Carrier | Industrial
0 CY7C381A-0JC J67 44-Lead Plastic Leaded Chip Carrier | Commercial
CY7C381A-0J1 J67 44-Lead Plastic Leaded Chip Carrier | Industrial
Speed Package Operating
Grade Ordering Code Name Package Type Range
2 CY7C382A-2AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C382A-2GC G69 69-Pin Grid Array (Cavity Down)
CY7C382A-2]C 181 68-Lead Plastic Leaded Chip Carrier
CY7C382A-2Al A100 100-Pin Thin Quad Flat Pack Industrial
CY7C382A-2GI G69 | 69-Pin Grid Array (Cavity Down)
CY7C382A-2J1 J81 68-Lead Plastic Leaded Chip Carrier
1 CY7C382A—-1AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C382A-1GC G69 69-Pin Grid Array (Cavity Down)
CY7C382A-11C 181 68-Lead Plastic Leaded Chip Carrier
CY7C382A-1A1 A100 100-Pin Thin Quad Flat Pack Industrial
CY7C382A-1GI G69 69-Pin Grid Array (Cavity Down)
CY7C382A—-111 J81 68-Lead Plastic Leaded Chip Carrier
CY7C382A~1GMB G69 69-Pin Grid Array (Cavity Down) Military
0 CY7C382A~0AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C382A~0GC G69 69-Pin Grid Array (Cavity Down)
CY7C382A-0]C 181 68-Lead Plastic Leaded Chip Carrier
CY7C382A—-0AI A100 100-Pin Thin Quad Flat Pack Industrial
CY7C382A—-0GI G69 69-Pin Grid Array (Cavity Down)
CY7C382A-0J1 181 68-Lead Plastic Leaded Chip Carrier
CY7C382A—-0GMB G69 69-Pin Grid Array (Cavity Down) Military
Shaded area contains advanced information.
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics
Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
IOZ 1, 2, 3
Icc1 1,2,3

Document #: 38—00253
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Features

3.3V power supply
Very high speed

— Loadable counter frequencies
greater than 100 MHz at 3.3V

— Chip-to-chip operating frequencies
up to 80 MHz

Unparalleled FPGA performance for
counters, data path, state machines,
arithmetic, and random logic

Low power
— Standby current typically 1 mA

— 16-bit counter operating at 100
MHz consumes 25 mA

High usable density

— 8 x 12 array of 96 logic cells pro-
vides 3,000 total available gates

— 1,000 typically usable “gate array”
gates in 44- and 68-pin PLCC,
69-pin CPGA, and 100-pin TQFP
packages

Flexible logic cell architecture

— Wide fan-in (up to 14 input gates)

— Multiple outputs in each cell

— Very low cell propagation delay

Powerful design tools—Warp3™

— Designs entered in VHDL, sche-
matics, or both

— Fast, fully automatic place and

CY7C3381A
PRELIMINARY CY7C3382A

— Waveform simulation with back-
annotated net delays

— PC and workstation platforms
o Robust routing resources
— Fully automatic place and route of
designs using up to 100 percent of
logic resources
— No hand routing required
e 32 (CY7C3381A) to 56 (CY7C3382A)
bidirectional input/output pins
o 6 dedicated input/high-drive pins
o 2 clock/dedicated input pins with fan-
out-independent, low-skew nets
— Clock skew <1 ns
o Input hysteresis provides high noise
immunity
o Thorough testability
— Built-in scan path permits 100 per-
cent factory testing of logic and I/0
cells

— Automatic Test Vector Generation
(ATVG) software supports user
testing after programming

o 0.651 CMOS process with ViaLink ™
programming technology

— High-speed metal-to-metal link
— Non-volatile antifuse technology

o 68-pin PLCC is compatible with
EPLD 1800 and LCA 2064 industry-
standard pinouts

3.3V High Speed
1K (3K) Gate CMOS FPGA

Functional Description

The CY7C3381A and CY7C3382A are
3.3V very high speed CMOS user-pro-
grammable ASIC (pASIC™ ) devices. The
961ogiccell field-programmable gate array
(FPGA) offers 1,000 typically usable “gate
array” gates. This is equivalent to 3,000
EPLD or LCA gates. The CY7C3381A is
available in a 44-pin PLCC. The
CY7C3382A is available in a 68-pin PLCC
and CPGA and a 100-pin TQFP.

Low-impedance, metal-to-metal ViaLink
interconnect technology provides non-vol-
atile custom logic capable of operating at
speeds above 100 MHz. This permits high-
density programmable devices to be used
with today’s fastest CISC and RISC micro-
Processors.

Designs are entered into the CY7C3381A
and CY7C3382A using Cypress Warp3
software or one of several third-party tools.
Warp3 is asophisticated CAE package that
features schematic entry, waveform-based
timing simulation, and VHDL design syn-
thesis. The CY7C3381A and CY7C3382A
feature ample on-chiprouting channels for
fast, fully automatic place and route ofhigh
gate utilization designs.

For detailed information about the
PASIC380 architecture, see the pASIC380
Family datasheet.

route

Logic Block Diagram
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7c3381A-1

ViaLink and pASIC are trademarks of QuickLogic Corporation.
Warp3 is a trademark of Cypress Semiconductor Corporation..
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, DCInput Voltage ......................... -0.5V to 7.0V
not tested.) Latch-Up CUITENt +..oviveteteieaeaannnns +200 mA
Storage Temperature . 3 .
Blastie ... TReC o d1asee  Operating Range .
Isdjggl;‘e\rlzizrgz:u‘re ........................ _ 05 V t ;) -3'-(2/0(‘;5 Range Te‘:::)lgll':lt‘;re Vee
""""""""""""" ) ’ Commercial 0°Cto +70°C 3.3V £ 03V
Input Voltage ...................... -0.5V to Vcc +0.5V
ESD Pad Protection ...................c.oal. +2000 V
Delay Factor (K)
Speed Commercial
Grade Min. Max.
-0 0.65 2.90
-1 0.65 2.49
Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Iog = —40mA 2.4 v
Iog = —10.0 pA Vee - 0.1 v
VoL Output LOW Voltage IoL = 40 mA 0.4 \%
IorL = 10.0 pA 0.1 v
Vi Input HIGH Voltage 2.0 v
Vi Input LOW Voltage 0.8 \'%
I Input Leakage Current Vin = Ve or Vgg -10 +10 HA
Toz Output Leakage Current VIN = Ve or Vsg -10 +10 nA
Ios Output Short Circuit Current Vout = Vss -10 -80 mA
Vour =Vcc 30 140 mA
Icc Standby Supply Current Vin, Viio = Ve or Vg 2 mA
Capacitance
Parameter Description Test Conditions Max. Unit
Civ Input Capacitancel!] Tp = 25°C, f = 1 MHz, 10 pF
Cout Output Capacitance Vee =33V 20 pF
Notes:

1. Cp =20 pF max. on I/(SI).
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Switching Characteristics Over the Operating Range

Propagation Delays!2]
with Fanout of

Parameter Description 1 2 3 4 8 Unit
LOGIC CELLS
tpD Combinatorial Delay3] 1.7 2.1 2.6 3.0 4.8 ns
tsu Set-Up Timel?l 2.1 2.1 2.1 2.1 2.1 ns
ty Hold Time 0.0 0.0 0.0 0.0 0.0 ns
tcLK Clock to Q Delay 1.0 1.5 1.9 33 42 ns
tCWHI Clock HIGH Time 2.0 2.0 2.0 2.0 2.0 ns
tcwLO Clock LOW Time 2.0 2.0 2.0 2.0 2.0 ns
tSET Set Delay 1.7 21 2.6 3.0 4.8 ns
tRESET Reset Delay 1.5 1.8 22 2.5 39 ns
tsw Set Width 1.9 19 1.9 1.9 1.9 ns
tRW Reset Width 1.8 1.8 1.8 1.8 1.8 ns

Propagation Delays

Parameter Description 1 2 3 4 6 8 Unit
INPUT CELLS
tiN Input Delay (HIGH Drive) 2.1 2.2 2.3 2.4 2.6 2.9 ns
tINT Input, Inverting Delay (HIGH Drive) 21 22 2.3 2.5 2.8 31 ns
tio Input Delay (Bidirectional Pad) 14 1.8 2.2 2.6 34 4.2 ns
tGeK Clock Buffer Delayl4] 2.7 2.7 2.8 2.9 3.0 3.9 ns
tGCKHI Clock Buffer Min. HIGH!! 2.0 2.0 2.0 2.0 2.0 ns
tGCKLO Clock Buffer Min. LOW4] 2.0 2.0 2.0 2.0 2.0 ns

Propagation Delays[2]
with Output Load Capacitance (pF) of

Parameter Description 30 50 75 100 150 Unit
OUTPUT CELLS
tOUTLH Output Delay LOW to HIGH 2.7 34 42 5.0 6.7 ns
toUTHL Output Delay HIGH to LOW 2.8 3.7 4.7 5.6 7.6 ns
tpzH Output Delay Three-State to HIGH 4.0 49 6.1 73 9.7 ns
tpzL Output Delay Three-State to LOW 3.6 42 5.0 5.8 7.3 ns
tprz, Output Delay HIGH to Three-Statel’] 2.9 ns
tpLz Output Delay LOW to Three-Statel5] 33 ns

Notes:

2. Worst-case propagation delay times over process variation at Voc = 4. Clock buffer fanout refers to the maximum number of flip-flops per
3.3V and Tp = 25°C. Multiply by the appropriate delay factor, K, for half column. The number of half columns used does not affect clock
speed grade to get worst-case parameters over full Ve and tempera- buffer delay.
ture range as specified in the operating range. Allinputsare TTLwith 5, The following loads are used for tpxz:
3-ns linear transition time between 0 and 3 volts.

3. These limits are derived from worst-case values for a representative

selection of the slowest paths through the pASIC logic cell including
net delays. Guaranteed delay values for specific paths should be deter-
mined from simulation results.

1kQ
5 pF
I tpHZ SPFT  tprz
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High Drive Buffer
# Hvlgh I:lrives Propagation Delays(2] with Fanout of
ire
Parameter Description Together 12 24 48 72 9 Unit
tiN High Drive Input Delay 1 4.0 49 ns
2 35 5.0 ns
3 4.0 4.8 5.6 ns
4 4.1 4.8 ns
tINI High Drive Input, Inverting Delay 1 4.2 5.1 ns
2 3.7 52 ns
3 4.2 5.0 5.8 ns
4 4.3 5.0 ns
Switching Waveforms
Combinatorial Delay
INPUT

7

tpp
OUTPUT *

7c3381A-6
Set-Up and Hold Times
D
tsy — >ty
towH I tewLo |
CLOCK v
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Q
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Set and Reset Delays
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Switching Waveforms (continued)

Three-State Delay

OUTPUT
BUFFER
ENABLE

THREE-STATE THREE-STATE

7¢3381A-10

THREE-STATE

OUTPUT

Typical AC Characteristics

Propagation delays depend on routing, fan-out, load capacitance,  Factor table. The effects of voltage and temperature variation are
supply voltage, junction temperature, and process variation. The  illustrated in the graphs below. Warp3 incorporates datasheet AC
AC Characteristics are a design guide to provide initial timingesti- ~ Characteristics into the design database for pre —place-and-route
mates at nominal conditions. Worst-case estimates are obtained  simulations. The Warp3 Delay Modeler extracts specific timing pa-
when nominal propagation delays are multiplied by the appropri-  rameters for precise simulation results following place and route.
ate Delay Factor, K, as specified by the speed grade in the Delay

VOLTAGE FACTOR (Kvy) VERSUS SUPPLY VOLTAGE (Vcc)

1.10
N

1.08 \

1.06

1.04
1.02 ~_
1.00
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0.96 \

0.94
~—

0.92
3.0 3.15 3.3 3.45 3.6

SUPPLY VOLTAGE, Vcc (Volts)

Ky

7c3381A-11

TEMPERATURE FACTOR (K1) VERSUS TEMPERATURE
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CYPRESS PRELIMINARY CY7C3382A
Ordering Information
Speed Package Operating
Grade Ordering Code Name Package Type Range
1 CY7C3381A-1JC J67 44-Lead Plastic Leaded Chip Carrier | Commercial
0 CY7C3381A—0JC J67 44-Lead Plastic Leaded Chip Carrier | Commercial
Speed Package Operating
Grade Ordering Code Name Package Type Range
1 CY7C3382A—-1AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C3382A~1GC G69 69-Pin Grid Array (Cavity Down)
CY7C3382A-1JC J81 68-Lead Plastic Leaded Chip Carrier
0 CY7C3382A-0AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C3382A-0GC G69 69-Pin Grid Array (Cavity Down)
CY7C3382A-0JC J81 68-Lead Plastic Leaded Chip Carrier

Document #: 38—00252
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greater than 150 MHz
— Chip-to-chip operating frequencies
up to 85 MHz

— Input + logic cell + output delays
under 9 ns

Unparalleled FPGA performance for
counters, data path, state machines,
arithmetic, and random logic

High usable density

—12 x 16 array of 192 logic cells pro-
vides 6,000 total available gates

— 2,000 typically usable “gate array”
gates in 68- and 84-pin PLCC,
84-pin CPGA, and 100-pin TQFP
packages

Low power, high output drive

— Standby current typically 2 mA

— 16-bit counter operating at 100
MHz consumes 50 mA

— Minimum Igy, of 12 mA and
Ion of 8 mA

Flexible logic cell architecture

— Wide fan-in (up to 14 input gates)

— Multiple outputs in each cell

— Very low cell propagation delay
(1.7 ns)

Powerful design tools—Warp3 ™

— Designs entered in VHDL, sche-
matics, or both

CY7C383A
CY7C384A

Very High Speed
2K (6K) Gate CMOS FPGA

— Fast, fully automatic place and Functional Description

route
. . . The CY7C383A and CY7C384A are very
— Waveform simulation with back high speed CMOS user-programmable
annotated net delays ™ N .
P d workstation platf ASIC (pASIC™) devices. The 192 logic
— PC and workstation platforms cell field-programmable gate array
Robust routing resources (FPGA) offers 2,000 typically usable “gate
— Fully automatic place and route of  array” gates. This is equivalent to 6,000
designs using up to 100 percent of  EPLD or LCA gates. The CY7C383A is

logic resources available in a 68pin PLCC. The
— No hand routing required CY7C384A is available in an 84-pin PLCC
o 56 (CY7C383A) to 68 (CY7C384a)  2nd CPGA and 100-pin TOFP
bidirectional input/output pins Low-impedance, metal-to-metal ViaLink
® 6 dedicated input/high-drive pins interconnect technology provides non-vol-

o 2 clock/dedicated input pins with fan-

atile custom logic capable of operating at
B y speeds above 150 MHz with input delays
out l;ld;p e;:ldent,llow skew nets under 1.5 ns and output delays under 3 ns.
— Clock skew <1 ns This permits high-density programmable
Input hysteresis provides high noise devices to be used with today’s fastest
immunity CISC and RISC microprocessors.

Thorough testability Designs are entered into the CY7C383A
— Built-in scan path permits 100 per-  and CY7C384A using Cypress Warp3 soft-
cent factory testing of logicand /O ware or one of several third-party tools.

cells Warp3 isasophisticated CAE package that
— Automatic Test Vector Generation features schematic entry, waveform-based

(ATVG) software supports user timing simulation, and VHDL design syn-

testing after programming thesis. The CY7C383A and CY7C384A
CMOS process with ViaLink™ pro- feature ample on-chiprouting channels for
gramming technology fast, fully automaticplace and route of high
— High-speed metal-to-metal link gate utilization designs.
— Non-volatile antifuse technology For detailed information about the
68-pin PLCC is compatible with PASIC380 architecture, see the pASIC380

CY7C382A footprint for easy upgrade ~ Family datasheet.

84-pin PLCC is compatible with
ACT1020 power supply and ground
pinouts
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68 or 84 PINS, INCLUDING 68 I/O CELLS, 6 INPUT HIGH-DRIVE CELLS, 2 INPUT/CLK (HIGH-DRIVE) CELLS c383A-1

Jolo|lojo|o|o|o|o|o|o|o|oft
i) =] =] =] [

ViaLink and pASIC are trademarks of QuickLogic Corporation.
Warp3 is a trademark of Cypress Semiconductor Corporation.
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Pin Configurations (continued)
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Maximum Ratings :
(Above which the useful life may be impaired. For user guidelines, Latch-Up Current .................coviueinn.. +200 mA
not tested.)
Storage Temperature Operating Range
Ceramic ..........coiiiiiiiiiiaann —-65°Cto +150°C Ambient
PIastic « . .vvveeeiiiii e —40°Cto +125°C len
Lead T 300°C Range Temperature Vee
ead Temperature ............ ... .. . il Commercial 0°C to +70°C 5V = 5%
Supply Voltage ..................coial -0.5V to +7.0V Tndusteial 20°C C = 10%
Input Voltage ...................... —05V to Veg +0.5y | ndustria —dCto + = 1%
ESD Pad Protection ...........covvevreennenn... +2000 V Military —55°Cto +125°C 5V +10%
DCInputVoltage ..............ooviiiiiinet. +20 mA
Delay Factor (K)
Speed Military Industrial Commercial
Grade Min. Max. Min. Max. Min. Max.
-0 0.39 1.82 0.4 1.67 0.46 1.55
-1 0.39 1.56 0.4 1.43 0.46 1.33
-2 0.4 1.35 0.46 1.25
Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Iog = —4.0mA 3.7 v
Iog = —8.0mA 2.4 A\
Iog = —10.0 pA Vee - 0.1 A%
VoL Output LOW Voltage IoL = 12 mA Commercial 0.4 \'%
Ior = 8.0 mA Military/Industrial
IoL = 10.0 pA 0.1 \%
Vi Input HIGH Voltage 2.0 v
ViL Input LOW Voltage 0.8 A\
I Input Leakage Current VIN = Vcc or Vsg -10 +10 A
Ioz Output Leakage Current—Three-State | Vin = Ve or Vss -10 +10 uA
Ios Output Short Circuit Current Vour = Vss -10 —-80 mA
Vour =Vcc 30 140 mA
Icc Standby Supply Current Vin, Vijo = Ve or Vss 10 mA
Capacitance
Parameter Description Test Conditions Max. Unit
CN Input Capacitancelll Tp = 25°C, f = 1 MHz, 10 pF
- Vee =50V
Cout Output Capacitance 20 pF
Notes:

1. Cin = 40 pF max. on I/(SI) and I/(P).
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Switching Characteristics Over the Operating Range
Propagation Delays(2]
with Fanout of
Parameter Description 1 2 3 4 8 Unit
LOGIC CELLS
tpp Combinatorial Delayl3] 1.7 2.2 2.6 32 52 ns
tsy Set-Up Timel3] 2.1 2.1 2.1 2.1 2.1 ns
ty Hold Time 0.0 0.0 0.0 0.0 0.0 ns
tcIk Clock to Q Delay 1.0 1.5 1.9 2.5 4.6 ns
tcwHI Clock HIGH Time 2.0 2.0 2.0 2.0 2.0 ns
tcwLo Clock LOW Time 2.0 2.0 2.0 2.0 2.0 ns
tSET Set Delay 1.7 2.1 2.6 32 52 ns
tRESET Reset Delay 1.5 1.9 2.2 27 43 ns
tsw Set Width 1.9 1.9 1.9 1.9 1.9 ns
tRW Reset Width 1.8 1.8 1.8 1.8 1.8 ns
Propagation Dela;srfr
Parameter Description 1 2 3 4 6 8 Unit
INPUT CELLS
tIN Input Delay (HIGH Drive) 2.4 2.5 2.6 2.7 3.0 33 ns
HNT Input, Inverting Delay (HIGH Drive) 25 2.6 2.7 2.8 31 3.6 ns
tio Input Delay (Bidirectional Pad) 1.4 19 22 2.8 3.7 4.6 ns
tGek Clock Buffer Delayl4] 2.7 2.8 2.8 2.9 2.9 3.0 ns
tGCKHI Clock Buffer Min. HIGH[?] 2.0 2.0 2.0 2.0 2.0 2.0 ns
tGCKLO Clock Buffer Min. LOW(4] 2.0 2.0 2.0 2.0 2.0 2.0 ns
Propagation Delays[?]
with Output Load Capacitance (pF) of
Parameter Description 30 50 75 100 150 Unit
OUTPUT CELLS
tOUTLH Output Delay LOW to HIGH 2.7 34 4.2 5.0 6.7 ns
tOUTHL Output Delay HIGH to LOW 2.8 3.7 4.7 5.6 7.6 ns
tpzH Output Delay Three-State to HIGH 4.0 4.9 6.1 73 9.7 ns
tpzL Output Delay Three-State to LOW 3.6 42 5.0 58 73 ns
tPHZ Output Delay HIGH to Three-Statels] 29 ns
tpLz Output Delay LOW to Three-StatelS] 33 ns

Notes:

2. Worst-case propagation delay times over process variation at Voc = 4. Clock buffer fanout refers to the maximum number of flip-flops per
5.0V and Ta = 25°C. Multiply by the appropriate delay factor, K, for half column. The number of half columns used does not affect clock
speed grade to get worst-case parameters over full Voc and tempera- buffer delay.
ture range as specified in the operating range. All inputs are TTLwith 5. The following loads are used for tpxz:
3-ns linear transition time between 0 and 3 volts.

3. These limits are derived from worst-case values for a representative

selection of the slowest paths through the pASIC logic cell including
net delays. Guaranteed delay values for specific paths should be deter-
mined from simulation results.

1kQ 5pF
I tpHzZ

1kQ }
SpF tpLz

I
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High Drive Buffer .
# H‘i%h l?irives Propagation Delays!?] with Fanout of
ire
Parameter Description Together 12 24 48 72 9 Unit
N High Drive Input Delay 1 4.5 5.4 ns
2 . 3.9 5.6 ns
3 4.5 53 6.3 ns
4 4.6 53 ns
tINT High Drive Input, Inverting Delay 1 4.7 5.6 ns
2 4.0 5.8 ns
3 4.6 5.5 6.4 ns
4 4.8 5.5 ns
Switching Waveforms.
Combinatorial Delay
INPUT
t I
[ PD *]
w  F
OUTPUT .
383A-6
Set-Up and Hold Times
D
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Set and Reset Delays
SET 7/ K
- tsw 1
tseT J
Q
I ] '
RESET / taw »
tRESET >
Q
—.C303A8
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Switching Waveforms (continued)

Three-State Delay

OUTPUT
BUFFER
ENABLE

THREE-STATE THREE-STATE

©383A-10

OUTPUT THREE-STATE

Typical AC Characteristics

Propagation delays depend on routing, fan-out, load capacitance,  Factor table. The effects of voltage and temperature variation are
supply voltage, junction temperature, and process variation. The  illustrated in the graphs below. Warp3 incorporates datasheet AC
AC Characteristics are adesign guide to provide initial timingesti- ~ Characteristics into the design database for pre—place-and-route
mates at nominal conditions. Worst-case estimates are obtained  simulations. The Warp3 Delay Modeler extracts specific timing pa-
when nominal propagation delays are multiplied by the appropri-  rameters for precise simulation results following place and route.
ate Delay Factor, K, as specified by the speed grade in the Delay

0 VOLTAGE FACTOR (Ky) VERSUS SUPPLY VOLTAGE (V)
N

1.08 \

1.06
1.04

1.02
1.00
0.98

0% \

0.94

0.92
4.50 475 5.00 5.25 5.50

SUPPLY VOLTAGE, Vcc (Volts) c383A-11

Ky

0 TEMPERATURE FACTOR (K1) VERSUS TEMPERATURE

Kt

0.80
—60 -40 -20 0 20 40 60 80 100 120 140

JUNCTION TEMPERATURE (°C) C383A-12
*THETA JA = 45 °C/WATT FOR PLCC
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Combinatorial Delay Example (Load = 30 pF)
tio trp tour
je—— 1.4ns } 1.7ns >} 28ns —»]
IN1 ‘, I ouT
IN2 \ INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns
C383A-13
Sequential Delay Example (Load = 30 pF)
tio tsu teik tour
I-— 14ns I 21 ns 'l 1.0ns I 2.8ns ——l
IN1 ™S~ out
> L
CLK
/ INPUT DELAY + REG SET-UP + CLOCK TO OUTPUT + OUTPUT DELAY = 7.3 ns
Cc383A-14
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Ordering Information
Speed Package Package Operating
Grade Ordering Code Name Type Range
2 CY7C383A-21C 181 68-Lead Plastic Leaded Chip Carrier | Commercial
CY7C383A-2]1 J81 68-Lead Plastic Leaded Chip Carrier | Industrial
1 CY7C383A-1JC J81 68-Lead Plastic Leaded Chip Carrier | Commercial
CY7C383A—-1J1 181 68-Lead Plastic Leaded Chip Carrier | Industrial
0 CY7C383A-0JC 181 68-Lead Plastic Leaded Chip Carrier | Commercial
CY7C383A-0J1 J81 68-Lead Plastic Leaded Chip Carrier | Industrial
Speed Package Package Operating
Grade Ordering Code Name Type Range
2 CY7C384A-2AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C384A-2JC 183 84-Lead Plastic Leaded Chip Carrier }
CY7C384A—-2A1 A100 100-Pin Thin Quad Flat Pack Industrial
1 CY7C384A-1AC 100-Pin Thin Quad Flat Pack Commercial
CY7C384A—-1JC 84-Lead Plastic Leaded Chip Carrier
CY7C384A-1AI A100 100-Pin Thin Quad Flat Pack Industrial

84-Lead Plastic Leaded Chip Carrier

CY7C384A~-1J1

0 | CYIC383A—0AC | A100 | 100-Pin Thin Quad Flat Pack Commercial
’ 7 —

CY7C384A~0JC 183 84-Lead Plastic Leaded Chip Carrier

CYTC384A—0AT 100-Pin Thin Quad Flat Pack

D
il
CY7C384A-0J1 84-Lead Plastic Leaded Chip Carrier
Shaded area contains z;dvanced information.

Industrial

J83

MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics

Parameter Subgroups
Vou 1,2,3
VoL 1,2,3
Ioz 1,2,3
Iccl 1,2,3

Document #: 38—00361
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Features
o Very high speed

— Loadable counter frequencies
greater than 100 MHz

— Chip-to-chip operating frequencies
up to 85 MHz

— Input + logic cell + output delays
under 7 ns

Unparalleled FPGA performance for
counters, data path, state machines,
arithmetic, and random logic

High usable density

—- 16 x 24 array of 384 logic cells pro-
vides 12,000 total available gates

— 4,000 typically usable “gate array”
gates in 84-pin PLCC/CLCC,
100-pin and 144-pin TQFP, 145-pin
CPGA, and 160-pin CQFP
packages

Low power, high output drive
— Standby current typically 2 mA

— 16-bit counter operating at 100
MHz consumes 50 mA

— Minimum Igy, and Igy of 8 mA
Flexible logic cell architecture

— Wide fan-in (up to 14 input gates)
— Multiple outputs in each cell

— Very low cell propagation delay

CYPRESS

CY7C385A
CY7C386A

Very High Speed

4K (12K) Gate CMOS FPGA

— Fast, fully automatic place and
route

— Waveform simulation with back an-
notated net delays

— PC and workstation platforms

o Robust routing resources

— Fully automatic place and route of
designs using up to 100 percent of
logic resources

— No hand routing required

88 (7C385A) to 122 (7C386A) bidirec-

tional input/output pins

o 6 dedicated input/high-drive pins

2 clock/dedicated input pins with fan-
out-independent, low-skew nets

— Clock skew <1 ns

Input hysteresis provides high noise
immunity

Thorough testability

— Built-in scan path permits 100 per-

cent factory testing of logic and 1/0
cells

— Automatic Test Vector Generation
(ATVG) software supports user
testing after programming

0.65u CMOS process with ViaLink ™

programming technology

— High-speed metal-to-metal link

Functional Description

The CY7C385A and CY7C386A are very
high speed CMOS user-programmable
ASIC (pASIC™) devices. The 384 logic
cell field-programmable gate array
(FPGA) offers 4,000 typically usable “gate
array” gates. This is equivalent to 12,000
EPLD or LCA gates. The CY7C385A is
available in a 84-pin PLCC and CPGA and
the 100-pin TQFP. The CY7C386A is
available in 144-pin TQFP and CPGA
packages, and a 160-pin CQFP package.

Low-impedance, metal-to-metal ViaLink
interconnect technology provides non-vol-
atile custom logic capable of operating at
speeds above 150 MHz with input and out-
put delays under 3 ns. This permits high-
density programmable devices to be used
with today’s fastest CISC and RISC micro-
Processors.

Designs are entered into the CY7C385A
and CY7C386A using Cypress Warp3 soft-
ware or one of several third-party tools.
Warp3 is asophisticated CAE package that
features schematic entry, waveform-based
timing simulation, and VHDL design syn-
thesis. The CY7C385A and CY7C386A
feature ample on-chip routing channels for
fast, fully automatic place and route of high
gate utilization designs.

(1.7 ns) — Non-volatile antifuse technology
o P . Warp3™ e 100-pin TQFP is pin compatible with ~ For _detailed information about the
0‘;1??;‘?:;?:':;0:;}1;{3 the 1K (CY7C381A/2A) and the 2K pASIC380 architecture, see the pASIC380
- A ily da .

schematics, or both (CY7C383A/4A) FPGAs Family datasheet

Logic Block Diagram
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7C385A-1
84 and 144 PINS, 114 1/0 CELLS, 6 INPUT HIGH DRIVE CELLS, 2 INPUT/CLK (HIGH DRIVE) CELLS

ViaLink and pASIC are trademarks of QuickLogic Corporation.
Warp3 is a trademark of Cypress Semiconductor Corporation.
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Pin Configurations

PLCC/CLCC
Top View
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TQFP
Top View
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Pin Configurations (continued)

Vss
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Pin Configurations (continued)
CPGA
Bottom View
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Pin Configurations (continued)

CQFP
Top View
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, ~Latch-Up Current ....................coue.... +200 mA
not tested.)
Storage Temperature Operating Range
Ceramic .........cvoviiiiiiiiiinnn.. —65°Cto +150°C Ambient
PIASHC © . vvveeeee e —40°Cto +125°C 1en
Lead T 300°C Range Temperature Vee
cad Temperature ............... ... .o, Commercial 0°C to +70°C SV 5%
Supply Voltage ................. ... ... -0.5Vto +7.0V
Input Voltage ................c.ooonn. —05V to Vee +0.5v | Industrial —40°Cto +85°C 5V = 10%
ESD Pad Protection ............cooviiuiiennn. +2000 V Military —55°Cto +125°C 5V + 10%
DClInput Voltage ..........coovvviinnnn. -0.5V to 7.0V
Delay Factor (K)
Speed Military Industrial Commercial
Grade Min. Max. Min. Max. Min. Max.
-0 0.39 1.82 0.4 1.67 0.46 1.55
-1 0.39 1.56 04 1.43 0.46 1.33
-2 0.4 1.35 0.46 1.25
Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Iog = —40mA 3.7 v
Iog = —8.0mA 2.4 \Y%
Iog = —10.0 pA Vee — 0.1 v
VoL Output LOW Voltage Ior, = 8.0 mA Military/Industrial 0.4 v
Ior = 12 mA Commercial
Ior = 10.0 pA 0.1 \%
Vg Input HIGH Voltage 2.0 v
ViL Input LOW Voltage 0.8 v
It Input Leakage Current VIn = Ve or Vgg -10 +10 WA
Ioz Three-State Output Leakage Current | VN = Ve or Vsg -10 +10 A
Ios Output Short Circuit Current Vour = Vss -10 - 80 mA
Vour =Vcc 30 140 mA
Icc Standby Supply Current VN, Vijo = Ve or Vsg 10 mA
Capacitance
Parameter Description Test Conditions Max. Unit
CiN Input Capacitancell] Tp = 25°C, f = 1 MHz, 10 pF
- Vee =50V
Cour Output Capacitance 20 pF
Notes:

1. Cp = 45 pF max. on I/(SI) and I/(P).
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Switching Characteristics Over the Operating Range
Propagation Delays[“]
with Fanout of
Parameter Description 1 2 3 4 8 Unit
LOGIC CELLS
tpp Combinatorial Delayl’] 1.7 22 2.6 32 53 ns
tsu Set-Up Timel’! 2.1 2.1 2.1 2.1 2.1 ns
ty Hold Time 0.0 0.0 0.0 0.0 0.0 ns
teLK Clock to Q Delay 1.0 1.5 1.9 2.6 4.7 ns
tcwHI Clock HIGH Time 2.0 2.0 2.0 2.0 2.0 ns
tcwLo Clock LOW Time 2.0 2.0 20 2.0 2.0 ns
tSET Set Delay 1.7 22 2.6 3.2 53 ns
tRESET Reset Delay 1.5 1.9 22 2.7 44 ns
tsw Set Width 1.9 1.9 1.9 1.9 1.9 ns
tRW Reset Width 1.8 1.8 1.8 1.8 1.8 ns
Propagation Delays(2]
Parameter Description 1 2 3 4 8 12 Unit
INPUT CELLS
tiN - Input Delay (HIGH Drive) 2.8 29 3.0 3.1 4.0 5.3 ns
tINI Input, Inverting Delay (HIGH Drive) 3.0 31 32 33 4.1 5.7 ns
tio Input Delay (Bidirectional Pad) 14 19 2.2 2.2 4.7 6.5 ns
tgek Clock Buffer Delayl*] 27 2.8 2.9 3.0 3.1 33 ns
tGCKHI Clock Buffer Min. HIGH[] 2.0 2.0 2.0 2.0 2.0 2.0 ns
tGCKLO Clock Buffer Min. LOWI4] 2.0 2.0 2.0 2.0 2.0 2.0 ns
Propagation Delays(2]
with Output Load Capacitance (pF) of
Parameter Description 30 50 75 100 150 Unit
OUTPUT CELLS
tOUTLH Output Delay LOW to HIGH 2.7 34 4.2 5.0 6.7 ns
toUTHL Output Delay HIGH to LOW 2.8 3.7 4.7 5.6 7.6 ns
tpzH Output Delay Three-State to HIGH 4.0 4.9 6.1 73 9.7 ns
tpzL Output Delay Three-State to LOW 3.6 42 5.0 58 73 ns
tPHZ Output Delay HIGH to Three-Statel] 2.9 ns
tpLz, Output Delay LOW to Three-Statel5] 33 ns

Notes:

2. Worst-case propagation delay times over process variationat Vec = 4.  Clock buffer fanout refers to the maximum number of flip-flops per
5.0V and T4 = 25°C. Multiply by the appropriate delay factor, K, for half column. The number of half columns used does not affect clock
speed grade to get worst-case parameters over full Vo and tempera- buffer delay.
ture range as specified in the operating range. Allinputsare TTLwith 5, The following loads are used for tpxz:
3-ns linear transition time between 0 and 3 volts.

3. These limits are derived from worst-case values for a representative 1k@
selection of the slowest paths through the PASIC logic cell including 1KQ 5pF
net delays. Guaranteed delay values for specific paths should be deter-
mined from simulation results. ]_: tpHZ 5 pF:L: tpLz
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High Drive Buffer

# High Drives Propagation Delays(2! with Fanout of
Wired
Parameter Description Together 12 24 48 72 96 Unit
N High Drive Input Delay 1 53 6.7 ns
2 4.5 6.6 ns
3 53 6.2 72 ns
4 5.4 62 ns
NI High Drive Input, Inverting Delay 1 57 7.2 as
' 2 4.6 6.8 ns
3 55 6.4 74 ns
4 5.6 6.4 ns
Switching Waveforms
Combinatorial Delay
INPUT
I tep |
OUTPUT *
7C385A7
Set-Up and Hold Times
| tsu th 1
towHI i towLo |
CLOCK V
—_ 7 . |
CLK
Q
7C385A-8
Set and Reset Delays
SET -
// 5|;
tsw | l
tseT
Q J—r{
) L
RESET /] tRw 1
tRESET {
Q
7C385A-9
Output Delay
toutLH touTHL
QUTPUT / \

7C385A-10
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Switching Waveforms (continued)

Three-State Delay

QUTPUT
BUFFER
ENABLE

THREE-STATE THREE-STATE THREE-STATE

OUTPUT

7C385A-11

Typical AC Characteristics

Propagation delays depend on routing, fanout, load capacitance,  Factor table. The effects of voltage and temperature variation are
supply voltage, junction temperature, and process variation. The  illustrated in the graphs below. Warp3 incorporates datasheet AC
ACCharacteristics are a design guide to provide initial timing esti- ~ Characteristics into the design database for pre—place-and-route
mates at nominal conditions. Worst-case estimates are obtained  simulations. The Warp3 Delay Modeler extracts specific timing pa-
when nominal propagation delays are multiplied by the appropri-  rameters for precise simulation results following place and route.
ate Delay Factor, K, as specified by the speed grade in the Delay

VOLTAGE FACTOR (Ky) VERSUS SUPPLY VOLTAGE (Vcc)

1.10

1.08 \

1.06

1.04

1.02 \

1.00

Ky

0.98

0.96

0.94 \

\

0.92
4.50 4.75 5.00 5.25 5.50

SUPPLY VOLTAGE, Vg (Volts)

7C385A-12

TEMPERATURE FACTOR (Ky) VERSUS TEMPERATURE
0

1.25 >
1.20 "

1.15 =~
1.10 /
1.05 /

1.00

Kt

0.95

0.90 ‘/

//
/
0.80

-60 —40 -20 0 20 40 60 80 100 120 140
JUNCTION TEMPERATURE (°C)

0.85

*THETA JA = 45 *C/WATT FOR PLCC TO%8eA1
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Combinatorial Delay Example (Load = 30 pF)

tio tep tout

je— 1.41s ! 17ns »| 2.8ns »|
IN1 P ‘ \ {> out

IN2 > 7C385A-14

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns

Sequential Delay Example (Load = 30 pF)

to tsu tok tout

je—— 1.4ns } 2.1 ns } 1.0ns 2.8ns »|
INT >
>

ouT

/
V1

CLK / 7C385A-15

INPUT DELAY + REG SET-UP + CLOCK TO OUTPUT + OUTPUT DELAY = 7.3 ns

Ordering Information
Speed Package : Operating
Grade Ordering Code Name Package Type Range
2 CY7C385A-2AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C385A-2JC J83 84-Lead Plastic Leaded Chip Carrier
CY7C385A—-2A1 Al100 100-Pin Thin Quad Flat Pack Industrial
CY7C385A-2]1 J83 84-Lead Plastic Leaded Chip Carrier
1 CY7C385A-1AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C385A-1JC J83 84-Lead Plastic Leaded Chip Carrier
CY7C385A—-1AI A100 100-Pin Thin Quad Flat Pack Industrial
CY7C385A~1J1 J83 84-Lead Plastic Leaded Chip Carrier
0 CY7C385A—-0AC A100 100-Pin Thin Quad Flat Pack Commercial
CY7C385A~-0JC J83 84-Lead Plastic Leaded Chip Carrier
CY7C385A—-0AL A100 100-Pin Thin Quad Flat Pack Industrial
CY7C385A-0J1 183 84-Lead Plastic Leaded Chip Carrier




CY7C385A

%_ CYPRESS CY7C386A
Ordering Information (continued)
Speed Package Operating
Grade Ordering Code Name Package Type Range

2 CY7C386A—-2AC Al44 144-Pin Thin Quad Flat Pack Commercial
CY7C386A—-2GC G145 145-Pin Grid Array (Cavity Up)
CY7C386A-2UC - U162 amic Quad Flatpack (Cavity Up)
CY7C386A—-2A1 Al44 144-Pin Thin Quad Flat Pack Industrial
CY7C386A—-2GI G145 145-Pin Grid Array (Cavity Up)
CY7C386A—2U1 U162 160-Lead Ceramic Quad Flatpack (Cavity Up)

1 CY7C386A-1AC Al44 | 144-Pin Thin Quad Flat Pack Commercial
CY7C386A—-1GC G145 145-Pin Grid Array (Cav1ty Up)
CY7C386A—1UC U162 | 160-Lead Ceramic Qu d Flatpack (Cavity Up)
CY7C386A—-1A1 Al44 144-Pin Thin Quad Flat Pack Industrial
CY7C386A—-1GI G145 145-Pin Grid Array (Cavity Up)
CY7C386A~1UI U162 160-Lead Ceramic Quad Flatpack (Cavity Up)
CY7C386A~1GMB G145 145-Pin Grid Array (Cavity Up) Military
CY 7C386A~1UMB U162 160-Lead Ceramic Quad Flatpack (Cawty Up)

0 CY7C386A—0AC Al44 144-Pin Thin Quad Flat Pack Commercial
CY7C386A~0GC G145 145-Pin Grid Array (Cavity Up)
~CY7C386A—-0UC U162 160-Lead Ceramic Quad Flatpack (Cavity Up)
CY7C386A—0AI Al44 144-Pin Thin Quad Flat Pack Industrial
CY7C386A—0GI G145 | 145-Pin Grid Array (Cavity Up)
CY7C386A~0UI U162 160-Lead Ceramic Quad Flatpack (Cavity Up)
CY7C386A—-0GMB G145 | '145-Pin Grid Array (Cavity Up) Military
CY7C386A-0UMB U162 160-Lead Ceramic Quad Flatpack (Cavity Up) | =~

Shaded area contains advanced information.

Military Specifications
Group A Subgroup Testing

DC Characteristics
Parameters Subgroups
Vou 1,2,3
VoL 1,2,3
Ioz 1,2,3
Icct 1,2,3

Document #: 38—00209—-C



Features

o Very high speed

— Loadable counter frequencies
greater than 100 MHz

— Chip-to-chip operating frequencies
up to 85 MHz

— Input + logic cell + output delays
under 7 ns

Unparalleled FPGA performance for

counters, data path, state machines,

arithmetic, and random logic

High usable density

— 24 x 32 array of 768 logic cells pro-
vides 24,000 total available gates

— 8,000 typically usable “gate array”
gates in 145-pin and 245-pin
CPGA, 144-pin TQFP, 208-pin
PQFP, 160-pin CQFPE, and 225-pin
BGA packages

PCI compliant I/O pins

Low power, high output drive

— Standby current typically 2 mA
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Very High Speed

8K (24K) Gate CMOS FPGA

— 16-bit counter operating at 100
MHz consumes 50 mA

— Minimum Igg, of 12 mA and Igy of
8§ mA

o Flexible logic cell architecture

— Wide fan-in (up to 14 input gates)

— Multiple outputs in each cell

— Very low cell propagation delay
(1.7 ns)

Powerful design tools—Warp3 ™

— Designs entered in VHDL,
schematics, or mixed

— Fast, fully automatic place and
route

— Waveform simulation with back an-
notated net delays

— PC and workstation platforms
Robust routing resources

— Fully automatic place and route of
designs using up to 100 percent of
logic resources

— No hand routing required

132 (7C387A) to 172 (7C388A) bidi-
rectlonal input/output pins

6 dedicated input/high-drive pins

o 2 clock/dedicated input pins with fan-

out-independent, low-skew nets

— Clock skew <1 ns

Input hysteresis provides high noise
immunity

Thorough testability

— Built-in scan path permits 100 per-

cent factory testing of logic and I/O
cells

— Automatic Test Vector Generation
(ATVG) software supports user
testing after programming

0.65p CMOS process with ViaLink ™

programming technology

— High-speed metal-to-metal link

— Non-volatile antifuse technology

144-pin TQFP, 145-pin CPGA, and

160-pin CQFP are pin compatible
with the CY7C386A
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144 and 208 PINS, 172 I/O CELLS, 6 INPUT HIGH DRIVE CELLS, 2 INPUT/CLK (HIGH DRIVE) CELLS

ViaLink and pASIC are trademarks of QuickLogic Corporation.
Warp3 is a trademark of Cypress Semiconductor Corporation.
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Functional Description

The CY7C387A and CY7C388A are very high speed, CMOS,
user-programmable ASIC (pASIC™ ) devices. The 768 logic cell
field-programmable gate array (FPGA) offers 8,000 typically us-
able “gate array” gates. This is equivalent to 24,000 EPLD or LCA
gates. The CY7C387A is available in a 145-pin CPGA, 160-pin
CQFP, and 144-pin TQFP. The CY7C388A is available in 208-pin
PQFP, 245-pin CPGA, and 225-pin BGA packages.

Low-impedance, metal-to-metal ViaLink interconnect technology
provides non-volatile custom logic capable of operating at speeds
above 150 MHz with input and output delays under 3 ns. This per-

Pin Configurations

mits high-density programmable devices to be used with today’s
fastest CISC and RISC microprocessors.

Designs are entered into the CY7C387A and CY7C388A using
Cypress Warp3 software or one of several third-party tools. Warp3
is a sophisticated CAE package that features schematic entry, wa-
veform-based timing simulation, and VHDL design synthesis. The
CY7C387A and CY7C388A feature ample on-chip routing chan-
nels for fast, fully automatic place and route of high gate utilization
designs.

Fordetailed information about the pASIC380 architecture, see the
pASIC380 Family datasheet.

144-Pin Thin Quad Flat Pack (TQFP)
Top View
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Pin Configurations (continued)

208-Pin Plastic Quad Flat Pack (PQFP)
Top View
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Pin Configurations (continued)

160-Pm CQFP
Top View
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Pin Configurations (continued)
145-Pin CPGA
Bottom View
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, Latch-Up Current ..................cooouie... +200 mA
not tested.)
Storage Temperature Operating Range
Ceramic ..............coviiiiiin. —65:C to +150:C Ambient
Plastic ....oovvevininii -40°Cto +125 oC Range Temperature Vee
SupplySorage o111 LG e gy | CommeeRl | UCw e[SV 5%
InpUt VOltage ..........cooeeeeen... —0.5V to Ve +0.5v | Industrial —40°Cto +85°C SV £ 10%
ESD Pad Protection ............cooivineenninen. +2000 V Military —55°Cto +125°C 5V = 10%
DClInput Voltage ................coovvnnn. -0.5V to 7.0V
Delay Factor (K)
Speed Military Industrial Commercial
Grade Min, Max. Min. Max. Min. Max.
-0 0.39 1.82 0.4 1.67 0.46 1.55
-1 0.39 1.56 0.4 1.43 0.46 1.33
-2 0.4 1.35 0.46 1.25
Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max Unit
Vou Output HIGH Voltage Iog = —4.0mA 3.7 v
Iog = —8.0 mA 24 \%
Iog = —10.0 pA Vee — 0.1 v
VoL Output LOW Voltage Ior, = 8.0 mA Military/Industrial 0.4 \'
IoL = 12 mA Commercial °
IoL = 10.0 pA 0.1 \'%
Vi Input HIGH Voltage 2.0 v
VL Input LOW Voltage 0.8 v
It Input Leakage Current ViN = Vecor Vsg -10 +10 A
Ioz Three-State Output Leakage Current | Vi = Vc or Vsg -10 ° +10 BA
Ios Output Short Circuit Current Vour = Vss -10 —-80 mA
VOUT =VCC 30 140 mA
Icc Standby Supply Current VN, Viio = Vec or Vss 1u mA
Capacitance
Parameter Description Test Conditions Max. Unit
Civ Input Capacitance Tp = 25°C, f =1 MHz, 10 pF
Cout Output Capacitance Vee =30V 10 pF




———

3-ns linear transition time between 0 and 3 volts.

These limits are derived from worst-case values for a representative
selection of the slowest paths through the pASIC logic cell including
net delays. Guaranteed delay values for specific paths should be deter-
mined from simulation results.

e CY7C387A
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Switching Characteristics Over the Operating Range

Propagation Delays!l]
with Fanout of
Parameter Description 1 2 3 4 8 Unit
LOGIC CELLS
tpp Combinatorial Delay!?] 1.7 22 2.6 32 53 ns
tsu Set-Up Timel?l 2.1 2.1 2.1 2.1 2.1 ns
ty Hold Time 0.0 0.0 0.0 0.0 0.0 ns
tCLK Clock to Q Delay 1.0 1.5 1.9 2.6 47 ns
tewHI Clock HIGH Time 2.0 2.0 2.0 2.0 2.0 ns
tcwLo Clock LOW Time 2.0 2.0 2.0 2.0 2.0 ns
tSET Set Delay 1.7 22 2.6 32 53 ns
tRESET Reset Delay 1.5 1.9 22 2.7 4.4 ns
tsw Set Width 1.9 1.9 1.9 19 1.9 ns
tRW Reset Width 1.8 1.8 1.8 1.8 1.8 ns
Propagation Delays!]
with Fanout of
Parameter Description 1 2 3 4 8 12 Unit
INPUT CELLS
N Input Delay (HIGH Drive) 2.8 2.9 3.0 31 4.0 5.3 ns
tIND Input, Inverting Delay (HIGH Drive) 3.0 31 3.2 33 4.1 5.7 ns
tio Input Delay (Bidirectional Pad) 14 1.9 22 22 4.7 6.5 ns
toek Clock Buffer Delayl3] 2.7 2.8 2.9 3.0 3.1 33 ns
tGCKHI Clock Buffer Min. HIGHP 2.0 2.0 2.0 2.0 2.0 2.0 ns
tGCKLO Clock Buffer Min. LOWD] 2.0 2.0 2.0 2.0 2.0 2.0 ns
Propagation Delays[!]
with Output Load Capacitance (pF) of
Parameter Description 30 50 75 100 150 Unit
OUTPUT CELLS
tOUTLH Output Delay LOW to HIGH 2.7 3.4 4.2 5.0 6.7 ns
tOUTHL Output Delay HIGH to LOW 2.8 3.7 4.7 5.6 7.6 ns
tpzH Output Delay Three-State to HIGH 4.0 49 6.1 73 9.7 ns
tpzL Output Delay Three-State to LOW 3.6 42 5.0 5.8 73 ns
tpHZ Output Delay HIGH to Three-Statel4] 2.9 ns
tpLz Output Delay LOW to Three-Statel4] 3.3 ns

Notes:

1. Worst-case propagation delay times over process variation at Voc = 3. Clock buffer fanout refers to the maximum number of flip-flops per
5.0V and Tp = 25°C. Multiply by the appropriate delay factor, K, for half column. The number of half columns used does not affect clock
speed grade to get worst-case parameters over full Vo and tempera- buffer delay.
ture range as specified in the operating range. All inputsare TTLwith 4, The following loads are used for tpxz:

1kQ

1kQ 5pF
I tpaz 5F tpLz
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High Drive Buffer
# High Drives Propagation Delays(!] with Fanout of
Wired
Parameter Description Together 12 24 48 72 96 Unit
tIN High Drive Input Delay 1 5.3 6.7 ns
2 4.5 6.6 ns
3 5.3 6.2 72 ns
4 5.4 6.2 ns
tINT High Drive Input, Inverting Delay 1 57 7.2 ns
2 4.6 6.8 ns
3 5.5 6.4 7.4 ns
4 5.6 6.4 ns
Switching Waveforms
Combinatorial Delay
INPUT
tep
QUTPUT
7C387A-6
Set-Up and Hold Times
D
tsu —'F— tH
towi } tewrLo |
CLOCK )
toLk I
Q
7C387A-7
Set and Reset Delays
SET Yol s
tsw | |
tseT
° .
RESET 7/ tew }l\
v tRESET >
Q
7C387A-8
Output Delay
touTLH touTHL
OUTPUT / ¥
7C387A-9
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Switching Waveforms (continued)

Three-State Delay

OUTPUT
BUFFER
ENABLE

THREE-STATE

THREE-STATE THREE-STATE

OUTPUT
7C387A-10

Typical AC Characteristics

Propagation delays depend on routing, fanout, load capacitance,  Factor table. The effects of voltage and temperature variation are
supply voltage, junction temperature, and process variation. The  illustrated in the graphs below. Warp3 incorporates datasheet AC
AC Characteristics are a design guide to provide initial timing esti- ~ Characteristics into the design database for pre — place-and-route
mates at nominal conditions. Worst-case estimates are obtained  simulations. The Warp3 Delay Modeler extracts specific timing pa-
when nominal propagation delays are multiplied by the appropri-  rameters for precise simulation results following place and route.
ate Delay Factor, K, as specified by the speed grade in the Delay

VOLTAGE FACTOR (Ky) VERSUS SUPPLY VOLTAGE (V¢c)

1.08 \\

1.06

1.10

1.04

1.02

Ky

1.00

0.98
0.96 \
0.94

~——
0.92

450 4.75 5.00 5.25 5.50
SUPPLY VOLTAGE, V¢c (Volts)

7C387A-11

TEMPERATURE FACTOR (Kt) VERSUS TEMPERATURE
30

1.25 ”u
1.20 ~
1.15

" ol
110 A

1.05

Kt

1.00

0.95
0.90 ‘/
//
_/
0.80

-60 ~40 -20 0 20 40 60 80 100 120 140

0.85

JUNCTION TEMPERATURE (°C) 7C387A12

*THETA JA = 45 °C/WATT FOR PLCC
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Combinatorial Delay Example (Load = 30 pF)
tio tpp tour
je——14ns >l 1.7 ns ] 28ns ——»|
IN1 ,L I ouT
IN2 7C387A-13
INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns
Sequential Delay Example (Load = 30 pF)
tio tsu toLk tour
J 1.4ns } 21 ns } 1.0ns > 28ns ~——>»]
IN1 |
ouT
P> |
CLK 7C387A-14

INPUT DELAY + REG SET-UP + CLOCK TO OUTPUT + OUTPUT DELAY = 7.3 ns
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Ordering Information
Speed Package Operating
Grade Ordering Code Name Package Type Range
2 CY7C387A-2AC Al44 144-Pin Thin Quad Flat Pack Commercial
CY7C387A-2GC G145 145-Pin Grid Array (Cavity Up)
CY7C387A-2A1 Al44 144-Pin Thin Quad Flat Pack Industrial
CY7C387A—-2GI G145 145-Pin Grid Array (Cavity Up)
1 CY7C387A—-1AC Al44 144-Pin Thin Quad Flat Pack Commercial
CY7C387A-1GC G145 145-Pin Grid Array (Cavity Up)
CY7C387A-1A1 Al44 144-Pin Thin Quad Flat Pack Industrial

CY7C387A~1GI

145-Pin Grld Array (Cav1ty Up)

Y7C387A—0AC

Commercial

CY7C387A—-0GC G145 145-Pin Grid Array (Cavity Up)
CY7C387A-0AI Al44 144-Pin Thin Quad Flat Pack Industrial

CY7C387A—-0GI

145-Pin Grld Array (Cavity Up)

CY7C388A—2GC

Speed Package Operating
Grade Ordering Code Name Package Type Range
2 CY7C388A 2AC A208 208-Pin Thin Quad Flat Pack Commercial

245-Pin Grid Array (Cavity Up)
CY7C388A—-2A1 A208 208-Pin Thin Quad Flat Pack Industrial
CY7C388A—-2GI G245 245-Pin Grid Array (Cavity Up)
1 CY7C388A—~-1AC A208 208-Pin Thin Quad Flat Pack Commercial
CY7C3 1GC -Pin Grid Array (Cavity Up)
CY7C388A—-1A1 A208 208-Pin Thln Quad Flat Pack Industrial

CY7C388A—-1GI

Commercial

CY7C388A—0AI

A208

208-Pin Thin Quad Flat Pack

CY7C388A—-0GI

Shaded area contains advanced information

Military Specifications
Group A Subgroup Testing

DC Characteristics

G245

Parameters Subgroups
Vou 1,2,3
VoL 1,2,3
Ioz 1,2,3
Icc1 1,2,3

Document #: 38—00373

245-Pin Grid Array (Cavity Up)

Industrial




Features

o Very high speed

— Loadable counter frequencies
greater than 100 MHz

— Chip-to-chip operating frequencies
up to 85 MHz

— Input + logic cell + output delays
under 7 ns

Unparalleled FPGA performance for

counters, data path, state machines,

arithmetic, and random logic

High usable density

— 32 x 36 array of 1152 logic cells
provides 36,000 total available
gates

— 12,000 typically usable “gate
array” gates in 208-pin PQFP,
313-pin BGA, and 245-pin CQFP

CY7C389A

CYPRESS ADVANCED INFORMATION

Very High Speed

12K (36K) Gate CMOS FPGA

Low power, high output drive
— Standby current typically 2 mA

— 16-bit counter operating at 100
MHz consumes 50 mA

— Minimum Igy, and Igg of 8 mA
Flexible logic cell architecture

— Wide fan-in (up to 14 input gates)
— Multiple outputs in each cell

— Very low cell propagation delay
(1.7 ns)

PCI compliant I/O pins
o Powerful design tools—Warp3 ™

— Designs entered in VHDL,
schematics, or both

— Fast, fully automatic place and
route

— Waveform simulation with back

— PC and workstation platforms
Robust routing resources

— Fully automatic place and route of
designs using up to 100 percent of
logic resources

— No hand routing required

Input hysteresis provides high noise

immunity

Thorough testability

— Built-in scan path permits 100
percent factory testing of logic and
1/O cells

— Automatic Test Vector Generation
(ATVG) software supports user
testing after programming

0.651 CMOS process with ViaLink ™

programming technology

— High-speed metal-to-metal link

packages annotated net delays — Non-volatile antifuse technology
Logic Block Diagram
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A large number of development tools are available for use when
designing with Cypress Semiconductor’s PLDs, CPLDs, and
FPGAs. Many of these tools are available from Cypress, while
additional design flow options are available from numerous third-
party tool vendors. (For a complete listing of third-party tool
vendors, see the Third-Party Tools datasheet.)

Development software is available that provides design entry,
synthesis, optimization, fitting, place and route, and simulation.
As shown below, this software produces a programming file for
use with a device programmer. Warp2™ provides VHDL design

PLD, CPLD, and FPGA
Development Tools Overview

description and functional simulation. Warp3™ includes Warp2
functionality plus schematic entry and timing simulation. In addi-
tion, many third-party tools are available and provide various lev-
els of support.

Device programmers use the programming file created by the de-
velopment tool and program the PLD, CPLD, or FPGA. The
Impulse3™ can program any Cypress device and can be upgraded
to program other manufacturers’ devices. Many third-party pro-
grammers are available that can be used to program a wide array
of devices including those from Cypress.

_—_—- - - — - — — — —_—— — — —
:_ PLD, CPLD, and FPGA Development Tools |
| CAE Standalone Software |

Schematic Solutions (PLA for PLD/CPLDs) VHDL I
| (Netlist) (QDF for FPGA) |

Warp Warp3
Warp2 ™ [ —synthesis - VHDL Description
VHDL Description Compiler Schematic Entry
Functional Simulation B — —Fitter —_— Timing Simulation
—Place/Route
Impulse3 -— JEQI:)FI{E c - Third-Party
Device LOF Device
Programmer Programmer

Document #: 38—00370
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Features
VHDL (IEEE 1076) high-level language compiler
— VHDL facilitates device independent design

— VHDL designs are portable across multiple devices and/or
CAD platforms

— VHDL facilitates the use of industry-standard simulation
and synthesis tools for board and system-level design

— VHDL supports functions and libraries facilitating modu-
lar design activity

Warp2 provides synthesis for a powerful subset of IEEE stan-
dard VHDL including:

— enumerated types

— opeartor overloading

—for . .. generate statements

— integers

State-of-the-art optimizations and reduction algorithms
— Optimization for flip-flop type (D type/T type)

— Automatic selection of optimal flip-flop type (D type/T

type)
— Automatic pin assignment
— Aut tic state fu t (grey code, one-hot, binary)

Several design entry methods support multiple levels of
abstraction:

— VHDL Behavioral (IF..THEN...ELSE; CASE...)

— State tables

— Boolean

— VHDL Standard (RTL)

Designs can intermix multipleVHDL entry methods in a
single design

Supports all Cypress PLDs and PROMs, including MAX5000
and the state machine PROMs (CY7C258/9)

Functional simulation provided with Cypress NOVA
simulator:

— Graphical waveform simulator
— Entry and modification of on-screen waveforms
— Ability to probe internal nodes

— Display of inputs, outputs, and High Z signals in different
colors

— Automatic clock and pulse creation
— Waveform to JEDEC test vector conversion utility
— JEDEC to symbolic disassembly
— Support for buses
¢ Hosted on IBM PC-AT
¢ Windows 3.1 on PCs
e OpenLook or Motif on Sun workstations

Functional Description

Warp2™ is a state-of-the-art VHDL compiler for designing with
Cypress PLDs and PROMs. Warp2 utilizes a proper subset of
IEEE 1076 VHDL as its Hardware Description Language
(HDL) for design entry. VHDL provides a number of significant
benefits for the design engineer. Warp2 accepts VHDL input,
synthesizes and optimizes the entered design, and outputs a JE-
DEC map or POF file for the desired device (see Figure I). For

VHDL Compiler for PLDs,
CPLDs, and FPGAs

simulation, Warp2 provides the graphical waveform simulator
from the NOVA.

VHDL Compiler

VHDL (VHSIC Hardware Description Language) is an open,
powerful, non-proprietarylanguage thatis astandard forbehavior-
aldesign entry and simulation. It is already mandated for use by the
Department of Defense and supported by every major vendor of
CAE tools. VHDL allows designers to learn a single language that
is useful for all facets of the design process.

VHDL offers designers the ability to describe designs at different
levels of abstraction. At the highest level, designs can be entered as
a description of their behavior. This behavioral description is not
tied to any specific target device. As a result, simulation can be
done very early in the design to verify correct functionality, which
significantly speeds the design process.

Warp2’s VHDL syntax also includes support for intermediate level
entry modes such as state table and boolean entry. At the lowest
level, designs can be described using gate-level RTL (Register
Transfer Language). Warp2 gives the designer the flexibility to in-
termix all of these entry modes.

In addition, VHDL allows you to design hierarchically, building up
entities in terms of other entities. This allows you to work either
“top-down” (designing the highest levels of the system and its in-
terfaces first, then progressing to greater and greater detail) or
“bottom-up” (designing elementary building blocks of the system,
then combining these to build larger and larger parts) with equal
ease.
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Figure 1. Warp2 Design Flow
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Because VHDL is an IEEE standard, multiple vendors offer tools
for design entry, simulation atboth high and low levels, and synthe-
sis of designs to different silicon targets. The use of device indepen-
dent behavioral design entry gives users the freedom to retarget
designs to different devices. The wide availability of VHDL tools
provides completevendor independence aswell. Designerscan be-
gin their project using Warp2 for Cypress PLDs and convert to high
volume gate arrays using the same VHDL behavioral description
with industry-standard synthesis tools.

While design portability and device independence are significant
benefits, VHDL has other advantages. The VHDL language al-
lows usersto define their own functions. User-defined functions al-
low users to extend the capabilities of the language and build reus-
able libraries of tested routines. As a result the user can produce
complexdesigns faster than with ordinary “flat” languages. VHDL
also providescontrol over the timing of events or processes. VHDL
has constructs that identify processes as either sequential, concur-
rent,or acombination of both. Thisis essential when describing the
interaction of complex state machines.

Cypress chose to offer tools that use the VHDL language because
ofthe languages’ universal acceptance, the ability to do both device
and vendor independent design, simulation capabilities at both the
chip andsystem level thatimprove design efficiency, the wide avail-
ability of industry-standard tools with VHDL support for both sim-
ulation and synthesis, and the inherent power of the languages’
syntax.

VHDL is a rich programming language. Its flexibility reflects the
nature of modern digital systems and allows designers to create ac-
curate models of digital designs. Because of its depth and com-
pleteness, it is easier to describe a complex hardware system accu-
rately in VHDL than in any other hardware description language.
Inaddition, modelscreated in VHDL canreadily be transported to
other CAD systems. Warp2 supportsarichsubset of VHDL includ-
ing loops, for...generate statements, full hierarchical designs with
packages, as well as synthesis for enumerated types and integers.

Designing with Warp2
Design Entry
Warp2 descriptions specify

1. The behavior or structure of a design, and

2. The mapping of signals in a design to the pins of a PLD
(optional)

The part of a Warp2 description that specifies the mapping of sig-

nals from the design to the pins of a PLD is called a binding archi-

tecture. It takes signal names from the design and matches them

up with pin names from the PLD’s entry in a library.

The partofa Warp2 description that specifies the behavior or struc-
ture of the design is called an entity/architecture pair. Entity/archi-
tecture pairs, as their name implies, can be divided into two parts:
an entity declaration, which declares the design’s interface signals
(i.e., tells the world what external signals the design has, and what
their directions and types are), and a design architecture, which de-
scribes the design’s behavior or structure.

Some users prefer to put the binding architecture for a design in
onefile, and the entity/architecture pair containing the design’s be-
havioral or structural description in a different file. This allowsyou
to isolate the device-dependent pin mapping in one file (the one
containingthebindingarchitecture), whileleaving the device-inde-
pendent behavioral or structural description in another (the one
containing the entity/architecture pair). Warp2 makesit easy to do

this, offering separate analysis of files and easy reference to pre-
viously analyzed files by means of the USE clause.

Design Entity

If the entity/architecture pair is kept in a separate file, that file is
usually referred to as the design entity file. The entity portion of a
design entity file is a declaration of what a design presents to the
outside world (the interface). For each external signal, the entity
declaration specifies a signal name, a direction and a data type. In
addition, the entity declaration specifies aname by which the entity
canbe referenced in a design architecture. In this section are code
segments from four sample design entity files. The top portion of
each example features the entity declaration.

Behavioral Description

The architecture portion of a design entity file specifies the func-
tion of the design. As shown in Figure 1, multiple design-entry
methods are supported in Warp2. A behavioral description in
VHDL often includes well known constructs such as
If...Then...Else, and Case statements. Here is acode segment from
asimple state machine design (sodavending machine) that usesbe-
havioral VHDL to implement the design:

ENTITY drink IS
PORT (nickel,dime,quarter,clock:in bit;
returnDime, returnNickel,giveDrink:out bit);
END drink;

ARCHITECTURE fsm OF drink IS

TYPE drinkState IS (zero,five,ten, fif-

teen, twenty, twentyfive, owedime) ;

SIGNAL drinkstatus:drinkState;

ATTRIBUTE FSM_synthesis OF drinkStatus:signal
is sequential;

BEGIN

PROCESS BEGIN

WAIT UNTIL clock = '1’;
giveDrink <= ‘0’;
returnDime <= ‘0’;

returnNickel <= ‘0';
CASE drinkStatus IS

WHEN zero =>

IF (nickel = ’1’) THEN
drinkStatus <= drinkStatus’SUCC (drink-
Status) ;

-~ goto Five

ELSIF (dime = ’1') THEN
drinkStatus <= Ten;

ELSIF (quarter = ‘1') THEN
drinkStatus <= TwentyFive;

ENDIF;

WHEN Five =>
IF (nickel = ’1’) THEN

drinkStatus <= Ten;

ELSIF (dime = ’1’) THEN
drinkStatus <= Fifteen;
ELSIF (guarter = ’‘1’) THEN
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giveDrink <= '1';
drinkStatus <= drinkStatus’PRED(drink-
Status) ;
-— goto Zero
ENDIF;

WHEN oweDime =>
returnDime <= ‘1‘;
drinkStatus <= zero;

when others =>

-- This ELSE makes sure that the state

-- machine resets itself if

—- it somehow gets into an undefined state.
drinkStatus <= zero;

END CASE;

END PROCESS;

END FSM;

VHDL is a highly typed language. It comes with several prede-
fined operators, such as + and /= (add, not-equal-to). VHDL of-
fers the capability of defining multiple meanings for operators
(such as +),which results in simplification of the code written. For
example, the following code segment shows that “count = count
+1” can be written such that count is a bit vector, and 1 is an inte-
ger.

ENTITY sequence IS
port (clk: in bit;
s: inout bit);
end sequence;

ARCHITECTURE fsm OF sequence IS

SIGNAL count: INTEGER RANGE 0 TO 7;

BEGIN
PROCESS BEGIN

WAIT UNTIL clk = 1‘;

CASE count IS

WHEN 0 | 1 | 2 | 3 =>

s <= "1";

count <= count + 1;
WHEN 4 =>

s <= '0’;

count <= count + 1;
WHEN 5 =>

s <= '1%;

count <= ‘0’;
WHEN others =>

s <= '0";

count <=
END CASE;

0r;

END PROCESS;

END FSM;

In this example, the + operator is overloaded to accept both inte-
ger and bit arguments. Warp2 supports overloading of operators.

Functions

A major advantage of VHDL is the ability to implement functions.
The support of functions allows designs to be reused by simply
specifying a function and passing the appropriate parameters.
Warp2featuressome built-in functions such asttf(truth-table func-
tion). The ttf function is particularly useful for state machine or
look-up table designs. The following code describes a seven-seg-
ment display decoder implemented with the ttf function:

ENTITY SEG7 IS

PORT (
inputs: IN BIT_VECTOR (0 to 3);
outputs: OUT BIT_VECTOR (0 to 6)
)
END SEG7;

ARCHITECTURE mixed OF SEG7 IS

CONSTANT truthTable:

x01_table (0 to 11, 0 to 10) := (
-— input & output

"0000” & v0111111~,

70001” & »0000110",

“0010" & »1011011~,

70011" & »1001111",

70100" & #1100110",

70101” & ~#1101101”",

”0110" & »1111101”,

70111" & ~0000111",

~#1000” & »#1111111”,

“1001" & 71101111~,

“101x" & 711111007, --creates E pattern

7111x" & 71111100"

)i
BEGIN

outputs <= ttf(truthTable, inputs);

END mixed;
Boolean Equations

A third design-entry method available to Warp2 users is Boolean
equations. Figure 2 displays a schematic of a simple one-bit halfad-
der. The following code describes how this one-bit half adder can
be implemented in Warp2 with Boolean equations:

--entity declaration
ENTITY half_adder IS
PORT (x, y : IN BIT;
sum, carry : OUT BIT);
END half_adder;
--architecture body
ARCHITECTURE behave OF half_adder IS

BEGIN
X 3 carry

Figure 2. One-Bit Half Adder

sum




CY3120

PRELIMINARY CY3125

&

# CYPRESS

sum <= x XOR y;
carry <= X AND y;
END behave;

Structural VHDL (RTL)

While all of the design methodologies described thus far are high-
level entry methods, structural VHDL provides a method for de-
signing at a very low level. In structural descriptions (also called
RTL), the designer simply lists the components that make up the
design and specifies how the components are wired together. Fig-
ure 3 displays the schematic of a simple 3-bit shift register and the
following code shows how this design can be described in Warp2
using structural VHDL:

ENTITY shifter3 IS port (
clk : IN BIT;
x : IN BIT;
g0 : OUT BIT;
gl : OUT BIT;
Q@2 : OUT BIT);
END shifter3;

ARCHITECTURE struct OF shifter3 IS
SIGNAL g0_temp, gl_temp, g2_temp :
BEGIN
dl : DFF PORT MAP(x,clk,qg0_temp);
d2 : DFF PORT MAP(qO_temp,clk,gl_temp) ;
d3 : DFF PORT MAP(qgl_temp,clk,qg2_temp);
g0 <= gO0_temp;
gl <= ql_temp;
Qg2 <= g2_temp;

END struct;

BIT;

Allof the design-entry methods described can be mixed as desired.
The ability to combine both high- and low-level entry methodsin a
single file is unique to VHDL. The flexibility and power of VHDL
allows users of Warp2 to describe designs using whatever method is
appropriate for their particular design.

Binding Architecture

The purpose of a binding architecture is to map external signals of
a design to the pins of a physical device. The binding architecture
can be in a separate file or appended to the end of the design file.

Here is a binding architecture file for the 3-bit shift register de-
scribed in the last example: :

USE work.rtlpkg.all;
USE work.shift3pkg.all;

q0 qi q2

clk clk

> clk > clk
[ET

Figure 3. Three-Bit Shift Register Circuit Design

ARCHITECTURE shift3 OF c¢22v10 IS
BEGIN
SH1:shifter3 PORT MAP(

clk => pinl,
x => pin2,
fbx (g0) => pinl4,
fbx(gl) => pinl5,
fbx (q2) => pinlé);

END shift3;

As indicated in the architecture statement, this design targets the
Cypress 22V10for implementing the specified function. By simply
changing the architecture statement and appropriately modifying
the pin assignments, a binding architecture file targeting other Cy-
press PLDs can easily be generated.

Compilation

Once a design entity and binding architecture have been com-
pleted, a design is compiled using Warp2. Although implementa-
tion is with a single command, compilation is actually a multistep
process (as shown in Figure I). The first step is synthesizing the in-
put VHDL into a logical representation of the design. Warp2 syn-
thesis is unique in that the input language (VHDL) supports a very
high level of abstraction. Competing PLD compilers require very
specific and device-dependent information in the designinput file.
The secondstep of compilation is aniterative process of optimizing
the design and fitting the logicinto the targeted PLD. Logical opti-
mization in Warp2 is accomplished with the Espresso algorithms.
The optimized design is fed to the Warp2 fitter, which applies the
design to the specified target PLD. The Warp2 fitter supports
manualor automatic pin assignmentsaswell as automaticselection
of D or T flip-flops. After the optimization and fitting step is com-
plete, Warp2 automatically creates a JEDEC file for the specified
PLD.

Simulation

Warp2 is delivered with Cypress’s NOVA Simulator. NOVA fea-
tures a graphical waveform simulator that can be used to simulate
designs generated in Warp2. The NOVA simulator provides func-
tional simulation and features interactive waveform editing and
viewing. The simulator also provides the ability to probe internal
nodes, automatically generate clocks and pulses, and to generate
JEDEC test vectors from simulator waveforms.
Programming

The result of Warp2 compilation is a JEDEC file that implements
the input design in the targeted PLD. Using the JEDEC file, Cy-
press PLDs canbe programmed on Cypress’s Impulse3 ™ program-
mer or on any qualified third-party programmer.

System Requirements

For PCs

IBM PC-AT or equivalent (386 or higher recommended)
PC-DOS™ version 3.3 or higher

2 Mbytes of RAM (4 Mbytes recommended)

EGA, VGA, or Hercules™ monochrome display
20-Mbyte hard disk drive

1.2-Mbyte 5%-inch or 1.44-Mbyte floppy disk drive

Two or three-button mouse '

Windows® Version 3.1 or higher
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For Sun Workstations CY3125 Warp2 for Sun PLD Compiler includes:
3Vs-inch, 1.4-Mbyte floppy disk
SPARC CPU , 1.4-Mby Ppy disks
Sun OS™ 4.1.1 or later Warp2 User’s Guide
16 Mbytes of RAM %arpg \liVC}rkbookM |
- Vi i ; ‘arp2 Reference Manua
1.44-Mbyte 3Y%s-inch disk drive Regastration Card

Ordering Information

CY3120 Warp2 for Windows PLD Compiler includes:
3l4-inch, 1.4-Mbyte floppy disks
Warp2 User’s Guide
Warp2 Workbook
Warp2 Reference Manual
Registration Card

Document #: 38—00218—A

Warp2 and Impulse3 are trademarks of Cypress Semiconductor Corporation.
PC-AT and PC-DOS are trademarks of IBM Corporation.

Windows is a registered trademark of Microsoft Corporation.

Hercules is a trademark of Hercules Technology Inc.

Sun OS is a trademark of Sun Microsystems.
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Features
o Sophisticated PLD/FPGA design and verification system
based on VHDL

o Warp3™ is based on Viewlogic’s Powerview™ (Sun) and
Workview Plus™ (PC) design environments

— Advanced graphical user interface for Windows and Sun
Workstations

— Schematic capture (Viewdraw™)

— Interactive timing simulator (Viewsim ™)

— Waveform stimulus and viewing (Viewtrace™)

— Textual design entry using VHDL

— Mixed-mode design entry support

The core of Warp3 is an IEEE 1076 standard VHDL compiler
— VHDL is an open, powerful design language

— VHDL (IEEE standard 1076) facilitates design portability
across devices and/or CAD platforms

— VHDL facilitates the use of industry-standard simulation
and synthesis tools for board and system-level design

— VHDL facilitates hierarchical design with support for
functions and libraries

Warp3 VHDL Development
System for PLDs and FPGAs

o Support for ALL Cypress PLDsS/FPGAs and PROMs,
including:

— Industry-standard 20- and 24-pin devices like the 22V10
— Cypress 7C33X family of 28-pin PLDs

—CY7C34X (MAX5000™ Series)

— FLASH370™

— pASIC38X

Introduction

As the capacity and complexity of programmable logic increased
dramatically over the last couple of years, users began to demand
software tools that would allow them to manage this growing com-
plexity. They also began to demand design-entry standards that
would allow them to spend more time designing with PLDs rather
than learning a vendor’s proprietary software package. Thus,
Hardware Description Languages (HDLs) in general, and VHDL
(Very high speed integrated-circuit Hardware Description Lan-
guage) in particular, have emerged as the standard methodology
for integrated-circuit and system design.

While the design community debated whether VHDL could be-
come the standard for PLDs, Cypress took an industry leading
position by introducing the first native VHDL compiler for
PLDs—our Warp tools.

Figure 1. Warp3 Design Flow

PROGRAMMER

FLASH370, Warp3 and Impulse3 are trademarks of Cypress Semiconductor Corporation.

Powemew,Workvlcw, Viewdraw, Viewsim, Viewtrace, VHDLsim, and Viewgen are registered trademarks of Viewlogic Systems, Inc.
ChipLab is a trademark of Data I/O Corporation

Microsoft Windows is a registered trademark of Microsoft Corporation.

MAXS5000 is a trademark of Altera.

OpenWindows is a trademark of Sun Mtctosystems
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Functional Description

Warp3 is an integration of Cypress’s advanced VHDL synthesis
and fitting technology with Viewlogic’s sophisticated CAE design
environment. On the PC platform, Warp3 includes Cypress’
VHDL compiler and Viewlogic’s Workview Plus V5.1 software for
Microsoft Windows®. On the Sun platform, Warp3 includes Cy-
press’ VHDL compiler and Viewlogic’s Powerview V5.1 software
for OpenWindows ™.

Design Flow

Figure 1 displays a block diagram of the typical design flow in
Warp3. Designs can be entered in VHDL text, schematic capture
or via an imported EDIF netlist. In fact, Warp3 supports mixing
these approaches onindividual designs. Designs are then function-
allyverified using the Warp3 functional simulator. The third stepis
to compile the design and target a PLD, PROM or FPGA. Post-
synthesis, the waveform timing simulator is used to verify design
timing as programmed in the chosen device. If the simulation re-
sults are satisfactory the JEDEC, HEX or netlist file is used to pro-
gram the targeted device. A detailed description of each step fol-
lows.

Specifically, the Warp3 Design Flow includes the following:

Viewlogic GUI

IEEE 1076 VHDL Synthesis

Schematic Capture (Viewdraw)

Hierarchy Navigator

Mix-mode Design Entry

Waveform Editor (Viewtrace)

VHDL Timing Simulator (VHDLsim™)

Device fitters for all Cypress PLD/CPLDs/PROMs
Automatic Place&Route fgr all Cypress FPGAs

The Cockpit ,

The Viewlogic graphical user interface (GUI) is built around a
file/tool manager called “the cockpit”. The cockpit is used to se-
lect the project and current toolset in use. The cockpit allows us-
ers to select from a variety of design environments called tool-
boxes. For UNIX workstations the GUI is under the PowerView
cockpit and for PC/Windows the GUI is under the WorkView Plus
cockpit (see Figure 2). )

Design Entry
Text Editor

Text entry is done with industry standard VHDL. Warp3 can syn-
thesize a rich set of the VHDL language in conformance with
IEEE standard 1076. This includes support for Behavioral, Bool-
ean, State Table and Structural VHDL entry.

Text entry is ideal for describing complex logic functions such as
state machines or truth tables. With VHDL, the behavior of astate
machine can be described in concise, easily-readable code. Fur-
ther, the hierarchical nature of VHDL allows very complex func-
tions to be describ&d in a modular, top-down fashion. For more in-
formation on VHDL see the Warp2 (CY3120) datasheet.

Schematic Capture

Warp3 users can also to enter designs graphically with a sophisti-
catedschematic capture system(Viewdraw). Withschematicentry,
designers can quickly describe a variety of common logic functions
from simple gates to complex multipliers (see Figure 3).

Within Warp3, users have access to an extensive symbol library of
standard componeiits and macro functions. These include:

adders/multipliers

counters

gates (AND, OR, NAND, NOR, XOR, XNOR, INV, & BUF)
io (singles, buses, three-states, clk-pads, hd-pad, gnd, & vece)
macrocells’

memory (assorted flip-flops and latches)

mux (decoders and multiplexers)

registers, shift registers and universal registers

7400-ttl (commonly used parts)

In addition, the designer may create custom functions that can be
used in any Warp3 design.

Symbol Editor

The Warp3 schematic capture tools also provide methods to create
symbols for schematics. Using the VHDL2SYM utility, symbols

are automatically generated from VHDL text files. Using the
Viewgen™ utility, symbols are automatically generated from low-

" Workview PLUS Cockpit
Project Library Process

Config

YiewDraw

Eypless
[Warp Design

Selected Tool

Current Toolbox

Current Drawer

Project Type |Viewdraw

Current Project |c: \warp3

Current Library Ic:\walpa

pASIC-VSim  ViewSim

exptl 076
o
[ WV |

&Rte

ViewTrace Nova

Figure 2. WorkView PLUS Cockpit for PC Workstations
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Figure 3. Typical Symbol Library

er-level schematic data. Symbols are useful for creating a design
hierarchy to easily describe complex designs.

EDIF Input

Warp3 includes an EDIF netlist converter that provides a conve-
nient way for designers to import designs from other CAE sche-
matic capture and simulation tools. The EDIF-in tool supports
EDIF version 20 0.

Mix-mode Entry

Perhaps the most powerful design entry methodology in Warp3 is
the combination of the above methods. In most designs, some por-
tions of the circuit are most easily described in schematics while
others are best described in text. Typically, standard logic compo-
nents such as counters, adders and registers are best implemented
by retrieving components from the Warp3 schematic symbol li-
brary.

Meanwhile, text entryis usually preferred for describing sections of
the circuit design that implement control logic. In particular, state
machines are oftenmuch easier to describe with behavioral VHDL
as opposed to schematic gates. Combining these methods in a
single design simplifies the input process and shortens the design
cycle time.

As mentioned above, Warp3 can automatically generate symbols
for text and schematic designs. This capabilityfacilitateshierarchi-
cal design entry by allowing users to represent complex functions
by asymbol. The top level of the design may be represented by the
connection of a small number of symbols representing the main
functional blocks. To move to lower levels in the design the user
can push into selected symbols. If the underlying design is de-
scribed in VHDL, a text window will be launched with the design

fite. If the underlying design is a schematic, a Viewdraw window
will be opened with the design. There is no limit to the number of
levels of hierarchy used or the number of symbols in a particular
design.

Design Verification
Functional Simulation

Verifying functionality early in the design process can greatly re-
duce the number of design iterations necessary to complete a par-
ticular design. Using Viewsim the functionality of the design can
be verified with textual stimulus from the keyboard or from a file.
Viewtrace canbe used in conjunction with Viewsim to simulate the
design functionality graphically. The simulation process is de-
scribed in detail below.

VHDL Source-level Debugger (Release 2)

Aunique and powerful feature of Warp3 is the source-level VHDL
debugger. The VHDL debugger works in concert with the Warp3
simulator and waveform editor. The debugger allows users to
graphically step through VHDL code and monitor the results
textually or in waveforms. After each single step the debugger
highlights the VHDL text representing the current state of the sim-
ulation. Simultaneously waveform and text windows can display
the inputs and outputs of the design.

Note that a design does not have tobe entered in VHDL text to use
the VHDL debugger. Since Warp3 converts all facets of a design
(schematic, EDIF-in etc.) to VHDL before compilation, this
VHDL representation can be single stepped to verify design func-
tionality.

Hierarchy Navigator

Another powerful debugging tool within Warp3 is the hierarchy
navigator (Viewnav). The navigator allows users to select a net or
node at one level of the design and automatically trace that net
through all levels of the hierarchy. This is very useful for tracing
signal paths when looking for design errors.
Compilation
VHDL Synthesis
e For synthesis Warp3 supports a rich subset of VHDL

including

— Enumerated types

— Integers

— For . . . generate loops

— Operator overloading
Once design entry is complete and functionality has been verified,
the entire design is converted to VHDL using the “Export 1076”
utility on schematic modules. At this point in the design there is a
VHDL description of the entire design. This VHDL description is
fed to the Cypress VHDL compiler for translation to a device pro-
gramming file. Although compilation is a multistep process, it ap-
pears as a single step to the user (as shown in Figure I).
The first step in compilation is synthesizing the input VHDL into a
logical representation of the design in terms of components found
in the target device (AND gates, OR gates, flip-flops etc.). Warp3
synthesis is unique in that the input language (VHDL) supports a
very high level of abstraction. Competing PLD compilers require
very specific and device-dependent information in the design file.
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Device Fitting

e State-of-the-art optimization and reduction algorithms
— Optimization for flip-flop type (D type/T type)
— Aut tic pin assig)
— Automatic state assignment (Gray code, binary, one-hot)

For PLDs and FPGAs, the second phase of the compilation is an
iterative process of optimizing the design and fitting the logic into
the targeted device (see Figure 4). Logical optimization in Warp3 is
accomplished with Espresso algorithms. Once optimized, the de-
sign is fed to the device-specific fitter which applies the design to
the selected device (see Figure 5). Warp3 fitters support manual or
automatic pin assignments as well as automatic selection of D-type
or T-type flip-flops. After optimization and fitting are complete,
Warp3willcreate a JEDEC file (PLDs) or a LOF file (FPGAs) im-
plementing the users design.

Warp VHDL Files

C:\WARP3
[VHOL Files: [Warp Input Files:
counter2.vhd counter2.vhd
drink.vhd drink.vhd
mux21.vhd mux21.vhd
traffic.vhd
.vhd
*top.vhd

[Build: [ Selected Device:

c2z2vio

@® Compile Synthesize
O Compile Only

Figure 4. Compile/Synthesize Dialog Box

Warp Option

Devices: Opti 3 Output:
C342 O None X Create JEDEC File
c343 @ quick & Greate HEX File
gg:: O Large [0 create ViewSim Model
€371 I xoR
€372
€373 -
C374 Fitter:
gggf [ Force Flip-Flop Types
C381A O Use Dhype Form
C382 se Traype B
3824 O use "Thtype Form
C383 @ Use optimal D’ or ‘T Form
cg:aA O Force Polarity Optimization
C384 [J Assign PINs in Fitter
c3r O Force Logic Factoring

Run Options:

CY7C371-83JC 3

U Quiet Mode

Figure 5. Device Fitting/Routing Dialog Box

Automatic Place&Route

e Completely automatic place and route
— Includes timing back annotation into Viewsim

For Cypress FPGAs, the second phase of the design process is
called place&route. The place&route tools in Warp3 take the log-
ical design description from synthesis and applyit to the cells of the
targeted FPGA. Once placed, the programmable interconnect
channels are programmed to connect logic blocks as required by
the design. With Cypress FPGAs and Warp3, the place&route pro-
cess is 100% automatic. No tedious manual intervention or hand
tweaking is necessary. Once place&route is finished, Warp3 gener-
ates a netlist that is used to program the FPGA.

Automatic Error Locating

Of course, the compilation process may not always go as planned.
VHDL syntax errors should be identified and corrected in the pre-
synthesis functional simulation stage. During the compilation
phase Warp3will detect errors that occur in the fitting/place&route
process. Warp3 features automatic error location that allows prob-
lems to be diagnosed and corrected in seconds. Errors from com-
pilation are displayed immediately in a pop-up window. If the user
highlights a particular error, Warp3 will automatically highlight the
offending line in the entered design. If the device fitting or
place&route process includes errors, a pop-up window will again
describe them. Further, a detailed report file is generated indicat-
ing the resources required to fit the input design and any problems
that occurred in the process.

Simulation '

The laststep in the design process before programming is verifying
the timing of your design. For this, Warp3 includes the Viewsim
VHDL timing simulator. During compilation, delays that result
from fitting the input design are “written” into an internal file for
use by the Warp3 simulator. This information represents worst-
case path delays for the design as fit in the selected device. Delays
are based on the type of device and speed grade selected.

One of the ways to simulate is with the command-line interface to
Viewsim. From the command line, the designer can specify the
state of inputs (high, low, X, etc.) and watch how outputs behave
over a specified time frame. In this way users can easily step
through test cases and view the output results. Stimulus can be en-
tered from the command line or from a file.

Waveform Editor

A graphical method of simulation uses the Viewlogic waveform
editor, Viewtrace, in conjunction with Viewsim. With Viewtrace
users can input stimulus from a file or graphically via digital wave-
forms. Outputs are viewed as digital waveforms that reflect the
timing delays of the device as programmed. Viewtrace is interac-
tive, allowing modifications of the stimulus and re-simulation of
the results without re-running synthesis tools.

If user inputs violate device specifications the Warp3 simulator will
detect the violation and warn the user. For example, if an input
changesimmediately before a CLK rise (violating the device set-up
time) Warp3 willissue awarning and highlight the offendingsignal.
The same occurs for all other timing violations.

Programming

After the design is compiled and verified, the targeted device is
ready for programming. The program file generated in Warp3 (a
JEDEC file or LOF file) is used as input to a device programmer.
Cypress offers the Impulse3 programmer, based on Data I/O’s Chi-
pLab™ , that programs all Cypress PLDs and FPGAs. Alternative-
ly, customers can use any one of several qualified 3rd party pro-
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grammers from corporations like Data I/O, SMS and Logical

Devices.
System Requirements
PC Platform

80486-based IBM, PC

MicroSoft Windows V3.1 or higher
16 Mbytes of RAM

60-Mbyte Disk Space

1.44 Mbyte 3.5 inch floppy disk drive

Sun Platform

SPARC CPU

Sun OS 4.1.1 or later
Motif or OpenLook GUI
16 Mbytes of RAM

130 Mbytes of Disk Space
Cartridge Tape

Ordering Information

CY3130 Warp3 PLD Development System on the PC includes:

3 1/2-inch 1.44-Mbyte floppy disks
Warp3 Viewlogic hardware key
Warp3 User’s Guide

Warp3 Reference Manual
Registration Card

Document #: 38—00242—-C

CY3131[1] Warp3 PLD Development System on the PC (for cuz-
rent Viewlogic Users of Workview Plus) includes:

3 1/2-inch 1.44-Mbyte floppy disks

Warp3 User’s Guide

Warp3 Reference Manual

Registration Card

CY3135 Warp3 PLD Development System on a UNIX/SUN
Workstation includes:
Three Cartridge Tapes
1) Viewlogic Software
2) Warp3 Software
3) Viewlogic On-line Documentation
Warp3 User’s Guide
Warp3 Reference Manual
Registration Card

CY3136/2] Warp3 PLD Development System on a UNIX/SUN
Workstation (for current Viewlogic Users of Powerview) includes:
One Cartridge Tapes of Warp3 Software
Warp3 User’s Guide
Warp3 Reference Manual
Registration Card

Notes:

1. Thisis a “Bolt-in” Solution and requires the customer to be a current
User of Viewlogic’s Workview Plus S/W

2. Thisis a “Bolt-in” Solution and requires the customer to be a current
User of Viewlogic’s Powerview S/W.



Impulse3™

Features

o OEM version of Data I/O ChipLab™

e Programs all Cypress PROMs, EPROMs, PLDs, CPLDs, and
FPGAs

Modular for easy device-specific support
o Easy to use DOS-based, PC interface

New device support available with floppy disk software
change

DIP adapter included with base unit
Mouse-driven user interface

On-line documentation and device support list
One-year warranty

Dimensions of Impulse3 are 25 x25x 7.6 cmor 9.75x9.75x 3
in and the weight is 1.02 kg or 2.25 lbs.

Functional Description

Impulse3 is Cypress’s OEM version of the Data I/O ChipLab. It
provides programming support for all of Cypress’ programmable
devices. The programmer uses a DOS-based PC interface to pro-
vide an easily accessible programming environment. The PC’s par-
allel port is used to communicate with the programmer, and de-
vice-specific adaptersand driverstoensure thatyou get the specific
device support you need for your programming application.

Impulse3 uses industry standard JEDEC, HEX (for PROMs), and
LOF (for pASIC380) data format for programming and can be up-
graded by Data I/O to support products from other vendors.

Device Programer

System Requirements

The Impulse3 works withyour IBM compatible PC computer. The
minimum system requirements are:

o One free parallel port

¢ Minimum 2-MB extended memory

o Intel® 286 (not recommended), 386, 486 or Pentium™ pro-
cessor

o DOS version 3.3 or higher

o 5 MB of free hard disk space for the programmer drivers and
programs

o High Density floppy disk drive (3.5- or 5.25-inch)
o Microsoft®-compatible mouse

Device Support

Impulse3 supports all Cypress Programmable products. The base
unit (CY3500) supports DIP devices up to 44 pins. For other de-
vice/package combinations, anadapterisrequired. Inaddition, de-
vices over 44 pins require a high pin-count adapter (CY3501). The
Impulse3 products are sold modularly so that you can adapt them
to your specific device support needs.

Maximum Ratings

(Above which the useful life may be impaired. For user guidelines,
not tested.)

Input Voltage ................... 90 to 264 Vac, 48 to 63 Hz
Programmer Voltage .............. 24V (ACor DC) £10%
Programmer Current ........... AC=167A,DC=125A
Operating Temperature ...................... 0°Cto 40°C

Storage Temperature ..................... —40°Cto 55°C
Relative Humidity (Operating) ................ 20% to 80%
Relative Humidity (Storage) .................. 10% to 90%
Operating Altitude ....................... to 5,000 Meters
Storage Altitude ........................ to 15,000 Meters

Impulse3, Warp2, and Warp3 are trademarks of Cypress Semiconductor Corporation.

ChipLab, ABEL, and Synario are trademarks of Data 1/O.
CUPL is a trademark of Logical Devices.

PALASM is a trademark of Advanced Micro Devices.

MINC is a trademark of MINC.

Pentium is a trademark of Intel Corporation.

Intel is a registered trademark of Intel Corporation.
Microsoft is a registered trademark of Microsoft Corporation.
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Ordering Information

Impulse3

Part Number Description
CY3500 Impulse3 base unit and DIP adapter for all DIP packaged devices.
CY3501 Adapter for high pin count devices including pASIC380 and FLASH370 Family
CY3509 28-pin PLCC for CY7C34x
CY3511 44-pin PLCC PPI for the CY7C34x
CY3512 44-pin PLCC PPI for the CY7C37x
CY3513 44-pin PLCC PPI for CY7C38x
CY3514 68-pin PLCC PPI for CY7C34x
CY3515 68-pin PLCC PPI for CY7C38x
CY3516 84-pin PLCC PPI for CY7C34x
CY3517 84-pin PLCC PPI for CY7C37x
CY3518 84-pin PLCC PPI for CY7C38x
CY3s21 144-pin TQFP PPI for pASIC380 family
CY3522 100-pin TQFP PPI for CY7C37x
CY3523 100-pin TQFP PPI for pASIC380 family
CY3524 176-pin PGA PPI for CY7C34x, CY7C37x
CY3525 145-pin PGA PPI CY7C38x
CY3526 85-pin PGA PPI for CY7C34x
CY3527 85-pin PGA PPI for CY7C37x
CY3528 85-pin PGA PPI for CY7C38x
CY3529 69-pin PGA PPI for CY7C34x
CY3530 69-pin PGA PPI for CY7C38x
CY3535 100-pin PQFP PPI for CY7C34x
CY3536 84-pin PLCC for CY7C34x
CY3538 160-pin CQFP for CY7C37x, CY7C38x
CY3004A 28-pin LCC adapter for PAL22V10
CY3005 20-pin LCC adapter for PAL20, PALC20 families
CY3006A 28-pin PLCC adapter for PAL22V10
CY3007 20-pin PLCC adapter for PAL.20, PALC20 families
CY3008 28-pin LCC adapter for 265, 269, 330, 331, 332, 335
CY3009 28-pin PLCC adapter for 265, 269, 330, 331, 332, 335
CY3010 28-pin LCC adapter for 20G10, 20RA10
CY3011 28-pin PLCC adapter for 20G10, 20RA10
CY3014 24-pin SOIC adapter for CY7C251
CY3017 32-pin PLCC adapter for CY7C251
CY3019 24-pin CerPack adapter for 245, 261, 263, 291
CY3020 28-pin CerPack adapter for 251, 330, 331, 332, 271, 265
CY3021 20-pin CerPack adapter for PAL20, PALC20, families
CY3024 32-pin LCC adapter for 256, 266, 271, 274, 277, 279, 286
CY3027 32-pin LCC adapter for CY7C287
CY3043 32-pin PLCC adapter for CY7C201
CY3044 32-pin PLCC adapter for 256, 271, 266, 274, 277, 279, 286
CY3045 32-pin PLCC adapter for CY7C287

Document #: 38—00374
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Third-Party Tools
Third-Party Tools

Cypress Semiconductor provides a complete solution for PLD, CPLD, and FPGA development and programming with its Warp2™ and
Warp3™ development software and Impulse3™ device programmer. Additionally, a wide array of third-party tool vendors also provide
support for Cypress devices. These third-party tools are available directly from the third-party tool vendor.

The following vendors provide support for some of Cypress’s devices. Please contact the vendor directly for the most up-to-date informa-
tion on specific features and device support.

Programming Support Stag Microsystems Logical Devices Inc. (CUPL™)
1600 Wyatt Dr. 692 S. Military Trail
BP Microsystems Santa Clara, CA 95054 Deerfield Beach, FL 33442
1000 N Post Oak Road (408) 988—-1118 (305) 428—-6868
Houston, TX 77055-7237 STAG ZL32 Rev. 30A03 X . ~
(713) 6884600 Minc Incorporated (PLDesigner ™)
. 6755 Earl Rd.
Data 1/0 Corporation Third-Party Development Colorado Springs, CO 80918
10525 Willows Rd., N.E. Software (719) 5901155
P.O. Box 97046 i i
Redmond, WA 98073-9746 Data I/O Corporation (ABEL ™, Synario™) ~ OrCAD (OrCAD™)
(206) 881—6444 10525 Willows Rd. N.E. 3175 NW Aloclek Dr.
P.O. Box 97046 Hillsboro, OR 97124
Digelec Corporation Redmond, WA 980739764 (503) 690—9881
1602 Lawrence Ave. (206) 8816444 .
Suite 113 Synopsys (FPGA Compiler™,
Ocean, NJ 07712 Exemplar Logic, Inc (CORE™) Design Compiler™)
(201) 493_2420 2550 Ninth Street, Suite 102 700 E. Middlefield Rd.
Berkeley, CA 94710 Mountain View, CA 94043—-4033
P.O.Box 380 (510) 849-0937 (415) 962—5000
Herzliya, Israel X . . .
(97) 252-559615 ISDATA GmbH (LOG/iC™) ViewLogic Systems (Workview Plus™,
Haid-und-Neu-Strasse 7 Powerview ™, Proseries ™)
Logical Devices Inc. D—7500 Karlsruhe 1 293 Boston Post Rd. West
692 S. Military Trail Germany Marlboro, MA 01752
Deerfield Beach, FL 33442 (0721) 69 30 92 (508) 480—-0881
(305) 428—6868
. P.O. Box 19278
SMS Mikrocomputersysteme GmbH Oakland, CA 94619 Test and Prototype Sockets
Im Morgental 13, D—8994 Hergatz (510) 531—8553 A .
Germany 5018 . Yamaichi Electronics, Inc
(49) 7522-5018 (phone) Logic Modeling Corporation (408) 452-0797
(49) 75228929 (fax) (SmartModels ™) Nepenth
19500 NW Gibbs Dr. epentic
17411 NE Union Hill Rd. #100 PO Box 310 (800) NEPENTHE
Redmond, WA 98052 Beaverton, OR 97075 ;
(206) 8838447 (503) 6906900 o0 sommrog > e
Test Sockets:
Package Yamaichi Part Nepenthe Part

44 Pin PLCC 1C51-0444—400 PC1-044050-002
84 Pin PLCC 1C51-0844—-401 PC1-084050—003
100 Pin TQFP  IC51-1004—-809 QP1-100050—-048
160 Pin TQFP  IC51-1604-1350 QP1-160065—-010

Prototype Sockets:

Package Yamaichi Part

44 Pin PLCC TPL—-044-T-S—-100
84 Pin PLCC TPL—-084~-T-S—-100
100 Pin TQFP 1C149-100-025-S5

All trademarks are of their respective owners.
Document #: 38—00371
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Introduction

PLDs, or programmable logic devices, provide an attractive alter-
native to logic implemented with discrete devices. Cypress Semi-
conductor is in the enviable position of being able to offer PLDs in
several different process technologies, thus assuring our customers
of a wide range of options for leading-edge speed as well as very
low power consumption. Cypress optimizes the mix of technology
and device architecture to insure that the programmable logic re-
quirementsoftoday’shighest-performanceelectronicssystemscan
be fully supported by a single PLD vendor.

Cypress offers a wide variety of PLDs based on our leading-edge -

CMOS EPROM process technology. This technology facilitates
the lowest power consumption and the highest logic density of any
nonvolatile PLD technology on the market today, at speeds that
are as fast as state-of-the-art bipolar technology would provide.
Furthermore, these devices offer the user the option of device era-
sure and reprogrammability in windowed packages. Cypress also
offers a number of PLDs based on our state-of-the-art BICMOS
and bipolar technologies. These PLDs are targeted at applications
where power consumption and density are not as critical as lead-
ing-edge speed. Cypress offers PLDs based on CMOS Flash
technology. The ViaLink™ Technology provides OTP FPGAs
with high-speed and routability. Thus Cypress offers solutions for
state-of-the-art systems regardless of what the optimal balance is
between speed, power, and density for any particular system.

Programmable Technology
EPROM Process Technology

EPROM technology employs a floating or isolated gate between
the normal control gate and the source/drain region of a transistor.
This gate may be charged with electrons during the programming
operation, permanently turning off the transistor. The state of the
floating gate, charged oruncharged, is permanent because the gate
isisolated in an extremely pure oxide. The charge may be removed
if the device is irradiated with ultraviolet energy in the form of
light. This ultraviolet light allows the electrons on the gate to re-
combine and discharge the gate. This process is repeatable and
therefore can be used during the processing of the device, repeat-
edly if necessary, to assure programming function and perfor-
mance.

Two Transistor Cells

Cypress uses a two-transistor EPROM cell. One transistor is opti-
mized for reliable programming, and one transistor is optimized
for high speed. The floating gates are connected such that charge
injected on the floating gate of the programming transistor is con-
ducted to the read transistor turning it off.

BiCMOS and Bipolar Process Technology

In addition to CMOS, Cypress offers BICMOS TTL and bipolar
ECL I/O-compatible PLDs. The BICMOS devices offer the ad-
vantages of CMOS (high density and low power) and bipolar (high
speed). Both the BiICMOS and bipolar devices are one-time fuse
programmable. The fuses are Ti-W and are connected directly to
first metal. First metal is a reliable composite of Ti-TiW-AlSi-Ti to
ensure excellent electromigration resistance, eliminate contact
spiking, and minimize hillocking.

Flash Process Technology

The Flash cell is programmed in the same manner as the EPROM
cell, and is electrically erased via Fowler-Nordheim tunneling.
This next-generation PLD technology will combine a number of
key advantages for future Cypress PLDs. The principal advantages
will be leading-edge speed, low CMOS power consumption, and
electrical alterability for simplified inventory management. In
addition, Flash technology offers two inherent advantages for
PLDs over the commonly used full-features EE CMOS technolo-
gy. Oneisits superior migratability to higherlogic densities, due to
the smaller Flash cell size. The second s superior reliability, due to
the Flash cell’s higher immunity to voltage transients and the ac-
companying risk of data corruption.

PASIC™ Process Technology

Programmable devices implement customer-defined logic func-
tions by interconnecting user-configurable logic cells through a
variety of semiconductor switchingelements. The maximum speed
of operationis determined by the effective impedance of the switch
in both programmed, ON, and unprogrammed, OFF, states.

In pASIC380 devices, the switch is called a ViaLink element. The
ViaLink element is an antifuse formedin a viabetween the twolay-
ers of metal of a standard CMOS process. The direct metal-to-
metal link created as a result of programming achieves a connec-
tion with resistance values as low as 50 ohms. This is less than 5
percent of the resistance of an EPROM or SRAM switch and 10
percent of that of a dielectric antifuse. The capacitance of an un-
programmed ViaLink site is also lower than these alternative ap-
proaches. The resulting low RC time constant provides speeds two
to three times faster than older generation technologies.

In a ViaLink programmable ASIC device, the two layers of metal
areinitiallyseparated by aninsulating semiconductor layerwithre-
sistance in excess of 1 gigaohm. A programming pulse of 10 to 12
volts applied across the via forms a bidirectional conductive link
connecting the top and bottom metal layers.

Programming Algorithm—EPROM, BiCMOS and
Flash Technology

Byte Addressing and Programming

Most Cypress programmable logic devices are addressed and pro-
grammed on a byte or extended byte basis where an extended byte
is a filed that is as wide as the output path of the device. Each de-
vice, or family of devices, has a unique address map that is available
in the product datasheet. Each byte, or extended byte, is written
into the addressed location from the pins that serve as the output
pins in normal operation. To program a cell, a 1, or HIGH, is
placed on the input pin and a 0, or LOW, is placed on pins corre-
sponding to cells that are not to be programmed. Data is also read
from these pins in parallel for verification after programming. A1,
or HIGH, during program verify operation indicates an unpro-
grammed cell, while a 0, or LOW, indicates that the cell accessed
has been programmed.

Blank Check

Before programming, all programmable logic devices may be
checked ina conventional manner to determine that they have not
been previously programmed. This is accomplished in a program
verify mode of operation by reading the contents of the array. Dur-
ing this operation, a 1, or HIGH, output indicates that the ad-
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dressed cell is unprogrammed, while a 0, or LOW, indicates a pro-
grammed cell.

Programming the Data Array

Programming is accomplished by applying a supervoltage to one
pin of the device causing it to enter the programming mode of op-
eration. This also provides the programming voltage for the cells
to be programmed. In this mode of operation, the address lines of
the device are used to address each location to be programmed,
andthe data is presented on the pins normally used for reading the
contents of the device. Each device has a read/write pin in the pro-
gramming mode. This signal causes a write operation when
switched to a supervoltage and a read operation when switched to
alogic 0 or LOW. In the logic HIGH or 1 state, the device isin a
program inhibit condition and the output pins are in a high-imped-
ance state. During a write operation, the data on the output pins is
written into the addressed array location. In a read operation, the
contents of the addressed location are present on the output pins
and may be verified. Programming therefore is accomplished by
placing data on the output pins and writing it into the addressed
location. Verification of data is accomplished by examining the in-
formation on the output pins during a read operation.

The timing for actual programming is supplied in the unique pro-
gramming specification for each device.

Phantom Operating Modes

All Cypress programmable logic devices on the EPROM and BiC-
MOS technology contain a Phantom array for post assembly test-
ing. This array is accessed, programmed, and operated in a special
Phantom mode of operation. In this mode, the normal array is dis-
connected from control of the logic, and in its place the Phantom
array is connected. Innormal operation the Phantom array is dis-
connected and control is only via the normal array. This special
feature allows every device to be tested for both functionality and
performance after packaging and, if desired, by the user before
programming and use. The Phantom modes are entered through
the use of supervoltages and are unique for each device or family of
devices. See specific device datasheets for details.

Special Features

Cypress programmable logic devices, depending on the device,
have severalspecial features. For example, the security mechanism
defeats the verify operation and therefore secures the contents of
the device against unauthorized tampering or access. In advanced
devices such as the PALC22V10, PLDC20G10, and CY7C330, the
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macrocells are programmable through the use of the architecture
bits. Thisallows users to more effectively tailor the device architec-
ture to their unique system requirements. Specific programming is
detailed in the device datasheet.

Programming Algorithm—pASIC380 Family

The metal interconnections of pASIC devices can be considered as
avertical and horizontal grid of metal lines. Both ends of the metal
line grids are connected to internal shift registers which control the
connection of the end of the wire to the programming voltage,
ground, or an open. Non-contiguous wires are connected for pro-
gramming purposes by pass transistors, which are also controlled
by the shift registers.

Individual ViaLink fuses can be “addressed” by turning on various
pass transistors and (from the shift registers) driving the wires that
connect to both sides of the fuse to be programmed. Applying a
programming voltage (Vpp) to the device, the shift register con-
tents directs the voltage to the ViaLink fuse, which becomes pro-
grammed.

Once a fuse is programmed, it has shorted two wires of the wire
grid. This can cause other fuses to become “unaddressable.” For
this reason, fuses must be programmed in a specific order. This or-
dering is determined by the development tool. Programming is
achieved by loading the internal shift registers with the required
data and then applying the programming pulse for the fuse(s) tobe
programmed. The programming pulse is required to meet specific
timing and current limit specifications.

Entering the programming mode is accomplished by applying su-
pervoltages on specific pins. The shift registers are accessed in a
variety of modes which permit rapid programming as well as specif-
ic internal test features. These test modes allow complete testing
of devices during manufacture.

The unprogrammed device has all internal logic cell input gates in
the unconnected state. Consequently, applying Vcc to an unpro-
grammed device will cause large currents to flow that can cause ir-
reparable damage to the device. Under no circumstances should
Vcc be applied to an unprogrammed pASIC.

After the device is programmed, the test modes can also be used to
verify the device programming. The development tools provide
automatic test vector generation (ATVG). These vectors can be
used with appropriately equipped programmers to provide post
program testing.



Introduction

The Cypress pASIC380 family of very high
speed FPGAs is built by integrating the
ViaLink™ metal-to-metal antifuse pro-
gramming element into a standard high-
volume CMOS gate array process.

Reliability testing of pASIC™ devices is
partofacontinuous process to insure long-
term reliability of the product. It consists
of industry-established accelerated life
tests for basic CMOS devices plus addi-
tional stress tests. The addition of two
high-voltage life tests stresses the unpro-
grammed and programmed ViaLink ele-
ments beyond conventional CMOS reli-
ability testing.

Results to date, from the evaluation of
over 1700 pASIC devices from multiple
wafer lots, indicate that the addition of the
ViaLink element to a well-established
CMOS process has no measurable effect
on the reliability of the resulting product.
There have been no failures in 31 million
equivalent device hours of high-tempera-
ture operating life. The observed failure
rate is 0 FITs, and the failure rate at a 60%
confidence level is 29 FITs.

Process Description

The pASIC devices are fabricated using a
standard, high-volume 1-pym CMOS gate
array process with twin-well, single-poly,
and double-layer metal interconnect. This
technology has been qualified to meet
MIL-STD—-883C. Over 1.1 X 10° equiva-
lent device hours of operatinglife test have
been accumulated since volume produc-
tion began in 1989.

The technology employs a high-integrity
TiW —Al+Cu+TiW metal system that of-
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fers very low contact resistance through
the use of pTSi contacts, high resistance to
electromigration, and freedom from
stress-induced opens.[!]

The basic CMOS technologyl?] features
LDD-type transistors with a gate oxide
thickness of 200A. BPSG applied over the
polysilicon lines is reflowed after contact
formation giving a sloped entry for metal
one. The interlevel dielectric is planarized
with spin-on-glass. Vias are wet/dry
etched, giving sloped walls for good metal
two-step coverage. Interconnect metal
lines contain layers of TiW on both sides of
standard Al+Cu alloy.

The ViaLink element is located in an in-
termetal oxide via between the first and
secondlayersofmetal. Itiscreated by de-
positing a very high resistance silicon
filmin a standard size metal one to metal
two via. The silicon deposition is done at
low temperature and causesno change to
the properties of the CMOS transistors.
Whendepositedatlowtemperatures,sil-
icon forms an amorphous structure that
can be electrically switched from a high-
resistance state (=1 GQ) to a low-resis-
tance state (=50 GQ) for an off-to-on
ratio of 2x107. QuickLogic takes
advantage of this property to create the
ViaLink metal-to-metal antifuse pro-
gramming element (see Figure I).

The programming voltage of the ViaLink
element varies with amorphous silicon
thickness. For a desired programming
voltage between 10—12 volts, the thick-
ness of the amorphous silicon film is
approximately 1000A. This is ideal for
good processcontrol and minimizesthe ca-
pacitive coupling effect of an unpro-
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grammed element located between the
two layers of metal.

Amorphous silicon is deposited with
standard semiconductor manufacturing
equipment and processing techniques. In
addition to antifuse elements, it is used in
the high-volume fabrication of image
sensors, decode, and drive circuits for flat
panel displays, and high-efficiency solar
cells.

Failure Mechanisms in the
pASIC Device

A variety of failure mechanisms exists in
CMOS integrated circuits. Since the over-
all failure rate is composed of various fail -
ure mechanisms, each having different
temperature dependence and thus varying
time-temperature relationships, it is im-
portant to understand the characteristics
of each contributing failure mechanism.
Table 1 lists nine key failure mechanisms
that have been characterized for standard
CMOS devices, plus the two mechanisms
for the programmed and unprogrammed
ViaLink elements.

Various accelerated life tests are used to
detect the possible contribution of each
mechanism to the overall failure rate of the
device. Failure rate data taken at elevated
temperature can be translated to a lower
temperature through the Arrhenius equa-
tion. This equation, inthe form of an accel-
eration factor, Ag, can be written as

Ar = exp[—Ey/k(1/Ts — 1/Ty)] Eq.1
where Ty is the stress temperature, Ty, is the
operating temperature of the device, E, is

the activation energy for that mechanism,
and k is the Boltzmann constant.

Figure 1. Cross Section of a ViaLink Antifuse

ViaLink and pASIC are trademarks of QuickLogic Corp.
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Table 1. Failure Mechanisms That May Be Operative in pASIC Devices

Failure Mechanism tso Dependence

Activation Energy (E,) Detection Tests

Insulator breakdown
(leakage, opens)

exp(—P/E) value of § depends
on the dielectric and may be
temperature dependent.

Approx. 0.3 eV for SiO,
and dependent on E

High-voltage operating life test
(HTOL)

(VT and gpy, shifts)

Parameter shifts due to con- exp(E4/kT) (Arrhenius) 1.0eV High-temperature bias

tamination (such as Na)

Silicon defects (leakage, etc.) | Arrhenius 05eV High-voltage and guard-
banded tests

Metal line opens from electro- | Wt exp(E,/kT) Approx. 0.7 eV for Al+Cu | HTOL

migration i alloys

Masking and assembly defects | Arrhenius 05eV High-temperature storage and
HTOL

Shorts channel charge trapping | g, = exp(—AE) Approx. —0.06 eV Low-temperature, high-voltage

operating life test

Stress-induced open metal (op-

WP exp (E,/kT) (m and p
erative only on non-clad metal

range from 1.3 to 4.7)

0.6 to 1.4 eV (E, difficult
to reproduce)

Temperature cycling

systems)

Open metal from electrolytic | (%RH)™*> exp(E,/kT) 0.3t0 0.6 High-temperature/
corrosion high-humidity/bias test
Wire bond failure from 1/(Dt)Y2 where D = 0.7eV HTOL

excessive gold-aluminum Doexp(E4/kT)

interdiffusion

Unprogrammed ViaLink exp(—BE) OeV High Vc static life test
Programmed ViaLink exp(—PJ) Approx. 0 eV High V¢ operating life test

In Table 1, t5o is the mean time to failure, E is the electric field, E
is the activation energy, k is the Boltzmann constant (8.62 x 10~
eV/°K), W is the metal width, t is the metal thickness, J is current
density, gn, is transconductance, Vris the threshold voltage, Aisa
constant, m and p are constants, Tis the absolute temperature, RH
is the relative humidity, and D is the diffusion constant.

Accelerated Life Tests on 7C382

The purpose of a life test is to predict the reliability and failure rate
of adevice. However, a device operating under normal operating
conditions would require years of testing to determine its long-
term reliability. Methods of accelerating failures developed in the
industry allow accurate prediction of a device life time and failure
rate in a much shorter time duration. Accelerated stress tests are
run at high temperature, high voltages, or a combination of both.
Table NO TAG contains the results of the tests performed on a pro-
grammed 7C382, where approximately 3500 ViaLink elements
were programmed and about 75,000 ViaLink elements were left
unprogrammed. These numbers are typical for a fully utilized de-
vice.

Afailure is defined as any change in the DC characteristic beyond

the datasheet limits and any measurable change in the AC perfor-
marnce.

The overall reliability of the 7C382 devices as indicated by the re-
sults of the tests shown in Table NO TAG is 29 FITs with a 60%
confidence.

Details of each of the tests of Table 2 are given in the following sec-
tions. The failure mechanisms specific to the ViaLink antifuse ele-
ment are described in detail. All tested devices were in the 68-lead
plastic leaded chip carrier (PLCC) package.

Standard CMOS Tests and Results

HTOL is the life test that operates the device at a high Vcc and
high temperature. This testis used to determine the long-term reli-
ability and failure rate of the device in the customer environment.
The specific condition of this test is defined by the MIL—
STD—883C Quality Conformance Test. The devices are operated
at5.5V and 125°Cfor 1000 hours. The acceleration due to temper-
ature can be calculated by using Equation 1, assuming an average
activation energy of 0.7 eV and an operating temperature of 55°C.
The observed failure rate in FITs is

Failure Rate = (failures) X (109 device-hrs)/(total
equivalent device-hrs) Eq.2
The generally reported failure rate is a 60% confidence level of the
observed FITs. The failure rate at this confidence level is calculated
using Poisson statistics since the distribution is valid for a low fail-
ure occurrence in a large sample.

The acceleration factor from Equation 1,for 55°Cand E, = 0.7¢V
is 78. Therefore, from the results shown in Table 3, the 7C382 has
been operating for more than 31 million equivalent device hours
without a failure. The observed failure rate is O FITs and the failure
rate at a 60% confidence levels is 29 FITs.
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Table 2. Results of Accelerated Life Tests on the 7C382
Process Qual. Acceptance Require-
Test ments Test Results

HTOL, 1,000 hrs, 125°C, Ve = 5.5V, MIL~-

STD-883C, Method 1005 confidence

<100 FITs @ 55°C, E, = 0.7 €V, 60%

0 observed FITs, 29 FITs at a 60%
confidence, 40 units from 4 lots

High-temperature storage, 1,000 hrs., 150°C,
unbiased

<1% cumulative failures per test

0%, 105 units from 3 lots

THB, 1,000 hrs., alternately biased, 85% R.H.,
85°C, JEDEC STD 22—B, Method A101

<1% cumulative failures per test

0%, 300 units from 3 lots

Temperature cycle, 1,000 cycles, —65°C to
150°C, MIL—STD—883C, Method 1010

<1% cumulative failures per test

0%, 110 units from 4 lots

Thermal shock, 100 cycles, ~65°C to 150°C,
883C, Method 1011

<1% cumulative failures per test

0%, 105 units from 3 lots

Pressure Pot, 168 hrs., 121°C, 2.0 atm., no bias

<1% cumulative failures per test

0%, 105 units from 3 lots

High V¢ static life, 1,000 hrs., 25°C, Ve =

<20 FITs due to unprogrammed

0 observed FITs, 363 units from 5 lots

7.0V static ViaLink element, A¢ = 130
High Vcc dynamic life, 1,000 hrs., 25°C, Vee | <20 FITS due to programmed 0 observed FITs, 300 units from 3
= 6.0V, 15 MHz ViaLink element, As = 380 lots, 1 failure not related to ViaLink

element

Table 3. Results of High-Temperature Operating Life Test
(Vee = 5.5V, Temp. = 125°C, f = 1 MHz, 68-Lead PLCC)

Failures @ Hours
Fab Lot Quantity 168 500 1,000
18362 100 0 0 0
19194 100 0 0 0
19618 100 0 0 0
20454 100 0 0 0

High-Temperature Storage

High-temperature storage test is a 150°C, 1,000-hour, unbiased
bake. This test accelerates failures due to mobile charge, such as
sodium. The results in Table 4 demonstrate the stability of the pro-
grammed and unprogrammed ViaLink element and the long-term
shelf life of the 7C382.

Table 4. Results of High-Temperature Operating Life Test
(Vee = 5.5V, Temp. = 125°C, f = 1 MHz, 68-Lead PLCC)

Failures @ Hours
Fab Lot Quantity 168 500 1,000
18362 35 0 0 0
19194 35 0 0 0
19390 35 0 0 0

Temperature, Humidity, and Bias (85/85)

The temperature, humidity, and bias test is performed under
severe environmental conditions. The device is exposed to a
temperature of 85°C and a relative humidity of 85% for 1,000
hours, which the pins are alternately biased between 0 and 5.5 volts
(JEDEC STD 22—-B). This test is effective at detecting corrosion
problems, while also stressing the package and bonding wires.
Table 5 shows that the 7C382 had no failures.

Table 5. Results of Temperature, Humidity, and Bias Test
(85% R.H., Temp. = 85°C, pins alternately biased at 5.5V,

68-Lead PLCC)
Failures @ Hours
Fab Lot Quantity 168 500 1,000
19194 100 0 0 0
19618 100 0 0 0
19454 100 0 0 0
Temperature Cycle Tests

The temperature cycle test stresses the packaged part from —65°C
to 150°C for 1,000 cycles. The air-to-air cycling follows the
MIL-STD —-883C Quality Conformance Test. This test checks for
any problems due to the thermal expansion stresses. The plastic
package, lead frame, silicon die, and die materials expand and
contract at different rates. This mismatch can lead to cracking,
peeling, or delamination of the high-stress layers. The results in
Table 6 show that the 7C382 had no failures.
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Table 6. Results of Temperature Cycle Test
(85% R.H., Temp. = 85°C, pins alternately biased at 5.5V,
68-Lead PLCC)

Failures @ Hours
Fab Lot Quantity 250 500 1,000
16921 5 0 0 0
18362 35 0 0 0
19194 35 0 0 0
19618 35 0 0 0
Thermal Shock Tests

The thermal shock test cycles the packaged part through the same
temperatures as the temperature cycle test except that the cycling
is done from liquid to liquid. The temperature change is nearly
instantaneous in this case. The rapid temperature change can
result in higher stresses in the package and lead frame. The results
in Table 7 show that the 7C382 had no failures.

Table 7. Results of Thermal Shock Test
(Liquid to Liquid, —65°C to 150°C, 68-Lead PLCC)

Failures @ Cycle
Fab Lot Quantity 100
18362 35
19194 35
19618 35

Pressure Pot Tests

The pressure pot test is performed at 121°C at 2.0 atmospheres of
saturated steam with devices in an unbiased state. This test forces
moisture into the plastic package and tests for corrosion in the
bonding pads and wires that are not protected by passivation. Cor-
rosion can also occur in passivated areas where there are micro
cracks or poor step coverage 7C382 had no failures, as shown in
Table 8.

Table 8. Results of Pressure Pot Test
(Pressure = 2.0 atm., Temp. = 121°C, no bias, 68-Lead PLCC)

Failures @ Hours
Fab Lot Quantity 48 96 168
18362 35 0 0 0
19194 35 0 0 0
19618 35 0 0 0

ViaLink Element Reliability Tests and Results

The ViaLink antifuse is a one-time programmable device. In the
unprogrammed state it has a resistance of greater than one gi-
gaohm and capacitance of less than one femtofarad.

The application of a programming voltage across the antifuse
structure, above a critical level causes the device to undergo a
switching transition through a negative resistance region into a
low-resistance state. The magnitude of the current allowed to flow
in the low-resistance state, the programming current, is predeter-
mined by design. A link of tungsten, titanium, and silicon alloy is
formed between metal one and metal two during the programming
process.

The link has a metallic-like resistivity of the order of 500 micro-
ohms-cm and is responsible for the low 50-ohm resistance thatis a
unique characteristic of the ViaLink antifuse.

The link forms a permanent, bidirectional connection between two
metal lines. The size of the link, and hence the resistance, depends
on the magnitude of the programming current. Figure 6 shows the
relationship between programming current and programmed link
resistance. Figure 3 shows the distribution of link resistance for a
fixed programming current.

Unprogrammed ViaLink Element Reliability

Reliability studies on an antifuse that can exist in two stable resis-
tance states, must focus on the ability of an unprogrammed and a
programmed device under stress to remain in the desired state. In
the context of standard IC testing, the antifuse should be stressed
under conditions similar to those for a dielectric (in the unpro-
grammed state) and for a conductor (in the programmed state).

For ViaLink elements in the unprogrammed state, the tests must
determine theirability towithstand applied voltages over the range
of operating conditions without changing resistance or becoming
programmed. Amorphous materials might be expected to show
gradual changes in resistance as a result of relaxation or annealing.
Reliability studies have been designed to explore these effects.

When a ViaLink element is stressed at high electric fields, its resis-
tance can decrease from the initial 1 GQ value. The reliability test-
ing program examined the time for the resistance to reach 50 MQ
at different stress fields. Figures 4 and 5 illustrate that because of
time constraints ( =500 years), it is impossible to detect this effect
at normal operating fields in systems.

The pASIC device is designed to operate withresistance of the un-
programmed ViaLink element from S0 M, the pASIC product
would remainwithin the guaranteed speed and standbyIccspecifi-
cations.

Figure 4 shows the time required for a ViaLink element to reach 50
MQ undervariousapplied electricfields at different temperatures.
The time required for the change isnot accelerated by temperature
over the studied range of electric fields. The activation energy, E,,
for this process is zero.

Figure 5 shows the time required for a ViaLink element to reach 50
MQundervariouselectricfield stresses. Arange ofamorphoussili-
con thicknesses have been included in this chart. The data can be
modeled using the equation

tsome = toexp(—BE) Eq.3
where the time to 50 MQ decreases exponentially with increasing
applied electric field. The constant tg is 3x101% seconds and the
field acceleration factor, B, is 20 cm/MV. The model is valid for
electricfields, E, below 1.6 MV/cm. Above this field, programming
occurs. The electric field for 5.0 volt Vcc operation with a typical
amorphous silicon thickness is 0.61 MV/cm, which extrapolates
tsomo to 1.5x101g seconds, or 500 years. The time to S0 MQ for the
worst-case amorphous silicon thickness and operating at worst-
case V¢c is in excess of 30 years.
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The high field effect is both predicable and reproducible. This
effect is_inherent to the amorphous silicon in the ViaLink
element[3]. The pASIC device hasbeen designed to operate where
the effect is minimized and has no impact on the reliability of the
pASIC device.

Accelerated Stress Tests for Unprogrammed ViaLink Elements

The high field effect is created in the packaged 7C382 device
through a high V¢ static life test. This test stresses the unpro-
grammed ViaLink element with a V¢ = 7.0 volts for 1000 hours.
Over 360 7C382 devices from four lots have been tested. This
condition stresses over 20,000 unprogrammed ViaLink elements
in each 7C382. The failure criteria for the pASIC device for this
test is the same as that of the previous tests, with emphasis placed
on the standby Icc, which increases as the resistance of the unpro-
grammed ViaLink element decreases. The acceleration factor for
this stress is calculated by using Equation 3 to find the ratio of the
tsom for E = 0.61 MV/cm at S volts and E = 0.85 MV/cm at 7 volts.
This test has an acceleration factor = 130 for the unprogrammed
ViaLink element. The test results in Table 9 show that no device has
failed this stress in more than 73 million equivalent device hours.
Life tests continue to run; two lots have reached 1,500 hours, and
one lot has exceeded 3,500 hours.

Table 9. Results of High V¢ Static Life Test
(Vee = 7.0V Static, Temp. = 25°C, 68-Lead PLCC)

Fab Lot Quantity Failures Total Hours
16558 14 0 3,650
18362 39 0 1,907
19194 110 0 1,756
19618 101 0 1,456
20454 100 0 1,000

Programmed ViaLink Element Reliability

The reliability tests on the programmed ViaLink element must
demonstrate the stability of the link resistance in the programmed
state. While an increase in resistance of the programmed device
may not be catastrophic, a higher resistance can affect the device
operating speed. Because the programmed ViaLink element has
become part of the on-chip interconnect, reliability tests should be
similar to those that are normally used to validate the integrity of
metal interconnects.

In operation, the programmed ViaLink elements are subjected to
capacitive switching current of the interconnect network. They do
not experience any DC current or voltage (see Figure 6). Each
switching pulse forcesacapacitive charging current to flow through
programmed ViaLink elements into the network on the rising
edge, and an opposite, or discharging current, to flow on the falling
edge. Each cycle is analogous to a read pulse for a memory device.
A 10% change in resistance was set as the read disturb criteria for
the ViaLink element. The typical impedance of a network is about
500Q with the programmed ViaLink element contributing 502 A
10% increase in the ViaLink resistance will increase the network
impedance by approximately 5 or 1%. Thisincrease in resistance
will increase a network delay in the pASIC device by about the
same proportion.

Programmed ViaLink elements were stressed under severe
capacitive currents. ACstresses rather than DC stresses were used
to accelerate the failures for closer correlation with actual
operation. The mean number of read cycles to disturb, Ns, for
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Figure 6. Switching of Programmed ViaLink Antifuse

various temperatures were found to be identical. The absence of
temperature dependence indicates an E, = 0. Figure 7 shows the
acceleration of the read disturb at high AC current densities
through the programmed ViaLink element. Thus, the number of
cycles to disturb can be modeled as

Nso = Noexp(—PJ) Eq. 4
where Ng = 7x1041 cycles is a constant, P = 1.2 cm%/mA is the cur-

rent density acceleration factor, and Jisthe peak AC current densi-
ty through the link.

The 7C382is designed to operate at worst-case AC current density
of 40x10% A/cm?. The Nsg for this condition is 1x102! cycles. The
failure rate can be calculated using the cumulative density F(t),

F(t) = ¢ In [N/Nsp/0] Eq.5
The failure distribution can be determined by plotting the data on
alognormal probability scale versus the log of the number of cycles

to failure (see Figure 8). The shape parameter, g, is In(N5¢/N1g) =
2.5.

High AC current density occurs at low frequencies where there is
sufficient time for the network to be fully charged or discharged. At
frequencies above S0MHz, AC current through a ViaLink element
decreases due to incomplete charging and discharging cycle. The
worst-case pattern in a programmed pASIC has less than 150
ViaLink elements operating at 40x10% A/cm2. Most of the
programmed ViaLink elements operate at much lower current
densities. Using Equation 5, the cumulative failure rate for the
ViaLink element operating at 40x106 A/em? for 1.6x1016 read
cycles (equivalent to continuous operation at 50 MHz for 10years)
is 0.6 parts per million. This failure rate for the pASIC device is 90
parts per million operating under worst-case condition for 10
years. The failure rate of the programmed ViaLink element would
contribute 1 FIT to the overall failure rate of the pASIC device.

Accelerate Stress Tests for Programmed ViaLink Elements

The high Ve dynamic life test stresses the 7C382 with Ve = 6.0
volts at 15 MHz for 1,000 hours. This test stresses the programmed
ViaLink elements at 45x106 A/em? for 5.4x1013 cycles. The accel-
eration factor, calculated from Equation 4,is380. This testisequiv-
alent to 2.0x10"6 switching cycles, or continuous operation under
worst-case condition at 50 MHz for 12 years. Three hundred
7C382 devices from 3 lots have been stressed. The failure criteriais
the same as previously described, with emphasis placed on careful
monitoring of AC performance. Test results in Table 10 show that
there have been no failures of the programmed ViaLink elements
in over 34 million equivalent device hours.

6-9
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Table 10. Results of High Vcc Dynamic Life Test
(Vec = 6.0V, Temp. = 25°C, 15 MHz, 68-Lead PLCC)

Failures @ Hours
FabLot | Quantity 168 500 1,000
19194 100 0 0 0
19618 100 101 0 0
20454 100 0 0 0
Note:

1. Icc failure. Not a ViaLink element related failure. Failure analysis
revealed a particle under M2 causing a short.
One failure, which was not associated with the ViaLink element,
was observed during this test. Failure analysis on this part revealed
a particle under the second metal that caused a short. This failure
was due to an oxide defect and is highly accelerated by voltage
stress. This device, which failed at the 6.0-volt stress, may not have
failed had it been subjected to the standard 5.5-volt HTOL stress.

Conclusion on Life Tests

The testing reported here establishes the reliability of the 7C382.
No failures have been observed in 31 million equivalent device

Document #: 38—00375

hoursof high-temperature operatinglife. The observed failure rate
is 0 FITs and the failure rate with a 60% confidence is 29 FITs. The
acceleration factors that can lead to the degradation of the pro-
grammed andunprogrammed ViaLink elementswerestudied. The
pASIC devices are designed to operate at voltages and currents
where the failure rate of the ViaLink element does not measurably
increase the failure rate of the pASIC device above that of normal
CMOS products.
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Power Characteristics of Cypress Programmable
Logic Products

This application note presents and analyzes the
power dissipation characteristics of Cypress pro-
grammable logic products. The knowledge and
tools presented here will help you manage power
when using Cypress CMOS products.

Design Philosophy

The design philosophy for all Cypress products is to
achieve superior performance at reasonable power
dissipation levels. The CMOS technology, circuit
design techniques, architecture, and topology are
carefully combined to optimize the speed/power
ratio.

Power Dissipation Sources

Power is dissipated both inside and outside ICs. The
internal and external power have a quiescent (or
DC) component and a frequency-dependent com-
ponent. The relative magnitudes of each depend
upon the circuit design objectives.

In circuits designed to minimize power dissipation
at low to moderate performance, the frequency-
dependent component is significantly greater than
the DC component. In the high-performance cir-
cuits designed and manufactured by Cypress, the

. frequency-dependent power component is much
lower than the DC component. This is because a
large percentage of the internal power is dissipated
in linear circuits such as sense amplifiers, bias gen-
erators, and voltage/current references, which are
required for high performance.

Frequency-Dependent Power

CMOS circuits inherently dissipate significantly less
power than either bipolar or NMOS circuits. The
ideal CMOS circuit has no direct current path be-
tween Ve and Vgg. In circuits using other technol-
ogies, such paths exist, and DC power is dissipated
while the device is in a static state.

The principal component of power dissipation in a
power-optimized CMOS circuit is the transient
power required to charge and discharge the capaci-
tances associated with the inputs, outputs, and inter-
nal nodes. This component is commonly called CV?2
power and is directly proportional to the operating
frequency, f.

The charge, Q, stored in a capacitor, C, that is
charged to a voltage, V, is given by the equation:

Dividing both sides of Equation 1 by the time re-
quired to charge and discharge the capacitor (one
period, or T) yields:

Qo Cv

T T Eq.2

By definition, current (I) is the charge per unit time
and

r=1
Therefore,
I=Cvf Eq.3

The power (P = VI) required to charge and dis-
charge the capacitor is obtained by multiplying both
sides of Equation 3 by V:
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P =VI=CV¥ Eq. 4
It is standard practice to assume that the capacitor
is charged to the supply voltage (Vcc), so that

P=Vel=CVef Eq.5
The total power consumption for CMOS systems
depends upon the operating frequency, the number
of inputs and outputs, the total load capacitance, the
internal equivalent (device) capacitance, and the
static (quiescent) or standby power consumption.
In equation form:

Py = [CogFivr + CrondF laad]VCC2 +

LieseentVee = IccVee Eq. 6
The first four quantities are frequency dependent,
the last is not. This same equation can be used to de-
scribe the power dissipation of every IC in the sys-
tem. The total power dissipation is then the algebra-
ic sum of the individual components.

The relative magnitudes of the various terms in the
equation are device dependent. Note that Equation
6 must be modified if all of the internal nodes or all
of the outputs are not switching at the same fre-
quency.

Transient Power

Cypress devices incorporate N-well CMOS invert-
ers that can affect the devices’ transient power con-
sumption. In an ideal N-well CMOS inverter, the P-
channel pull-up transistor and the N-channel
pull-down transistor (which are in series with each
other between V¢ and Vgg) are never on at the
same time. Thus, there is no direct current path be-
tween Ve and ground, and the quiescent power is
very nearly zero.

In the real world, when the input signal makes the
transition through the linear region (i.e., between
logic levels), both the N-channel and P-channel
transistors are partially turned on. This creates a
low-impedance path between V¢ and Vgg whose
resistance equals the sum of the N- and P-channel
resistances.

Calculating Power for the pASIC380

Since the pASIC380 family of devices is program-
mable, determining active power is difficult in that
it is dependent on the functions implemented in the
pASIC and the frequency of the internal nodes. To
obtain a reasonably accurate estimate of the power
consumption for a particular pASIC™ design, a cal-
culation must be made that sums the power for each
contributor in the device. This section presents the
details of how this is accomplished.

Static Power

The pASIC family of devices does not have sense
amplifiers, but they do have an internal bias genera-
tor, which typically uses about 2 mA for the 5-volt
versions. This current is less for the 3-volt versions.
The worst case static current is 10 mA for all
pASIC380 devices.

Active Power

Active power arises from the energy required to
move charge in and out of the load capacitances on
the CMOS gates. A simple model of this is shown
in Figure 1. The capacitance is composed of the in-
trinsic capacitance of the gate, the interconnect wire
capacitance to ground, and the input capacitance of
the gates to which the driving gate is connected. For
the purpose of the model, the capacitance is lumped
into the one capacitor in Figure 1.

The calculation can be a consuming task. Eachlogic
cell contains multiple gates each toggling at differ-
ent average frequencies. Each logic cell can be con-
nected to the inputs of other logic cells through vari-
ous types and lengths of interconnect wires. With
several thousand gates in the device, a power cal-
culation based on the simple model is not a useful
approach. A simplification is obtained by attribut-
ing an average capacitance to elements easily identi-
fiable by the user.

These elements are:

e logic cell

e input buffer

o output buffer (unloaded externally)
o loads on high drive input buffers
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express interconnect wire
o clock input buffer

clock distribution (internal column) buffer
o clock load

These elements are identified in Figure 2, which is an
architectural representation of the pASIC family
devices. Three of the elements in this list are explic-
itly identified load capacitances: loads on high drive
input buffers, express interconnect wires, and clock
loads. The average capacitances for each of these
elements may not be directly due to a named ele-
ment but will include interconnect wire capacitance
and loads the element is connected to (given some
average fanout). The capacitances for these ele-
ments will be referred to as an equivalent capaci-
tance to reflect this averaging and the fact that the
capacitance includes loads not necessarily in that
particular element.

The equivalent capacitances are derived from em-
pirical data to insure accuracy. Moreover, the mea-

GATE

surements verify the averaging process and they
verify the way the capacitances are attributed to the
various elements. The equivalent capacitances for
all the elements are given in Zable 1 for various aver-
age frequencies from 10 to 100 MHz. The equiva-
lent capacitances are also plotted vs frequency in
Figure 3. Given this data, the user only needs to
know how many of each of these elements are used
and their average frequency in order to estimate the
power consumption. Not all elements are included
in all members of the family. The individual data-
sheets should be consulted for further details.

With the capacitance in pF, the frequency in MHz,
and the resulting power in mW, the power equation
can be expressed as

Pnw = CgoVecf 1073

This equation is in a form for practical use. The
equivalent capacitance values, Cgq, are obtained
form the table or curves for the frequency of in-
terest.

LOAD
CAPACITANCES

=

I
1| ol

INTRINSIC
CAPACITANCE

WIRE

CAPACITANCE

o o] 1

ACTUAL CIRCUIT CAPACITANCES

GATE

:D—[-D—

LUMPED
CAPACITANCE

CIRCUIT MODEL

Figure 1. Capacitances in CMOS Circuits
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