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GAL PRODUCT INDEX

Commercial Grade Devices

DEVICE PINS t,, (ns) l.c (MA) DESCRIPTION PAGE
GAL16V8A/B 20 | 7.5,10,15,25 | 55,90,115 | E?CMOS 20-Pin PAL Superset 2-1

GAL20V8A/B 24 | 7.5,10,15,25 | 55,90, 115 | E2CMOS 24-Pin PAL Superset 2-25
GAL18V10 20 15, 20 115 E2CMOS Universal PLD 2-49
GAL22V10/B 24 | 7.5,10, 15,25 | 90, 130, 140 E2CMOS Universal PLD 2-63
GAL26CV12/B | 28 10, 15, 20 130 E2CMOS Universal PLD 2-81

GAL20XVv10B 24 10, 15, 20 90 E2CMOS Exclusive-OR PLD 2-101
GAL20RA10 24 12, 15, 20, 30 100 E2CMOS Asynchronous PLD J 2-117
GAL6002B 24 15, 20 135 E2CMOS FPLA 2-131

GAL6001 24 30, 35 150 E?CMOS FPLA 2-147

Industrial Grade Devices

DEVICE PINS t,, (ns) lec (MA) DESCRIPTION PAGE
GAL16V8A/B 20 10, 15, 20, 25 65, 130 E2CMOS 20-Pin PAL Superset 2-1
GAL20V8A/B 24 10, 15,20, 25 65, 130 E2CMOS 24-Pin PAL Superset 2-25
GAL18V10 20 20 125 E2CMOS Universal PLD 2-49
GAL22V10B 24 15, 20, 25 150 E2CMOS Universal PLD 2-63
GAL26CV12/B 28 15, 20 150 E2CMOS Universal PLD 2-81
GAL20XV10B 24 15, 20 110 E2CMOS Exclusive-OR PLD 2-101
GAL20RA10 24 20 120 E2CMOS Asynchronous PLD 2-117

MIL-STD-883 Grade Devices

DEVICE PINS t., (ns) I (MA) DESCRIPTION PAGE
GAL16V8A/B 20 |10, 15,20, 25,30| 65, 130 E2CMOS 20-Pin PAL Superset 3-5
GAL20V8A 24 15, 20, 25, 30 65, 130 E2CMOS 24-Pin PAL Superset 3-13
GAL22v10/B 24 15, 20, 25, 30 150 E2CMOS Universal PLD 3-19
GAL26CV12 28 20, 25 160 E2CMOS Universal PLD 3-27
GAL20RA10 24 20, 25 120 E2CMOS Asynchronous PLD 3-33




Lattice appreciates your interest in our industry leading GAL® product line.

Our 1992 GAL Data Book contains the world's highest performance
CMOS programmabile logic solutions, as well as innovative new device
architectures. The GAL product line, offered in low power
reprogrammable E2CMOS technology, obsoletes virtually all PAL® parts.

In addition, Lattice offers the new pLSI and ispLSI product families, the
world's highest performance and most flexible high-density PLD solution.
Please contact a Lattice representative to obtain our pLSI and ispLSI Data
Book.

We look forward to satisfying all of your programmable logic requirements.

Sincerely,

Steven Lau
Vice President and General Manager







GAL Data Book

1992

Lattlce



Copyright © 1992 Lattice Semiconductor Corporation

GAL, E2CMOS and UltraMOS are registered trademarks of Lattice Semiconductor Corporation.
pLSI, ispLSl, pDS, Generic Array Logic and Latch-Lock are trademarks of Lattice Semiconductor Corporation.

All brand names or product names mentioned are trademarks or registered trademarks of their respective holders.

Products discussed in this literature are covered by U.S. Patents No. 4,761,768, 4,766,569, 4,833,646, 4,852,044,
4,855,954, 4,879,688, 4,887,239 and 4,896,296 issued to Lattice Semiconductor Corporation, and by U.S. and foreign
patents pending.

LATTICE SEMICONDUCTOR CORP.
5555 Northeast Moore Court
Hilisboro, Oregon 97124 U.S.A.

Tel.: (503) 681-0118

FAX: (503) 681-3037

TELEX 277338 LSC UR




Section 1: Introduction to Generic Array Logic

Introduction to Generic Array LOGIC .........cccceceiveinuennuccnnsssensneensensisnasenns 1-1
Section 2: GAL Datasheets
GALTBVBA/B........oceeririiriiiiiisssisessses s st ss s ssassssassssssesssssnens 2-1
GAL20VBA/B.........coceerirircrie st sssssssssssssssssssassssssssss e st saissssssssssnssnasns 2-25
GAL22VI0/B ......oeeeerereerirertesessesseesessssessssesssessaseestssnsnesassasssesassasan 2-63
GAL2BCVI2/B........cooirrininininiiinisssisnsssisssssssssisesssssesssssssssssssseans 2-81
GAL20XV10B..........ccceuuene iierenisninsiensinsnsetiesinsasissasisssesiseaitirenararsrsssarases 2-101
GAL20RATO .....ooiieirtrrnitisitssnsesssssssssssesssiessssnseseast st asssssssssassssennasness 2-117
GALBOOZB........c.ooiiiirineicsniss s sssssssssssss e sss s e e s s st s asanssanane 2-131
GALBOOT .....oreaeiiicnrrserseenesesisssssessssssssssssontinssnssssisrassnssnessasssnasanases 2-147
Section 3: GAL Military Products
Military Program OVEIVIEW ............ccccevievenininnnnicesioinnnnnenssssnnnssssssensesens 3-1
Military Ordering Information ............ceccovinviniiinnnnnnnncnnenes 3-3
GAL16V8BA/B Military Datasheet ...............ccceceevirnnnieneniinccnnnnenccreennes 3-5
GAL20V8A Military Datasheet..............cccccovueeirienireriscernennnnssisceessannnes 3-13
GAL22V10/B Military Datasheet............ccccevierercerninnniersnsnneecsnennenannene 3-19
GAL26CV12 Military Datasheet .............ceeveeeniinniinnicrncscinninnsesnenennenne 3-27
GAL20RA10 Military Datasheet ............cccceceerirreerneenieesinieenenerenseennnens 3-33
Section 4: pLSI and ispLSl Products
Introduction to pLSI and iSpLSI ........cc.ccoeeueveereseenniersersnenniessessecenns e 41
Section 5: GAL Quality and Reliability
Quality AsSUrance Program ...........ccceeeeeninsniseisssneinnesessecssisessessessssenens 5-1
Qualification Program...........cceeeeninisnessenssinnnenssssnnssenasssesesssssssssessesseens 5-3
E2CMOS Testability Improves Quality ..........ccccovrvueverrrecrrnnriersvecressenns 5-5
Section 6: GAL Technical Notes
GAL Metastability Report ...........ccoeiveeniiiiiiiniinciinerneesensnniesseeseesaenaens 6-1
Latch-Up Protection .............coceeveernirinncinesnennenienesesssessnsessessesssecsesssesses 6-17
Hidden Costs in PLD USa@e..........c..cciviicininnnnenscrsessinneeseessessesesseessensenns 6-21
Section 7: GAL Application Briefs
GAL20RA10 Design EXample ............cccevenrecreeseisnnnnseesenersssssessessesaesens 7-1
GAL26CV12 Design EXample .............ccceevurrcrirnerennneenesesinnenesssenssssaene 7-3
The GAL18V10 AQVaNtage ........ccceceeeeeveenernrenserseessseesneesesssnsesssnessnessans 7-5
Driving CMOS Inputs with GAL DeVICeS ..........cccecerreververrenerrceenerercnnnens 7-8
GAL20XV10B Design Example..........c.ceccevevveiririeeninieesecssessnnsseesesreesanns 7-9
GALG6002B Design Example..........ccccurvvreiverneniecreenrenesissssssnsssnsssessnesens 7-13



Section 8: Article Reprints

Avoid the Pitfalls of High-Speed Logic Design ..........cccceevrneinuciineninnnne 8-1
Lattice Fields FPGA .........ccccoinininnninninieninnicensnessssessssssssene 8-7
Leam the Fundamentals of Digital Filter Design............c...ccceevvennnennne. 8-9
Multiclock GAL Doubles Clock Rate...........cccerersiennineniennnnenscncnennes 8-16
Section 9: General Information
Development TOOIS ........ccocveeeecnninnieniiseninnsisesissesssnessenessssesssesssnessne 9-1
Copying PAL, EPLD & PEEL Pattemns into GAL Devices.............ccce.c... 9-3
GAL Product Line Cross Reference ..............ccoeveereesnnicnennnnsssnincsensenns 9-5
Package Thermal Resistance ...........ccccveceiiiieineinnnninssnnnininensesnes 9-8
Package Diagrams ... 99
Tape-and-Reel Specifications ..........ccccceeeciriniinnninniiniicicscnsineneee 9-16
Sales OffiCeS .......ocevriiiniiiiiinieni et nas 9-17



Section 1: Introduction to Generic Array Logic
Introduction to Generic Array LogiC ..........cceeevnene pvesenseessssaisessensnenraraes 1-1

Section 2: GAL Datasheets
Section 3: GAL Military Products

Section 3: pLSI and ispLSI Products

Section 5: GAL Quality and Reliability

Section 6: GAL Technical Notes

Section 7: GAL Application Briefs

Section 8: Article Reprints

Section 9: General Information



1-ii



Introduction to

Generic Array Logic

INTRODUCTION

Lattice Semiconductor, located in Hillsboro, Oregon, was
founded in 1983 to design, develop and manufacture
high-performance semiconductorcomponents. AtLattice,
we believe thattechnological evolution canbe accelerated
through the continued development of higher-speed and
architecturally superior products.

GAL devices are ideal for four important reasons:

1. GAL devices have inherently superior quality and
reliability.

2. GAL devices can directly replace PAL devices in nearly
every application.

3. GAL devices have the low power consumption of
CMOS, one-fourth to one-half that of bipolar devices.

4. GAL devices utilize Output Logic Macrocells (OLMCs),
which allow the user to configure outputs as needed.

THE GAL CONCEPT

E?CMOS — THE IDEAL TECHNOLOGY

Of the three major technologies available for producing
PLDs, the technology of choice is clearly E2CMOS.
E2CMOS offers 100% testability, high quality, high speed,
low power, and instant erasure.

TESTABILITY

The biggest advantage of E2CMOS over competing
technologies is its inherent testability. Capitalizing on
very fast (100ms) erase times, Lattice repeatedly patterns
and erases all devices during the manufacturing process.
Lattice tests each GAL device for AC, DC, and functional
characteristics.  The result is guaranteed 100%
programming and functional yields.

LOW POWER

Another advantage of E2CMOS technology is the low
power consumption of CMOS. CMOS provides users the
immediate benefit of decreased system power
requirements allowing for higher reliability and cooler
running systems. Low power CMOS technology also
permits circuit designs of much higher functional density,
because of lower junction temperatures and power
requirements on chip. The user benefits because higher
functional density means further reduction of chip count
and smaller boards in the system.

HIGH SPEED

Also advantageous is the very high speed attainable with
Lattice’s state-of-the-art EECMOS process. Lattice GAL
devices are as fast or faster than bipolar and UVCMOS
PLDs.

PROTOTYPING AND ERROR RECOVERY

Finally, E2CMOS gives the user instant erasability with no
additional handling or special packages necessary. This
provides ideal products for prototyping because designs
canbe revised instantly, with no waste and nowaiting. On
the manufacturing floor instant erasability can also be a
big advantage for dealing with pattern changes or error
recovery. If a GAL device is accidentally programmed to
the wrong pattern, simply reprogram the device. No other
technology offers this advantage.

1-1
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A LOOK AT OTHER TECHNOLOGIES

Here, the technologies that compete with EECMOS —
bipolar and UVCMOS — are compared with the E2CMOS
approach.

BIPOLAR

Bipolar fuse-link technology was the first available for
programmable logic devices. Although it offers high
speed, it is saddled with high power dissipation. High
power dissipation increases your system power supply
and cooling requirements, and limits the functional density
of bipolar devices.

Another weakness of this technology is the one-time-
programmable fuses. Complete testing of bipolar PLDs is
impossible because the fuse array cannot be tested
before programming. Bipolar PLD manufacturers must
rely on complex schemes using test rows and columns to
simulate and correlate their device’s performance. The
result is programming failures at the customer location.
Any misprogrammed devices due to mistakes during
prototyping or errors on the production floor must be
discarded because bipolar PLDs cannotbe reprogrammed.

UVCMOS

UVCMOS addresses many weaknesses of the bipolar
approach but introduces many shortcomings of its own.
This technology requires less power and is
reprogrammable, but reprogrammability comes at the
expense of slower speeds.

Testability is increased over bipolar since the “fuse” array
can be programmed and tested by the manufacturer. The
problem here is the long (20 minutes) erase times coupled
with the requirement of exposing the devices to ultraviolet
light for erasing. This becomes a very expensive step in
the manufacturing process. Because of the time involved,
patterning and erasing is performed only once — a
compromised rather than complete functional test.

Additionally, the devices must be housed in expensive
windowed packages to allow users to erase them. Again,
programming these devices is time-consuming and
cumbersome due to the 20-minute UV exposure required
to erasethem. As a cost-cutting measure, UVCMOS PLD
manufacturers offer their devices in windowless packages.
Although windowless packages are less expensive, they
prevent the devices from being completely tested or
reprogrammed. These factors significantly detract from
the desirability of this technology.

THE GAL ADVANTAGE

GAL devices are ideal programmable logic devices
because, as the name implies, they are architecturally
generic. Lattice has employed the macrocell approach,
which allows users to define the architecture and
functionality of each output. The key benefit to the useris
the freedom from being restricted to any specific
architecture. This is advantageous at both the
manufacturing level and the design level.

DESIGN ADVANTAGES

Early programmable logic devices gave the user the
ability to specify a function, but limited them to specific,
predetermined output architectures. Comparing the GAL
device with fixed-architecture programmable logic devices
is much like comparing these same fixed PLDs with SSI/
MSI devices. The GAL family is the next generation in
simplified system design. The user does not have to
search for the architecture that best suits a particular
design. Instead, the GAL family’s generic architecture lets
him configure as he goes.

MANUFACTURING ADVANTAGES

The one-device-does-all approach greatly simplifies the
manufacturing flow. Carrying one generic architecture
GAL device type ininventory versus having to monitorand
maintain many different device types, saves money and
minimizes paperwork. The manufacturing flow is much
smoother because the handling process is greatly
simplified. A generic architecture GAL device alsoreduces
the risk of running out of inventory and halting production,
which canbe very expensive. Reduced chance of obsolete
inventory and easier QA tracking are additional benefits of
the generic architecture.

THE IDEAL PACKAGE

Programmable logic devices are ideal for designingtoday’s
systems. Lattice Semiconductor believes that the ideal
design approach should be supported with the ideal
products. It was on this premise that GAL devices were
invented. The ideal device—with a generic architecture—
fabricated with the ideal process technology, E2CMOS.
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GAL16V8B
GAL16V8A

High Performance E2CMOS PLD

FEATURES

+ HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— 7.5 ns Maximum Propagation Delay
— Fmax =100 MHz
— 5 ns Maximum from Clock input to Data Output
— TTL Compatible 24 mA Outputs
— UltraMOS® Advanced CMOS Technology

* 50% to 75% REDUCTION IN POWER FROM BIPOLAR
— 75mA Typ lcc on Low Power Device
— 45mA Typ Icc on Quarter Power Device

¢ ACTIVE PULL-UPS ON ALL PINS (GAL16V8B)

* E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Celis
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

* EIGHT OUTPUT LOGIC MACROCELLS
— Maximum Flexibility for Complex Logic Designs
— Programmable Output Polarity
— Also Emulates 20-pin PAL® Devices with Full Func-
tion/Fuse Map/Parametric Compatibility

* PRELOAD AND POWER-ON RESET OF ALL REGISTERS
— 100% Functional Testablli_ty

* APPLICATIONS INCLUDE:
— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

¢ ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL16V8B, at 7.5 ns maximum propagation delay time,
combines a high performance CMOS process with Electrically
Erasable (E?) floating gate technology to provide the highest speed
performance available in the PLD market. High speed erase times
(<100ms) allow the devices to be reprogrammed quickly and
efficiently.

The generic architecture provides maximum design flexibility by
allowing the Output Logic Macrocell (OLMC) to be configured by
the user. An important subset of the many architecture con-
figurations possible with the GAL16V8A/B are the PAL archi-
tectures listed in the table of the macrocell description section.
GAL16VBA/B devices are capable of emulating any of these PAL
architectures with full function/fuse map/parametric compatibility.

Unique test circuitry and reprogrammable cells allow complete
AC, DC, and functional testing during manufacture. As a result,
LATTICE is able to guarantee 100% field programmability and
functionality of all GAL® products. LATTICE also guarantees 100
erase/rewrite cycles and data retention in excess of 20 years.
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Specifications GAL16V8B
GAL16V8A

GAL16V8A/B ORDERING INFORMATION

Commercial Grade Specifications

Tpd (ns) | Tsu(ns) | Tco(ns) | lcc (MA) Ordering # Package

7.5 7 5 115 GAL16V8B-7LP 20-Pin Plastic DIP
115 GAL16V8B-7LJ 20-Lead PLCC

10 10 7 115 GAL16V8B-10LP 20-Pin Plastic DIP
115 GAL16V8B-10LJ 20-Lead PLCC

15 12 10 55 GAL16V8A-15QP 20-Pin Plastic DIP
55 GAL16V8A-15QJ 20-Lead PLCC
115 GAL16V8A-15LP 20-Pin Plastic DIP
115 GAL16V8A-15LJ 20-Lead PLCC

25 15 12 55 GAL16V8A-25QP 20-Pin Plastic DIP
55 GAL16V8A-25QJ 20-Lead PLCC
90 GAL16V8A-25LP 20-Pin Plastic DIP
920 GAL16V8A-25LJ 20-Lead PLCC

Industrial Grade Specifications
Tpd (ns) | Tsu (ns) | Tco (ns) | lcc (mA) Ordering # Package

10 10 7 130 GAL16V8B-10LPI 20-Pin Plastic DIP
130 GAL16V8B-10LJI 20-Lead PLCC

15 12 10 130 GAL16V8B-15LPI 20-Pin Plastic DIP
130 GAL16V8B-15LJI 20-Lead PLCC

20 13 1 65 GAL16V8A-20QPI 20-Pin Plastic DIP
65 GAL16V8A-20QUI 20-Lead PLCC

25 15 12 65 GAL16V8A-25QPI 20-Pin Plastic DIP
65 GAL16V8A-25QJI 20-Lead PLCC
130 GAL16V8A-25LPI 20-Pin Plastic DIP
130 GAL16V8A-25LJI 20-Lead PLCC

PART NUMBER DESCRIPTION

GAL16V8B Device Name

GAL16V8A

Speed (ns)

L = Low Power Power
Q = Quarter Power

XXXXXXXX - XX X X X

Grade Blank = Commercial
| = Industrial

Package P = Plastic DIP
J=PLCC

2-2
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Specifications GAL16V8B

OUTPUT LOGIC MACROCELL (OLMC)

" The following discussion pertains to configuring the output logic
macrocell. It should be noted that actual implementation is ac-
complished by development software/hardware and is completely
transparent to the user.

There are three global OLMC configuration modes possible:
simple, complex, and registered. Details of each of these
modes are illustrated in the following pages. Two giobal bits, SYN
and ACO, control the mode configuration for all macrocells. The
XOR bit of each macrocell controls the polarity of the output in any
of the three modes, while the AC1 bit of each of the macrocells
controls the input/output configuration. These two global and 16
individual architecture bits define all possible configurations in a
GAL16V8A/B. The information given on these architecture bits
is only to give a better understanding of the device. Compiler
software will transparently set these architecture bits from the pin
definitions, so the user should not need to directly manipulate
these architecture bits.

The following is a list of the PAL architectures that the GAL16V8A
and GAL16V8B can emulate. It also shows the OLMC mode
under which the GAL16V8A/B emulates the PAL architecture.

PAL Architectures GAL16V8A/B
Emulated by GAL16VBA/B Global OLMC Mode
16R8 Registered
16R6 Registered
16R4 Registered
16RP8 Registered
16RP6 Registered
16RP4 Registered
16L8 Complex
16H8 Complex
16P8 Complex
10L8 Simple
12L6 le
14L4 Simple
16L2 Simple
10H8 Simple
12H6 Simple
14H4 Simple
16H2 Simple
10P8 Simple
12P6 Simple
14P4 Simple
16P2 Simple

COMPILER SUPPORT FOR OLMC

Software compilers support the three different global OLMC
modes as different device types. These device types are listed
in the table below. Most compilers have the ability to automati-
cally select the device type, based on the register usage
and output enable (OE) usage. Register usage on the device
forces the software to choose the registered mode. All combi-
natorial outputs with OE controlled by the product term will force
the software to choose the complex mode. The software will
choose the simple mode only when all outputs are dedicated
combinatorial without OE control. The different device types listed
in the table can be used to override the automatic device selection
by the software. For further details, refer to the compiler software
manuals.

When using compiler software to configure the device, the user
must pay special attention to the following restrictions in each
mode.

In registered mode pin 1 and pin 11 are permanently configured
as clock and output enable, respectively. These pins cannot be
configured as dedicated inputs in the registered mode.

In complex mode pin 1 and pin 11 become dedicated inputs and
use the feedback paths of pin 19 and pin 12 respectively. Because
of this feedback path usage, pin 19 and pin 12 do not have the
feedback option in this mode.

In simple mode all feedback paths of the output pins are routed
via the adjacent pins. In doing so, the two inner most pins ( pins
15 and 16) will not have the feedback option as these pins are
always configured as dedicated combinatorial output.

Registered Complex Simple Auto Mode Select
| ABEL P16V8R P16V8C P16V8AS P16V8
CUPL G16V8MS G16VBMA G16V8AS G16V8
LOG/C GAL16V8_R GAL16V8_C7 GAL16V8_C8 GAL16V8
OrCAD-PLD “Registered"! "Complex"! "Simple*! GAL16V8A
PLDesigner P16V8R? P16V8C? P16V8C? P16V8BA
TANGO-PLD G16V8R G16V8C G16V8AS? G16V8

1) Used with Configuration keyword.

2) Prior to Version 2.0 support.

3) Supported on Version 1.20 or later.
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Specifications GAL16V8B
GAL16V8A

REGISTERED MODE

In the Registered mode, macrocells are configured as dedicated
registered outputs or as I/O functions.

Architecture configurations available in this mode are similar to
the common 16R8 and 16RP4 devices with various permutations
of polarity, /O and register placement.

All registered macrocells share common clock and output enable
control pins. Any macrocell can be configured as registered or
1/0. Up to eight registers or up to eight I/O's are possible in this

mode. Dedicated input or output functions can be implemented
as subsets of the /O function.

Registered outputs have eight product terms per output. I/O's
have seven product terms per output.

The JEDEC fuse numbers, including the User Electronic Signature
(UES) fuses and the Product Term Disable (PTD) fuses, are
shown on the logic diagram on the following page.

Registered Configuration for Registered Mode

- SYN=0.

-ACO=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=0 defines this output configuration.

- Pin 1 controls common CLK for the registered outputs.

- Pin 11 controls common OE for the registered outputs.

- Pin 1 & Pin 11 are permanently configured as CLK &
OE.

—K3

Combinatorial Configuration for Registered Mode

- SYN=0.

-ACO=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=1 defines this output configuration.

-?1 & Pin 11 are permanently configured as CLK &
E.

Note: The development software configures all of the architecture control bits and checks for proper pin usage automatically.

2-4
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GAL16V8A

REGISTERED MODE LOGIC DIAGRAM

DIP & PLCC Package Pinouts
! D "> 228
4 12 6 20 2 8 P
0000
OLMC 19 — 310
- 024 XOR-2048
2D—I% AC1-2120
0256
OLMC 18 —L 318
ey YOR-2049
sD—3 4 AC1-2121
0512
OLMC 17 —E Y17
~ o YOR-2050
O—3 5 4 AC1-2122
0768
OLMC 16 — 316
e = YOR-2051
sO—3 =3 AC1-2123
1024
OLMC 15 —K 315
g > XOR-2052
sO—I3 = < ACt-2124
1280
OLMC 14 —D“
1 XOR-2063 "
1O—% AC12125 |-
1538
OLMC 13 313
™ " XOR-2054
sD—3 AC1-2126
1792
OLMC 12 —K 312
~ e > . XOR-205
yO—Ts 1 .3 AC1-2127 J_
o ‘ o 4
64-USER ELECTRONIC SIGNATURE FUSES
2068, 2067, ... ... 2118,2119 | SYN-2182
lmﬂmo . Byt 1[Byte0 | AC0-2193
ML
s s
B B

5/92



Specifications GAL16V8B
GAL16V8A

COMPLEX MODE

In the Complex mode, macrocelis are configured as output only
or /0 functions.

Architecture configurations available in this mode are similar to
the common 16L8 and 16P8 devices with programmable polarity
in each macrocell.

Up to six I/O's are possible in this mode. Dedicated inputs or
outputs can be implemented as subsets of the VO function. The
two outer most macrocells (pins 12 & 19) do not have input ca-

pability. Designs requiring eight I/O's can be implemented in the
Registered mode.

All macrocelis have seven product terms per output. One product
term is used for programmable output enable control. Pins 1 and
11 are always available as data inputs into the AND array.

The JEDEC fuse numbers including the UES fuses and PTD fuses
are shown on the logic diagram on the following page.

-3

Combinatorial VO Configuration for Complex Mode

- SYN=1.

-ACO=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

-AC1=1.

- Pin 13 through Pin 18 are configured to this function.

.......................................

Combinatorial Output Configuration for Complex Mode

- SYN=1.

-ACO=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

-AC1=1.

-Pin 12 and Pin 19 are configured to this function.

Note: The development software configures all of the architecture control bits and checks for proper pin usage automatically.




Specifications GAL16V8B

GAL16V8A
COMPLEX MODE LOGIC DIAGRAM
DIP & PLCC Package Pinouts
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Specifications GAL16V8B
GAL16V8A

SIMPLE MODE

In the Simple mode, macrocelis are configured as dedicated inputs
or as dedicated, always active, combinatorial outputs.

Architecture configurations available in this mode are similar to
the common 10L8 and 12P6 devices with many permutations of

generic output polarity or input choices.

All outputs in the simple mode have a maximum of eight product
terms that can control the logic. In addition, each‘output has

programmable polarity.

Pins 1 and 11 are always available as data inputs into the AND
array. The center two macrocells (pins 15 & 16) cannot be used
as input or I/O pins, and are only available as dedicated outputs.

The JEDEC fuse numbers including the UES fuses and PTD fuses
are shown on the logic diagram.

Combinatorial Output with Feedback Configuration
for Simple Mode

- SYN=1.

- AC0=0.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=0 defines this configuration.

- All OLMC except pins 15 & 16 can be configured to
this function.

Combinatorial Output Configuration for Simple Mode

- SYN=1.

- AC0=0.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=0 defines this configuration.

- Pins 15 & 16 are permanently configured to this
function.

Dedicated Input Configuration for Simple Mode

- SYN=1.

- AC0=0.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=1 defines this configuration.

- All OLMC except pins 15 & 16 can be configured to
this function.

Note: The development software configures all of the architecture control bits and checks for proper pin usage automatically.

2-8



Specifications GAL16V8B

SIMPLE MODE LOGIC DIAGRAM
DIP & PLCC Package Pinouts
1D—D
(1%
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2D—1Ix =}
= 21 OLMC 18 |
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sO—{s =%
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Lattice Specifications GAL16V8B

H Commercial
ABSOLUTE MAXIMUM RATINGS!" RECOMMENDED OPERATING COND.

Supply voltage V. -0.5t0 +7V Commercial Devices:
Input voltage applied............ccceveueeuens -2.5t0 V +1.0V Ambient Temperature (T,).......cccecvereneversernnnnns 0to 75°C
Off-state output voltage applied -2.5t0 V, +1.0V Supply voltage (V)
Storage Temperature —65to 150°C with Respect to Ground .............cc.cnuee. +4.75 to +5.25V
Ambient Temperature with
 Power Applied -55t0 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP2| MAX. [UNITS

ViL input Low Voltage Vss—05| — 0.8 v
VIH Input High Voltage 2.0 — | Veer1 | v
I Input or /O Low Leakage Current 0V < Vin < Vi (MAX.) — — | —100 | pA
IH Input or /O High Leakage Current 3.5V<Vins Vee —_ — 10 pA

VoL Output Low Voltage loL=MAX. Vin=ViLor Vi — — 0.5 v

VOH | Output High Voltage lon = MAX. Vin = ViLor Vi 24 — — v
loL Low Level Output Current —_— — 24 mA
loH High Level Output Current ‘ - — | 82 | mA
los? Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -30 -_ -150 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fiogge = 25MHz — 75 115 mA

Outputs Open (no load)

1) The leakage current is due to the internal pull-up resistor on all pins. See Input Buffer section for more information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C Input Capacitance 8 pF Ve =5.0V, V,=2.0V
Cpo 1/0 Capacitance 8 pF Ve =5.0V, Vo =2.0V

*Guaranteed but not 100% tested.

P
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Specifications GAL16V8B
Commercial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

TEST 7 19
PARAMETER | conpy | DESCRIPTION MIN. [MAX. | miN.[max. | VTS
tpd 1 Input or /O to Combinational Output 8 outputs switching | 3 75 3 10 ns
1 output switching — 7 — — ns
tco 1 Clock to Output Delay 2 5 2 7 ns
te — Clock to Feedback Delay — 3 - 6 ns
tsu — Setup Time, Input or Feedback before Clock 7 —_ 10 — ns
th —_ Hold Time, Input or Feedback after Clock 0 —_ 0 - ns
1 Maximum Clock Frequency with 833 | — |588 | — MHz
External Feedback, 1/(tsu + tco)
fmax? 1 Maximum Clock Frequency with 100 | — 625 | — MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 100 | — 625 | — MHz
No Feedback
twh — Clock Pulse Duration, High 5 — 8 — ns
twi — Clock Pulse Duration, Low 5 — 8 — ns
ten 2 Input or I/O to Output Enabled 3 9 3 10 ns
2 OE to Output Enabled 2 6 2 10 ns
tdis 3 Input or I/0 to Output Disabled 2 9 2 10 ns
3 OE to Output Disabled 1516 [15 |10 | ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V 5V
Input Rise and Fall Times 3ns 10% - 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V R1
Output Load See Figure
3-state levels are measured 0.5V from steady-state active FROM OUTPUT (0/Q) .
TEST POINT
level. UNDER TEST l
Output Load Conditions (see figure) CL
Test Condition Ri | Re c Re
1 2000 390Q 50pF
2 | Active High o 390Q 50pF
Active Low 200Q 390Q 50pF =
3 | Active High ad 390Q 5pF C LINCLUDES JiG AND PROBE TOTAL CAPACITANCE
Active Low 200Q 390Q SpF

5/92
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Specifications GAL16V8A

Commercial

ABSOLUTE MAXIMUM RATINGS!" RECOMMENDED OPERATING COND.
Supply voltage V.. -0.5t0o +7V Commercial Devices:
Input voltage applied...........ccceererurnne -2.5t0V,, +1.0V Ambient Temperature (T,) 0to 75°C
Off-state output voltage applied -2.5t0V +1.0V Supply voltage (V)
Storage Temperature —65 to 150°C with Respect to Ground ...........c.ccvenen. +4.75 to +5.25V
Ambient Temperature with

Power Applied -55 to 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
atthese or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP2| MAX. |UNITS
ViL Input Low Voltage Vss—-05| — 0.8 v
ViH Input High Voltage 2.0 — | Vee#s1 | vV

I8 Input or /O Low Leakage Current OV < Vin < ViL (MAX.) — — -10 pA
IH Input or /O High Leakage Current Vi< VN S Vee - —_ 10 HA
VoL | Output Low Voltage loL = MAX. Vin=ViLor Vi - —_ 0.5 v
VOH | Output High Voltage lon=MAX. Vin=ViLor Vi 24 — - v
oL Low Level Output Current - — 24 mA
loH High Level Output Current - — | 82 | mA
los! Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -30 — | -150 | mA
Icc Operating Power | ViL=0.5V ViH=3.0V | fiogge =25MHz | L-15 — 75 115 mA
Supply Current Outputs Open (no load) | fiogge = 15MHz | L -25 — 75 90 mA
fiogge = 15MHz | Q-15/-25 - 45 55 mA

1) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Guaranteed but not 100% tested.
2) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C Input Capacitance 8 pF Ve =5.0V,V,=2.0V
Cpo 1/0 Capacitance 10 pF Ve =5.0V,V,,=2.0V

*Guaranteed but not 100% tested.
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: i Specifications GAL16V8A
Lattlce | Commercial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

-15 -25
TEST | DESCRIPTION
Al ER UNITS
PARAMETER| conpr. MIN. [MAX. | MIN. [MAX.
tpd 1 Input or 1/O to Combinational Output 3 15 3 25 ns
tco 1 Clock to Output Delay 2 10 | 2 12 ns
tcf — Clock to Feedback Delay — 8 — |10 ns
tsu — Setup Time, Input or Feedback before Clock 12 — 15 —_ ns
th - Hold Time, Input or Feedback after Clock 0 - 0 — ns
1 Maximum Clock Frequency with 455 | — 37 bt MHz
External Feedback, 1/(tsu + tco)
fmax 1 Maximum Clock Frequency with 50 | — |40 | — |MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 625 | — |416 | — MHz
No Feedback
twh — Clock Pulse Duration, High 8 — 12 —_ ns
twi — Clock Pulse Duration, Low 8 - |12 | = ns
ten 2 Input or I/O to Output Enabled — |15 | — |25 ns
2 OE to Output Enabled — |15 | — |20 ns
tdis 3 Input or I/O to Output Disabled — |15 | — |25 ns
3 OE to Output Disabled — 15 - 20 ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V s
Input Rise and Fall Times : 3ns 10% — 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V R1
Output Load See Figure
3-state levels are measured 0.5V from steady-state active FROM OUTPUT (0/Q) » TEST POINT
level. UNDER TEST J-
Output Load Conditions (see figure) R CL
2
Test Condition R1 R2 CL
1 200Q 390Q 50pF
2 Active High oo 390Q 50pF
Active Low 20002 39002 50pF =
3 | Active High oo 390Q 5pF C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE
Active Low 200Q 390Q 5pF
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Lattice Specifications GAL16V8B

it | Industrial

ABSOLUTE MAXIMUM RATINGS®" RECOMMENDED OPERATING COND.
Supply voltage V. -0.5t0 +7V Industrial Devices: )
Input voltage applied..........coceeevurnene. -25t0V +1.0V Ambient Temperature (T,)......ccceovvinrireeenns -40to 85°C
Off-state output voltage applied -25t0V , +1.0V Supply voltage (V)
Storage Temperature —65to 150°C with Respect to Ground............c.ccen... +4.50 to +5.50V
Ambient Temperature with

Power Applied -55t0 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. |TYP:| MAX. |UNITS
ViL Input Low Voltage . Vss—05| — 0.8 v
VIH Input High Voltage 2.0 — | veer1 | v
o Input or I/O Low Leakage Current 0V < ViN < Vi (MAX.) — — | =100 | pA

IH Input or /O High Leakage Current | 3.5V < Vin < Vcc — — 10 | pA
Vou Output Low Voltage lo.=MAX. Vin=ViLor Vi — —_ 0.5 v
VOH | Output High Voltage lon = MAX. Vin = ViLor Vi 24 - — v

oL Low Level Output Current _ - 24 mA
loH High Level Output Current — — | 32 | mA
los? | Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -30 — | =150 | mA

Icc 'Operating Power Supply Current ViL=0.5V ViH=3.0V fiogge =256MHz |  — 75 130 mA

: Outputs Open (no load)

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vec = 5V and Ta=25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL - PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C Input Capacitance -8 pF Ve =5.0V, V,=2.0V
Cwo I/O Capacitance 8 pF Ve =5.0V, V,, =2.0V
*Guaranteed but not 100% tested.
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] atlice Specifications GAL16V8B
Industrial

AC SWITCHING CHARACTERISTICS

sasssEn
Over Recommended Operating Conditions

TEST | DESCRIPTION 10 P unis
AMETER
PAR COND". MIN. [MAX. | MIN. |MAX.
tpd 1 Input or I/0 to Combinational Output 3 10 3 15 ns
tco 1 Clock to Output Delay 2 7 2 10 ns
ter - Clock to Feedback Delay — 6 - 8 ns
tsu — Setup Time, Input or Feedback before Clock 10 — 12 - ns
th — Hold Time, Input or Feedback after Clock 0 — 0 - ns
1 Maximum Clock Frequency with 588 | — |455 | — MHz
External Feedback, 1/(tsu + tco)
fmaxe 1 Maximum Clock Frequency with 625 | — 50 —_ MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 625 | — 1625 | — MHz
No Feedback
twh — Clock Pulse Duration, High 8 — — ns
_twi — Clock Pulse Duration, Low 8 — — ns
ten 2 Input or /O to Output Enabled 3 10 | — | 15 ns
2 OE to Output Enabled 2 10 | — | 15 ns
tdis 3 Input or I/O to Output Disabled 2 10 — 15 ns
3 OE to Output Disabled 15 (10 | — |15 ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V +5V
Input Rise and Fall Times 3ns 10% — 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V R1
Output Load See Figure
red 0.5V f & i :
Iae-::te levels are measu rom steady-state active FROM OUTPUT (0/Q) o TEST POINT
- UNDER TEST l
Output Load Conditions (see figure) oL
Test Condition R Rz ™ A2
1 200Q 390Q 50pF
2 Active High o 390Q 50pF
Active Low 200Q 390Q 50pF —
3 | Active High = 390Q 5pF C LINCLUDES JiG AND PROBE TOTAL CAPACITANCE
Active Low 200Q 390Q S5pF
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L attice

Specmcatlons GAL16V8A

A Industrial
LX 1 I
B ABSOLUTE MAXIMUM RATINGS RECOMMENDED OPERATING COND.
Supply voltage V. -05t0+7v  Industrial Devices: :
Input voltage applied..........cceeueereevenns -25t0V,, +1.0v  Ambient Temperature (T,).....ccccceccuuusse -4010 85°C
Off-state output voltage applied .......... -25t0V +1.0v  Supply voltage (Vo)
Storage Temperature —65 to 150°C with Respect to Ground. ...........c.cceuee. +4.50 to +5.50V
Ambient Temperature with .
Power Applied -55t0 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
atthese or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. |TYP2| MAX. |UNITS
ViL Input Low Voitage Vss-05| — 0.8 v
ViH Input High Voltage 2.0 — | Vee+t | V
I Input or I/O Low Leakage Current 0V < Vin < Vi (MAX)) —_ —_ -10 pA
hH Input or I/O High Leakage Current VIS VN Ve — - 10 pA
VoL Output Low Voitage lo.=MAX. Vin=ViLor Vix - — 0.5 v
VOH | Output High Voltage lon = MAX. Vin = ViLor Vi 24 — —_ v
loL Low Level Output Current —_ —_ 24 mA
loH High Level Output Current - — | 82 | mA
los! Output Short Circuit Current Vec=5V Vour=05V T,=25°C -30 — | <150 | mA
Icc Operating Power | ViL=0.5V ViH=3.0V | fge =25MHz | L -25 — 75 130 | mA
Supply Current Outputs Open (no load) | fiogge = 15MHz | Q -20/-25 - 45 65 mA

1) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.
2) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz2)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C Input Capacitance 8 pF oc = 5.0V, V;=2.0V
Co /O Capacitance 10 pF Ve =5.0V,V, =2.0V

*Guaranteed but not 100% tested.
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Specifications GAL16V8A
Industrial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

=20 -25
TEST | - DESCRIPTION
PARAMETER UNITS
ETER| conD". MIN. [MAX. | MIN.[MAX.
tpd 1 | Inputor /O to Combinational Output 3 20 3 25 ns
tco 1 Clock to Output Delay 2 1 2 12 ns
ter — Clock to Feedback Delay — 9 — 110 ns
tsu —_ Setup Time, Input or Feedback before Clock . 13 —_ 15 —_ ns
th — Hold Time, Input or Feedback after Clock 0 — 0 — ns
1 Maximum Clock Frequency with 416 | — 37 — MHz
External Feedback, 1/(tsu + tco) |
fmax? 1 Maximum Clock Frequency with 454 | — 40 — MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 50 — (416 | — MHz
No Feedback
twh —_ Clock Pulse Duration, High 0 | — |12 | — ns
twi —_ Clock Pulse Duration, Low 10 | — |12 | — ns
ten 2 Input or /O to Output _ — |2 | — |25 ns
2 OE to Output — |18 | — |2 ns
tdis 3 Input or /O to Output ' — |2 | — |25 ns
3 OE to Output — |18 | — |20 | ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section. -
3) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V +5V
Input Rise and Fall Times 3ns 10% - 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V A1
Output Load See Figure
3-state levels are measured 0.5V from steady-state active :
level. FROM OUTPUT (0/Q) Ty TEST POINT
- UNDER TEST
Output Load Conditions (see figure) ¢
L
Test Condition R1 R: Cu R2
1 200Q 390Q 50pF
2 Active High oo 390Q 50pF
Active Low 200Q 390Q 50pF —
3 | Active High o 3900 SpF
~Active Low 5000 3500 5oF C LINCLUDES JiG AND PROBE TOTAL CAPACITANCE
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i Specifications GAL16V8B
Latt ce GAL16V8A

SWITCHING WAVEFORMS

INPUT or
1/0 FEEDBACK \\\555 > VALID INPUT ¥ \\\\\
¢-tsu th
ormoc W\ vwores
VO FEEDBACK teo

tpd REGISTERED m
COMBINATORIAL OUTPUT
OUTPUT l¢— 1/fmax

(external fdbk)

Combinatorial Output Registered Output

INPUT or oF
/O FEEDBACK
tdis ten ) tdis ten
REGISTERED
OUTPUT OUTPUT

Input or VO to Output Enable/Disable O—E to Output Enable/Disable

twh twi CLK
1/ fmax (intemal fdok)
ax tol tsu —P
REGISTERED
FEEDBACK
Clock Width

fmax with Feedback
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I Specifications GAL16V8B
..I:':amce GAL16V8A

CLK
" cLK

f \4 RN R POs .
T IC — : —

ARRAY REGISTER : Loalc _J ! E
i | armay — >

e ‘ : ; REGISTER| |

—— tsy ————Pi——— too———P| ‘r —|-

fmax with External Feedback 1/(tsu+tco)

Note: fmax with external feedback is calculated from measured < tpd >

tsu and tco.
o fmax with Internal Feedback 1/(tsu+tcf)
Note: tcf is a calculated value, derived by subtracting tsu from
the period of fmax w/internal feedback (tcf = 1/fmax - tsu). The
value of tcf is used primarily when calculating the delay from
cLK clocking a register to a combinatorial output (through registered
............................................... feedback), as shown above. For example, the timing from clock
: ; to a combinatorial output is equal to tcf + tpd.
\Y
LOGIC
—ippl ARRAY | REGISTER R
fmax With No Feedback

Note: fmax with no feedback may be less than 1/(twh + twl). This
is to allow for a clock duty cycle of other than 50%.
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Specifications GAL16V8B
GAL16V8A

ELECTRONIC SIGNATURE

An electronic signature is provided in every GAL16V8BA/B device.
It contains 64 bits of reprogrammable memory that can contain
user defined data. Some uses include user ID codes, revision
numbers, or inventory control. The signature data is always avail-
able to the user independent of the state of the security cell.

NOTE: The electronic signature is included in checksum calcu-
lations. Changing the electronic signature will alter checksum.

SECURITY CELL

A security cell is provided in the GAL16V8A/B devices to prevent
unauthorized copying of the array patterns. Once programmed,
this cell prevents further read access to the functional bits in the
device. This cell can only be erased by re-programming the
device, so the original configuration can never be examined once
this cell is programmed. The Electronic Signature is always avail-
able to the user, regardless of the state of this control cell.

LATCH-UP PROTECTION

GAL16VBA/B devices are designed with an on-board charge
pump to negatively bias the substrate. The negative bias is of suf-
ficient magnitude to prevent input undershoots from causing the
circuitry to latch. Additionally, outputs are designed with n-channel
pull-ups instead of the traditional p-channel pull-ups to eliminate
any possibility of SCR induced latching.

DEVICE PROGRAMMING

OUTPUT REGISTER PRELOAD

When testing state machine designs, all possible states and state
transitions must be verified in the design, not just those required
in the normal machine operations. This is because, in system
operation, certain events occur that may throw the logic into an
illegal state (power-up, line voltage glitches, brown-outs, etc.). To
test a design for proper treatment of these conditions, a way must
be provided to break the feedback paths, and force any desired
(i.e., illegal) state into the registers. Then the machine can be
sequenced and the outputs tested for correct next state conditions.

GAL16V8A/B devices include circuitry that allows each registered
output to be synchronously set either high or low. Thus, any
present state condition can be forced for test sequencing. If
necessary, approved GAL programmers capable of executing text
vectors perform output register preload automatically.

INPUT BUFFERS

GAL16V8A/B devices are designed with TTL level compatible in-
put buffers. These buffers have a characteristically high imped-
ance, and present a much lighter load to the driving logic than
bipolar TTL devices.

The GAL16V8B input and I/O pins have built-in active pull-ups.
As a result, unused inputs and I/O's will float to a TTL "high”
(logical "1"). In contrast, the GAL16V8A does not have active pull-
ups within their input structures. Lattice recommends that all
unused inputs and tri-stated I/O pins for both devices be con-
nected to another active input, V., or Ground. Doing this will tend
to improve noise immunity and reduce |, for the device.

Typical Input Pull-up Characteristic

GAL devices are programmed using a Lattice-approved Logic -
Programmer, available from a number of manufacturers (see the _‘3 0
GAL Development Tools section). Complete programming of the <
device takes only a few seconds. Erasing of the device is 2 -20
transparent to the user, and is done automatically as part of the s :
programming cycle. ‘é’_ .40 e

-60

0 1.0 2.0 3.0 4.0 5.0
Input Voltage (Voits)
5/92
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POWER-UP RESET

GAL16V8A

— tsu
— twi

\k_

REGISTER
OUTPUT Q

Vee sovf
CLK \
INTERNAL tor —*

XXOO0CXXXXXX

Internal Register
\ Resetto Logic 0" /

Q FEEDBACK AND

REGISTERED
OUTPUT PIN

KXXXXXXXXXXXY

Device Pin
Reset to Logic *1

A

Circuitry within the GAL16V8A/B provides a reset signal to all reg-
. isters during power-up. All internal registers will have their Q
outputs set low after a specified time (tpr, 1us MAX). As a result,
the state on the registered output pins (if they are enabled) will
always be high on power-up, regardiess of the programmed
polarity of the output pins. This feature can greatly simplify state
machine design by providing a known state on power-up. Be-
cause of the asynchronous nature of system power-up, some

PIN

Active Pulkup Veo

Circuit
(GAL16V8B only)

Typ. Vref =3.2V

Typical Input

NPUT/OUTPUT EQUIVALENT SCHEMATICS

conditions must be met to guarantee a valid power-up reset of the
device. First, the Vcc rise must be monotonic. Second, the clock
input must be at static TTL level as shown in the diagram during
power up. The registers will reset within a maximum of tpr time.
As in normal system operation, avoid clocking the device until all
input and feedback path setup times have been met. The clock
must also meet the minimum pulse width requirements.

—orean

Feedback &————

Active Pull-up
Circuit
(GAL16V8B only)
we ¥
Tri-State o et
Cord T
L O
e
o S
C
v

Feedback
(To Input Buffer)

Typ. Vref =3.2V

Typical Output
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Typical Characteristics
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Typical Characteristics
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Typical Characteristics
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tH i | GAL20V8B
L attice GAL20V3A
EmEmEm : High Performance E2CMOS PLD

+ HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— 7.5 ns Maximum Propagation Delay
— Fmax =100 MHz .
— 5 ns Maximum from Clock Input to Data Output
— TTL Compatible 24 mA Outputs
— UltraMOS?® Advanced CMOS Technology

© 50% to 75% REDUCTION IN POWER FROM BIPOLAR
— 75mA Typ lcc on Low Power Device
— 45mA Typ Icc on Quarter Power Device

* ACTIVE PULL-UPS ON ALL PINS (GAL20V8B)

* E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Cells
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

¢ EIGHT OUTPUT LOGIC MACROCELLS
— Maximum Flexibility for Complex Logic Designs
— Programmable Output Polarity
— Also Emulates 24-pin PAL® Devices with Full
Function/Fuse Map/Parametric Compatibility

* PRELOAD AND POWER-ON RESET OF ALL REGISTERS
— 100% Functional Testability

* APPLICATIONS INCLUDE:
— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

« ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL20V8B, at 7.5ns maximum propagation delay time, ) Dip

combines a high performance CMOS process with Electrically PLCC

Erasable (E?) fioating gate technology to provide the highest speed veek 1~ 24flvee
performance available in the PLD market. High speed erase times
(<100ms) allow the devices to be reprogrammed quickly and
efficiently.

The generic architecture provides maximum design flexibility by
allowing the Output Logic Macrocell (OLMC) to be configured by
the user. An important subset of the many architecture
configurations possible with the GAL20V8A/B are the PAL
architectures listed in the table of the macrocell description section.
GAL20V8A/B devices are capable of emulating any of these PAL

1] GAL ] vora

- & ___

architectures with full functionffuse map/parametric compatibility. 1 ] vo/a
Unique test circuitry and reprogrammable cells allow complete 10 [l vora
AC, DC, and functional testing during manufacture. As a resuit, 1 ] vora
LATTICE is able to guarantee 100% field programmability and i 01
functionality of all GAL® products. LATTICE also guarantees 100 __
erase/rewrite cycles and data retention in excess of 20 years. GND []12 13[] VOE
Copyright ©1992 Lattice Semiconductor Corp. GAL, E2CMOS and UttraMOS are regi of Lattice Semi Cormp. Generic Array Logic is a tradk of Lattice

tor Corp. All brand or product names are or reg of their ive holders. The specifications and information herein are subject to change without -
notice.

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A. May 1992

Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037
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GAL20V8A

GAL20V8A/B ORDERING INFORMATION

Commercial Grade Specifications

Tpd (ns) | Tsu(ns) | Tco(ns) | lcc (MA) Ordering # Package
75 7 5 115 | GAL20V8B-7LP 24-Pin Plastic DIP
) 115 | GAL20v8B-7LJ 28-Lead PLCC
10 10 7 115 | GAL20V8B-10LP 24-Pin Plastic DIP
115 | GAL20v8B-10LJ 28-Lead PLCC
115 | GAL20V8A-10LP 24-Pin Plastic DIP
115 | GAL20V8A-10LJ 28-Lead PLCC
15 12 10 55 GAL20V8A-15QP 24-Pin Plastic DIP
55 GAL20V8A-15QJ 28-Lead PLCC
115 GAL20V8A-15LP 24-Pin Plastic DIP
115 | GAL20VBA-15LJ 28-Lead PLCC
25 15 12 55 GAL20V8A-25QP 24-Pin Plastic DIP
55 GAL20VBA-25QJ) 28-Lead PLCC
90 GAL20VBA-25LP 24-Pin Plastic DIP
'90 GAL20VBA-25LJ 28-Lead PLCC
Industrial Grade Specifications
Tpd (ns) | Tsu (ns) | Tco (ns) | lcc (MA) Ordering # Package
10 10 7 130 | GAL20V8B-10LPI 24-Pin Plastic DIP
130 | GAL20V8B-10LJI 28-Lead PLCC
15 12 10 130 | GAL20V8B-15LP| 24-Pin Plastic DIP
130 | GAL20V8B-15LJI 28-Lead PLCC
20 13 1 65 GAL20V8A-20QP! 24-Pin Plastic DIP
65 GAL20V8A-20QJI 28-Lead PLCC
25 15 12 65 GAL20V8A-25QP| 24-Pin Plastic DIP
65 GAL20V8A-25QJI 28-Lead PLCC
130 | GAL20V8A-25LPI 24-Pin Plastic DIP
130 | GAL20V8A-25LJI 28-Lead PLCC

PART NUMBER DESCRIPTION

XXXXXXXX = XX X

GAL20V8B Device Name
GAL20V8A

Speed (ns)

X X

Grade Blank = Commercial
| = Industrial

L = Low Power Power
Q = Quarter Power

Package P = Plastic DIP
J=PLCC

2-26



Specifications GAL20V8B
GAL20V8A

OUTPUT LOGIC MACROCELL (OLMC)

The following discussion pertains to configuring the output logic
macrocell. It should be noted that actual implementation is ac- PAL Architectures GAL20VSA/B
complished by development software/hardware and is completely Emulated by GAL20VS8A/B Global OLMC Mode
transparent to the user.
20R8 Registered
There are three global OLMC configuration modes possible: 20R6 Registered
simple, complex, and registered. Details of each of these 20R4 Registered
modes are illustrated in the following pages. Two global bits, SYN Ersivid Reglstered
. " egistered
and ACO, control the mode configuration for all macrocells. The 20RP4 Registered
XOR bit of each macrocell controls the polarity of the output in any
of the three modes, while the AC1 bit of each of the macrocells 20L8 Complex
controls the input/output configuration. These two global and 16 20H8 Complex
individual architecture bits define all possible configurations in a 0P8 Complex
GAL20V8A/B. The information given on these architecture bits 14L8 Simple
is only to give a better understanding of the device. Compiler soft- 16L6 Simple
ware will transparently set these architecture bits from the pin 18L4 Simple
definitions, so the user should not need to directly manipulate 20L2 Simple
these architecture bits. : };:g g:"‘P"*
mple
L § 18H4 Simple
The following is a list of the PAL architectures that the GAL20V8A  20H2 Simple
and GAL20V8B can emulate. It also shows the OLMC mode un- 14P8 Simple
der which the devices emulate the PAL architecture. 16P6 Simple
18P4 Simple
20P2 Simple

COMPILER SUPPORT FOR OLMC

Software compilers support the three different global OLMC
modes as different device types. These device types are listed
in the table below. Most compilers have the ability to automati-

cally select the device type, generally based on the register usage .

and output enable (OE) usage. Register usage on the device
forces the software to choose the registered mode. All combi-
natorial outputs with OE controlled by the product term will force
the software to choose the complex mode. The software will
choose the simple mode only when all outputs are dedicated
combinatorial without OE control. The different device types listed
in the table can be used to override the automatic device selection
by the software. For further details, refer to the compiler software
manuals.

When using compiler software to configure the device, the user
must pay special attention to the following restrictions in each
mode.

" In registered mode pin 1 and pin 13 are permanently configured

as clock and output enable, respectively. These pins cannot be
configured as dedicated inputs in the registered mode. i

In complex mode pin 1 and pin 13 become dedicated inputs and
use the feedback paths of pin 22 and pin 15 respectively. Because
of this feedback path usage, pin 22 and pin 15 do not have the
feedback option in this mode.

In simple mode all feedback paths of the output pins are routed
via the adjacent pins. In doing so, the two inner most pins ( pins
18 and 19) will not have the feedback option as these pins are
always configured as dedicated combinatorial output.

Registered Complex Simple Auto Mode Select
ABEL P20V8R P20v8C P20V8AS P20V8
CUPL G20V8MS G20V8MA G20V8AS G20v8
LOG/C GAL20V8_R GAL20V8_C7 GAL20V8_C8 GAL20V8
OrCAD-PLD "Registered"! "Complex"! “"Simple"! GAL20V8A
PLDesigner P20V8R? P20V8C? P20v8C? P20V8A
TANGO-PLD G20V8R G20vsC G20V8AS? G20V8

1) Used with Configuration keyword.
2) Prior to Version 2.0 support.
3) Supported on Version 1.20 or later.

5/
2-27 2



Specifications GAL20V8B
GAL20VS8A

REGISTERED MODE

In the Registered mode, macrocells are configured as dedicated
registered outputs or as I/O functions.

Architecture configurations available in this mode are similar to
the common 20R8 and 20RP4 devices with various permutations
of polarity, /O and register placement.

All registered macrocells share common clock and output enable
control pins. Any macrocell can be configured as registered or
1/0. Up to eight registers or up to eight I/O's are possible in this

mode. Dedicated input or output functions can be implemented
as subsets of the I/O function.

Registered outputs have eight product terms per output /O's
have seven product terms per output.

The JEDEC fuse numbers, including the User Electronic Signature
(UES) fuses and the Product Term Disable (PTD) fuses, are
shown on the logic diagram on the following page. :

Registered Con;lguratlon for Registered Mode

- SYN=0.

-ACO=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=0 defines this output configuration. .

- Pin 1 controls common CLK for the registered outputs.

- Pin 13 controls common OFE for the registered outputs.

- Pin 1 & Pin 13 are permanently configured as CLK &
OE. -

3

Combinatorial Configuration for Registered Mode

- SYN=0.

-ACO=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=1 defines this output configuration.

- Pin 1 & Pin 13 are permanently configured as CLK &
OE.

Note: The development software configures all of the architecture control bits and checks for probet pin usage automatically.
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[ ]
HHH GAL20V8A
REGISTERED MODE LOGIC DIAGRAM
DIP (PLCC) Package Pinouts
1 O—P- o
4 1 20 u 2 2 % PO
o0 DO—IF <3 <351
o kotH  owmc 22 |
== —K322(26)
‘ w0 =2 XOR-2560 _
3 O—Is - AC1-2632
= 2 owecz ]
= - 321(25)
o600 EE XOR-2561
w) DO—I3 hn AC1-2633
e =H oM 20 ]
2= 320024
w0 == XOR-2562 ‘
56 O—% —H ACH-2634
w o  oLMC 19 |
. H K 31923)
) == XoR-2563 |
sn DO— =111 AC1-2635
o o owmc 18 |
== . —E318(21)
1560 == XOR-2564
18 O—1% <H-H ACH-2636
o =  owc 17 |
FH —K317(20)
1880 == XOR-2565
810 O—5— «H-H AC1-2637
L =HH  oLMC 16
EH £ 316(19)
0 H XOR-2566
) O—I3 «HH AC1-2638
e 2  oLMC 15
g2 15018
%2 =2 XOR-2567
1y O—s | 5 AC1-2639
1ty O—IF
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COMPLEX MODE

In the Complex mode, macrocells are configured as output only pability. Designs requiring eight I/O’s can be implemented in the
or |/O functions. Registered mode.

Architecture configurations available in this mode are similar to All macrocells have seven product terms per output. One product
the common 20L8 and 20P8 devices with programmable polarity term is used for programmable output enable control. Pins 1 and
in each macrocell. 13 are always available as data inputs into the AND array.

Up to six I/O's are possible in this mode. Dedicated inputs or The JEDEC fuse numbers including the UES fuses and PTD fuses
outputs can be implemented as subsets of the I/O function. The are shown on the logic diagram on the following page.
two outer most macrocells (pins 15 & 22) do not have input ca-

Combinatorial VO Configuration for Complex Mode

- SYN=1.

-ACO=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

-AC1=1. ’

- Pin 16 through Pin 21 are configured to this function.

Combinatorial Output Configuration for Complex Mode

- SYN=1.

-ACO=1.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

-AC1=1.

- Pin 15 and Pin 22 are configured to this function.

Note: The development software configures all of the architecture control bits and checks for proper pin usage automatically.
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COMPLEX MODE LOGIC DIAGRAM

DIP (PLCC) Package Pinouts
1 Oo—>
2640
1 1 20 2 D
C o) D—% < —<J23e7)
0000 kD—-‘
. OLMC 22 :L———Dms)
0280 XOR-2560
3w O—I% {I—-\ Act-2632
00 o—
—1 OLMC 21 %—l{}zuﬁ)
060 XOR-2561
4 D—I% 1 AC1-2633 |
bd .
— OLMC 20 E]—Gzom)
0020 XOR-2562
5% O—I3 <— AC1-2634
0060 LT
— OLMC 19 %—Dtm
120 — XOR-2563
sn O—% < AC1-2635
1280 £ et
OLMC 18 %—Cmt)
1580 — XOR-2564
100 O—13 21— AC1-2636
1600
OLMC 17 i]—(]mzo)
1880 XOR-2565
810) O—3 1| AC1-2637
1920 Po—
OLMC 16 %—Dis{m :
20 XOR-2566
sy O—I3 <} AC1-2638
2240
OLMC 15 1‘—015«3)
R %20 3 XOR-2567
104y O—3 il—] AC1-2630 |
~ e 1Ty
1wy O—F
T 13(16)
SYN-2704
ACO-2705
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SIMPLE MODE

In the Simple mode, pins are configured as dedicated inpuis or Pins 1 and 13 are always available as data inputs into the AND
as dedicated, always active, combinatorial outputs. array. The "center" two macrocelis (pins 18 & 19) cannot be used
in the input configuration.

Architecture conﬁguratibns available in this mode are similar to
the common 14L8 and 16P6 devices with many permutations of The JEDEC fuse numbers including the UES fuses and PTD fuses
generic output polarity or input choices. are shown on the logic diagram on the following page.

All outputs in the simple mode have a maximum of eight product
terms that can control the logic. In addition, each output has
programmable polarity.

Combinatorial Output with Feedback Configuration
for Simpie Mode

- SYN=1.

- AC0=0.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=0 defines this configuration.

- All OLMC except pins 18 & 19 can be configured to
this function.

Combinatorial Output Configuration for Simple Mode

- SYN=1.

- AC0=0.

- XOR=0 defines Active Low Output.

- XOR=1 defines Active High Output.

- AC1=0 defines this configuration.

- Pins 18 & 19 are permanently configured to this
function.

: Dedicated Input Configuration for Simple Mode
- SYN=1.
: K -aco=0.

- XOR=0 defines Active Low Output.
H H - XOR=1 defines Active High Output.
g} - AC1=1 defines this configuration.
: : - All OLMC except pins 18 & 19 can be configured to
this function.

Note: The development software configures all of the architecture control bits and checks for proper pin usage automatically.
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SIMPLE MODE LOGIC DIAGRAM
DIP (PLCC) Package Pinouts
1 D—>
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Commercial

ABSOLUTE MAXIMUM RATINGS"

Supply voltage Vg «..eveveeseenseennae -0.5t0 +7V
Input voltage applied............ccvueueecs -2.5t0V, +1.0V
Off-state output voltage applied -2.5t0V +1.0V
Storage Temperature —65 to 150°C
Ambient Temperature with

Power Applied -55to 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
atthese or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

RECOMMENDED OPERATING COND.

Commercial Devices:

Ambient Temperature (T,)........cccervrennrerenareans 0to 75°C
Supply voltage (V)
with Respect to Ground ..........ccccceueue. +4.75 to +5.25V

DC ELECTRICAL CHARACTERISTICS

‘ Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP2| MAX. |UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Vee+1 | vV
o Input or I/O Low Leakage Current 0V < Vin < ViL (MAX.) —_ —_ -100 HA
hH Input or /O High Leakage Current 3.5V< ViN< Vee — — 10 pA
VoL Outpm Low Voltage lo=MAX. Vin = ViLor Vi - - 0.5 v

VoH Output High Voltage lon = MAX. Vin=ViorViH 24 —_ - v
loL Low Level Output Current — — 24 mA
loH High Level Output Current - — | =82 | mA
los? Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -30 — | -150 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fiogge =25MHz | — 75 115 mA

Outputs Open (no load)

1) The leakage current is due to the internal pull-up resistor on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, =25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
o4 Input Capacitance pF Ve =5.0V,V,=2.0V
Cpo 1/O Capacitance pF Ve =5.0V,V,, =20V

*Guaranteed but not 100% tested.
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T - Commercial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

[oanameren| TEST | pEscreTion R s
COND'. MIN. |[MAX. | MIN. | MAX.
tpd 1 Input or I/0 to Combinational Output 8 outputs switching | 3 75 3 10 ns
) 1 output switching -— 7 — -— ns
tco 1 Clock to Output Delay 2 5 2 7 ns
ter —_ Clock to Feedback Delay — 3 — ns
tsu — Setup Time, Input or Feedback before Clock 7 - 10 | — ns
th —_ Hold Time, Input or Feedback after Clock 0 - 0 —_ ns
1 Maximum Clock Frequency with : 833 | — |588 | — MHz
External Feedback, 1/(tsu + tco)
fmax? 1 Maximum Clock Frequency with 100 | — [625 | — MHz
: Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with ‘ 100 | — (625 | — MHz
No Feedback
twh —_ Clock Pulse Duration, High 5 - 8 — ns
twi - Clock Pulse Duration, Low 5 — 8 — ns
ten 2 Input or I/O to Output Enabled 3 9 3 10 | ns
2 OE to Output Enabled 2 6 2 10 ns
tdis 3 Input or /O to Output Disabled 2 9 2 10 ns
3 OE to Output Disabled 15 6 15 10 ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V +5V
Input Rise and Fall Times 3ns 10% - 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.6V Ri
Output Load See Figure
a:vst?te levels are measured 0.5V from steady-state active FROM OUTPUT (0/Q) . TEST POINT
el. UNDER TEST _L
Output Load Conditions (see figure) cL
Test Condition Ri R: c R2
1 200Q | 3900 50pF
2 | Active High o 390Q 50pF
Active Low 200Q 39002 S50pF =3
3 | Active High d 390Q 5pF C LINCLUDES JiG AND PROBE TOTAL CAPACITANCE
Active Low 200Q 3900 5pF
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Lattlce

‘Specifications GAL20VSA

HH Commercial

ABSOLUTE MAXIMUM RATINGS!" RECOMMENDED OPERAING COND. A
Supply voltage V. : -0.5t0+7V Commercial Devices:
Input voltage applied...........ceceeevreunnnne -251t0V,, +1.0V Ambient Temperature (T,) 0to 75°C
Off-state output voltage applied .......... -2.5t0 V +1.0V Supply voltage (V) )
Storage Temperature ~6510 150°C with Respect to Ground ............eevveee. +4.75 to +5.25V
Ambient Temperature with )

Power Applied ~-55to 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device at
these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL| PARAMETER CONDITION “ MIN. |TYP2| MAX. |UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
ViH Input High Voltage ' ' : 20 — | Vec+t1 | Vv
[ Input or I/O Low Leakage Current 0V < Vin < Vi (MAX)) — — -10 HA
IH Input or I/O High Leakage Current VHSVNSVee - - 10 pA
VoL Output Low Voltage lo=MAX. Vin=ViLor Vi - —_ 0.5 v
VOH | Output High Vottage lon = MAX. Vin = ViL or Vi |2s | = | = | v
oL Low Level Output Current - - 24 mA
loH High Level Output Current : — — | 82 | mA
los! Output Short Circuit Current Vec=5V Vour=05V T,=25°C -30 — | -150 | mA
Operating Power ViL=0.5V ViH=3.0V | fiogge =25MHz | L-10/-15 — 75 115 mA
lcc | Supply Current Outputs Open (no load) | fiogge =15MHz | L-25 - 75 90 mA
fiogge = 15MHz | Q@ -15/-25 - 45 55 mA

1) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.
2) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, =25°C, f = 1.0 MHz2)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0V,V,=2.0V
Cuwo 1/O Capacitance 10 pF Vg =5.0V, V,, =2.0V

*Guaranteed but not 100% tested.




La“lce Specifications GAL20V8A
HEHTT Commercial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

-10 -15 -25
PARAMETER | JEST |  DESCRIPTION UNITS
COND'. MIN. | MAX.| MIN. | MAX. | MIN. |MAX.
tpd 1 Input or I/O to Combinational Output sgy10 | 3 (15| 3 |25 | ns
tco 1 Clock to Output Delay 2 2 10 2 12 ns
tcf — Clock to Feedback Delay — — 8 — | 10 ns
tsu — Setup Time, Input or Feedback before Clock 10 —_ 12 — 15 — ns
th —_ Hold Time, Input or Feedback after Clock 0 —_ 0 — 0 —_ ns
1 Maximum Clock Frequency with 58.80d — | 455 | — 37 - MHz
External Feedback, 1/(tsu + tco)
fmax 1 Maximum Clock Frequency with 588 — | 50 [ — | 40 | — |MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 625 — | 625 | — |41.7 | — MHz
No Feedback
twh —— Clock Pulse Duration, High 8 -_— 8 -_— 12 —_ ns
twi —_— Clock Pulse Duration, Low 8 -_ 8 -_ 12 -_— ns
ten 2 Input or I/O to Output Enabled - 0| — 15 [ — | 25 ns
2 OE to Output Enabled — 0| — |15 | — |2 ns
tais 3 | Inputor /O to Output Disabled —Wioo | — |15 = |25 | ns
3 OE to Output Disabled ‘ — 0| — |18 | — ]20 ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V 5V
Input Rise and Fall Times 3ns 10% — 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V R
Output Load See Figure
- I : - i .
\;‘Zt:te levels are measured 0.5V from steady-state active FROM OUTPUT (0/Q) et RN
: ) UNDER TEST
Output Load Conditions (see figure) oL
Test Condition Ri Rz C R2
1 200Q 390Q 50pF
2 | Active High o 390Q 50pF
Active Low 200Q 390Q 50pF —
3 | Active High = 390Q SpF CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE
Active Low 200Q 390Q 5pF
5/92
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Specifications GAL20V8B

Industrial

ABSOLUTE MAXIMUM RATINGS" RECOMMENDED OERATING COND.
Supply voltage V -0.5t0 +7V Industrial Devices:
Input voltage applied ..........cccovereiennns -2.51t0V,, +1.0V Ambient Temperature (T,)......cccervererreeersurnies —40 to 85°C
Off-state output voltage applied .......... -25t0V,, +1.0V  Supply voitage (V) :
Storage Temperature -65 to 150°C with Respect to Ground .............c.c.ou... +4.50 to +5.50V
Ambient Temperature with

Power Applied -55to 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION _ MIN. | TYP2| MAX. {UNITS
ViL input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | veest | Vv
ho Input or I/O Low Leakage Current 0V < ViN < Vi (MAX.) — — —100 HA

hH Input or I/O High Leakage Current 3.5V<Vin<Vce — —_ 10 RA
VoL Output Low Voltage lo. = MAX. . Vin = ViLor Vi - —_ 0.5 v
VOH .| Output High Voltage - | lon=MAX. Vin=ViLor Viu 24 - — v
loL Low Level Output Current . : - — 24 mA
loH High Level Output Current - | = | =82 | mA
los? Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C =30 — -150 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fgge= 15MHz | — 75 130 | mA
’ Outputs Open (no load)

1) The leakage current is due to the internal pull-up resistor on all pins. See Input Buffer section for more information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 } pF Ve =5.0V, V, =2.0V
Cw I/O Capacitance 8 pF Ve =50V, V,, =2.0V
*Guaranteed but not 100% tested.
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Specifications GAL20V8B
Industrial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

ameren| TEST | DESCRIPTION 2 L unms
PAR
COND". MIN. [MAX. | MIN. |MAX.
tpd 1 Input or /O to Combinational Output 3 10 3 15 ns
tco 1 Clock to Output Delay 2 7 2 10 ns
ter - Clock to Feedback Delay - 6 - 8 ns
tsu — Setup Time, Input or Feedback before Clock 10 | — |12 | — ns
th - Hold Time, Input or Feedback after Clock 0 - 0 —_ ns
1 Maximum Clock Frequency with 688 | — 4565 | — MHz
External Feedback, 1/(tsu + tco)
fmax 1 Maximum Clock Frequency with 625 | — [ 580 | — |MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 625 | — |625 | — MHz
No Feedback -
twh - Clock Pulse Duration, High 8 - — ns
twi - Clock Pulse Duration, Low 8 - 8 - ns
ten 2 Input or I/O to Output Enabled 3 10 | — 15 ns
2 OE to Output Enabled 2 10 | — 15 ns
tdis 3 Input or I/O to Output Disabled 2 10 —_ 15 ns
3 OE to Output Disabled 15 {10 | — | 15 ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V +V
Input Rise and Fall Times 3ns 10% - 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V Rt
Output Load See Figure
3-state levels are measured 0.5V from steady-state active FROM OUTPUT (0/Q) . TEST POINT
level. UNDER TEST J_
Output Load Conditions (see figure) CL
Test Condition Ri R L Az
1 200Q 390Q S50pF
2 Active High oo 390Q 50pF
Active Low 200Q 390Q 50pF —
3 | Active High o 390Q SpF C LINCLUDES JiG AND PROBE TOTAL CAPACITANCE
Active Low 200Q 390Q 5pF
5/92

2-39



i attice

Specifications GAL20V8A

FHHE Industrial

ABSOLUTE MAXIMUM RATINGS®™ RECOMMENDED OPERATING COND.
Supply voltage V., -05to+7v  Industrial Devices:
Input voltage applied.....................smimees -25t0V, +1.0V  Ambient Temperature (T,).......ccccccrweereriuren —4010 85°C
Off-state output voltage applied .......... -25t0V +1.0v  Supply voltage (V)
Storage Temperature —65 to 150°C with Respect to Ground ...................... +4.50 to +5.50V
Ambient Temperature with

Power Applied -5510 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device at
these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP2| MAX. |UNITS
ViL Input Low Voltage Vss—-05| — 0.8 '
ViH Input High Voltage 2.0 — | Vec#t | Vv

I Input or I/O Low Leakage Current 0V < Vin < Vi (MAX.) — — -10 HA
hH Input or I/O High Leakage Current ViH< ViN< Vce —_ - 10 uHA
VoL Output Low Voltage loL=MAX. Vin=ViLor Vi - _ 0.5 v
VOH | Output High Voltage low =MAX. Vin = ViLor Vi 24 — - v
loL Low Level Output Current ‘ — —_ 24 mA
loH High Level Output Current : - — | =82 | mA
los! Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -30 —_ -150 mA
Operating Power ViL=0.5V ViH=3.0V | fiogge =25MHz |L-25 — 75 130 mA
Icc Supply Current Outputs Open (no load) | fiogge = 15MHz | Q -20/-25 —_ 45 65 mA

1) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.
2) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
- Input Capacitance 8 pF Voo =5.0V,V,=2.0V
Cw I/O Capacitance 10 pF Ve =5.0V,V,, =2.0V

*Guaranteed but not 100% tested.
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Specifications GAL20VS8A
Industrial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

TEST | DESCRIPTION 20 2 urrs
METER
PARAMETER | conp, MIN.[MAX. | MIN. [MAX.
tpd 1 Input or I/O to Combinational Output 3 20 3 25 ns
tco 1 Clock to Output Delay 2 1 2 12 ns
ter Clock to Feedback Delay - 9 — |10 ns
tsu Setup Time, Input or Feedback before Clock 13 [ — |16 | — ns
th Hold Time, Input or Feedback after Clock 0 — 0 — ns
1 Maximum Clock Frequency with 416 | — 37 — MHz
External Feedback, 1/(tsu + tco)
fmax? 1 Maximum Clock Frequency with 454 | — |40 | — [MHz
: Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 50 — |416 | — MHz
External Feedback
twh Clock Pulse Duration, High 10 | — 12 | — ns
tw Clock Pulse Duration, Low 10 | — 12 | — ns
ten 2 Input or /O to Output Enabled — |20 | — |25 ns
2 OE to Output Enabled — |18 | — |20 ns
tdis 3 Input or I/O to Output Disabled — |20 | — |25 ns
3 OE to Output Disabled — |18 | — |20 ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GNDto 3.0V 45V
Input Rise and Fall Times 3ns 10% - 90%
1 Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V A1
Output Load See Figure
3-state levels are measured 0.5V from steady-state active FROM OUTPUT (0/Q) _
level. TEST POINT
UNDER TEST
Output Load Conditions (see figure) cL
Test Condition Ri Rz C R2
1 200Q 390Q 50pF
2 Active High oo 390Q S50pF
Active Low 200Q 390Q 50pF =
3 | Active High = 3900 5pF CLL INCLUDES JIG AND PROBE TOTAL CAPACITANCE
Active Low 200Q 390Q S5pF
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£] aftice | Specifications GAL20VSB
HHEE GAL20VSA

SWITCHING WAVEFORMS

INPUT
I/OFEE“DBACK ;;;\\\ VALID INPUT

¢-tsu th
I FEsheACK ARARAAANY T VALID INPUT LK

j@¢— 1/fmax
(external fdbk)

Combinatorial Output ' Registered Output

INPUT or
1/O FEEDBACK
tais ten
REGISTERED
. ouTRUT OUTPUT

Input or VO to Output Enable/Disable OE to Output Enable/Disable

twh twi
N ufmu(mmlm)
CLK

Clock Wiah oz TIM_

fmax with Feedback
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] attice Specifications GAL20V8B
HHHH GAL20V8A

CLK
—%'. N4 » ,................................C.L.K. ..........
TR — REGISTER —»
ARRAY ' —+—» Loaic :
: : ARRAY __| v : >
‘ REGISTER| |
sy ———Pi———— tco———P f’ _.l
fmax with External Feedback 1/(tsu+tco)
- AT
Note: fmax with external feedback is calculated from measured ) tpg — |
tsu and tco. :
fmax with Internal Feedback 1/(tsu+tcf)
cLK Note: tcf is a calculated value, derived by subtracting tsu from
the period of fmax w/internal feedback (tcf = 1/fmax - tsu). The
value of tcf is used primarily when calculating the delay from
\v4 ; clocking a register to a combinatorial output (through registered
; LOGIC feedback), as shown above. For example, the timing from clock
—ipp| ARRAY | |REGISTERL . to a combinatorial output is equal to tcf + tpd.
fmax Without Feedback

Note: fmax with no feedback may be less than 1/(twh + twl). This
is to allow for a clock duty cycle of other than 50%.
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Specifications GAL20V8B
GAL20V8A

ELECTRONIC SIGNATURE
An electronic signature is provided in every GAL20VBA/B device.
It contains 64 bits of reprogrammable memory that can contain
user defined data. Some uses include user ID codes, revision
numbers, or inventory control. The signature data is always avail-
able to the user independent of the state of the security cell.

NOTE: The electronic signature is included in checksum calcu-
lations. Changing the electronic signature will alter checksum.

SECURITY CELL

The security cell is provided on all GAL20V8A/B devices to pre-
vent unauthorized copying of the array patterns.  Once pro-
grammed, the circuitry enabling array is disabled, preventing
further programming or verification of the array. The cell can only
be erased by re-programming the device, so the original configu-
ration can never be examined once this cell is programmed. Sig-
nature data is always available to the user.

LATCH-UP PROTECTION

GAL20V8A/B devices are designed with an on-board charge
pump to negatively bias the substrate. The negative bias is of suf-
ficient magnitude to prevent input undershoots from causing the
circuitry to latch. Additionally, outputs are designed with n-channel
pull-ups instead of the traditional p-channel pull-ups to eliminate
any possibility of SCR induced latching.

DEVICE PROGRAMMING

GAL devices are programmed using a Lattice-approved Logic
Programmer, available from a number of manufacturers. Com-
plete programming of the device takes only a few seconds. Eras-
ing of the device is transparent to the user, and is done automati-
cally as part of the programming cycle.

OUTPUT REGISTER PRELOAD

When testing state machine designs, all possible states and state
transitions must be verified in the design, not just those required
in the normal machine operations. This is because, in system
operation, certain events occur that may throw the logic into an
illegal state (power-up, line voltage glitches, brown-outs, etc.). To
test a design for proper treatment of these conditions, a way must
be provided to break the feedback paths, and force any desired
(i.e., illegal) state into the registers. Then the machine can be
sequenced and the outputs tested for correct next state conditions.

GAL20V8A/B devices include circuitry that allows each registered
output to be synchronously set either high or low. Thus, any
present state condition can be forced for test sequencing. If
necessary, approved GAL programmers capable of executing text
vectors perform output register preload automatically.

INPUT BUFFERS

GAL20V8A/B devices are designed with TTL level compatible in-
put buffers. These buffers have a characteristically high imped-
ance, and present a much lighter load to the driving logic than
bipolar TTL devices.

The GAL20V8B input and I/0 pins have built-in active pull-ups.
As a result, unused inputs and I/O's will fioat to a TTL *high" (logi-
cal "1"). In contrast, the GAL20V8A does not have active pull-
ups within their input structures. Lattice recommends that all un-
used inputs and tri-stated IO pins for both devices be connected
to another active input, V., or Ground. Doing this will tend to im-
prove noise immunity and reduce | for the device.

Typical Input Pull-up Characteristic

< 0
2
T
e .20
<
3
[
E’ 40 I

-60

0 1.0 2.0 3.0 4.0 5.0
Input Voltage (Voits)
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Specifications >GAL20V88
GAL20V8A

POWER-UP RESET

Vee 40V}
Le— tsu
CLK \ ‘k—-—- tw
INTERNAL or —>

RSB X000 e
ouTPUTQ Resetto Logic 0"
Q FEEDBACK AND
OUTPUT PIN

Circuitry within the GAL20V8A/B provides a reset signal to all reg- conditions must be met to guarantee a valid power-up reset of the
isters during power-up. All internal registers will have their Q device. First, the Vcc rise must be monotonic. Second, the clock
outputs set low after a specified time (tpr, 1us MAX). As a result, input must be at static TTL level as shown in the diagram during
the state on the registered output pins (if they are enabled) will power up. The registers will reset within a maximum of tpr time.

" always be high on power-up, regardless of the programmed As in normal system operation, avoid clocking the device until all
polarity of the output pins. This feature can greatly simplify state input and feedback path setup times have been met. The clock -
machine design by providing a known state on power-up. Be- must also meet the minimum pulse width requirements.
cause of the asynchronous nature of system power-up, some ;

INPUT/OUTPUT EQUIVALENT SCHEMATICS

SN —ores

. Active Pull-up
Active Pulkup Vee Cirot
Circul (GAL20VeB
(GAL20VEB only) ( -

.........

Control T
)
¢ Protection
: Circult
RS Data
PN [ > Ouiput
‘B0 C
* Protection i v
; Circut : v
: ; Feedback
SRR, v/ v (To Input Buffer)
Typ. Vref = 3.2V Typ. Vref =3.2V
Typical Input Typical Output

245



Specifications GAL20VSB
Typical Characteristics
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Laﬂice Specifications GAL20V8B
' Typical Characteristics

Vol vs lol Voh vs ioh Voh vs loh
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Specifications GAL20V8SA
Typical Characteristics

Normalized Tpd vs. Ve
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:Lattice o AL TVIO
HHHHH Generic Array Logic™

FEATURES | FUNCTIONAL BLOCK DIAGRAM

* HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— 15 ns Maximum Propagation Delay
— Fmax =62.5 MHz
— 10ns Maximum from Clock Input to Data Output
— TTL Compatible 16 mA Outputs
— UltraMOS® Advanced CMOS Technology

* LOW POWER CMOS
— 75 mA Typical lcc

o ACTIVE PULL-UPS ON ALL PINS

* E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Celis
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

* TEN OUTPUT LOGIC MACROCELLS
— Uses Standard 22V10 Macrocells
— Maximum Flexibility for Complex Logic Designs

* PRELOAD AND POWER-ON RESET OF REGISTERS
— 100% Functional Testability

* APPLICATIONS INCLUDE:
— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

* ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL18V10, at 15 ns maximum propagation delay time, com-
bines a high performance CMOS process with Electrically Eras-
able (E?) floating gate technology to provide a very flexible 20-pin

B PACKAGE DIAGRAMS

PLD. CMOS circuitry allows the GAL18V10 to consume much PLCC DIP
less power when compared to its bipolar counterparts. The E?
technology offers high speed (50ms) erase times, providing the —
ability to reprogram or reconfigure the device quickly and effi- ok -] 1 20 [] vee
ciently. 1 1 ¥CLK Vec VOM

o 1 [ [l vora
By building on the popular 22V10 architecture, the GAL18V10 1 ] vora 1 ] voria
eliminates the leaming curve usually associated with a new device :
architecture. The generic architecture provides maximum design 1] Jvora 1 [ ] vora
flexibility by allowing the Output Logic Macrocell (OLMC) to be il GAL18V10 vora '] AL [wn
configured by the user. The GAL18V10 OLMC is fully compat- Top Vie
ible with the OLMC in standard bipolar and CMOS 22V10 devices. 1 P View Jvora 1] 18V10 [Jwn
Unique test circuitry and reprogrammable cells allow complete i [vora [ [] vora
AC, DC, and functional testing during manufacture. As a result; e e e 1] ] vora
LATTICE is able to guarantee 100% field programmability and Vo GND Vol vola vo/a vora []  vora

_ functionality of all GAL® products. LATTICE also guarantees 100
erase/rewrite cycles and data retention in excess of 20 years. GND [] 10 11 [Jwora
w ©1992 Lattice Semiconductor Corp. GAL and UhraMOS are reg of Lattice Corp. Generic Array Logic and E%CMOS are trademarks of Lattice
i Corp. The lions herein are subject to change without notice. !

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124 U.S.A. May 1992

Tel. (503) 681-0118 or 1-800-FASTGAL; FAX (503) 681-3037
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GAL18V10 ORDERING INFORMATION

Commercial Grade Specifications

Tpd (ns) | Tsu (ns) | Tco (ns) | lcc (MA) Ordering # Package
15 10 10 115 |GAL18V10-15LP 20-Pin Plastic DIP
115 | GAL18V10-15LJ 20-Lead PLCC
20 12 12 115 | GAL18V10-20LP 20-Pin Plastic DIP
115 | GAL18V10-20LJ 20-Lead PLCC
Industrial Grade Specifications
Tpd (ns) | Tsu (ns) | Tco(ns) | lcc (MA) Ordering # Package
20 12 12 125 | GAL18V10-20LPI 20-Pin Plastic DIP
125 | GAL18V10-20LJI 20-Lead PLCC

PART NUMBER DESCRIPTION

XXXXXXXX — XX X

GAL18V10 Device Name

Speed (ns)

L =Low Power Power

Grade Blank = Commercial
| = Industrial

Package P = Plastic DIP
J=PLCC
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OUTPUT LOGIC MACROCELL (OLMC)

The GAL18V10 has a variable number of product terms per
OLMC. Of the ten available OLMCs, two OLMCs have access
to ten product terms (pins 14 and 15), and the other eight OLMCs
have eight product terms each. In addition to the product terms
available for logic, each OLMC has an additional product-term
dedicated to output enable control.

The output polarity of each OLMC can be individually pro-
grammed to be true or inverting, in either combinatorial or reg-
istered mode. This allows each output to be individually config-
gured as either active high or active low.

The GAL18V10 has a product term for Asynchronous Reset (AR)
and a product term for Synchronous Preset (SP). These two
product terms are common to all registered OLMCs. The Asyn-
chronous Reset sets all registered outputs to zero any time this
dedicated product term is asserted. The Synchronous Preset sets
all registers to a logic one on the rising edge of the next clock
pulse after this product term is asserted.

NOTE: The AR and SP product terms will force the Q output of
the flip-flop into the same state regardless of the polarity of the
output. Therefore, a reset operation, which sets the register output
to a zero, may resuilt in either a high or low at the output pin,
depending on the pin polarity chosen.

4701
MUX

——<H

2701

MUX

GAL18V10 OUTPUT LOGIC MACROCELL (OLMC)

OUTPUT LOGIC MACROCELL CONFIGURATIONS

Each of the Macrocells of the GAL18V10 has two primary func-
tional modes: registered, and combinatorial I/0. The modes and
the output polarity are set by two bits (SO and S1), which are
nomnally controlled by the logic compiler. Each of these two pri-
mary modes, and the bit settings required to enable them, are
described below and on the the following page.

REGISTERED )

In registered mode the output pin associated with an individual
OLMC is driven by the Q output of that OLMC's D-type flip-flop.
Logic polarity of the output signal at the pin may be selected by
specifying that the output buffer drive either true (active high)
or inverted (active low). Output tri-state control is available as
an individual product-term for each OLMC, and can therefore
be defined by a logic equation. The D flip-flop’s /Q output is fed
back into the AND array, with both the true and complement of
the feedback available as inputs to the AND array.

NOTE: In registered mode, the feedback is from the /Q output
of the register, and not from the pin; therefore, a pin defined as
registered is an output only, and cannot be used for dynamic
1/0, as can the combinatorial pins.

COMBINATORIAL VO

In combinatorial mode the pin associated with an individual OLMC
is driven by the output of the sum term gate. Logic polarity of the
output signal at the pin may be selected by specifying that the
output buffer drive either true (active high) or inverted (active low).
Output tri-state control is available as an individual product-term
for each output, and may be individually set by the compiler as
either “on” (dedicated output), “off” (dedicated input), or “product-
term driven” (dynamic I/O). Feedback into the AND array is from
the pin side of the output enable buffer. Both polarities (true and
inverted) of the pin are fed back into the AND array.
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REGISTERED MODE

ACTIVE LOW

w0
nn
oo

ACTIVE HIGH

COMBINATORIAL MODE

I {

ACTIVE LOW

T g e

ACTIVE HIGH
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Commercial

ABSOLUTE MAXIMUM RATINGS® RECOMMENDED OPERATING COND.
SUpPlY VOHAGE Vg wuvvvverecunsnnnsnnnsunesassssnssses -0.5t0+7V Commercial Devices: i
Input voltage applied.................eerruenne 25t0V, +1.0v  Ambient Temperature (T)) ......ccoovvreesvreess 0to +75°C
Off-state output voltage applied ........... 2,510V +1.0V Supply voitage (Vo) '
Storage Temperature -65 to 150°C with Respect to Ground ..................... +4.75 to +5.25V
Ambient Temperature with

Power Applied -55 to 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, foliow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP3| MAX. | UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Veer1 | VvV
o Input or I/O Low Leakage Current 0V < ViN < Vi (MAX.) — — ~100 HA

hH Input or I/O High Leakage Current 3.5V < Vin< Voo —_ —_ 10 pA
VoL Output Low Voltage lo = MAX. Vin=ViLor ViH —_ — 0.5 v
VOH Output High Voltage lon = MAX. Vin=ViLor Vi 24 _ -— \
loL Low Level Output Current ' — — 16 mA
loH High Level Output Current - — | 82 | mA
los? Output Short Circuit Current Vcc=5V Vour=0.5V Ta=25°C -50 —_— -135 mA
Icc Operating Power Supply Current Vii=0.5V Vik=3.0V — 75 115 mA
ftoggle = 15Mhz  Outputs Open

1) The leakage current is due to the intemal pull-up on all pins. See Input Buffer section for more information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by
tester ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, =25C, f = 1.0 MH2)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
G Input Capacitance 8 pF Vee =5.0V,V,=2.0V
Cwo 1/O Capacitance 10 pF Ve =5.0V,V,, =2.0V

*Guaranteed but not 100% tested.
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AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

PARAMETER | JEST | DESCRIPTION 8 = UNITS
COND.' MIN. [MAX. | MIN. |MAX.
tpd 1 Input or 1/O to Combinatorial Output — 15 | — 20 ns
tco 1 Clock to Output Delay — 10 | — 12 ns
tcr —_ Clock to Feedback Delay —_ 7 — |10 ns
tsu —_ Setup Time, Input or Feedback before Clock 10 —_ 12 —_ ns
th — Hold Time, Input or Feedback after Clock 0 — 0 — ns
1 Maximum Clock Frequency with 50 — |416 | — MHz
. External Feedback, 1/(tsu +tco)
fmax 1 Maximum Clock Frequency with 588 | — (454 | — MHz
Internal Feedback, 1/(tsu'+ tcf)
1 Maximum Clock Frequency with 625 | — |625 | — MHz
No Feedback
twh —_ Clock Pulse Duration, High 8 - — ns
twi - Clock Pulse Duration, Low — 8 - ns
ten 2 Input or I/O to Output Enabled —_ 15 —_ 20 ns
tdis 3 Input or I/O to Output Disabled - 15 | — 20 ns
tar 1 Input or I/O to Asynchronous Reset of Register —_— 20 — 20 ns
tarw — Asynchronous Reset Pulse Duration 10 — 15 —_ ns
tarr —_ Asynchronous Reset to Clock Recovery Time 15 —_ 15 _ ns
tspr —_ Synchronous Preset to Clock Recovery Time 10 —_ 12 _ ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section.
5/92
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Industrial

ABSOLUTE MAXIMUM RATINGS®"

0510 +7V
2510V, +1.0V
2510V, +1.0V

Supply voltage V.
Input voltage applied
Off-state output voltage applied

............................

Storage Temperature -65 to 150°C
Ambient Temperature with :
Power Applied -565 to 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, follow the programming specifications).

RECOMMENDED OPERATING COND.

Industrial Devices:

Ambient Temperature (T,) .....cccocevreereenenenenee -40 to 85°C
Supply voltage (V)
with Respect to Ground ...................... +4.50 to +5.50V

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP3| MAX. | UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage , 2.0 — | Vee#t |V
o Input or /O Low Leakage Current OV < Vin < Vi (MAX.) — — -100 HA

hH Input or /O High Leakage Current 3.5V <ViNn< Vee — —_ 10 HA
VOL | Output Low Voltage lo. = MAX. Vin = ViLor Vi - - 0.5 v
VOH Output High Voltage lon = MAX. Vin=ViLor Vi 24 —_ - \"
loL Low Level Output Current — —_— 16 mA
loH High Level Output Current — — | =82 | mA
los: Output Short Circuit Current Vec =5V Vour=0.5V TA% 25°C -50 — -135 | mA
Icc Operating Power Supply Current V=05V ViH=3.0V —_ 90 125 | mA
: ftoggle = 15Mhz  Outputs Open

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by

tester ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vec = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0V,V,=2.0V
Cupo I/O Capacitance 10 pF Ve =5.0V,V,, =20V

*Guaranteed but not 100% tested.
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AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

-20
PARAMETER c.rOENsl.)r.' DESCRIPTION MIN. [ MAX. UNITS
tpd 1 Input or I/O to Combinatorial Output — |20 ns
tco 1 Clock to Output Delay - 12 ns
ter — Clock to Feedback Delay — |10 ns
tsu — Setup Time, Input or Feedback before Clock 12 — ns
th —_ Hold Time, Input or Feedback after Clock 0 — ns
1 Maximum Clock Frequency with 416 | — MHz
External Feedback, 1/(tsu + tco)
fmax® 1 Maximum Clock Frequency with 454 | — MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 625 | — MHz
No Feedback
twh — Clock Pulse Duration, High 8 — ns
twi —_ Clock Pulse Duration, Low 8 — ns
ten 2 Input or I/O to Output Enabled — | 20 ns
tdis 3 Input or I/O to Output Disabled — |20 ns
tar 1 Input or I/O to Asynchronous Reset of Register — 25 ns
tarw — Asynchronous Reset Pulse Duration 15 — ns
tarr — Asynchronous Reset to Clock Recovery Time 15 | — ns
tspr —_ Synchronous Preset to Clock Recovery Time 12 | — ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section.

5/92
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SWITCHING WAVEFORMS
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T‘ TR w
) RO s Rsa\llsren o] kgi':” __I v —I——:
REGISTER| !

M—tsu———Pi——— tco———P| :

fmax with External Feedback 1/(tsu+tco) l: tc.;d > |

Note: fmax with external feedback is cal-

culated from measured tsu and tco. )
fmax with Internal Feedback 1/(tsu+tcf)

CLK Note: tcf is a calculated value, derived by sub-
tracting tsu from the period of fmax w/internal
feedback (tcf = 1/fmax - tsu). The value of tcf

v ; is used primarily when calculating the delay from
LOGIC REGISTER clocking a register to a combinatorial output
—» ARRAY > (through registered feedback), as shown above.
; ; For example, the timing from clock to a com-
________________________________________________ binatorial output is equal to tcf + tpd.
fmax With No Feedback

Note: fmax with no feedback may be less
than 1/(twh + twl). This is to allow for a
‘clock duty cycle of other than 50%.

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V +5V
Input Rise and Fall Times 3ns 10% — 90% :
Input Timing Reference Levels 1.5V % Ri
Output Timing Reference Levels k 1.5V FROM OUTPUT (0/Q) TEST POINT
Output Load See Figure UNDER TEST
3-state levels are measured 0.5V from steady-state active Rs § — C
level.
Output Load Conditions (see figure)
Test Condition R1 R2 C. =
3000 3900 50pF G INCLUDES JIG AND PROBE TOTAL CAPACITANCE
2 Active High oo 390Q 50pF
Active Low 300Q 390Q 50pF
‘3 | Active High o 390Q 5pF
Active Low 300Q 390Q 5pF
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ELECTRONIC SIGNATURE

An electronic signature is provided in every GAL18V10 device.
It contains 64 bits of reprogrammable memory that can contain
user-defined data. Some uses include user ID codes, revision
numbers, or inventory control. The signature data is always
available to the user independent of the state of the security cell.

SECURITY CELL

A security cell is provided in every GAL18V10 device to prevent
unauthorized copying of the array patterns. Once programmed,
this cell prevents further read access to the functional bits in the
device. This cell can only be erased by re-programming the
device, so the original configuration can never be examined once
this cell is programmed. The Electronic Signature is always avail-
able to the user, regardless of the state of this control cell.

LATCH-UP PROTECTION

magnitude to prevent input undershoots from causing the cir-
cuitry to latch. Additionally, outputs are designed with n-channel
pullups instead of the traditional p-channel pullups to eliminate
any possibility of SCR induced latching.

DEVICE PROGRAMMING

GAL devices are programmed using a Lattice-approved Logic
Programmer, available from a number of manufacturers (see the
the GAL Development Tools section). Complete programming
of the device takes only a few seconds. Erasing of the device

OUTPUT REGISTER PRELOAD

When testing state machine designs, all possible states and state
transitions must be verified in the design, not just those required
in the normal machine operations. This is because certain events
may occur during system operation that throw the logic into an
illegal state (power-up, line voltage glitches, brown-outs, etc.).
To test a design for proper treatment of these conditions, a way
must be provided to break the feedback paths, and force any
desired (i.e., illegal) state into the registers. Then the machine
can be sequenoed and the outputs tested for correct next state
conditions.

The GAL18V10 device includes circuitry that allows each reg-
istered output to be synchronously set either high or low. Thus,
any present state condition can be forced for test sequencing.
If necessary, approved GAL programmers capable of execut-
ing test vectors perform output register preload automatically.

INPUT BUFFERS

GAL18V10 devices are designed with TTL level compatible input
buffers. These buffers have a characteristically high impedance,
and present a much lighter load to the drivmg logic than bipo-
lar TTL devices.

The input and I/O pins also have built-in active pull-ups. As a
result, floating inputs will float to a TTL high (logic 1). However,
Lattice recommends that all unused inputs and tri-stated I/O pins
be connected to an adjacent active input, Vcc, or ground. Do-
ing so will tend to improve noise immunity and reduce icc for the
device.

Typical Input Current

is transparent to the user, and is done automatically as part of E 0
the programming cycle. =
e 20
3
o
3 .40 —
3
-60
0 1.0 2.0 3.0 4.0 5.0
Input Voltage (Volits)
5/92
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POWER-UP RESET

Vee 4.0V

j— tsu

CLK

=

558 RAXRRUKRAXORA s
OUTPUTQ \ Reset to Logic *0*

fe—— tpr —»

2t RXRAXRXRARRYY B
OUTPUT REGISTER Reset to Logic *1°
OUTPUT REGISTER Reset to Logic *0"

Circuitry within the GAL18V10 provides a reset signal to all reg-
isters during power-up. All internal registers will have their Q
outputs set low after a specified time (tpr, 1us MAX). As a result,
the state on the registered output pins (if they are enabled) will
be either high or low on power-up, depending on the programmed
polarity of the output pins. This feature can greatly simplify state
machine design by providing a known state on power-up. Be-
cause of the asynchronous nature of system power-up, some

conditions must be met to guarantee a valid power-up reset of the
device. First, the Vcc rise must be monotonic. Second, the clock
input must be at static TTL level as shown in the diagram during
power up. The registers will reset within a maximum of tpr time.
As in normal system operation, avoid clocking the device until all
input and feedback path setup times have been met. The clock
must also meet the minimum pulse width requirements.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

Vee
Active Pull-up
(Vref Typical =3.2V) Circuit
v

Vee Vrefi Ve
ESD -1 T -
Protection
Circuit

3 E:Jr,[

Input

Output
oo —-l >OK e

Feedback 4————

Active Pull-up
Circuit
Ve ¥
Tri-State ree Vref (Vref Typical = 3.2V)
Control I~

L L]
ey - K3 rin

(To Input Butfer)

Output
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Typical Characteristics

Normalized Tpd vs. Vcc

Normalized Tsu vs. Vee

Nomalized Tco vs. Vee
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GAL22V10B
GAL22V10

High Performance E2CMOS PLD

FEATURES

* HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— 7.5 ns Maximum Propagation Delay
— Fmax =111 MHz
— 5 ns Maximum from Clock Input to Data Output
— TTL Compatible 16 mA Outputs
— UltraMOS*® Advanced CMOS Technology

¢ ACTIVE PULL-UPS ON ALL PINS

+ COMPATIBLE WITH STANDARD 22V10 DEVICES
— Fully Function/Fuse-Map/Parametric Compatible
with Bipolar and UVCMOS 22V10 Devices
* 50% REDUCTION IN POWER VERSUS BIPOLAR

* E2 CELL TECHNOLOGY
'~ — Reconfigurable Logic
— Reprogrammable Celis
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

* TEN OUTPUT LOGIC MACROCELLS
— Maximum Flexibility for Complex Logic Designs

* PRELOAD AND POWER-ON RESET OF REGISTERS
. = 100% Functional Testability

* APPLICATIONS INCLUDE:
— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

* ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL22V10B, at 7.5ns maximum propagation delay time,
combines a high performance CMOS process with Electrically
Erasable (E?) floating gate technology to provide the highest per-
formance available of any 22V10 device on the market. CMOS
circuitry allows the GAL22V10/B to consume much less power
when compared to bipolar 22V10 devices. E?technology offers
high speed (<100ms) erase times, providing the ability to repro-
gram or reconfigure the device quickly and efficiently.

The generic architecture provides maximum design flexibility by
allowing the Output Logic Macrocell (OLMC) to be configured by
the user. The GAL22V10/B is fully function/fuse map/parametric
compatible with standard bipolar and CMOS 22V10 devices.

Unique test circuitry and reprogrammable cells allow complete
AC, DC, and functional testing during manufacture. As a result,
LATTICE is able to guarantee 100% field programmability and
functionality of all GAL® products. LATTICE also guarantees 100
erase/rewrite cycles and data retention in excess of 20 years.

FUNCTIONAL BLOCK DIAGRAM

PACKAGE DIAGRAMS
DIiP

PLCC

: 1 vee
] vora
[ vora
] vora
] vora
1 vora
] vora
] vora
1 vora
] vora
1 vora
1l

__ 89388

g
"y
g

wy GAL22V10/B
" Top View

i
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GAL22V10

GAL22V10/B ORDERING INFORMATION .

Commercial Grade Specifications

Tpd (ns) | Tsu(ns) | Tco(ns) | lcc (MA) Ordering # Package
7.5 6.5 5 140 GAL22V10B-7LP 24-Pin Plastic DIP
140 GAL22V10B-7LJ 28-Lead PLCC
10 7 7 130 GAL22V10B-10LP 24-Pin Plastic DIP
130 GAL22V10B-10LJ 28-Lead PLCC
15 10 8 130 GAL22V10B-15LP 24-Pin Plastic DIP
130 GAL22V10B-15LJ 28-Lead PLCC
25 15 15 90 GAL22V10B-25LP 24-Pin Plastic DIP
90 GAL22V10B-25LJ 28-Lead PLCC
130 GAL22V10-25LP 24-Pin Plastic DIP
130 GAL22V10-25LJ 28-Lead PLCC
Industrial Grade Specifications
Tpd (ns) | Tsu (ns) | Tco (ns) | lcc (mA) Ordering # Package
15 10 8 150 GAL22V10B-15LPI 24-Pin Plastic DIP
150 GAL22V10B-15LJI 28-Lead PLCC
20 14 10 150 GAL22V10B-20LPI 24-Pin Plastic DIP
150 GAL22V10B-20LJI 28-Lead PLCC
25 15 15 150 GAL22V10B-25LPI 24-Pin Plastic DIP
150 | GAL22v10B-25LJ! 28-Lead PLCC

PART NUMBER DESCRIPTION

XXXXXXXX - XX X X X

GAL22V10B Device Name
GAL22V10

Speed (ns)

L = Low Power Power

Grade Blank = Commercial
| = Industrial

Package P = Plastic DIP
J=PLCC
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OUTPUT LOGIC MACROCELL (OLMC)

The GAL22V10/B has a variable number of product terms per
OLMC. Of the ten available OLMCs, two OLMCs have access to
eight product terms (pins 14 and 23), two have ten product terms
(pins 15 and 22), two have twelve product terms (pins 16 and 21),
two have fourteen product terms (pins 17 and 20), and two
OLMCs have sixteen product terms (pins 18 and 19). In addition
to the product terms available for logic, each OLMC has an ad-
ditional product-term dedicated to output enable control.

The output polarity of each OLMC can be individually programmed
to be true or inverting, in either combinatorial or registered mode.
This allows each output to be individually configured as either

The GAL22V10/B has a product term for Asynchronous Reset
(AR) and a product term for Synchronous Preset (SP). These two
product terms are common to all registered OLMCs. The Asyn-
chronous Reset sets all registers to zero any time this dedicated
product term is asserted. The Synchronous Preset sets all reg-
isters to a logic one on the rising edge of the next clock pulse after
this product term is asserted.

NOTE: The AR and SP product terms will force the Q output of
the flip-flop into the same state regardiess of the polarity of the
output. Therefore, a reset operation, which sets the register output
to a zero, may result in either a high or low at the output pin,

active high or active low. depending on the pin polarity chosen.
" AR
D —
4701
MUX
CLK—P
I
SP
E— o T
MUX -

GAL22V10/B OUTPUT LOGIC MACROCELL (OLMC)

OUTPUT LOGIC MACROCELL CONFIGURATIONS

Each of the Macrocelis of the GAL22V10/B has two primary func-
tional modes: registered, and combinatorial I/O. The modes and
the output polarity are set by two bits (SO and S1), which are nor-
mally controlled by the logic compiler. Each of these two primary
modes, and the bit settings required to enable them, are described
below and on the following page.

REGISTERED : .

In registered mode the output pin associated with an individual
OLMC is driven by the Q output of that OLMC's D-type flip-fiop.
Logic polarity of the output signal at the pin may be selected by
specifying that the output buffer drive either true (active high) or
inverted (active low). Output tri-state control is available as an
individual product-term for each OLMC, and can therefore be
defined by a logic equation. The D flip-flop’s /Q output is fed back
into the AND array, with both the true and complement of the
feedback available as inputs to the AND array.

NOTE: In registered mode, the feedback is from the /Q output of
the register, and not from the pin; therefore, a pin defined as
registered is an output only, and cannot be used for dynamic
1/0, as can the combinatorial pins.

COMBINATORIAL VO

In combinatorial mode the pin associated with an individual OLMC
is driven by the output of the sum term gate. Logic polarity of the
output signal at the pin may be selected by specifying that the
output buffer drive either true (active high) or inverted (active low).
Output tri-state control is available as an individual product-term
for each output, and may be individually set by the compiler as
either “on” (dedicated output), “off” (dedicated input), or “product-
term driven” (dynamic I/O). Feedback into the AND array is from
the pin side of the output enable buffer. Both polarities (true and
inverted) of the pin are fed back into the AND array.

5/92
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ACTIVE LOW

=0
S =0

ACTIVE HIGH

COMBINATORIAL MODE

=<

ACTIVE LOW
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d
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ACTIVE HIGH
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GAL22V10/B LOGIC DIAGRAM / JEDEC FUSE MAP
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Specifications GAL22V10B
Commercial

ABSOLUTE MAXIMUM RATINGS™

Supply voltage V. -0.5t0+7V
Input voltage applied..........c.ceccrurveunene. -25t0 V, +1.0V
Off-state output voltage applied ........... -2.5t0 V, +1.0V
Storage Temperature -65 to 150°C
Ambient Temperature with

Power Applied -55 to 125°C

. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, follow the programming specifications).

-

RECOMMENDED OPERATING COND.

Commercial Devices:

Ambient Temperature (T,) ........c.ceceursisenensen.. 0 10 +75°C
Supply voltage (V) :
with Respect to Ground ..........ccccueue. +4.75 to +5.25V

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Uniess Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP3 | MAX. | UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
ViH Input High Voltage 2.0 — | Vec+t | v
ho Input or 1/O Low Leakage Current | 0V < Vi < Vi (MAX.) —_ —_ -100 pA
hH Input or I/O High Leakage Current | 3.5V < Vin < Ve - - 10 pA

VoL Output Low Voltage lo = MAX. Vin = ViLor Vi - —_ 0.5 v

VOH Output High Voltage lon = MAX. Vin=ViLor Vi 24 — - \"
loL Low Level Output Current — — 16 mA
loH High Level Output Current — — | =82 | mA
los: Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -30 — | -130 | mA
Operating Power ViL=0.5V ViH=3.0V | fogge =25MHz | -7 —_— 90 140 mA
lcc Supply Current Outputs Open fogole =25MHz | -10/-15 —_ 920 130 mA
fioge = 15MHz | 25 — 75 | 90 | mA

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25 C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C Input Capacitance 8 pF Ve =5.0V,V,=2.0V
Cp I/O Capacitance 8 pF Ve =5.0V,V,, =2.0V

*Guaranteed but not 100% tested.
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AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

. -7 -10 -15 -25
PARAMETER CTOENSJ-‘ DESCRIPTION MIN. |[MAX.|MIN. |MAX.|MIN.|MAX.|MIN.|MAX. UNITS
tpd 1 | Input or /O to Combinatorial Output 3 |76 |3 |10 | 3|15 | 3|25 | ns
teo 1 Clock to Output Delay 2 5 2 7 2 8 2 |15 | ns
| — | Clock to Feedback Delay — |25 |— |26 | — |25 | — | 13 | ns
tsu, — | Setup Time, Input or Feedback beforeClock (65 | — | 7 |— | 10| — | 16| — | ns
tsy, — | Setup Time, SP before Clock 10 [— [10|— 10— |16]| — | ns
th — | Hold Time, Input or Feedback after Clock 0 |— |0 |— 0 | — 0| — | ns
1 Maximum Clock Frequency with 87 | — |(714| — |[555| — [33.3] — |MHz
External Feedback, 1/(tsu + tco)
fmax® 1 Maximum Clock Frequency with i1 | — 105 — | 80 | — |35.7| — |MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with i1 | — 1105 | — [833| — |385| — |MHz
No Feedback
twh — | Clock Pulse Duration, High 4 |— |4 |— |6 ]|— |183]|— | ns
twi — | Clock Pulse Duration, Low 4 |— |4 |— |6 |— 13| —]ns
ten 2 Input or I/O to Output Enabled 3 3 (10 | 3|15 | 3 |25 | ns
tdis 3 | Inputor I/O to Output Disabled 3 8 |3 |9 3|15 | 3 |25 | ns
tar 1 Input or /O to Asynchronous Reset of Register | 3 13 [ 3 |13 3120 | 3 |25 | ns
tarw — | Asynchronous Reset Pulse Duration 8 |— |8 |— [15]—]|25| — | ns
tarr — | Asynchronous Reset to Clock RecoveryTime | 8 | — (8 |— |10 | — |25 | — | ns
tspr — | Synchronous Preset to Clock RecoveryTime |10 | — |10 |— | 10| — |16 | — | ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section.
5/92
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Commercial

ABSOLUTE MAXIMUM RATINGS" RECOMMENDED OPERATING COND.
Supply voltage V., -05t0+7v ~ Commercial Devices:
Input voltage applied............ceererereeereene -25t0V, +1.0V  Ambient Temperature (T,) .......coooveeveuivsssssne 0to+75°C
Off-state output voltage applied ........... 2510V, +1.0v  Supply voltage (Vo)
Storage Temperature -65 to 150°C with Respect to Ground ...........ccceu.e... +4.75 to +5.25V
Ambient Temperature with

Power Applied -65t0 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP®| MAX. | UNITS
ViL Input Low Voltage Vss-05 — 0.8 v
VIH Input High Voltage 2.0 — | Veest | V
o Input or I/O Low Leakage Current 0V < Vin < Vi (MAX.) — — -150 nA

hH Input or I/O High Leakage Current 3.5V<ViNn<Vee — —_ 10 HA
VoL Output Low Voltage lo. = MAX. Vin = ViLor Vi —_ - 0.5 v
VOH | Output High Voltage low = MAX. Vin = ViLor Vi 24 - — v

loL Low Level Output Current — — 16 mA
loH High Level Output Current — — | 82| mA
los? Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -50 - -135 | mA
ICC Operating Power Supply Current VIL=0.5V VIH=3.0V - 90 130 mA
ftoggle = 15Mhz  Outputs Open

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0V,V,=2.0V
Cip 1/O Capacitance 10 pF Ve =5.0V,V,,=2.0V

*Guaranteed but not 100% tested.
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AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

PARAMETER| JEST | DESCRIPTION 25 UNITS
COND.' : MIN. | MAX.
tpd 1 Input or /O to Combinatorial Output 3 25 ns
tco 1 Clock to Output Delay 2 |15 | ns
{cr - Clock to Feedback Delay — |13 ns
tsu —_ Setup Time, Input or Feedback before Clock 15 | — ns
th —_ Hold Time, Input or Feedback after Clock 0 —_ ns
1 Maximum Clock Frequency with 333 | — MHz
External Feedback, 1/(tsu + tco)
fmax® 1 Maximum Clock Frequency with 357 | — | MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 385 | — MHz
No Feedback
twh — Clock Pulse Duration, High 13 | — ns
twi — Clock Pulse Duration, Low 13 | — ns
ten 2 Input or I/O to Output Enabled 3 25 ns
tdis 3 Input or I/O to Output Disabled 3 25 ns
tar 1 Input or /O to Asynchronous Reset of Register 3 25 ns
tarw —_ Asynchronous Reset Pulse Duration 25 — ns
tarr —_ Asynchronous Reset to Clock Recovery Time 25 —_ ns
tspr — Synchronous Preset to Clock Recovery Time 15 | — ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section. ~
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ABSOLUTE MAXIMUM RATINGS™ RECOMMENDED OPERATING COND.
Supply voltage V,, -05to+7v  Industrial Devices:
Input voltage applied...........cc.eeerereeeeens 2510V, +1.0V  Ambient Temperature (T,) .....ooeeevvvssrsssssseses -40t0 85°C
Off-state output voltage applied ........... -25t0V, +1.0v  Supply voltage (V)
Storage Temperature -65 to 150°C with Respect to Ground.............ccu.... +4.50 to +5.50V
Ambient Temperature with '
Power Applied -565to 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. |TYP3| MAX. |UNITS
ViL Input Low Voltage Vss—05| — 0.8 v
ViH Input High Voltage 2.0 — | Vect1 | v
I Input or I/0 Low Leakage Current OV < Vin < Vi (MAX.) — — -100 | pA
IH Input or I/O High Leakage Current 3.5V<Vin<Vee — — 10 HA
VoL Output Low Voltage to.=MAX. Vin=ViLor Vi —_ — 0.5 '

VOH Output High Voltage loh = MAX. Vin=ViLor Vi 24 — — v
oL Low Level Output Current - — 16 mA
loH High Level Output Current - — | =82 | mA
losz | Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -30 — | -130 | mA
Icc Operating Power | ViL=0.5V Vii=3.0V | fiogge = 25MHz | -15 — 90 150 | mA

Supply Current Outputs Open fiogge =15MHz | -20/-25

1) The leakage current is due to the internal pull-up on all pins. See input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz2)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CbNDITIONs

C, Input Capacitance 8 pF Ve =5.0V,V,=2.0V

Cwo I/O Capacitance 8 pF Voo =5.0V, V,, =2.0V
*Guaranteed but not 100% tested.
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AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

?ARAMETER c.:)E:g-' DERCHIPTION MIN.-l| 5IIA)(. MIN.-zoMAX. MIN.-stAX. UNITS
tpd 1 Input or /O to Combinatorial Output 3 15 | 3 20 3 25 ns
tco 1 Clock to Output Delay 2 8 2 10 2 25 ns
ter — Clock to Feedback Delay , — 5 | — 8 [ — |13 ns
tsu, — Setup Time, Input or Feedback before Clock 10| — (14 | — |15 | — ns
tsu, —_ Setup Time, SP before Clock ‘ 12 — | 14 — 15 — ns
th — Hold Time, Input or Feedback after Clock 0 — 10 — 0 — ns

1 Maximum Clock Frequency with 6656 | — 416 | — 33 — MHz
External Feedback, 1/(tsu + tco)
fmax? 1 Maximum Clock Frequency with 666 | — [454 | — (357 | — | MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 666 | — | 50 — 1385 | — MHz
No Feedback
twh - Clock Pulse Duration, High 6 — (10 | — 13 | — ns
twi — Clock Pulse Duration, Low 6 — |10 | — |18 | — ns
ten 2 Input or /O to Output Enabled 3 15 3 20 3 25 ns
tdis 3 Input or /O to Output Disabled 3 15 3 20 3 25 ns
tar 1 Input or I/O to Asynchronous Reset of Register 3 2 | 3 25 3 25 ns
tarw — Asynchronous Reset Pulse Duration 15| — |20 | — |25 | — ns
tarr — Asynchronous Reset to Clock Recovery Time 10| — |20 | — |25 | — ns
tspr — Synchronous Preset to Clock Recovery Time 12| — |14 | — |15 | — ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section.

2-73



I "~ Specifications GAL22V10B
Eii:lﬁaﬂlce | | | GAL22V10

SWITCHING WAVEFORMS

NPUT o TN | e vorzsomoc _\\\\\ § vauomeur YW\

VO FEEDBACK

oo TN e

oomor AW

Combinatorial Output l¢— 1/fmax —p

(external fdbk)
INPUT or
VO FEEDBACK { &
tdis ten
o j—jC o

Input or VO to Output Enable/Disable

twh twi
CLK

Clock Width

Registered Output

1/ fmax (internal fdbk) -

o TN

fmax with Feedback

INPUT or INPUT or hat ki
/O FEEDBACK VO FEEDBACK
DRIVING AR DRIVING SP
bu—b
— tarw tarr

'CLK

R L \\\\\\\\\\\\\WC

Synchronous Preset

o /

Asynchronous Reset

2-74



Specifications GAL22V10B
GAL22V10

CLK
— v »
H >
i LoGic
ARRAY REGISTER

——— tsy ———Pl————— tco——P

fmax with External Feedback 1/(tsu+tco)

Note: fmax with external feedback is
calculated from measured tsu and tco.

..............................................

................................................

fmax With No Feedback

Note: fmax with no feedback may be less
than 1/(twh + twl). This is to allow for a

clock duty cycle of other than 50%.

fmax with Internal Feedback 1/(tsu+tcf)

Note: tcf is a calculated value, derived by
subtracting tsu from the period of fmax w/
internal feedback (tcf = 1/fmax - tsu). The
value of tcf is used primarily when calculating the
delay from clocking a register to a combinato-
rial output (through registered feedback), as
shown above. For example, the timing from
clock to a combinatorial output is equal to tcf +

tpd.

SWITCHING TEST CONDITIONS |

Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 2-3ns 10% - 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V
Output Load See Figure

3-state levels are measured 0.5V from steady-state active

level.

Output Load Conditions (see figure)

Test Condition Ri R: (X
1 3000 390Q 50pF
2 | ActiveHigh . 3900 50pF
Active Low 300Q 390Q S50pF
3 | Active High o 390Q 5pF
Active Low 300Q 390Q SpF

45V
Ri

FROM OUTPUT (0/Q)
UNDER TEST

—— TESTPOINT

— CuL

||

R2

C1 INCLUDES JIG AND PROBE TOTAL CAPACITANCE
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GAL22V10

ELECTRONIC SIGNATURE

An electronic signature is provided in every GAL22V10/B device.
It contains 64 bits of reprogrammable memory that can contain
user-defined data. Some uses include user ID codes, revision
numbers, or inventory control. The signature data is always
available to the user independent of the state of the security cell.

The electronic signature is an additional feature not present in
other manufacturers' 22V10 devices. To use the extra feature of
the user-programmable electronic signature it is necessary to
choose a Lattice 22V10 device type when compiling a set of logic
equations. In addition, many device programmers have two
separate selections for the device, typically a GAL22V10 and a
GAL22V10-UES (UES = User Electronic Signature) or
GAL22V10-ES. This allows users to maintain compatibility with
existing 22V10 designs, while still having the option to use the GAL
device's extra feature.

The JEDEC map for the GAL22V10/B contains the 64 extra fuses
for the electronic signature, for a total of 5892 fuses. However,
the GAL22V10/B device can still be programmed with a standard
22V10 JEDEC map (5828 fuses) with any qualified device pro-
grammer.

SECURITY CELL

A security cell is provided in every GAL22V10/B device to pre-
vent unauthorized copying of the array patterns. Once pro-
grammed, this cell prevents further read access to the functional
bits in the device. This cell can only be erased by re-program-
ming the device, so the original configuration can never be ex-
amined once this cell is programmed. The Electronic Signature
is always available to the user, regardless of the state of this
control cell.

LATCH-UP PROTECTION

GAL22V10/B devices are designed with an on-board charge
pump to negatively bias the substrate. The negative bias is of suf-
ficient magnitude to prevent input undershoots from causing the
circuitry to latch. Additionally, outputs are designed with n-channel
pullups instead of the traditional p-channel pullups to eliminate
any possibility of SCR induced latching.

DEVICE PROGRAMMING

GAL devices are programmed using a Lattice-approved Logic
Programmer, available from a number of manufacturers (see the
the GAL Development Tools section). Complete programming of
the device takes only a few seconds. Erasing of the device is
transparent to the user, and is done automatically as part of the
programming cycle.

OUTPUT REGISTER PRELOAD

When testing state machine designs, all possible states and state
transitions must be verified in the design, not just those required
in the normal machine operations. This is because certain events
may occur during system operation that throw the logic into an
illegal state (power-up, line voltage glitches, brown-outs, etc.). To
test a design for proper treatment of these conditions, a way must
be provided to break the feedback paths, and force any desired
(i.e., illegal) state into the registers. Then the machine can be
sequenced and the outputs tested for correct next state conditions.

The GAL22V10/B device includes circuitry that allows each reg-
istered output to be synchronously set either high or low. Thus,
any present state condition can be forced for test sequencing. If
necessary, approved GAL programmers capable of executing test
vectors perform output register preload automatically.

INPUT BUFFERS

GAL22V10/B devices are designed with TTL level compatible in-
put buffers. These buffers have a characteristically high im-
pedance, and present a much lighter load to the driving logic than
bipolar TTL devices.

The input and I/O pins also have built-in active pull-ups. As a
result, floating inputs will float to a TTL high (logic 1). However,
Lattice recommends that all unused inputs and tri-stated /O pins
be connected to an adjacent active input, Vcc, or ground. Doing
so will tend to improve noise immunity and reduce lcc for the
device. (See equivalent input zind I/O schematics on the following
page.)

Typical Input Current

-20

-40

Input Current (uA)

-60

1.0 2.0 3.0 4.0 5.0

Input Volitage (Voits)
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POWER-UP RESET

Vee 40V 4

fe— tsu

CLK

e

e—— tor —»

e s XOOCKKKKRRKNNA Bt/
OUTPUTQ \ \_Reset to Logic '0"

s KRXXOOOOKRKRRY etz
OUTPUT REGISTER Reset to Logic *1*
OUTPUT REGISTER

Device Pin

Reset o Logic *0"/

Circuitry within the GAL22V10/B provides a reset signal to all reg-
isters during power-up. All internal registers will have their Q
outputs set low after a specified time (tpr, 1us MAX). As a result,
the state on the registered output pins (if they are enabled) will
be either high or low on power-up, depending on the programmed
polarity of the output pins. This feature can greatly simplify state
machine design by providing a known state on power-up. Be-
cause of the asynchronous nature of system power-up, some

conditions must be met to guarantee a valid power-up reset of the
device. First, the Vcc rise must be monotonic. Second, the clock
input must be at static TTL level as shown in the diagram during
power up. The registers will reset within a maximum of tpr time.
As in normal system operation, avoid clocking the device until all
input and feedback path setup times have been met. The clock
must also meet the minimum pulse width requirements.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

Vee

(Vrof Typical =3.2V)

Output PIN
Data
Feedback
. Active Pull-up
Circuit
Vee *
Tri-State T Vref (Vref Typical = 3.2V)
Control
Output
Data KX ein
v
Feedback
(To Input Butfer)
Output
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Laﬂlce Typical Characteristics
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Typical Characteristics

Normalized Tpd vs. Ve

Normalized Tsu vs. Vcc

Normalized Tco vs. Vce

13 13 13
12 1.2 1.2
1 i 314 .
% 2 '........ § 1.1
1 SR LYY Iy g .P...."' / E
/ —— 8 Saprre=— L — ]
\ g _—__- ey .."..".' E |
had S 09 goe
F4
08 — PTH>L |}
veese PTLoH 0.8 — BT L>H H 08
o7 T sesus PTHL
45 a5 5 525 55 o7 -+ o7
’ 45 475 5 525 65 45 475 5 525 55
Supply Vottage (V) Supply Voltage (V) Supply Vottaga (V)
d Tpd vs. d Tsu va. T N Toovs. T
13 13 - 13
12 12 / 12 »
o P ~
Bt e PR g
= - = L~
' Pa § 1 1
09 P E 09 '/ 09 e
08 / 08 / 08
07 07 o7
50 2 0 2 5 75 100 125 s 26 0 25 50 5 100 125 £ 25 0 25 50 5 100 125
Ambient Temperature (°C) Ambient Temperature (°C) Ambient Temperature (°C)
\ Detta Tpd vs. # of Outputs Switching o Deita Tpd vs. Output Loading s Normalized loc ve. Voo
—— 1 8 12 A
|1 //
A 7 ] 8 11
2 £
§ '_8_. 4 A/ 1
2
g 2 i 2 / 09 ]
- —
0 // 08
3 2 07
° Max.-8 Max. - 4 Max. ) 100 200 300 400 45 X ‘6 526 55
# of Outputs Output Loading Capacitance (pf) Supply Voltage (V)
250 lot vs. VoL i 1OH vs. VOH " N 16¢ ve. Temp
| e oc ve. Temperature
200 12 \\ ssss ishvs. Temperature
o 100 Iy 1 Poae, N
z 150 g \ § o ,.)
5 g 1 R
8 10 & \
50 00 oo
~ eeed
L \ .."u
os
(1] o \ o7
[ 1 2 3 4 0 1 2 3 4 6 25 ° 26 50 1 100 128
Vot (V) VoH (V) Ambient Temperature (°C)
5/92



T i GAL26CV12B
iii.l-.amce GAL26CV12
T High Performance E2CMOS PLD
FEATURES

* HIGH PERFORMANCE E>CMOS® TECHNOLOGY
— 10 ns Maximum Propagation Delay
— Fmax =105 MHz
— 7ns Maximum from Clock Input to Data Output
— TTL Compatibie 16 mA Outputs
— UltraMOS® Advanced CMOS Technology

e ACTIVE PULL-UPS ON ALL PINS

* LOW POWER CMOS
— 90 mA Typical lcc

* E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Cells
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

* TWELVE OUTPUT LOGIC MACROCELLS
— Uses Standard 22V10 Macrocells
— Maximum Flexibility for Complex Logic Designs

* PRELOAD AND POWER-ON RESET OF REGISTERS
— 100% Functional Testability

¢ APPLICATIONS INCLUDE:
— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

* ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL26CV12B, at 10 ns maximum propagation delay time,
combines a high performance CMOS process with Electrically
Erasable (E?) floating gate technology to provide the highest
performance 28 pin PLD available on the market. E?technology
offers high speed (<100ms) erase times, providing the ability to
reprogram or reconfigure the device quickly and efficiently.

Expanding upon the industry standard 22V10 architecture, the
GAL26CV12/B eliminates the learmning curve typically associated
with a new device architecture. The generic architecture provides
maximum design flexibility by allowing the Output Logic Macrocell
(OLMC) to be configured by the user. The GAL26CV12/B OLMC
is fully compatible with the OLMC in standard bipolar and CMOS
22V10 devices.

Unique test circuitry and reprogrammable cells allow complete
AC, DC, and functional testing during manufacture. As a result,
LATTICE is able to guarantee 100% field programmability and
functionality of all GAL® products. LATTICE also guarantees 100
erase/rewrite cycles and data retention in excess of 20 years.

DIP
)
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Latlice Specifications GAL26CV12B
i3 GAL26CV12

B GAL26CV12/B ORDERING INFORMATION

Commercial Grade Specifications

Tpd (ns) | Tsu (ns) | Tco (ns) | lcc (MA) Ordering # Package
10 7 7 130 | GAL26CV12B-10LP 28-Pin Plastic DIP
130 GAL26CV12B-10LJ 28-Lead PLCC
15 10 10 130 GAL26CV12-15LP 28-Pin Plastic DIP
130 GAL26CV12-15LJ 28-Lead PLCC
20 12 12 130 GAL26CV12-20LP 28-Pin Plastic DIP
130 GAL26CV12-20LJ 28-Lead PLCC
Industrial Grade Specifications
Tpd (ns) | Tsu (ns) | Tco (ns) | lcc (MmA) Ordering # Package
15 10 10 150 GAL26CV12B-15LPI 28-Pin Plastic DIP
150 GAL26CV12B-15LJI 28-Lead PLCC
20 12 12 150 GAL26CV12-20LP! 28-Pin Plastic DIP
150 GAL26CV12-20LJI 28-Lead PLCC

PART NUMBER DESCRIPTION

XXXXXXXX - XX X X X

GAL26CV12B Device Name
GAL26CV12

Grade Blank = Commercial

S
P“d (ne) | = Industrial

L = Low Power Power Package P = Plastic DIP

J=PLCC
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GAL26CV12

OUTPUT LOGIC MACROCELL (OLMC)

The GAL26CV12/B has a variable number of product terms per
OLMC. Of the twelve available OLMCs, two OLMCs have ac-
cess to twelve product terms (pins 20 and 22), two have access
to ten product terms (pins 19 and 23), and the other six OLMCs
have eight product terms each. In addition to the product terms
available for logic, each OLMC has an additional product-term
dedicated to output enable control.

The output polarity of each OLMC can be individually pro-
grammed to be true or inverting, in either combinatorial or reg-
istered mode. This allows each output to be individually config-
gured as either active high or active low.

The GAL26CV12/B has a product term for Asynchronous Reset
(AR) and a product term for Synchronous Preset (SP). These
two product terms are common to all registered OLMCs. The
Asynchronous Reset sets all registered outputs to zero any time
this dedicated product term is asserted. The Synchronous Preset
sets all registers to a logic one on the rising edge of the next clock
pulse after this product term is asserted.

NOTE: The AR and SP product terms will force the Q output of
the flip-flop into the same state regardless of the polarity of the
output. Therefore, a reset operation, which sets the register output
to a zero, may result in either a high or low at the output pin,

depending on the pin polarity chosen.
4T01
_ MUX
Q

ARSI o N

MUX

GAL26CV12/B OUTPUT LOGIC MACROCELL (OLMC)

OUTPUT LOGIC MACROCELL CONFIGURATIONS

Each of the Macrocells of the GAL26CV12/B has two primary
functional modes: registered, and combinatorial I/O. The modes
and the output polarity are set by two bits (SO and S1), which are
normally controlled by the logic compiler. Each of these two pri-
mary modes, and the bit settings required to enable them, are
described below and on the the following page.

REGISTERED

In registered mode the output pin associated with an individual
OLMC is driven by the Q output of that OLMC's D-type flip-flop.
Logic polarity of the output signal at the pin may be selected by
specifying that the output buffer drive either true (active high)
or inverted (active low). Output tri-state control is available as
an individual product-term for each OLMC, and can therefore
be defined by a logic equation. The D flip-flop’s /Q output is fed
back into the AND array, with both the true and complement of
the feedback available as inputs to the AND array.

NOTE: In registered mode, the feedback is from the /Q output
of the register, and not from the pin; therefore, a pin defined as
registered is an output only, and cannot be used for dynamic
1/O, as can the combinatorial pins.

COMBINATORIAL VO

In combinatorial mode the pin associated with an individual OLMC
is driven by the output of the sum term gate. Logic polarity of the
output signal at the pin may be selected by specifying that the
output buffer drive either true (active high) or inverted (active low).
Output tri-state control is available as an individual product-term
for each output, and may be individually set by the compiler as
either “on” (dedicated output), “off” (dedicated input), or “product-
term driven” (dynamic 1/0). Feedback into the AND array is from
the pin side of the output enable buffer. Both polarities (true and
inverted) of the pin are fed back into the AND array.
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REGISTERED MODE
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Specifications GAL26CV12B

4 Commercial

ABSOLUTE MAXIMUM RATINGS®™ RECOMMENDED OPERATING COND.
SUPPlY VORAGE Vigg -vvvveverneveenerusnenesenecsenssnnens -05t0+7v ~ Commercial Devices: ,
Input voltage applied..............c...ccoweeens -25t0V,, +1.0V  Ambient Temperature (T,) ...........ccoccooovreree 0to +75°C
Off-state output voltage applied .........—2.510 Vo, +1.0V  Supply voltage (Vo)
Storage Temperature ................cooe.eereernes -65 t0 150°C with Respect to Ground ...................... +4.7510 +5.25V
Ambient Temperature with
Power Applied.........ooeeecenvceennnncnninnns -55to 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
atthese or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS .

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER ) CONDITION MIN. [ TYP2| MAX. [UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
ViH Input High Voltage 2.0 — | Veest v
e Input or /O Low Leakage Current 0V < Vin < Vi (MAX.) — — | 100 | pA

IH Input or /O High Leakage Current 3.5VSViNS Vee —_ —_ 10 HA
VoL Output Low Voltage lo. = MAX. Vin=ViLor ViH — C— 0.5 v
VOH Output High Voltage lon = MAX. Vin = ViLor Vi 2.4 — —_ v

loL Low Level Output Current - — 16 mA

IoH High Level Output Current -— — | 82 | mA
los? | Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C 50 | — | -135 | mA

IcC Operating Power Supply Current VIL=0.5V VIH=3.0V _ - 90 130 mA

ftoggle = 15Mhz Outputs Open

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vcc = 5V and Ta= 25 °C.

CAPACITANCE (T, =25°C, f = 1.0 MHz2)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0V,V,=2.0V
Co VO Capacitance "8 PF Voo=50V,V, =20V
*Guaranteed but not 100% tested. »
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O | Commercial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

[PARAMETER cginsgﬂ DESCRIPTION umj1 ':Mx UNITS
tpd 1 Input or /O to Combinatorial Output 3 10 ns
teo 1 Clock to Output Delay 2 7 ns
e — Clock to Feedback Delay — |25 ns
tsu, — Setup Time, Input or Feedback before Clock 7 — ns
tsu, — Setup Time, SP before Clock 10 | — ns
th — Hold Time, Input or Feedback after Clock 0 — ns

1 Maximum Clock Frequency with 714 | — | MHz:
External Feedback, 1/(tsu + tco)
fmax® 1 Maximum Clock Frequency with 105 | — | MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 105 | — MHz
No Feedback
twh —_ Clock Pulse Duration, High 4 — ns
twi —_ Clock Pulse Duration, Low 4 — ns
ten 2 Input or /O to Output Enabled 3 10 ns
tdis 3 Input or /O to Output Disabled 3 10 ns
tar 1 Input or /O to Asynchronous Reset of Register 3 13 ns
tarw — Asynchronous Reset Pulse Duration 8 — ns
tarr —_ Asynchronous Reset to Clock Recovery Time 8 —_ ns
tspr — Synchronous Preset to Clock Recovery Time 10 — ns

1) Refer to Switching Test Conditions section.

2) Calculated from fmax with internal feedback. Refer to fmax Specification section.

3) Refer to fmax Specification section.

5/92
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Commercial

ABSOLUTE MAXIMUM RATINGS") RECOMMENDED OPERATING COND.
Supply voltage Vg ..c.u.vveenreemnrrensenenrssenenninns -0.5t0 +7V Commercial Devices:
Input voltage applied................. 2510V, +1.0V Ambient Temperature (T,) ........cc.coveruerrnnnee 0to +75°C
Off-state output voltage applied ...........-2.5 to V, +1.0V S“P"'V voltage (V)
Storage Temperature..................oooeuvievvennne -65 to 150°C with Respectto Ground ..................... +4.75t0 +5.25V
Ambient Temperature with

PowerApplied .........ccccoeveeveeernenenverinenene -55 to 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP3| MAX. | UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Vee+1| Vv
o Input or /O Low Leakage Current OV < Vin < Vi (MAX.) — — | =100 | pA
IH Input or VO High Leakage Current 3.5V < Vin< Voo —_ — 10 pA
VoL Output Low Voltage lo.= MAX. Vin=ViLor Vi —_— — 0.5 '

VOH | Output High Voltage low = MAX. Vin=ViLor Vi 2.4 —_ — \'
oL Low Level Output Current - — 8 mA
IoH High Level Output Current — — | 32 | mA
los: Output Short Circuit Current Vec=5V Vour=0.5V T, =25°C -50 —_ -135 mA
ICC Operating Power Supply Current VIL=0.5V VIH=3.0V - 90 130 mA

ftoggle = 15Mhz  Outputs Open

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by
tester ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vcc = 5V and Ta= 25 °C.

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0,V,=2.0V
Cp /O Capacitance 10 pF Ve =5.0V,V,, =2.0V

*Guaranteed but not 100% tested.
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Commercial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

-15 -20 .
PARAMETER | 07 | DESCRIPTION MIN. [MAX. | MIN. [MAX. | SN1TS
tpd 1 Input or /O to Combinatorial Output — 15 — 20 ns
tco 1 Clock to Output Delay — [ 10 | — |12 ns
ter — Clock to Feedback Delay —_ 7 —_ 10 ns
tsu - Setup Time, Input or Feedback before Clock 10 — 12 — ns
th — Hold Time, Input or Feedback after Clock 0 —_ 0 — ns
1 Maximum Clock Frequency with 50 — |416 | — MHz
External Feedback, 1/(tsu + tco)
fmax® 1 Maximum Clock Frequency with 588 | — (454 | — MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 625 | — [625 | — MHz
No Feedback
twh — Clock Pulse Duration, High 8 — 8 _ ns
twi — Clock Pulse Duration, Low 8 | — | 8 |— ns
ten 2 Input or /O to Output Enabled — |15 | — |2 ns
tdis 3 input or I/O to Output Disabled — |15 | — |20 ns
tar 1 Input or I/O to Asynchronous Reset of Register —_ 20 — 120 ns
tarw — Asynchronous Reset Pulse Duration 10 | — |15 | — ns
tar — Asynchronous Reset to Clock Recovery Time 15 — |15 —_ ns
tspr — Synchronous Preset to Clock Recovery Time 10 —_ 12 — ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section.
5/92
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Industrial
ABSOLUTE MAXIMUM RATINGS!" RECOMMENDED OPERATING COND.

Supply voltage V., -0.5t0 +7V Industrial Devices:
Input voltage applied.............ereerrene. -25t0V,+1.0v  Ambient Temperature (T,)........ccccsmssssssserenns —4010 85°C
Off-state output voltage applied .......... -2510V +1.0v  Supply voltage (Vo.)
Storage Temperature —65 to 150°C with Respect to Ground ........ceeeeeecvrnnene +4.5t0 +5.5V
Ambient Temperature with
Power Applied -65 to 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
atthese or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP3| MAX. | UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Vees1 | Vv
he Input or I/O Low Leakage Current 0V < ViN £ Vi (MAX.) — —_ -100 | pA
hH Inputv or /O High Leakage Current 3.5V < ViIN< Voo - - 10 pA
VoL Output Low Voltage lo. = MAX. Vin = ViLor Vi — — 0.5 v

VoH Output High Voltage lon = MAX. Vin=ViLor Vi 24 —_ — v
loL [ Low Level Output Current - —_ 16 mA
loH High Level Output Current — — | =832 | mA
los? Output Short Circuit Current Vcc=5V Vour=0.5V TA=25°C -50 —_ -135 mA
ICC Operating Power Supply Current VIL=0.5V VIH=3.0V —_— 90 150 mA

ftoggle =15Mhz  Outputs Open

1) The leakage current is due to the intemal pull-up on all pins. See Input buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems by tester ground

degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C.

CAPACITANCE (T, =25°C, f = 1.0 MHz2)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
o} Input Capacitance pF Vg =5.0V,V,=2.0V
Cp I/O Capacitance pF Ve =5.0V,V,, =2.0V

*Guaranteed but not 100% tested.
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Industrial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

pARAMETER| TEST | DESCRIPTION 15 UNITS
COND.! ’ MIN. | MAX.
tpd 1 Input or /O to Combinatorial Output 15 ns
tco 1 Clock to Output Delay 10 ns
ter — Clock to Feedback Delay - |7 ns
tsu — Setup Time, Input or Feedback before Clock 10 — ns
th — Hold Time, Input or Feedback after Clock 0 — ns
1 Maximum Clock Frequency with 50 —_ MHz
External Feedback, 1/(tsu + tco)
fmax: 1 Maximum Clock Frequency with 58.8 | — | MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 626 | — MHz
No Feedback, 1/(twh + twl)
twh - Clock Pulse Duration, High 8 — ns
twi — Clock Pulse Duration, Low 8 — ns
ten 2 Input or /O to Output Enabled 3 15 ns
tdis 3 Input or /O to Output Disabled 3 15 ns
tar 1 Input or /O to Asynchronous Reset of Register 3 20 ns
tarw — Asynchronous Reset Pulse Duration 10 — ns
tarr —_ Asynchronous Reset to Clock Recovery Time 15 — ns
tspr — Synchronous Preset to Clock Recovery Time 10 - ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Specification section.
3) Refer to fmax Specification section.
5/92
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Industrial

ABSOLUTE MAXIMUM RATINGS™ RECOMMENDED OPERATING COND.
Supply voltage Vg .......cuurevvneremsnssssnnnniens -0.5t0 +7V lndu.strlal Devices: .
Input voltage applied .25tV +1.0V Ambient Temperature (T,) ............ccevveernnens -40 to 85°C
Off-state output voltage applied ........... 2510V, +1.0V S“PPIV voltage (V)
Storage Temperature...............cco..oeveeeenrrenne -65 to 150°C with Respect to Ground....................... +4.50 o +5.50V
Ambient Temperature with

PowerApplied ...........cccecevenneencsivnninnennns -55 to 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS :

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER ! CONDITION MIN. | TYP3 | MAX. | UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Veet v
o Input or I/O Low Leakage Current OV < Vin< Vi (MAX.) - — | =100 | pA
IH Input or /O High Leakage Current | 3.5V < Vin< Vee - —_ 10 pA

VoL Output Low Voltage lo.= MAX. Vin=ViLor Vi - - 0.5 v

VOH Output High Voltage lo=MAX. Vin=ViLor ViH 2.4 - — \"

loL Low Level Output Current — — 8 mA

loH High Level Output Current — — | 32 | mA

los? Output Short Circuit Current Vec=5V Vour=0.5V T, =25°C -50 — | -135 | mA

ICC Operating Power Supply Current VIL=0.5V VIH=3.0V — 90 150 mA
ftoggle = 15Mhz  Outputs Open

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by
tester ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vec =5V and Ta=25 °C. -

CAPACITANCE (T, = 25 C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C Input Capacitance 8 pF Ve =5.0V, V= 2.0V
Cwo I/O Capacitance 10 pF Voo =5.0V, V(= 2.0V

*Guaranteed but not 100% tested.
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AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

20
PARAMETER CTOENSI':)T.‘ DESCRIPTION i TAx. UNITS
tpd 1 Input or /O to Combinatorial Output — |20 ns
tco 1 Clock to Output Delay — |12 ns
tcr2 — Clock to Feedback Delay — |10 ns
tsu — Setup Time, Input or Feedback before Clock 12 | — ns
th — Hold Time, Input or Feedback after Clock 0 — ns
1 Maximum Clock Frequency with 416 | — MHz
External Feedback, 1/(tsu + tco)
fmax: 1 Maximum Clock Frequency with 454 | — | MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 625 | — MHz
No Feedback
twh —_ Clock Pulse Duration, High 8 —_ ns
twi — . | Clock Pulse Duration, Low 8 — ns
ten 2 Input or /O to Output Enabled — ]2 ns
tdis 3 Input or I/O to Output Disabled - 12 ns
tar 1 Input or I/0 to Asynchronous Reset of Register — 25 ns
tarw — Asynchronous Reset Pulse Duration 15 | — ns
tarr — Asynchronous Reset to Clock Recovery Time 15 | — ns
tspr — Synchronous Preset to Clock Recovery Time 12 | — ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section.

5/92.
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SWITCHING WAVEFORMS

INPUT or VALID INPUT
VO FEEDBACK VALID INPUT VO FEEDBACK
¢-tsu th
td _
COMBINATORIAL CLK
OUTPUT tco

Combinatorial Outpt o WMWY

1—— 1/fmax
xtomal fdbk)
INPUT or
VO FEEDBACK
tdis ten

OUTPUT oK —\__ /

Registered Output

i€-1/ fmax (internal 1dbk) -

- tct tsu —P
REGISTERED
FEEDBACK

Input or VO to Output Enable/Disable

fmax with Feedback
twh twi
CLK
Clock Width
> th
INPUT or
VO FEEDBACK
DRIVING SP -
INPUT or \ ¢ tsu—p tepr
I/O FEEDBACK ' CLK
DRIVING AR

-
— tco
€— tarw tarr P REGISTERED
OUTPUT
REGISTERED m
OUTPUT
— Synchronous Preset
|4——tar :

CLK /

Asynchronous Reset
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GAL26CV12

cLK v LK
— \ : —
> - L0GIC :
LOGIC L ——pp peaisTER : ARRAY _I v : ’
ARRAY H P H
H REGISTER H
e tou————Pl———— tco——Pf I—. —I
fmax with External Feedback 1/(tsu+tco) |= ";Ld > |

Note: fmax with extemal feedback is cal-

Culated from medsured teu and co. fmax with Internal Feedback 1/(tsu+tcf)

cLK
peeneeenennnaaeneennaenneananeneboreaaaaaas, Note: tcf is a calculated value, derived by sub-
: tracting tsu from the period of fmax w/internal
v feedback (tcf = 1/fmax - tsu). The value of tcf
i | Loaic REGISTER : is used primarily when calculating the delay from
— ARRAY (——p] > clocking a register to a combinatorial output
: : (through registered feedback), as shown above.
................................................ For example, the timing from clock to a com-

- binatorial output is equal to tcf + tpd.

fmax With No Feedback Viput e eq ted

Note: fmax with no feedback may be less
than 1/(twh + twl). This is to allow for a
clock duty cycle of other than 50%.

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V +V
Input Rise and Fall Times 3ns 10% - 90% Ri
Input Timing Reference Levels 1.5V FROM OUTPUT (0/Q) JESTPOINT
Output Timing Reference Levels 1.5V UNDER TEST
Output Load See Figure Rz G
3-state levels are measured 0.5V from steady-state active
level. =
C1 INCLUDES JIG AND PROBE TOTAL CAPACITANCE
GAL26CV12 Output Load Conditions (see figure) GAL26CV12B Output Load Conditions (see figure)
Test Condition R1 R2 C. Test Condition R1 R2 CL
1 470Q 390Q 50pF 1 300Q 390Q 50pF
2 | Active High oo 390Q 50pF 2 | Active High o 390Q S50pF
Active Low 470Q 390Q 50pF Active Low 300Q 390Q 50pF
3 | Active High o 390Q SpF 3 | Active High o 390Q SpF
Active Low 470Q 390Q 5pF Active Low- 300Q 390Q 5pF

5/92
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ELECTRONIC SIGNATURE

An electronic signature is provided in every GAL26CV12/B de-
vice. It contains 64 bits of reprogrammable memory that can
contain user-defined data. Some uses include user ID codes,
revision numbers, or inventory control. The signature data is
always available to the user independent of the state of the
security cell. :

SECURITY CELL

A security cell is provided in every GAL26CV12/B device to pre-
vent unauthorized copying of the array patterns. Once pro-
grammed, this cell prevents further read access to the functional
bits in the device. This cell can only be erased by re-program-
ming the device, so the original configuration can never be ex-
amined once this cell is programmed. The Electronic Signature
is always available to the user, regardless of the state of this
control cell.

LATCH-UP PROTECTION

GAL26CV12/B devices are designed with an on-board charge
pump to negatively bias the substrate. The negative bias is of
sufficient magnitude to prevent input undershoots from causing
the circuitry to latch. Additionally, outputs are designed with n-
channel pullups instead of the traditional p-channel pullups to
eliminate any possibility of SCR induced latching.

DEVICE PROGRAMMING

GAL devices are programmed using a Lattice-approved Logic
Programmer, available from a number of manufacturers (see the
the GAL Development Tools section). Complete programming
of the device takes only a few seconds. Erasing of the device

OUTPUT REGISTER PRELOAD

When testing state machine designs, all possible states and state
transitions must be verified in the design, not just those required
in the normal machine operations. This is because certain events
may occur during system operation that throw the logic into an
illegal state (power-up, line voltage glitches, brown-outs, etc.).
To test a design for proper treatment of these conditions, a way
must be provided to break the feedback paths, and force any
desired (i.e., illegal) state into the registers. Then the machine
can be sequenced and the outputs tested for correct next state
conditions.

The GAL26CV12/B device includes circuitry that allows each reg-
istered output to be synchronously set either high or low. Thus,
any present state condition can be forced for test sequencing.
If necessary, approved GAL programmers capable of execut-
ing test vectors perform output register preload automatically.

INPUT BUFFERS

GAL26CV12/B devices are designed with TTL level compatible
input buffers. These buffers have a characteristically high imped-
ance, and present a much lighter load to the driving logic than
bipolar TTL logic.

The input and I/O pins also have built-in active pull-ups. As a
result, floating inputs will float to a TTL high (logic 1). However,
Lattice recommends that all unused inputs and tri-stated I/O pins
be connected to an adjacent active input, Vcc, or ground. Do-
ing so will tend to improve noise immunity and reduce lcc for the
device.

Typical Input Current

is transparent to the user, and is done automatically as part of 3 0
the programming cycle. €
2 .20
Fi
(3]
i 40 N
=
-60
0 1.0 2.0 3.0 4.0 5.0
Input Voltage (Voits)
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POWER-UP RESET

Vee 4.0V}

j¢— tsu
o \ Y
le—— tpr —»|
e 23 XXX, S/
OUTPUTQ \ Resetto Logic "0

ACTIVE LOW
OUTPUT REGISTER

ACTIVE HIGH
OUTPUT REGISTER

XXXXXRXXXXXRY
XA

Device Pin
Resat to Logic "1*
Davice Pin
Reset to Logic 0"

Circuitry within the GAL26CV12/B provides a reset signal to all
registers during power-up. All internal registers will have their Q
outputs set low after a specified time (tpr, 1us MAX). As a resuit,
the state on the registered output pins (if they are enabled) will
be either high or low on power-up, depending on the programmed
polarity of the output pins. This feature can greatly simplify state
machine design by providing a known state on power-up. Be-
cause of the asynchronous nature of system power-up, some

conditions must be met to guarantee a valid power-up reset of the
device. First, the Vcc rise must be monotonic. Second, the clock
input must be at static TTL level as shown in the diagram during
power up. The registers will reset within a maximum of tpr time.
As in normal system operation, avoid clocking the device until all
input and feedback path setup times have been met. The clock
must also meet the minimum pulse width requirements.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

Vce

Input

Output

PIN
Data

Feedback

Tri-State
Control

Output
Data

(Toinput Buffer)

Output
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B Typical Characteristics
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Typical Characteristics
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Typical Characteristics
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-t High-Speed E2CMOS PLD

H1H Generic Array Logic™
FEATURES

* HIGH PERFORMANCE E°CMOS® TECHNOLOGY
— 10 ns Maximum Propagation Delay
— Fmax =100 MHz
— 7 ns Maximum from Clock Input to Data Output
— TTL Compatible 16 mA Outputs
— UltraMOS® Advanced CMOS Technology

* 50% to 75% REDUCTION IN POWER FROM BIPOLAR
— 90mA Max Icc
— 75mA Typ lcc

e ACTIVE PULL-UPS ON ALL PINS

* E2 CELL TECHNOLOGY
— Reconﬂgurable Logic
g& rammable Cells
ested/Guaranteed 100% Yields
-_— Hi h Speed Electrical Erasure (<100 ms)
— 20 Year Data Retention

¢ TEN OUTPUT LOGIC MACROCELLS
— XOR Gate Capability on all Outputs
— Full Function and Parametric Compatibility with
PAL12L10, 20L10, 20X10, 20X8, 20X4
_ Registered or Combinatorial with Polarity

* PRELOAD AND POWER-ON RESET OF ALL REGISTERS

¢ APPLICATIONS INCLUDE:
— High Speed Counters
— Graphics Processing
— Comparators

* ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL20XV10B combines a high performance CMOS process
with electrically erasable (E?) floating gate technology to provide
the highest speed Exclusive-OR PLD available in the market.
At 90mA maximum lcc (75mA typical Icc), the GAL20XV10B

provides a substantial savings in power when compared to bipolar

counterparts. E2CMOS technology offers high speed (<100ms)
erase times providing the ability to reprogram, reconfigure or test
the devices quickly and efficiently.
The generic architecture provides maximum design flexibility by
allowing the Output Logic Macrocell (OLMC) to be configured
by the user. Animportant subset of the many architecture con-
figurations possible with the GAL20XV10B are the PAL® archi-
tectures listed in the macrocell description section of this docu-
ment. The GAL20XV10B is capable of emulating these PAL ar-
chitectures with full function and parametric compatibility.

Unique test circuitry and reprogrammabile cells allow complete
AC, DC, and functional testing during manufacturing. As a re-
sult, LATTICE is able to guarantee 100% field programmability
and functionality of all GAL® products. LATTICE also guarantees
100 erase/rewrite cycles and data retention in excess of 20 years.

VLK [

WNPUT (]

INPUT/OE [} g
DIP
PLCC
vek 1~ 24[Ivee
il ] voia
10 ] vora
1] ] voia
D gaL fvoe
10 20xvioB [Ivor
1L ] vola
1 ] vo/la
i ] vora
i ] vora
1] ] voia
GND []12 13[] voE

rks of Lattice

Corp. Generic Array Logic ls a trademark of Lattice S

Copyright ©1992 Lattice Semiconductor Corp. GAL,E*CMOSandUhraMOSan gi
tor Corp. Allbrand or product names mer d are rks of their
notice.

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A.

Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037
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GAL20XV10B ORDERING INFORMATION

Commercial Grade Specifications

Package

Tpd (ns) | Tsu (ns) | Tco (ns) | kcc (mA) Ordering #
0 s 7 % | GALZ0XVi0B-10LP ~[24-Fin Plastic DIP
GAL20XV10B-10LJ 28-Lead PLCC
15 8 8 90 | GAL20XV10B-15LP 24-Pin Plastic DIP
GAL20XV10B-15LJ 28-Lead PLCC
20 10 10 90 | GAL20XV10B-20LP 24-Pin Plastic DIP
GAL20XV10B-20LJ 28-Lead PLCC
Industrial Grade Specifications
Tpd (ns) | Tsu (ns) | Tco (ns) | kcc (MA) Ordering # Package
15 8 8 110 | GAL20XV10B-15LPI 24-Pin Plastic DIP
GAL20XV10B-15LJI 28-Lead PLCC
20 10 10 110 | GAL20XVi0B-20LPI 24-Pin Plastic DIP
GAL20XV10B-20LJI 28-Lead PLCC

PART NUMBER DESCRIPTION

GAL20XV10B Device Name

Grade Blank = Commercial

Speed (ns) | = Industrial

L =Low Power Power Package P = Plastic DIP

J=PLCC
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OUTPUT LOGIC MACROCELL (OLMC)

The following discussion pertains to configuring the Output Logic
Macrocell. It should be noted that actual implementation is
accomplished by development software/hardware and is com-
pletely transparent to the user.

The GAL20XV10B has two global architecture configurations
that allow it to emulate PAL architectures. The Input mode emu-
lates combinatorial PAL devices, with the I/CLK and I/OE pins
used as inputs. The Feedback mode emulates registered PAL
devices with the I/CLK pin used as the register clock and the
I/OE pin as an output enable for all registers. The following
is a list of PAL architectures that the GAL20XV10B can emulate.
It also shows the global architecture mode used to emulate
the PAL architecture.

PAL Architectures Emulated by | GAL20XV10B Global
GAL20XV10B OLMC Mode
PAL12L10 Input Mode
PAL20L10 Input Mode
PAL20X10 Feedback Mode
PAL20X8 Feedback Mode
PAL20X4 Feedback Mode
INPUT MODE

The Input mode architecture is defined when the global
architecture bit SYN = 1. In this mode, the I/CLK pin becomes
an inputto the AND array and also provides the clock source
for all registers. The I/OE pin becomes an input into the AND
array and provides the output enable control for any macro-
cell configured as an Exclusive-OR function. Feedback into
the AND array is provided from macrocells 2 through 9 only.
in this mode, macrocelis 1 and 10 have no feedback into the
AND array.

FEEDBACK MODE

The Feedback mode architecture is defined when the global
architecture bit SYN = 0. In this mode the I/CLK pin becomes
a dedicated clock source for all registers. The I/OE pin is a
dedicated output enable control for any macrocell configured
as an Exclusive-OR function. The I/CLK and I/OE pins are not
available to the AND array in this mode. Feedback into the
AND array is provided on all macrocells 1 through 10.

FEATURES

Each Output Logic Macrocell has four possible logic function
configurations controlled by architecture control bits ACO and
AC1. Four product terms are fed into each macrocell.

XOR REGISTERED CONFIGURATION

The Macrocell is set to the Exclusive-OR Registered configu-
ration when ACO =0 and AC1=0. The four product terms are
segmented into two OR-sums of two product terms each, which
are then combined by an Exclusive-OR gate and fed into a D-type
register. The register is clocked by the low-to-high transition of
the I/CLK pin. The inverting output buffer is enabled by the I/

OE pin, which is an active low output enable common to all
Exclusive-OR macrocells. . In Feedback mode, the state of the
register is available to the AND array via an internal feedback
path on all macrocelis. In Input mode, the state of the regis-
ter is available to the AND array via anintemal feedback path
on macrocells 2 through 9 only, macrocelis 1 and 10 have no feed-
back into the AND array.

REGISTERED CONFIGURATION

The Macrocell is set to Registered configuration when ACO = 1
and AC1=0. Three of the four product terms are used as sum-
of-product terms for the D input of the register. The inverting out-
put buffer is enabled by the fourth product term. The output
is enabled while this product term is true. The XOR bit controls
the polarity of the output. The register is clocked by the low-
to-high transition of the I/CLK. In Feedback mode, the state of
the register is available to the AND array via aninternal feed-
back path on all macrocelis. In Input mode, the state of the
register is available to the AND array via aninternal feedback
path on macrocells 2 through 9 only, macrocells 1 and 10 have
no feedback into the AND array.

XOR COMBINATORIAL CONFIGURATION

The Macrocell is set to the Exclusive-OR Combinatorial con-
figuration when ACO = 0 and AC1 = 1. The four product terms
are segmented into two OR-sums of two product terms each,
which are then combined by an Exclusive-OR gate andfedto an
output buffer. The inverting output buffer is enabled by the
I/OE pin, which is an active low output enable that is common to
all XOR macrocells. In Feedback mode, the state of the 1/O
pin is available to the AND array via anintemal feedback path
on all macrocells. In Input mode, the state of the I/O pin is avail-

- abletothe AND array via an input buffer path on macrocells

2 through 9 only, macrocells 1 and 10 have no input into the AND
array.

COMBINATORIAL CONFIGURATION

The Macrocell is set to Combinatorial mode whenACO =1 and
AC1=1. Three of the four product terms are used as sum-
of-product terms for the combinatorial output. The XOR bit con-
trols the polarity of the output. The inverting output buffer is
enabled by the fourth product term. The output is enabled while
this product term is true. In Feedback mode, the state of the
1/0 pin is available to the AND array via an internal feedback
path on all macrocells. In Input mode, the state of the I/O pin
is available to the AND array via an input buffer path on macro-
cells 2 through 9 only, macrocells 1 and 10 have no input into
the AND array.
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INPUT MODE

Y

(=]

Wby

CLK

XOR Registered Configuration

feedback path.
- Pin 1(2) can be CLK and/or Input.
- Pin 13(16) can be /OE and/or Input.

weolle
\J

-SYN=1.
-AC0=0.
-AC1=0.
- OLMC 1 and OLMC10 do not have the

A

Registered Configuration
-SYN=1.
-ACO=1.
-AC1=0.
- XOR = 1 defines Active Low Output.
- XOR = 0 defines Active High Output.
- OLMC 1 and OLMC10 do not have the
feedback path.
- Pin 1(2) can be CLK and/or Input.
- OE controlled by product term.

XOR Combinatorial Configuration
-SYN=1.
-AC0=0.
-AC1=1.
&3 - OLMC 1 and OLMC10 do not have the
feedback path.
- Pin 13(16) can be /OE and/or Input.

Combinatorial Configuration
-SYN=1.
-ACO=1.
-AC1=1. .
—K S - XOR = 1 defines Active Low Output.
- XOR = 0 defines Active High Output.

- OLMC-1 and OLMC10 do not have the

feedback path.
< OE controlled by product term.
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INPUT MODE LOGIC DIAGRAM ,

DIP (PLCC) Package Pinout
1 (2) L] 4 ] 12 16 20 24 28 32 3 Oan 1
[} - -
120 §E§ XoR- 1s0 3°——D 23(27)
T AC1 - 1620
2(3) D—Iy—1 4,
10 =4 OLMC - 2
&EE XOR - 1601 22(26)
e b ACO - 1811
3(4) D—3 5 ACH - 1621
- OLMC - 3
- ;EE XOR - 1002 21(25)
“e b ACO - 1612
4(5) D—3 sHH Act - 1022
e 5 OLMC - 4
"o %;5 XOR- 1803 %—Dzo(u)
5(6) D—13 sHE PP ,
e = OLMC - §
760 = %EE Xon: famt %—D 19(23)
- CO - 1614
6(7) D—% sH ACH - 1824
s00 = OLMC - 6
™ %:: Xon- 100 ﬁ—{l 18(21)
7(9) D—% sH Aox. 1em8
s 24 OLMC -7
1080 %EE ::::m h—c 17(20)
8(10) D—I¥ Q“? AC1 - 1626
1120 - OLMC - 8
1240 §EE L poes E—]—D 16(19)
9(11) D—I¥ <H ACH - 1627
1200 1 OLMC - 9
o B Xon.- te &-ﬂ 15(18)
10(12) D—I3 s ACH- 1628
1440 F OLMC - 10
1560 %EE xon- 1008 &——D 14(17)
T ACt - 1620
11(13) D—I3 ,‘Q <CJ13(16)
40-USER ELECTRONIC SIGNATURE FUSES
1631, 1632, .... ... 1669, 1670 SYN
Byte4 [Byte3 .. .... Byte1|Byte0 =1630
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FEEDBACK MODE

XOR Registered Configuration
-SYN=0.
-AC0=0.

W& W

-AC1=0.
- Dedicated CLK input on Pin 1(2).
- Dedicated /OE input on Pin 13(16).

Registered Configuration

weolle
U

-SYN=0.
-ACO=1.
-AC1=0.

A

CLK

Do—k3 - XOR = 1 defines Active Low Output.

- XOR = 0 defines Active High Output.

- Dedicated CLK input on Pin 1(2).

- OE controlled by product term.

- Pin 13(16) is not connected to this configura-
tion.

OE

XOR Combinatorial Configuration
-SYN=0. :
-ACO=0.
— 3 -AC1=1.
- Dedicated /OE input on Pin 13(16).
- Pin 1(2) is not connected to this configura-
tion.

Ay &

Combinatorial Configuration
-SYN=0.
-ACO=1.
-AC1=1.
—K 3 - XOR = 1 defines Active Low Output.
- XOR = 0 defines Active High Output.
- OE controlled by product term.

- Both pin1(2) and pin 13(16) are not con-
nected to this configuration.

5/92
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FEEDBACK MODE LOGIC DIAGRAM
DIP (PLCC) Package Pinout
12) D—D— BT 24 28 32 38 TR
o o .
1o Br o %v_—]—c 23(27)
2(3) D—{&— —H AC1 - 1620 »
:: § oLuc -xzon-mn ﬁ—ﬂ 22(26)
3(4) D—I¥ sH PR
320 OLMC -3
“o XOR - 1602 ﬁ—c 21(25)
4(5) D—I¥ sHi Act-1em
480 OLMC - 4
800 XOR - 1603 E—D 20(24)
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Lattice

Specifications GAL20XV10B

s Commercial
ABSOLUTE MAXIMUM RATINGS™ RECOMMENDED OPERATING COND.

Supply VORAge VCC ........eervueereeeereneeensrereees -05t0+7v  Commercial Devices:
Input voltage applied .........c....ecereenen. -251t0Vec+1.0V  Ambient Temperature (Ta) .........c.ccoevuvvvueen. 0to +75°C
Off-state output voltage applied ......... -25toVec +1.0V  Supply voltage (Vco)
Storage Temperature ..............cco.cecereeeees -65 to 150°C with Respect to Ground ..................... +4.75 to +5.25V
Ambient Temperature with
Power Applied ...... -55t0 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP2| MAX. |UNITS
ViL Input Low Voltage  Vss-05| — 0.8 v
ViH input High Voltage 2.0 — | Vec#1 | V
o Input or /O Low Leakage Current 0V < Vi < ViL (MAX.) - —_ -100 pA

IH Input or /O High Leakage Current | 3.5V < Vin< Voc - — 10 uA
VoL | output Low Voltage loL = MAX. Vin = ViL or Viu — | =] o5 | v
VOH | Output High Voltage lor= MAX. Vin = Vic or Vis 24 | — | — | v

loL Low Level Output Current — — 16 mA

IOH | High Level Output Current - — | =32 | mA
los: Output Short Circuit Current Vec =5V Vour=0.5V Ta=25°C -50 — | -150 | mA
lcc Operating Power Supply Current ViL =0.5V Vi =3.0V — 75 90 mA

ftoggle = 25Mhz - Outputs Open

1) The leakage current is due to the internal pull-up on all input and /O pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems by tester

ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (Ta = 25 C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
Ci Input Capacitance pF Vec =5.0V, Vi=2.0V
Cvo 1/0 Capacitance pF Vee = 5.0V, Vo = 2.0V

*Guaranteed but not 100% tested.
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Commercial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

-10 -15 -20
TEST | DESCRIPTION
PARAMETER UNITS
COND.! MIN.| MAX. | MIN.[MAX. | MIN. [MAX.
tpd 1 Input or /O to Combinatorial Output 3 10 15 3 20 ns
tco 1 ‘Clock to Output Delay 2 7 2 10 ns
tcf2 —_ Clock to Feedback Delay —_ 4 —_ 4 —_ 4 ns
tsu Setup Time, Input or Feedback before Clock - 8 -_— 10 - ns
th Hold Time, Input or Feedback after Clock 0 — 0 | — 0 — ns
1 Maximum Clock Frequency with 769 | — 625 | — 50 —_ MHz
External Feedback, 1/(tsu + tco) E
Maximum Clock Frequency with 100 | — 833 | — (714 | — MHz
fmax® 1 Internal Feedback, 13(tsuc~|¥ tcf)
9 Maximum Clock Frequency with 100 | — (833 — |71.4 | — | MHz
No Feedback
twh Clock Puise Duration, High 4 —_ 6 —_ 7 — ns
twi Clock Pulse Duration, Low 4 — 6 — 7 — ns
ten 2 Input or I/O to Output Enabled 3 10 3 15 3 20 ns
2 OE to Output Enabled 2 9 2 10 | 2 15 ns
i 3 Input or I/0 to Output Disabled 3 3 15 3 20 ns
dis —
3 OE to Output Disabled 2 9 2 10 | 2 15 ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax D«cﬂption section.
3) Refer to fmax Description section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V 45V
Input Rise and Fall Times 3ns 10% — 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V R
Output Load See Figure
3-state levels are measured 0.5V from steady-state active FROM OUTRUT (0/Q) _
level. UNDER TEST TEST POINT
Output Load Conditions (see figure) _L c
L
Test Condition R R: CL R2
1 3000 3900 S0pF
P Active High o 390Q 50pF
Active Low 300Q 3900 50pF 1
3 | Active High = 3900 5pF 8 =
Active Low 2000 o0 5pF L INCLUDES JIG AND PROBE TOTAL CAPACITANCE
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Specifications GAL20XV10B

Industrial
ABSOLUTE MAXIMUM RATINGS" RECOMMENDED OPERATING COND.

Supply voltage Vcc ............. e sreeneras -0.5t0+7v  Industrial Devices:
Input voltage applied —2.5t0Vee +1.0V Ambient Temperature (Ta) .........ccccoceeinen —40 to +85°C
Off-state output voltage applied ......... -25t0Vec+1.0V  Supply voltage (Vcc)
Storage Temperature .............coo..oeeeveeveunns —651t0 150°C with Respect to Ground ..................... +4.50 to +5.50V
Ambient Temperature with ‘
Power Applied ............cococevvivinenicccniinnncns -5510 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied (while
‘programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP2| MAX. | UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Vee#t |V
ho Input or /O Low Leakage Current 0V < Vin < Vi (MAX) —_ —_ -100 pA
IH Input or /O High Leakage Current 3.5V<Vin< Vee - — 10 pA
VOL | Output Low Voltage lo.=MAX. Vin= ViLor Vi —_ — 0.5 v
VOH | Output High Voltage lon=MAX. Vin=ViLor Vi 2.4 — - |V
loL Low Level Output Current - - 16 mA
loH High Level Output Current - — | 32 | mA
los? Output Short Circuit Current Vecc =5V Vour=0.5V Ta=25°C -50 - -150 mA
lcc Operating Power Supply Current Vi =0.5V Vi =3.0V —_ 75 110 mA
ftoggle = 25Mhz  Outputs Open '

1) The leakage current is due to the internal pull-up on all input and I/O pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems by tester

ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (TA=25"C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C Input Capacitance pF Vcc =5.0V, Vi=2.0V
Cwo I/O Capacitance pF ' Vee = 5.0V, Vio = 2.0V

*Guaranteed but not 100% tested.
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Specifications GAL20XV10B
| Industrial

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

-15 -20
PARAMETER | (7, | DESCRIPTION MIN. [MAX. | MIN. [MAX. | VTS

tpd 1 Input or I/O to Combinatorial Output 3 15 3 20 ns
teco 1 Clock to Output Delay 2 8 2 10 ns
tcf2 - Clock to Feedback Delay — 4 —_ 4 ns
tsu Setup Time, Input or Feedback before Clock 8| — |10 | — ns
th "Hold Time, Input or Feedback after Clock o | — o |= | ns

1 g:tximum Clock Frequency with 625 | — 50 - MHz

ernal Feedback, 1/(tsu + tco) :

fmac | ;| Meimum Gk Froquency it ma| = [ra = [we

1 m?)gg\:&n, aS:I'?ck Frequency with 833 | — |74 | — | MHz
twh Clock Pulse Duration, High 6 —_ 7 —_ ns
tw Clock Pulse Duration, Low 6 | — |7 |— | ns
ten 2 Input or /O to Output Enabled 3 15 3 20 ns
2 OE to Output Enabled 2 10 2 15 ns
) 3 Input or I/O to Output Disabled 3 15 3 20 ns
e 3 | OF toOutput Disabled 2 |10 |2 [15 [ ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.

3) Refer to fmax Description section.

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V +5V
Input Rise and Fall Times 3ns 10% — 90%
Input Timing Reference Levels 1.5V ,
Output Timing Reference Levels 1.5V R
Output Load See Figure
3-state levels are measured 0.5V from steady-state active
level. ' Sm:;’gf (o) : $—— TEST POINT
Output Load Conditions (see figure) : _L c
L
Test Condition Rt R: CL Rz
1 300Q 390Q 50pF
2 Active High o0 390Q 50pF
Active Low 300Q 390Q 50pF - P
3 Active High o 390Q 5pF 6 -
Active Low 3000 3900 BpF LINCLUDES JiG AND PROBE TOTAL CAPACITANCE
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SWITCHING WAVEFORMS

R Y =2

W W VO FEEDBACK \
tw CLK
COMBNATORAL \\\\\\\\\\\\\\& REGSTERED W
Combinatorial Output j— 1/ fmax

(extomal fdbk)
Registered Output

INPUT or OF ,1 t
VO FEEDBACK \dis ten
tdis ten
OUTPUT
OUTPUT

Input or VO Feedback to Enable/Disable OE to Output Enable/Disable

twh twi

CLK

CLK 1/ tmax (internal fdbk)-

tet tsu —P»
REGISTERED i
Clock Width FEEDBACK

fmax with Feedback
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fmax DESCRIPTIONS
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iﬁi'fy " ReGiSTER| | ARRAY g
- REGISTER

——tsu———Pi——— tco——P

fmax with External Feedback 1/(tsu+tco) E ‘;:, B s »l

Note: fmax with external feedback is calculated

from measured tsu and tco. fmax with Internal Feedback 1/(tsu+tcf)

Note: tcf is a calculated value, derived by sub-

cLK

tracting tsu from the period of fmax w/internal
SR RECS : feedback (tcf = 1/fmax - tsu). The value of tef
: \v4 is used primarily when calculating the delay from
H Loaic H clocking a register to a combinatorial output
H REGISTER : (through registered feedback), as shown above.
;' ARRAY > : > - For example, the timing from clock to a com-
! : binatorial output is equal to tcf + tpd.

|1—-——~— tsus th —f——-bl .
fmax Without Feedback

Note: fmax with no feedback may be less
than 1/(twh 4 twl). This is to allow for a.
clock duty cycle of other than 50%.

INPUT/QUTPUT EQUIVALENT SCHEMATICS

Output PIN
PIN D——_g Data
Feedback

Vee Ac!ive Pull-up
Active Pull-up Circuit
(Vref Typical = 3.2V) Circutt . *
Tri-State Ve Vret (Vret Typical =3.2V)

Control

<
(2]
o

Vref

!<
lo

ESD

Gt C ]
bate K o

]

LJ
T
1

ESD v
Protocion Foedbeck
v
R -4 v (To input Bulter)
Input ! Output
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ELECTRONIC SIGNATURE :

An electronic signature word is provided in every GAL20XV10B
device. It contains 40 bits of reprogrammable memory that con-
tains user defined data. Some uses include user ID codes, re-
vision numbers, pattern identification or inventory control codes.
The signature data is always available to the user independent
of the state of the security cell.

NOTE: The electronic signature bits, if programmed to any value
other then zero(0) will alter the checksum of the device.

SECURITY CELL

A security cell is provided in every GAL20XV10B device as a de-
terrent to unauthorized copying of the device pattern. Once pro-
grammed, this cell prevents further read access of the device
pattern information. This cell can be only be reset by reprogram-
ming the device. The original pattern can never be examined
once this cell is programmed. The Electronic Signature is always
available regardless of the security cell state.

DEVICE PROGRAMMING

GAL devices are programmed using a Lattice-approved Logic
Programmer, available from a number of manufacturers. Com-
plete programming of the device takes less than a second. Eras-
ing of the device is transparent to the user, and is done auto-
matically as part of the programming cycle.

LATCH-UP PROTECTION

GAL20XV10B devices are designed with an on-board charge
pump to negatively bias the substrate. The negative bias is of
sufficient magnitude to prevent input undershoots from causing
the circuitry to latch. Additionally, outputs are designed with n-
channel pullups instead of the traditional p-channel pullups to
eliminate any possibility of SCR induced latching.

INPUT BUFFERS

GAL20XV10B devices are designed with TTL level compatible
input buffers. These buffers have a characteristically high im-
pedance, and present a much lighter load to the driving logic
than bipolar TTL devices.

GAL20XV10B input buffers have active pull-ups within their input
structure. This pull-up will cause any un-terminated input or
1/0 to float to a TTL high (logical 1). Lattice recommends that
all unused inputs and tri-stated /O pins be connected to another
active input, Vcc, or GND. Doing this will tend to improve noise
immunity and reduce Icc for the device.

Typical Input Pull-up Characteristic

input Current (uA)

0 1.0 2.0 3.0 4.0 5.0
Input Voitage (Volts)

POWER-UP RESET

Circuitry within the GAL20XV10B provides a reset signal to all
registers during power-up. All internal registers will have their
Q outputs set low after a specified time (tpr, 1us MAX). As a re-
sult, the state on the registered output pins (if they are enabled)
will always be high on power-up, regardless of the programmed
polarity of the output pins. This feature can greatly simplify state
machine design by providing a known state on power-up. The
timing diagram for power-up is shown below. Because of the
asynchronaus nature of system power-up, some conditions must
be met to guarantee a valid power-up reset of the GAL20XV10B.
First, the Vcc rise must be monotonic. Second, the clock input
must be at static TTL level as shown in the diagram during power
up. The registers will reset within a maximum of tpr time. As in
normal system operation, avoid clocking the device until all in-
put and feedback path setup times have been met. The clock
must also meet the minimum pulse width requirements.

Vee 4.0V‘
fe— tsu—»
CLK § *——M—’r
INTERNAL by

3558 CRRRRIROOO0 etz /—
oUTPUTQ Resetb Loge
G FEEDBACK AND -
REGISTERED gt
OUTPUT PIN
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: Typical Characteristics
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Typical Characteristics
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GAL20RA10

High-Speed Asynchronous E2CMOS PLD

aEEn
1t Generic Array Logic™
FEATURES

* HIGH PERFORMANCE E*CMOS ® TECHNOLOGY
— 12 ns Maximum Propagation Delay
— Fmax =71.4 MHz
— 12 ns Maximum from Clock input to Data Output
— TTL Compatible 8 mA Outputs
— UltraMOS® Advanced CMOS Technology

* 50% to 75% REDUCTION IN POWER FROM BIPOLAR
— 75mA Typ i,

o ACTIVE PULL-UPS ON ALL PINS

¢ E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Celis
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100 ms)
— 20 Year Data Retention

¢ TEN OUTPUT LOGIC MACROCELLS
— Independent Programmable Clocks
— Independent Asynchronous Reset and Preset
— Registered or Combinatorial with Polarity
— Full Function and Parametric Compatibility with
PAL20RA10

* PRELOAD AND POWER-ON RESET OF ALL REGISTERS
— 100% Functional Testability

¢ APPLICATIONS INCLUDE:

— State Machine Control

— Standard Logic Consolidation

— Multiple Clock Logic Designs
¢ ELECTRONIC SIGNATURE FOR IDENTIFICATION
The GAL20RA10 combines a high performance CMOS process
with electrically erasable (E?) floating gate technology to provide
the highest speed performance available in the PLD market. DIP
Lattice’s EECMOS circuitry achieves power levels as low as 75mA L
typical |, which represents a substantial savings in power when PLCC
compared to bipolar counterparts. E? technology offers high w01 7 2ufve
speed (<100ms) erase times providing the ability to reprogram, 10 ] vora
reconfigure or test the devices quickly and efficiently. --28$§ §§ o  vora

/D-._D_.-IJ-_._CI_EI...I:‘I.ﬁ
The generic architecture provides maximum design flexibility by | T wo I 1 voa
allowing the Output Logic Macrocell (OLMC) to be configured by 1 vora 1l GAL [
the user. The GAL20RA10 is a direct parametric compatible ' y voro 1 voro
CMOS replacement for the PAL20RA10 device. NC GALZ)F.IAW NC E 20RA10 ; Vo
. Top View vy
Unique test circuitry and reprogrammable cells allow complete i ] vora
AC,DC, and functional testing during manufacturing. Therefore, ' e 1 vora
LATTICE guarantees 100% field programmability and functionality ! bk h vora
of all GAL products. LATTICE also guarantees 100 erase/rewrite - g 24
cycles and that data retention exceeds 20 years. g § 0  vora
GND [] 12 13[] 108

Copyright ©1992 Lattice Semiconductor Corp. GAL, E2CMOS and UttraMOS are regi of Lattice Sen Comp. Generic Array Logic is a trademark of Lattice
TW$MGmn-M are or reg of their hoiders. The specifications and information herein are subject

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A.

Tel. (503) 681-0118; 1-800-FASTGAL,; FAX (503) 681-3037

May 1991
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GAL20RA10 ORDERING INFORMATION

Commercial Grade Specifications

Tpd (ns) | Tsu(ns) | Tco(ns) | lcc (MA) Ordering # Package

12 4 12 100 |GAL20RA10-12LP 24-Pin Plastic DIP
. 100 GAL20RA10-12LJ 28-Lead PLCC

15 7 15 100 GAL20RA10-15LP 24-Pin Plastic DIP
100 GAL20RA10-15LJ 28-Lead PLCC

20 10 20 100 | GAL20RA10-20LP 24-Pin Plastic DIP
100 | GAL20RA10-20LJ 28-Lead PLCC

30 20 30 100 | GAL20RA10-30LP 24-Pin Plastic DIP
100 GAL20RA10-30LJ 28-Lead PLCC

Industrial Grade Specifications

Tpd (ns) | Tsu(ns) | Tco(ns) | lcc (mA) Ordering # Package
20 10 20 120 GAL20RA10-20LPI 24-Pin Plastic DIP
120 | GAL20RA10-20LJI 28-Lead PLCC

PART NUMBER DESCRIPTION

XXXXXXXX - XX X X X

GAL20RA10 Device Name

Speed (ns) Grade Blank = Commercial
I = Industrial
L =Low Power Power Package P = Plastic DIP
J=PLCC
5/92
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OUTPUT LOGIC MACROCELL (OLMC)

The GAL20RA10 consists of 10 D flip-flops with individual
asynchronous programmable reset, preset and clock product
terms. The sum of four product terms and an Exclusive-OR
provide a programmable polarity D-input to each flip-flop. An
output enable term combined with the dedicated output enable
pin provides tri-state control of each output. Each OLMC has a
fiip-flop bypass, allowing any combination of registered or com-
binatorial outputs.

The GAL20RA10 has 10 dedicated input pins and 10 program-
mable /O pins, which can be either inputs, outputs, or dynamic
1/O. Each pin has a unique path to the logic array. Allmacrooells

INDEPENDENT PROGRAMMABLE CLOCKS

An independent clock control product term is provided for each
GAL20RA10 macrocell. Data is clocked into the fiip-flop on the
active edge of the clock product term. The use of individual clock
control product terms allow up to ten separate clocks. These
clocks can be derived from any pin or combination of pins and/
or feedback from other flip-flops. Multiple clock sources allow a
number of asynchronous register functions to be combined into
a single GAL20RA10. This allows the designer to combine dis-
crete logic functions into a single device.

PROGRAMMABLE POLARITY

The polarity of the D-input to each macrocell flip-flop is individually
programmable to be active high or low. This is accomplished with
a programmable Exclusive-OR gate on the D-input of each flip-
flop. While any one of the four logic function product terms are
active the D-input to the flip-flop will be low if the Exclusive-OR
bit is set to zero(0) and high if the Exclusive-OR bit is set to one(1).
It should be noted that the programmable polarity only affects the
data latched into the flip-flop on the active edge of the clock product
term. The reset, preset and preload will alter the state of the flip-
fiop independent of the state of programmable polarity bit. The
ability to program the active polarity of the D-inputs can be used
to reduce the total number of product terms used, by allowing the
DeMorganization of the logic functions. This logic reduction is
accomplished by the logic compiler, and does not require the
designer to define the polarity.

OUTPUT ENABLE

The output of each GAL20RA10 macrocell is controlled by the
“AND'ing” of an independent output enable product term and a
common active low output enable pin(13). The output is enabled
while the output enable product term is active and the output
enable pin(13) is low. This output control structure allows several
output enable altematives.

ASYNCHRONOUS RESET AND PRESET

Each GAL20RA10 macrocell has an independent asynchronous
reset and preset control product term. The reset and preset
product terms are level sensitive, and will hold the flip-flop in the
reset or preset state while the product term is active independ-
ent of the clock or D-inputs. It should be noted that the reset and
preset term alter the state of the flip-flop whose output is inverted
by the output buffer. A reset of the flip-flop will result in the output
pin becoming a logic high and a preset will result in a logic low.

RESET |PRESET
0 0

FUNCTION
Registered function of data product term
1 0 Reset register to “0" (device pin= "1%)
0 1 Preset register to "1" (device pin = "0")
1 1 Register-bypass (combinatorial output)

COMBINATORIAL CONTROL

The register in each GAL20RA10 macrocell may be bypassed
by asserting both the reset and preset product terms. While both
product terms are active the flip-flop is bypassed and the D- input
is presented directly to the inverting output buffer. This provides
the designer the ability to dynamically configure any macrocell
as a combinatorial output, or to fix the macrocell as combinatorial
only by forcing both reset and preset product terms active. Some
logic compilers will configure macrocells as registered or com-
binatorial based on the logic equations, others require the de-
signer to force the reset and preset product terms active for
combinatorial macrocells.

PARALLEL FLIP-FLOP PRELOAD

The flip-flops of a GAL20RA10 can be reset or preset from the
VO pins by applying a logic low to the preload pin (1) and applying
the desired logic level to each /O pin. The VO pins must remain
valid for the preload setup and hold time. All 10 fiip-flops are reset
or preset during preload, independent of all other OLMC inputs.

A logic low on an I/O pin during preload will preset the flip-fiop,
alogic high will reset the flip-flop. The output of any fiip-fiop to be
preloaded must be disabled. Enabiing the output during preload
will maintain the current logic state. It should be noted that the
preload alters the state of the flip-flop whose output is inverted by
the output buffer. A reset of the flip-flop will result in the output pin
becoming a logic high and a preset will result in a logic low. Note
that the common output enable pin (13) will disable all 10 outputs
of the GAL20RA10 when held high.
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GAL20RA10 LOGIC DIAGRAM

DIP (PLCC) Package Pinouts
1(2)5-:;. L 0 4 8 12 16 20 24 28 32 36
0 b
OLMC - 23 h—czs (27) 2
2 (3) D__[?i.l— :‘ XOR - 3200 .
320 g
OLMC - 22 ﬁ—cn (26)
3 (‘) () ‘_2:“ :‘ XOR - 3201
640 S
oLMC - 21 E’—D 21 (25)
4 (5) > QL“ % XOR - 3202
" [OLMC - 20 h—c 20 (24)
5 (6) D_____g“ %1 XOR - 3203
1280 >
OLMC - 19 h—cn(za)
6(7) D—F)“n < XOR - 3204
o fOLMC - 18 hc: 18 (21)
7 (9) D él.“ A XOR - 3205
1920 L
OLMC - 17 5—017 (20)
8 (10)D_E;:° < XOR - 3208
2240 b
OLMC - 16 %j—{!u (19)
9 (11)D___§" < XOR - 3207
2560 S
OLMC - 15 h—cﬂm)
10 (12) D___]%“o v‘ XOR - 3208
2880 g
OLMC - 14 h—cu(n)
1 “”D——é}“% 41 XOR - 3209
<p <3 13 (16)
64-USER ELECTRONIC SIGNATURE FUSES ot
3210, 3211, .... . 3272, 3278
Byte 7] By10 6 ... . Byt 1] Byte 0
M L
s S8
B B
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: Commercial
ABSOLUTE MAXIMUM RATINGS" RECOMMENDED OPERATING COND.
‘ Supply voltage Vg tu....cceveeneees eeesereessenionn -05t0+7v ~ Commercial Devices: '
Input voltage applied...........c.ccceovvneeee. -25t0V,, +1.0v  Ambient Temperature (T,) ..............cccooovevesiee 0to +75°C
Off-state output voltage applied -2510V, +1.0V  Supply voltage (V)
Storage Temperature .................coo.eeveeeeunes -65t0 150°C with Respect to Ground ...................... +4.75 10 +5.25V
Ambient Temperature with )
Power Applied ..........ccocuriniiccinencnennens -65 to 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP2| MAX. | UNITS

ViL Input Low Voltage Vss—05| — 0.8 '
ViH Input High Voltage 2.0 — | Vees+t v
I Input or I/O Low Leakage Current 0V < Vin < Vi (MAX.) — — -100 pA
IH Input or /O High Leakage Current 3.5V<VingVee - — 10 pA

VoL Output Low Voltage lo. = MAX. Vin = ViLor Vi — — 0.5 v

VOH Output High Voltage lon = MAX. Vin = ViL or Vin 2.4 — — Vv
loL Low Level Output Current — — 8 mA
loH High Level Output Current — — | 82 | mA
los? Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -50 — | -135 | mA
IcC Operating Power Supply Current VIL=0.5V VIH=3.0V —_ 75 100 mA

ftoggle = 15Mhz_ Outputs Open

1) The leakage current is due to the internal pull-up resistor on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vec =5V and Ta=25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
c Input Capacitance pF Ve =5.0V,V,=2.0V
Cw /O Capacitance pF Ve =5.0V,V, =20V

*Guaranteed but not. 100% tested.

5/92
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AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

panaueten| TEST | DESCRIPTION 2L T s
COND.! MIN. |MAX.|MIN. [MAX.|MIN. MAX.|MIN. [MAX.
tpd 1 Input or /O to Combinatorial Output — |12 | — |15 — |20 | — | 30| ns
tco 1 | Clock to Output Delay —|12|—|15|—|20|—|3]| ns
tsu — | Setup Time, Input or Feedback before Clock 4 | — | 7| — |10 —1]120] — | ns
th — | Hold Time, Input or Feedback after Clock 3| —|{38|—| 8| —|10|] — | ns
1 Maximum Clock Frequency with 625| — |450| — [333| — [20.0] — | MHz
External Feedback, 1/(tsu + tco)
fmaxz
1 Maximum Clock Frequency without 714 — |500| — |41.7| — |25.0] — | MHz
Feedback
twh — | Clock Pulse Duration, High 7|—1j10] —]12| —=]2 | —] ns
twi — | Clock Pulse Duration, Low 7| —]10]| —]122| =2 | —]| ns
ten/tdis | 2,3 | Inputor /O to Output Enabled / Disabled —|12| —|15|— 20| — |30 ns
ten/tdis | 2,3 | OE to Output Enabled/ Disabled —|l9 | —|12|—|15|— |20 ns
tar/tap 1 | Input or VO to Asynchronous Reset/ Preset —|12|—|15|—]20|— ]3] ns
tarw/tapw| — | Asynchronous Reset / Preset Pulse Duration | 12 | — | 16 | — |20 | — [ 20 | — | ns
tarr/tapr | — | Asynchronous Reset / Preset RecoveryTime | 7 | — |10 | — |12 | — | 20| — | ns
twp — | Preload Pulse Duration 12— 15| —]20] —|3]| —1| ns
tsp — | Preload Setup Time 7| —|10|—|15| —|25| — | ns
thp — | Preload Hold Time 7| —|10]| —]|15] —|25| — | ns

1) Refer to Switching Test Conditions section.
2) Refer to fmax Descriptions section.

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V +5V
Input Rise and Fall Times 3ns 10% —90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V A1
Output Load See Figure
3-state levels are measured 0.5V from steady-state active FROM OUTPUT (01Q) _
level. UNDER TEST TESTPONT
Output Load Conditions (see figure) l c
L
Test Condition Ri R: CL Rz T
1 470Q 390Q 50pF
2 | Active High oo 390Q 50pF I
Active Low 470Q 390Q 50pF —
3 | Active High o 390Q SpF c -
Active Low 2700 3900 5pF LINCLUDES JiG AND PROBE TOTAL CAPACITANCE

5/92
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st Industrial

ABSOLUTE MAXIMUM RATINGS!" RECOMMENDED OPERATING COND.
Supply voltage V., -0.5t0+7vV Industrial Devices:
Input voltage apphied............ce.rseereeeee. -25t0V  +1.0v  Ambient Temperature (T,) .......cccoossssssssssss -40 to +85°C
Off-state output voltage applied .......... -25t0V, +1.0v  Supply voltage (V) :
Storage Temperature —65 to 150°C with Respect to Ground ..........ccoceernnee +4.50 to +5.50V
Ambient Temperature with :

Power Applied -55 to 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS »

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP2| MAX. |UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Vect1 | V
h Input or /O Low Leakage Current OV < ViN < Vi (MAX.) — — | =100 | pA
IH Input or /O High Leakage Current 3.5V<ViNs Voo —_ - 10 HA |
VoL Output Low Voltage lo.=MAX. Vin=Vior Vi - — 0.5 v
VOH | Output High Voltage foi = MAX. Vin=ViLor ViH 24 — — v
loL Low Level Output Current o — - 8 mA
loH High Level Output Current — — | 82 | mA
los? | Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -50 — | -135 | mA
ICC Operating Power Supply Current VIL=0.5V VIH=3.0V ) - 75 120 mA

ftoggle = 15Mhz _ Outputs Open

1) The leakage current is due to the internal pull-up resistor on all pins. See Input Buffer section for more information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vcc = 5V and Ta=25 °C

CAPACITANCE (T, =25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS

C Input Capacitance 8 pF Ve =5.0V,V, =2.0V
Cwo 1/O Capacitance 10 pF Ve =5.0V,V,, =20V
*Guaranteed but not 100% tested.
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AC SWITCHING CHARACTERISTICS »

Over Recommended Operating Conditions

parameTer| TEST | DESCRIPTION K P
COND.' ) MIN. |MAX.
tpd 1 Input or /O to Combinatorial Output — |2 ns
tco 1 Clock to Output Delay 1= |20 | ns
tsu —_ Setup Time, Input or Feedback before Clock 10 | — ns
th - Hold Time, Input or Feedback after Clock 3 —_ ns
1 " Maximum Clock Frequency with 333 | — MHz
External Feedback, 1/(tsu + tco)
fmax .
1 Maximum Clock Frequency without 4147 | — MHz
Feedback
twh —_ Clock Pulse Duration, High 12 —_ ns
twi —_ Clock Pulse Duration, Low 12 | — ns
ten/tdis | 2,3 Input or /O to Output Enabled / Disabled — |20 | ns
ten/tdis | 2,3 | OE to Output Enabled/ Disabled — |15 | ns
tar/tap 1 Input or /O to Asynchronous Reset / Preset — |20 ns
tarw/tapw | — Asynchronous Reset / Preset Pulse Duration 20 | — ns
tarr/tapr | — Asynchronous Reset / Preset Recovery Time 12 | — ns
twp —_ Preload Pulse Duration 20 | — ns
tsp - Preload Setup Time 15 | — ns
thp - Preload Hold Time 15 | — ns
1) Refer to Switching Test Conditions section.
2) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V ‘ +5V
Input Rise and Fall Times 3ns 10% — 90% .
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V A1
Output Load See Figure
3-state levels are measuted 0.5V from steady-state active FROM OUTPUT (0/0) %
level. ; UNDER TEST TeST oM
Output Load Conditions (see figure) _L c
L
Test Condition R Rz (o R2
1 470Q 3900 50pF
2 Active High o0 390Q 50pF
Active Low 470Q 3900 50pF L
3 | Active High o 3900 5pF ¢ 7
Active Low 4700 3900 BpF L INCLUDES JIG AND PROBE TOTAL CAPACITANCE
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SWITCHING WAVEFORMS
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fmax DESCRIPTIONS

cLK cix
™ v > v
LOGIC e H
ARRAY REGISTER ;I k%‘;;cy REGISTER
¢ sy ———Pl——— tco——P|
" * fmax With No Feedback
fmax with External Feedback 1/(tsu+tco) Note: fmax with no feedback may be less
Note: fmax with external feedback is cal- than 1/(twh + twl). This is to allow for a
culated from measured tsu and tco. clock duty cycle of other than 50%.

INPUT/OUTPUT EQUIVALENT SCHEMATICS

Output
Feedback

Vee Active Pull-up
Active Pull-up Circul
(Vref Typical = 3.2V) Circuit . Vee ¥
v Tri-State T Vref (Vrof Typical = 3.2V)

Vref v Control

<
o
o
o
o

£je

] output ’
. D | l_{ on: Q PIN
L O i : '
Protection Feedback
Gt V. v (To Input Buffer)
Input Output
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ELECTRONIC SIGNATURE

An electronic signature word is provided in every GAL20RA10
device. It contains 64 bits of reprogrammable memory that
contains user defined data. Some uses include user ID codes,
revision numbers, pattern identification or inventory control codes.
The signature data is always available to the user independent
of the state of the security cell.

NOTE: The electronic signature bits if programmed to any value
other then zero(0) will alter the checksum of the device.

SECURITY CELL

A security cell is provided in every GAL20RA10 devices as a
deterrent to unauthorized copying of the device pattern. Once
programmed, this cell prevents further read access of the device
pattern information. This cell can be only be reset by repro-
gramming the device. The original pattem can never be examined
once this cell is programmed. The Electronic Signature is always
available regardiess of the security cell state.

LATCH-UP PROTECTION

GAL20RA10 devices are designed with an on-board charge pump
to negatively bias the substrate. The negative bias is of sufficient
magnitude to prevent input undersheots from causing the circuitry
to latch. Additionally, outputs are designed with n-channel pullups
instead of the traditional p-channel pullups to eliminate any
possibility of SCR induced latching.

DEVICE PROGRAMMING

GAL devices are programmed using a Lattice-approved Logic
Programmer, available from a number of manufacturers (see the
the GAL Development Tools section). Complete programming of
the device takes only a few seconds. Erasing of the device is
transparent to the user, and is done automatically as part of the
programming cycle.

INPUT BUFFERS

GAL20RA10 devices are designed with TTL level compatible input
buffers. These buffers have a characteristically high impedance
and present a much lighter load to the driving logic than traditional
bipolar devices.

GAL20RA10 input buffers have active pull-ups within their input
structure. As a result, unused inputs and I/O's will float to a TTL
“high” (logical “1"). Lattice recommends that all unused inputs
and tri-stated /O pins be connected to another active input, Vce,
or GND. Doing this will tend to improve noise immunity and
reduce lcc for the device.

Typical Input Pull-up Characteristic

input Current (uA)
n
o

0 1.0 2.0 3.0 4.0 5.0
input Voltage (Volits)

POWER-UP RESET »

Circuitry within the GAL20RA10 provides a reset signal to all reg-
isters during power-up. All internal registers will have their Q
outputs set low after a specified time (tpr, 1us MAX). As a result,
the state on the registered output pins (if they are enabled) will
be high on power-up, because of the inverting buffer on the output
pins. This feature can greatly simplify state machine design by
providing a known state on power-up. The timing diagram for
power-up is shown to the right. Because of the asynchronous
nature of system power-up, some conditions must be met to guar-
antee a valid power-up reset of the GAL20RA10. First, the Vcc
rise must be monotonic. Second, the clock input must be at a static
TTL level as shown in the diagram during power up. The regis-
ters will reset within a maximum of 1ps. As in normal system op-
eration, avoid clocking the device until all input and feedback path
setup times have been met. The clock must also meet the mini-
mum pulse width requirements.

— tsu
e e
INTERNAL i r—¥ sl it
A% TXRRRRRROA s/

Q FEEDBACK AND

Device Pin
T YRR B
OUTPUT PIN Resato Loge™¥
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Typical Characteristics
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i | Typical Characteristics

Vol vs lol Voh vs loh Voh vs loh
3 s 450
28
y, ‘ 428
2 / N
Z, A = N~ s 400
2 pd 4 £, . £ \
1
378
—~]
05 ! ~——
=
1
0 0 350
000 2000 4000 60.00 0.0 000 1000 2000 30.00 40.00 5000 60.00 000 1.00 200 300 400
lol (mA) loh(mA) loh(mA)
Normalized lcc vs Vee Normalized lcc vs Temp Normalized Icc vs Freq.
120 120 140
\ 130
1.10 110 159 7
8 8 8120
3 | 3 \ - //
g 100 & 100 5 110
E £ 5
S 1.00
= o090 = 090 \\‘ =
\ 090
0.80 0.80 0.80
450 475 5.00 828 550 g 9§ ° 8 8 R 8 8 0 15 30 4
Supply Voltage (V) Temperature (deg. C) Frequency (MH2)
Delta Icc vs Vin (1 input) Input Clamp (Vik)
5 0.00
200
‘ /
= 400
E, = oo
8 ET/
22 N 2 800 /
>
e / 10.00
1
// N 12.00
o 14.00
000 050 100 150 200 250 3.00 350 400 200 100 0.00
Vin (V) Vi (V)

5/92
2-130



GAL6002B

High Performance E2CMOS FPLA
Generic Array Logic™

FEATURES

* HIGH PERFORMANCE E*CMOS® TECHNOLOGY
— 15ns Maximum Propagation Delay
— 75MHz Maximum Frequency
— 6.5ns Max. Clock to Output Delay
— TTL Compatible 16mA Outputs
— UitraMOS® Advanced CMOS Technology

¢ ACTIVE PULL-UPS ON ALL PINS

* LOW POWER CMOS
— 90mA Typical lcc

¢ E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Celis
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

* UNPRECEDENTED FUNCTIONAL DENSITY
— 78 x 64 x 36 FPLA Architecture
— 10 Output Logic Macrocells

FUNCTIONAL BLOCK DIAGRAM

=T

("

QLK. outeut
clock
MACROCELL NAMES

— 8 Buried Logic Macrocells ILMC | INPUT LOGIC MACROCELL
— 20 Input and VO Logic Macrocells IOLMC| 1/O LOGIC MACROCELL
* HIGH-LEVEL DESIGN FLEXIBILITY BLMC | BURIED LOGIC MACROCELL
— Asynchronous or Synchronous Clocking
— Separate State Register and Input Clock Pins OLMG | OUTPUT LOGIC MACROCELL
— Functional Superset of Existing 24-pin PAL®
a0 FPLA Dovices
B APPLICATIONS INCLUDE:
— Sequencers
— State Machine Control l-1, | INPUT 1/0/Q | BIDIRECTIONAL
— Muitiple PLD Device integration ICLK | INPUT CLOCK Vee POWER (+5V)
DESCRIPTION OCLK | OUTPUT CLOCK | GND | GROUND
T, e GALOCOCD prvkies puvetr
flexibility in state-machine design. The GAL6002B offers the PIN CONFIGURATION
highest degree of functional integration, flexibility, and speed DIP
currently available in a 24-pin, 300-mil package. E2CMOS PLCC
teqh_nologyoﬁershighspeed(<190ms)erasetims,providngme )
ability to reprogram or reconfigure the device quickly and w1 24f vee
efficiently. _ gesdd 'E wa
[ (L]
The GAL6002B has 10 programmabie Output Logic Macrocells X 2 o N v
(OLMC) and 8 programmable Buried Logic Macrocells (BLMC). " Yo n o
In addition, there are 10 Input Logic Macrocells (ILMC) and 10 1" Yo d GAL hwwe
I/O Logic Macrocells (IOLMC). Two clock inputs are provided for wy GAL6002B |\ d o
independent control of the input and output macrocells. \ Top View vora :[ 6002B o
Unique test circuitry and reprogrammable cells allow complete ! vora 1l o
AC, DC, and functional testing during manufacturing. As a result, ! voa " o
Lattice is able to guarantee 100% field programmability and =T ¢ i Vo
functionality of all GAL products. Lattice also guarantees 100 g § g8 anol 12 1aP ocix
erase/rewrite cycles and data retention in excess of 20 years.
Copyright ©1962 Lattice Semiconductor Corp. GAL, E’CMOS and UNraMOS are regi d of Lattice Corp. Generic Array Logic is a of Lattice

ive holders. The specifications and information herein are subject to change without

tor Corp. All brand or product names d are tradk or regi of their

notice.
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GAL6002B COMMERCIAL DEVICE ORDERING INFORMATION

Tpd (ns) | Felk (MHz) | icc (mA) Ordering # Package
15 75 135 GAL6002B-15LP 24-Pin Plastic DIP
135 GAL6002B-15LJ 28-Lead PLCC
20 60 135 GAL6002B-20LP 24-Pin Plastic DIP
135 GAL6002B-20LJ 28-Lead PLCC
PARTNUMBER DESCRIPTION

XXXXXXXX - XX X X X

GAL6002B Device Name

Speed (ns) g Grade Blank = Commercial
L =Low Power Power Package P = Plastic DIP
J=PLCC
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INPUT LOGIC MACROCELL (ILMC) AND I/O LOGIC MACROCELL (IOLMC)

The GAL6002B features two configurable input sections. The
ILMC section corresponds to the dedicated input pins (2-11) and
the IOLMC to the I/O pins (14-23). Each input section is
individually configurable as asynchronous, latched, or registered
inputs. Pin 1 (ICLK) is used as an enable input for latched
macrocells or as a clock input for registered macrocells.
Individually configurable inputs provide system designers with
unparalleled design flexibility. With the GAL6002B, external input
registers and latches are not necessary.

Both the ILMC and the IOLMC are individually configurable and
the ILMC can be configured independently of the IOLMC. The
three valid macrocell configurations and its associated fuse
numbers are shown in the diagrams on the following pages. Note
that these programmabile cells are configured by the logic compiler
software. The user does not need to manually manipulate these
architecture bits.

OUTPUT LOGIC MACROCELL (OLMC) AND BURIED LOGIC MACROCELL (BLMC)

The outputs of the OR array feed two groups of macrocells. One
group of eight macrocells is buried; its outputs feed back directly
into the AND array rather than to device pins. These cells are
called the Buried Logic Macrocells (BLMC), and are useful for
building state machines. The second group of macrocells consists
of 10 cells whose outputs, in addition to feeding back into the AND
array, are available at the device pins. Cells in this group are
known as Output Logic Macrocelis (OLMC).

The Output and Buried Logic Macrocells are configurable on a
macrocell by macrocell basis. Buried and Output Logic Macrocells
may be set to one of three configurations: combinational, D-type
register with sum term (asynchronous) clock, or D/E-type register.
Output macrocells always have /O capability, with directional
control provided by the 10 output enable (OE) product terms.
Additionally, the polarity of each OLMC output is selected through
the programmable polarity control cell called XORD. Polarity
selection for BLMCs is selected through the true and complement
forms of their feedbacks to the AND array. Polarity of all E (Enable)
sum terms is selected through the XORE programmable cells.

When the output or buried logic macrocell is configured as a
D/E type register, the register is clocked from the common OCLK
and the register clock enable input is controlied by the associated
"E" sum term. This configuration is useful for building counters
and state-machines with count hold and state hold functions.

When the macrocell is configured as a D type register with a sum
term clock, the register is always enabled and the associated “E”

sum term is routed directly to the clock input. This permits
asynchronous programmable clocking, selected on a register-by-
register basis.

Registers in both the Output and Buried Logic Macrocells feature
acommon RESET product term. This active high product term
allows the registers to be asynchronously reset. All registers reset
to logic zero. With the inverting output buffers, the output pins will
reset to logic one.

There are two possible feedback paths from each OLMC. The
first path is directly from the OLMC (this feedback is before the
output buffer). When the OLMC is used as an output, the second
feedback path is through the IOLMC. With this dual feedback
arrangement, the OLMC can be permanently buried without losing
the use of the associated OLMC pin as an input, or dynamically
buried with the use of the output enable product term.

The D/E registers used in this device offer the designer the
ultimate in flexibility and utility. The D/E register architecture can
emulate RS, JK, and T registers with the same efficiency as a
dedicated RS, JK, or T registers.

The three macrocell configurations are shown in the diagrams on
the following pages. These programmable cells are also
configured by the logic compiler software. The user does not need
to manually manipulate these architecture bits.
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ICLK
LATCH
J»— E
Q
MUX
D 00
: INVALID o
g | [ rea. — 0 1 §
: ; AND
INPUT : : [2
orto — 1 o 10 § ARRAY
H D '
1 1
LATCH() ISYN()
ILMC/IOLMC
Generic Logic Block Diagram
Input Macrocell JEDEC Fuse Numbers /O Macrocell JEDEC Fuse Numbers
INSYNC INLATCH ILMC IOSYNC | IOLATCH loLMC
8218 8219 0 8238 8239 9
8220 8221 1 8240 8241 8
8222 8223 2 8242 8243 7
8224 8225 3 8244 8245 6
8226 8227 4 8246 8247 5
8228 8229 5 8248 8249 4
8230 8231 6 8250 8251 3
8232 8233 7 8252 8253 2
8234 8235 8 8254 8255 1
8236 8237 9 8256 8257 0
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i OLMC ONLY
{ XORD(I)
p_ il
! XORE() A OSYN()
S R U
| = 3
MUX
CKS(i)
— 0
l‘ 1
OCLK
OLMC/BLMC
Generic Logic Block Diagram
OLMC JEDEC Fuse Numbers BLMC JEDEC Fuse Numbers
OLMC | CKS OUTSYNC | XORD | XORE BLMC CKS OUTSYNC XORE
0 8178 8179 | 8180 | 8181 7 8175 8176 8177
1 8182 8183 8184 | 8185 6 8172 8173 8174
2 8186 8187 8188 | 8189 5 8169 8170 - 8171
3 8190 8191 8192 | 8193 4 8166 8167 8168
4 8194 8195 8196 | 8197 3 8163 8164 8165
5 8198 8199 8200 | 8201 2 8160 8161 8162
6 8202 8203 8204 | 8205 1 8157 8158 8159
7 8206 8207 8208 | 8209 0 8154 8155 8156
8 8210 8211 8212 | 8213
9 8214 8215 8216 | 8217
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Specuflcatlons GAL6002B

Commercial

ABSOLUTE MAXIMUM RATINGS! RECOMMENDED OPERATING COND.
Supply voltage V., -0.5t0 +7V Commercial Devices:
Input voltage applied...........ccccovevuenes 2510V +1.0V  Ambient Temperature (T,) ..........ccesesssssscnssnne 0to 75°C
Off-state output voltage applied.......... -2.51t0V,, +1.0V Supply voltage (V)
Storage Temperature -65 10 150°C with Respect to Ground oo +4.75 to +5.25V
Ambient Temperature with

Power Applied -55to 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this is notimplied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL| PARAMETER CONDITION MIN. |TYP:| MAX. |UNITS

ViL Input Low Voltage Vss—-05| — 0.8 \';
"VIH | Input High Voltage 20 | — | Veest | Vv
I Input or /O Low Leakage Current | OV < Vin < Vi (MAX.) — — | -100 | pA
hH Input or I/O High Leakage Current | 3.5V < Vin < Ve —_ —_ 10 BA
VoL Output Low Voltage fo = MAX. Vin=Vior Vi - — 0.5 v
VOH | Output High Voltage lon = MAX. Vin=ViLor Vi 2.4 - — v

oL Low Level Output Current —_ —_ 16 mA

loH High Level Output Current - — | =832 | mA

los? | Output Short Circuit Current Voc=5V Vour=0.5V Ta=25°C 30 | — | -130 | mA

Icc | Operating Power Supply Current | ViL=0.5V Viu=3.0V floggle=15MHz | — 90 135 | mA

Outputs Open (no load)

1)>The leakage current is due to the intemnal pull-up resistor on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T,=25C,f=1.0 MHZ

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS

C, Input Capacitance pF Voo =5-0V, V, = 2.0V

Cw 1/O Capacitance pF Vee =5.0V,V,, =2.0V
*Guaranteed but not 100% tested.
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TE ‘Commercial
AC SWITCHING CHARACTERISTICS
Over Recommended Operating Conditions
-15 20
PARAMETER C?Nsl;'. DESCRIPTION MIN., MAX. [ MIN. |MAX. UNITS
tpd1 1 Combinatorial Input to Combinatorial Output — | 15 | — |2 ns
tpd2 1 Feedback or I/O to Combinational Output —_ 15 —_ 20 ns
tpd3 1 Transparent Latch Input to Combinatorial Output —_— 18 — 23 ns
tcot 1 Input Latch ICLK to Combinatorial Output Delay — | 20 | — |25 ns
tco2 1 Input Reg. ICLK to Combinatorial Output Delay \ — | 2 | — |25 ns
tco3 1 Output D/E Reg. OCLK to Output Delay — | 65 | — 8 ns
L tcod 1 Output D Reg. Sum Term CLK to Output Delay = | 18 | — 120 ns |
teH12 — Output D/E Reg. OCLK to Buried Feedback Delay —_ 3.6 —_ 7 ns
tef2? — Output D Reg. STCLK to Buried Feedback Delay — | 101 | — | 13 ns
tsu1 — Setup Time, Input before Input Latch ICLK 15 | — 2 — ns
tsu2 — Setup Time, Input before Input Reg. ICLK 15 | — 2 — ns
tsus —_ Setup Time, Input or Feedback before D/E Reg. OCLK "ns5| — |13 | — ns
tsus —_ Setup Time, Input or Feedback before D Reg. Sum Term CLK 5 —_ 7 —_ ns
tsus -_ Setup Time, Input Reg. ICLK before D/E Reg. OCLK 15 - 20 -— ns
tsus — Setup Time, Input Reg. ICLK before D Reg. Sum Term CLK 7 — 9 — ns
th1 —_ Hold Time, Input after Input Latch ICLK 3 - 4 —_ ns
th2 — Hold Time, Input after input Reg. ICLK 3 —_ 4 _ ns
th3 — Hold Time, Input or Feedback after D/E Reg. OCLK 0 - 0 —_ ns
tha —_ Hold Time, Input or Feedback after D Reg. Sum Term CLK 4 —_ 6 — ns
fmax1? — Max. Clock Frequency w/External Feedback, 1/(tsu3+tco3) 555 | — (476 | — [ MHz
fmax2° — Max. Clock Frequency w/External Feedback, 1/(tsud+tcod) 434| — | 37 | — | MHz
fmax3® | — | Max. Clock Frequency w/intemal Feedback, 1/(tsu3+tcf1) 66 | — |50 | — |MHz
fmax4? — Max. Clock Frequency w/internal Feedback, 1/(tsud+tcf2) 66 | — [ 50 | — |MHz
fmaxs® | — Max. Clock Frequency w/No Feedback, OCLK 75 | — | 60 | — | MHz
fmaxe® — Max. Clock Frequency w/No Feedback, STCLK 70 — 60 — MHz
twh1 — ICLK Pulse Duration, High 6 - 7 - ns
twh2 | — | OCLK Pulse Duration, High 6 | — |7 | — | ns
twh3 —_ STCLK Pulse Duration, High 7 - 8 — ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Desciption section.
3) Refer to fmax Desciption section.
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Commercial

AC SWITCHING CHARACTERISTICS (CONT.)

Over Recommended Operating Conditions

-15 -20
[PARAMETER CI)E:;‘- DESCRIFTION MIN.| MAX. [ MIN.| MAX. UNITS
twit — ICLK Pulse Duration, Low 6 — 7 — ns
twi2 — OCLK Pulse Duration, Low 6 — 7 — ns
twis - STCLK Pulse Duration, Low 7 — 8 - ns
tarw — Reset Pulse Duration 12| — | 15 | — ns
ten 2 Input or I/O to Output Enabled — 16 —_ 20 ns
tdis 3 Input or I/O to Output Disabled — 15 | — | 20 ns
tar 1 Input or I/0 to Asynchronous Reg. Reset —_ 16 — 20 ns
tam — Asynchronous Reset to OCLK Recovery Time 11 - 14 — ns
tar2 —_ Asynchronous Reset to Sum Term CLK Recovery Time 4 — 6 — ns
1) Refer to Switching Test Conditions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 3ns 10% — 90% 45V
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V
Output Load See Figure R
::-::le levels are ineasured 0.5V from steady-state active F HOM OUTPUT (0/Q) _ TESTPONT
UNDER TEST _L
Output Load Conditions (see figure) R2 CtL
Test Condition R1 Rz CL
1 300Q 390Q 50pF
2 Active High o 390Q 50pF » =
Active Low 300Q 390Q 50pF CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE
3 | Active High 0 390Q 5pF )
Active Low 300Q 390Q SpF
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SWITCHING WAVEFORMS »

INPUT or
/O FEEDBACK

COMBINATORIAL
OUTPUT

INPUT or
1/0 FEEDBACK
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COMBINATORIAL
OUTPUT
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ICLK (REGISTER)
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REGISTERED
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INPUT or
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Ao I
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< MI tha
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AN

1/ fmaxe—p|

Registered Output (Sum Term CLK)

INPUT or
1/O FEEDBACK

OUTPUT
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Input or VO to Output Enable/Disable
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CLK

Vv >
LOGIC
ARRAY REGISTER

———tsu———Pi——— tco——P|

fmax with External Feedback 1/(tsu+tco)

Note: fmax with extemal feedback is calculated from measured
tsu and tco.

fmax With No Feedback

Note: fmax with no feedback may be less than 1/(twh + twi). This
is to allow for a clock duty cycle of other than 50%.

...............................................

% tpd >

fmax with Internal Feedback 1/(tsu+tcf)

Note: tcf is a calculated value, derived by subtracting tsu from
the period of fmax w/internal feedback (tcf = 1/fmax - tsu). The
value of tcf is used primarily when calculating the delay from
clocking a register to a combinatorial output (through registered
feedback), as shown above. For example, the timing from clock
to a combinatorial output is equal to tcf + tpd.
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ARRAY DESCRIPTION

The GAL6002B contains two E? reprogrammable arrays. The first
is an AND array and the second is an OR array. These arrays
are described in detail below.

AND ARRAY

The AND array is organized as 78 inputs by 75 product term
outputs. The 10 ILMCs, 10 IOLMCs, 8 BLMC feedbacks, 10
OLMC feedbacks, and ICLK comprise the 39 inputs to this ar-
ray (each available in true and complement forms). 64 product
terms serve as inputs to the OR array. The RESET product term
generates the RESET signal described in the Output and Bur-
ied Logic Macrocelis section. There are 10 output enable product
terms which allow device 1/O pins to be bi-directional or tri-state.

OR ARRAY

The OR array is organized as 64 inputs by 36 sum term outputs.
64 product terms from the AND array serve as the inputs to the
OR array. Of the 36 sum term outputs, 18 are data (“D") terms
and 18 are enable/clock (“E”) terms. These terms feed into the
10 OLMCs and 8 BLMCs, one “D” term and one “E” term to each.

The programmable OR array offers unparalleled versatility in
product term usage. This programmability allows from 1 to 64
product terms to be connected to a single sum term. A program-
mable OR array is more flexible than a fixed, shared, or variable
product term architecture.

ELECTRONIC SIGNATURE

An electronic signature is provided with every GAL6002B device.
It contains 72 bits of reprogrammable memory that can contain
user defined data. Some uses include user ID codes, revision
numbers, or inventory control. The signature data is always avail-
able to the user independent of the state of the security cell.

NOTE: The electronic signature is included in checksum calcu-
lations. Changing the electronic signature will alter the checksum.

SECURITY CELL

A security cell is provided with every GAL6002B device as a de-
terrent to unauthorized copying of the array pattems. Once pro-
grammed, this cell prevents further read access to the AND ar-
ray. This cell can be erased only during a bulk erase cycle, so the
original configuration can never be examined once this cell is
programmed. The Electronic Signature is always available to the
user, regardiess of the state of this control cell.

DEVICE PROGRAMMING

GAL devices are programmed using a Lattice-approved Logic
Programmer, available from a number of manufacturers. Com-
plete programming of the device takes only a few seconds.
Erasing of the device is transparent to the user, and is done
automatically as part of the programming cycle.

REGISTER PRELOAD

When testing state machine designs, all possible states and state
transitions must be verified, not just those required during normal
operations. This is because certain events may occur during
system operation that cause the logic to be in an illegal state
(power-up, line voltage glitches, brown-out, etc.). To test a de-
sign for proper treatment of these conditions, a method must be
provided to break the feedback paths and force any desired state
(i.e., illegal) into the registers. Then the machine can be se-
quenced and the outputs tested for correct next state generation.

All of the registers in the GAL6002B can be preloaded, includ-
ing the ILMC, IOLMC, OLMC, and BLMC registers. In addition,
the contents of the state and output registers can be examined
in a special diagnostics mode. Programming hardware takes
care of all preload timing and voltage requirements.

LATCH-UP PROTECTION

GAL6002B devices are designed with an on-board charge pump
to negatively bias the substrate. The negative bias is of sufficient
magnitude to prevent input undershoots from causing the cir-
cuitry to latch. Additionally, outputs are designed with n-channel
pull-ups instead of the traditional p-channel pull-ups to eliminate
any possibility of SCR induced latching.

INPUT BUFFERS

GAL6002B devices are designed with TTL level compatible input
buffers. These buffers have a characteristically high impedance,
and present a much lighter load to the driving logic than bipo-
lar TTL devices.

GAL6002B input buffers have active pull-ups within their input
structure. This pull-up will cause any un-terminated input or
I/O to float to a TTL high (logical 1). Lattice recommends that
all unused inputs and tri-stated I/O pins be connected to another
active input, Vec, or GND. Doing this will tend to improve noise
immunity and reduce Icc for the device.

Typical input Pull-up Characteristic

< 0
3
s
e .20
H
o
2 40 I
=

60

0 1.0 2.0 3.0 4.0 5.0

input Voitage (Voits)
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POWER-UP RESET ‘

Voo 40V

e S

INTERNAL

Internal Regieter
e e A

Q FEEDBACK AND
s TOOO0RY B
OUTPUT PIN

Circuitry within the GAL6002B provides a reset signal to all reg-
isters during power-up. All intenal registers will have their Q out-
puts set low after a specified time (tpr, 1us MAX). As a result,
the state on the registered output pins (if they are enabled) will
always be high on power-up, regardiess of the programmed
polarity of the output pins. This feature can greatly simplify state
machine design by providing a known state on power-up. The
timing diagram for power-up is shown below. Because of the

asynchronous nature of system power-up, some conditions must
be met to guarantee a valid power-up reset of the GAL6002B.
First, the Vcc rise must be monotonic. Second, the clock input
must be at static TTL level as shown in the diagram during power
up. The registers will reset within a maximum of tpr time. As in
normal system operation, avoid clocking the device until all in-
put and feedback path setup times have been met. The clock
must also meet the minimum pulse width requirements.

DIFFERENTIAL PRODUCT TERM SWITCHING (DPTS) APPLICATIONS

“The number of Differential Product Term Switching (DPTS ) for

a given design is calculated by subtracting the total number of-

product terms that are switching from a Logical Hl to a Logical LO
from those switching from a Logical LO to a Logical Hi within a
6ns period. After subtracting take the absolute value.

DPTS = | (P-Terms),, - (P-Terms),, |

DPTS reﬁrictsthenumberofpfoducttennsthatcanbeswitd\éd
simultaneously - there is no limit on the number of product terms
that can be used.

The majority of designs fall below 15 DPTS, with the upper limit
being approximately 25 DPTS. Lattice guarantees and tests the
GAL6002B for functionality at DPTS <30.

Asoftware utility is available from Lattice Applications Engineering
that will perform this calculation on any GAL6002B JEDEC file.
This program, DPTS, and additional information may be obtained
from your local Lattice representative or by contacting Lattice
Applications Engineering Dept. (Tel: 503-681-0118 or 1-800-
FASTGAL; FAX: 681-3037).
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Typical Characteristics

Normalized Teo vs Vee Normalized Tsu vs Vec
12 T 12 I 12 T
----- PTH-sL =" etRSE “eee BT HsL
z" —— PTLH | " — e[ _— M
= is R} “ial = T~ T PTLH
- — B Al LYY B
= N N
g S .. -
2 5 =
0.8 0.8 0.8
0.8 0.8 08
450 475 s.00 525 550 450 475 5.00 525 550 450 475 5.00 525 550
Supply Voltage (V) Supply Voltage (V) Supply Voltage (V)
Normalized Tpd vs Temp Normalized Tco vs Temp Normalized Tsu vs Temp
13— 18 T Bl e m—
TS RhAal PTH->L e 124 RISE o | A PTH-L A
7 = P
B PTL>H P2 8 11 FALL ] g2 PTL>H v
= P = 1 =
B o B — g P
=1 S N
o =3 [=3
E / E 1 o
E”/ S 09 =3 200 7/
0.8 08 0.8
0.7 0.7 0.7
55 25 0 25 50 75 100 125 $5 25 0 25 50 75 100 125 6 25 0 25 50 75 100 125
Temperature (deg. C) Temperature (deg. C) Temperature (deg. C)
Delta Tpd vs # of Outputs Delta Tco vs # of Outputs
Switching Switching
[ > ° —E
7 I X
058 :’/’ 1]
i 7. s o P~
< P £ P d
= — ,_8. 4= / b4
£ (8 0 I | R RISE 2 “--- RISE
S 15 /’ - a2 15 1
o —— FALL = FALL
2 B 2
1.2 3 4 5 6 7 8 9 10 1 2 3 4 5 & 7 8 9 10
Number of Outputs Switching Number of Outputs Switching
Delta Tpd vs Output Loading Delta Tco vs Output Loading
12 T T 2 T I
0ddeannt RISE 10 44 === RISE /
E"‘—FALL ~ E‘_——FALL /r -
= ¢ 1 — " g e L
=, / X e /] I
< 5 =
g ‘sd ° 3 -
2 2
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Output Loading (pF) Output Loading (pF)

2-145 5/92



Specifications GAL6002B
Typical Characteristics
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1T High Performance E2CMOS FPLA
smsnEs Generic Array Logic™
FEATURES
* HIGH PERFORMANCE E*CMOS® TECHNOLOGY - .
— 30ns Maximum Propagation Delay
— 27MHz Maximum Frequency o
— 12ns Max. Clock to Output Delay
— TTL Compatible 16mA Outputs il LM m?l
— UltraMOS® Advanced CMOS Technology AND
* LOW POWER CMOS
— 90mA Typical lcc
¢ E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Cells M
— 100% Tested/Guaranteed 100% Yields oMe
— High Speed Electrical Erasure (<100ms) ) OR £
— 20 Year Data Retention Tame | 2 o
-1 E “-3
* UNPRECEDENTED FUNCTIONAL DENSITY
— 78 x 64 x 36 FPLA Architecture ok e
— 10 Output Logic Macrocells
— 8 Buried Logic Macrocells
— 20 Input and VO Logic Macrocells
ILMC | INPUT LOGIC MACROCELL
¢ HIGH-LEVEL DESIGN FLEXIBILITY
— Asynchronous or Synchronous Clocking IOLMC)| 1O LOGIC MACROCELL
— Separate State Register and Input Clock Pins BLMC | BURIED LOGIC MACROCELL
— L]
- Functional Superset of Exlsting 24-pin PAL OLMC | OUTPUT LOGIC MACROCELL
P eduncers e
— State Machine Control
— Muitiple PLD Device Integration -1, | INPUT 1/0/Q | BIDIRECTIONAL
P ION ICLK | INPUT CLOCK Vee POWER (+5)
EESGECT | o< (ouTruTclock |and GRoUND
Using a high performance E?CMOS technology, Lattice
Semiconductor has produced a next-generation programmable
logic device, the GAL6001. Having an FPLA architecture, known
for its superior flexibility in state-machine design, the GAL6001
offers a high degree of functional integration and flexibility in a 24- PLCC DIP
pin, 300-mil package.
werky 1

The GAL6001 has 10 programmable Output Logic Macrocells
(OLMC) and 8 programmable Buried Logic Macrocells (BLMC).
In addition, there are 10 Input Logic Macrocells (ILMC) and 10
1/O Logic Macrocells (IOLMC). Two clock inputs are provided for
independent control of the input and output macrooells

Advanced features that simplify programming and reduce test
time, coupled with EXCMOS reprogrammable cells, enable 100%
AC, DC, programmability, and functionality testing of each
GAL6001 during manufacture. This allows Lattice to guarantee
100% performance to specifications. In addition, data retention
of 20 years and a minimum of 100 erase/write cycles are
guaranteed.

Corp. GAL, E2CMOS and UitraMOS are reg

Copyright ©1992 Lattice
tor Corp. PAL is a regi of A

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon U.S.A.

Tel. (503) 681-0118 or 1-800-FASTGAL; FAX (503) 681-3037

Micro Devices, Inc. The specifications and information herein are subject to change without notice.

of Lattice

Cormp. Generic Array Logic is a
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GAL6001 ORDERING INFORMATION

Commercial Grade Specifications

Tpd (ns) | Felk (MHz) | icc (mA) Ordering # Package
30 27 150 GAL6001-30P 24-Pin Plastic DIP
150 GAL6001-30J 28-Lead PLCC
35 229 150 GAL6001-35P 24-Pin Plastic DIP
150 GAL6001-35J 28-Lead PLCC
PART NUMBER DESCRIPTION
XXXXXXX — XX X X

GAL6001

Device Name

Grade Blank = Commercial

Speed (ns)

Package P = Plastic DIP
J=PLCC
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INPUT LOGIC MACROCELL (ILMC) AND I/O LOGIC MACROCELL (IOLMC)

The GAL6001 features two configurable input sections. The ILMC
section corresponds to the dedicated input pins (2-11) and the
IOLMC to the I/O pins (14-23). Each input section is configurable
as a block for asynchronous, latched, or registered inputs. Pin
1 (ICLK) is used as an enable input for latched macrocells or as
a clock input for registered macrocells. Configurable input blocks

provide system desigriers with unparalleled design fiexibility. With

the GAL6001, extemal registers and latches are not necessary.

Both the ILMC and the IOLMC are block configurable. However,
the ILMC can be configured independently of the IOLMC. The
three valid macrocell configurations are shown in the macrocell
equivalent diagrams on the following pages.

OUTPUT LOGIC MACROCELL (OLMC) AND BURIED LOGIC MACROCELL (BLMC)

The outputs of the OR array feed two groups of macrocells. One
group of eight macrocells is buried; its outputs feed back directly
into the AND array rather than to device pins. These cells are
called the Buried Logic Macrocells (BLMC), and are useful for
building state machines. The second group of macrocells con-
sists of 10 celis whose outputs, in addition to feeding back into
the AND array, are available at the device pins. Cells in this group
are known as Output Logic Macrocells (OLMC).

The Output and Buried Logic Macrocells are configurable on a
macrocell by macrocell basis. Buried and Output Logic Macrocelis
may be set to one of three configurations: combinational, “D-type
register with sum term (asynchronous) clock”, or “D/E-type
register.” Output macrocells always have 1/O capability, with
directional control provided by the 10 output enable (OE) prod-
uct terms. Additionally, the polarity of each OLMC output is
selected through the “D” XOR. Polarity selection is available for
BLMCs, since both the true and complemented forms of their
outputs are available in the AND array. Polarity of all “E” sum
terms is selected through the “E” XOR.

When the macrocell is configured as a “D/E type registered”, the
register is clocked from the common OCLK and the register clock
enable input is controlled by the associated “E” sum term. This
configuration is useful for building counters and state-machines
with state hold functions.

When the macrocell is configured as a “D type register with a sum
term clock”, the register is always enabled and its “E” sum term
is routed directly to the clock input. This permits asynchronous
programmable clocking, selected on a register-by-register basis.

Registers in both the Output and Buried Logic Macrocells feature
acommon RESET product term. This active high product term
allows the registers to be asynchronously reset. Registers are
reset to a logic zero. If connected to an output pin, a logic one
will occur because of the inverting output buffer.

There are two possible feedback paths from each OLMC. The
first path is directly from the OLMC (this feedback is before the
output buffer and always present). When the OLMC is used as
an output, the second feedback path is through the IOLMC. With
this dual feedback arrangement, the OLMC can be permanently
buried (the associated OLMC pin is an input), or dynamically
buried with the use of the output enable product term.

The D/E registers used in this device offer the designer the ul-
timate in flexibility and utility. The D/E register architecture can
emulate RS-, JK-, and T-type registers with the same efflctency
as a dedicated RS-, JK-, or T-register.

The three macrocell configurations are shown in the macrocell
equivalent diagrams on the following pages.
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ILMC AND IOLMC CONFIGURATIONS
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OLMC AND BLMC CONFIGURATIONS
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GAL6001 LOGIC DIAGRAM
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< @ @ 3 ® = 8 & 5 < @
o o g © O 0 ©0o 0 @ 53 0
The number of Differential Product Terms that may g g

switch is limited to a maximum of 15. Refer to the
Differential Product Term Switching Applications sec-
tion of this data sheet for a full explanation.
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ABSOLUTE MAXIMUM RATINGS'"

Supply voltage V. -0.5to +7V
Input voltage applied..........ccoeueverrrunes -251t0V . +1.0V
Off-state output voltage applied .......... -25t0 V, +1.0V
Storage Temperature —65 to 150°C
Ambient Temperature with

Power Applied -55to0 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

RECOMMENDED OPERATING COND.

Commercial Devices:

Ambient Temperature (T,) 0to 75°C
Supply voltage (V)
with Respect to Ground ............c.c....... +4.75 to +5.25V

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. |TYP2| MAX. |UNITS
Vi Input Low Voltage Vss-05| — 0.8 v
ViH input High Voltage 2.0 — | Vee+rt | vV

[T Input or I/O Low Leakage Current | OV < Vin < Vi (MAX.) —_ —_ -10 pA
hH Input or /O High Leakage Current | Vin < ViN < Ve — — 10 HA
VoL | Output Low Voltage lou= MAX. Vin =ViLor Vi — | =] 05 | Vv
VoH Output High Voltage lon = MAX. Vin=ViLor Viu 24 —_ - v
oL Low Level Output Current — - 16 mA
loH High Level Output Current —_ — | =32 | mA
los! Output Short Circuit Current Vec=5V Vour=0.5V -30 — | -130 | mA
lcc Operating Power Supply Current | Vi = 0.5V V= 3.0V ftoggle = 15MHz — 90 150 | mA
Outputs Open (no load)

1) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Guaranteed but not 100% tested.
2) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25 C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance pF Ve =5.0V,V,=2.0V
Cw /O Capacitance pF Ve =5.0V, Vo =2.0V
*Guaranteed but not 100% tested.
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AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

PARAMETER| Colpy | - DESCRIPTION MIN:m:IAX. mr::mx. e
tpd1 1 Combinatorial Input to Combinatorial Output — |3 | — |35 ns
tpd2 1 Feedback or /O to Combinatorial Output —_ 30 _ 35 ns
tpd3 1 Transparent Latch Input to Combinatorial Output — 35 — 40 ns
tcot 1 Input Latch ICLK to Combinatorial Output Delay — |38 | — | 40 ns
tco2 1 Input Reg. ICLK to Combinatorial Output Delay — 35 — 40 ns
tco3 1 Output D/E Reg. OCLK to Output Delay — | 12 | — 135 | ns

. Y 1 Output D Reg. Sum Term CLK to Output Delay — 13 | — |40 ns
tsut —_ Setup Time, Input before Input Latch ICLK 25 — 3.5 — ns
tsu2 —_ Setup Time, Input before Input Reg. ICLK 25 — 3.5 — ns
tsu3 — Setup Time, Input or Feedback before D/E Reg. OCLK 25 — 30 — ns
tsus _ Setup Time, Input or Feedback before D Reg. Sum Term CLK 7.5 — 10 —_ ns
tsus —_ Setup Time, Input Reg. ICLK before D/E Reg. OCLK 30 — 35 —_ ns
tsue —_ Setup Time, Input Reg. ICLK before D Reg. Sum Term CLK 15 - 17 — ns
th1 — Hold Time, Input after Input Latch ICLK —_ —_ ns
th2 — Hold Time, Input after Input Reg. ICLK — 5 — ns

th3 — Hold Time, Input or Feedback after D/E Reg. OCLK -5 -— -5 - ns
th4 — Hold Time, Input or Feedback after D Reg. Sum Term CLK 10 — 125 | — ns
fmax - Maximum Clock Frequency, OCLK 27 | — |229 | — | MHz
twhi — ICLK or OCLK Pulse Duration, High 10 | — 10 | — ns
twh2 — Sum Term CLK Pulse Duration, High 15 - 15 —_ ns
twit — ICLK or OCLK Pulse Duration, Low 10 | — |10 | — ns
twi2 — Sum Term CLK Pulse Duration, Low 15 — 15 — ns
tarw — Reset Pulse Duration 15 | — |15 | — ns
ten 2 Input or /O to Output Enabled — |25 | — |30 ns
tdis 3 Input or /O to Output Disabled — 25 — | 30 ns
tar 1 Input or /O to Asynchronous Reg. Reset —_ 35 —_ 35 ns
tarr —_ Asynchronous Reset to OCLK Recovery Time 20 —_ 20 —_ ns
tarr2 - Asynchronous Reset to Sum Term CLK Recovery Time 10 - 10 —_ ns

1) Refer to Switching Test Conditions section.
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SWITCHING WAVEFORMS
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SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 3ns 10% — 90% W5V
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V
Output Load See Figure > Rt
3-state levels are measured 0.5V from steady-state active
level. FROM OUTPUT (0/Q) . TEST POINT
UNDER TEST _L
Output Load Conditions (see figure) A2 CL
Test Condition R1 R2 C.
1 300Q 390Q 50pF
2 | Active High oo 390Q S50pF —
Active Low 300Q 390Q 50pF C L INCLUDES JiG AND PROBE TOTAL CAPACITANCE
3 Active High o 390Q S5pF
Active Low 300Q 390Q 5pF
5/92
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ARRAY DESCRIPTION

The GAL6001 contains two E? reprogrammable arrays. The first
is an AND array and the second is an OR array. These arrays are
described in detail below.

AND ARRAY

The AND array is organized as 78 inputs by 75 product term
outputs. The 10 ILMCs, 10 IOLMCs, 8 BLMC feedbacks, 10
OLMC feedbacks, and ICLK comprise the 39 inputs to this array
(each available in true and complement forms). 64 product terms
serve as inputs to the OR array. The RESET product term
generates the RESET signal described in the Output and Buried
Logic Macrocells section. There are 10 output enable product
terms which allow device pins 14-23 to be bi-directional or tri-state.

OR ARRAY .

The OR array is organized as 64 inputs by 36 sum term outputs.
64 product terms from the AND array serve as the inputs to the
OR array. Of the 36 sum term outputs, 18 are data (“D”) terms
and 18 are enable/clock (“E”) terms. These terms feed into the
10 OLMCs and 8 BLMCs, one “D” term and one “E” term to each.

The programmable OR array offers unparalleled versatility in
product term usage. This programmability allows from 1 to 64
product terms to be connected to a single sum term. A pro-
grammable OR array is more flexible than a fixed, shared, or
variable product term architecture.

ELECTRONIC SIGNATURE WORD

An electronic signature (ES) is provided with every GAL6001
device. It contains 72 bits of reprogrammable memory that can
contain user defined data. Some uses include user ID codes,
revision numbers, or inventory control. The signature data is
always available to the user independent of the state of the se-
curity cell.

NOTE: The ES is included in checksum calculations. Changing
the ES will alter the checksum.

SECURITY CELL

A security cell is provided with every GAL6001 device as a de-
terrent to unauthorized copying of the array patterns. Once
programmed, this cell prevents further read access to the AND
and OR arrays. This cell can be erased only during a bulk erase
cycle, so the original configuration can never be examined once
this cell is programmed. The Electronic Signature is always
available to the user, regardless of the state of this control cell.

BULK ERASE

Before writing a new pattem into a previously programmed part,
the old pattern must first be erased. This erasure is done

automatically by the programming hardware as part of the pro-
gramming cycle and takes only 50 milliseconds.

REGISTER PRELOAD

When testing state machine designs, all possible states and state
transitions must be verified, not just those required during normal
operations. This is because in system operation, certain events
may occur that cause the logic to assume an illegal state: power-
up, brown out, line voltage glitches, etc. To test a design for proper
treatment of these conditions, a method must be provided to break
the feedback paths and force any desired state (i.e., illegal) into
the registers. Then the machine can be sequenced and the
outputs tested for correct next state generation.

All of the registers in the GAL6001 can be preloaded, including
the ILMC, IOLMC, OLMC, and BLMC registers. In addition, the
contents of the state and output registers can be examined in a
special diagnostics mode. Programming hardware takes care of
all preload timing and voltage requirements.

LATCH-UP PROTECTION

GAL6001 devices are designed with an on-board charge pump
to negatively bias the substrate. The negative bias is of sufficient
maghnitude to prevent input undershoots from causing the circuitry
to latch. Additionally, outputs are designed with n-channel pull-
ups instead of the traditional p-channel pull-ups to eliminate any
possibility of SCR induced latching.

INPUT BUFFERS

GAL devices are designed with TTL level compatible input buffers.
These buffers, with their characteristically high impedance, load
driving logic much less than traditional bipolar devices. This
allows for a greater fan out from the driving logic.

GAL6001 devices do not possess active pull-ups within their input
structures. As a result, Lattice recommends that all unused in-
puts and tri-stated I/O pins be connected to another active input,
Ve 0r GND. Doing this will tend to improve noise immunity and
reduce | for the device.
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POWER-UP RESET

Circuitry within the GAL6001 provides a reset signal to all registers
during power-up. Allinternal registers will have their Q outputs
set low after a specified time (tpr, 1us MAX). As a result, the state
on the registered output pins (if they are enabled) will always be
high on power-up, regardiess of the programmed polarity of the
output pins. This feature can greatly simplify state machine design
by providing a known state on power-up. The timing diagram for
power-up is shown below. Because of the asynchronous nature
of system power-up, some conditions must be met to guarantee
a valid power-up reset of the GAL6001. First, the Vcc rise must
be monotonic. Second, the clock input must be at static TTL level
as shown in the diagram during power up. The registers will reset
within a maximum of tpr time. As in normal system operation,
avoid clocking the device until all input and feedback path setup
times have been met. The clock must also meet the minimum
pulse width requirements.

Vee 40V

le— tsu—)
CLK § k—-— Wi —,
INTERNAL P

st YOO, s,/
Q FEEDBACK AND

RS TR B
OUTPUT PIN

DIFFERENTIAL PRODUCT TERM SWITCHING (DPTS) APPLICATIONS

The number of Differential Product Term Switching (DPTS ) for
a given design is calculated by subtracting the total number of
product terms that are switching from a Logical Hl to a Logical LO
from those switching from a Logical LO to a Logical Hl within a
5ns period. After subtracting take the absolute value.

DPTS = | (P-Terms),, - (P-Terms), |

DPTS restricts the number of product terms that can be switched

simultaneously - there is no limit on the number of product terms
that can be used.

Ascoftware utility is available from Lattice Applications Engineering
that will perform this calculation on any GAL6001 JEDEC file. This
program, DPTS, and additional information may be obtained from
your local Lattice representative or by contacting Lattice
Applications Engineering Dept. (Tel: 503-681-0118 or 800-
FASTGAL; FAX: 681-3037).
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Military Program
Overview

CORPORATE PHILOSOPHY

Lattice Semiconductor is committed to leadership in
performance and quality. Our family of military GAL
devices is consistent with this philosophy. Lattice
manufactures all devices under strict Quality Assurance
guidelines. All grades, Commercial through Military 883,
are monitored under a quality program conformant to MIL-
M-38510 Appendix A with inspections conformant to MIL-
1-45208.

Complete reviews of Lattice's procedures, documentation
and technical data are welcomed and can be arranged at
the Company's facility near Portland, Oregon.

QUALITY AND TESTABILITY

Lattice Semiconductor processes its GAL devices to strict
conformance with MIL-STD-883 Class B. In conjunction
with the military flow, the inherent testability of E2CMOS
technology allows Lattice to achieve a quality level superior
to other PLD technologies.

AllGAL devices are patterned and tested dozens of times
throughout the manufacturing flow. Every GAL device is
tested under worst case configurations to assure
customers achieve 100% yields. Tests are performed
using the same E? cell array that will be used for the final
patterning of the devices. This 100% "actual test"
philosophy does away with the correlated and simulated
testing that is necessary with bipolar and UV (EPROM)
based PLD devices.

RELIABILITY

Lattice Semiconductor performs extensive reliability testing
priorto product release. This testing continuesin the form
of Reliability Monitors that are run on an ongoing basis to
assure continued process integrity. A formal, written
report of these test results is updated regularly and can be
obtained from your local Lattice Sales Representative.

Thereliability testing performed includes extensive analysis
of fundamental design and process integrity. The
reprogrammable nature of GAL devices allows for an
inherently more thorough reliability evaluation than other
programmable alternatives.

MIL-STD-883 COMPLIANCE

MIL-STD-883 provides a uniform and precise method for
environmental, mechanical and electrical testing which
ensures the suitability of microelectronic devices for use
in military and aerospace systems. Table | summarizes
the MIL-STD-883, Class B flow. Table Il summarizes the
conformance testing required by MIL-STD-883, Method
5005, for quality conformance testing of Lattice military
microcircuits.

MIL-M-38510

MIL-M-38510, when used in conjunction with MIL-STD-
883, defines design, packaging, material, marking,
sampling, qualification and quality system requirements
for military devices.

GROUP DATA

Group A and B data is taken on every inspection lot per
MIL-STD-883, Class B requirements. This data, along
with Generic Group C and D data can be supplied, upon
written request, with your device shipment. Your Lattice
sales representative can advise you of charges and
leadtime necessary for providing this data.

STANDARD MILITARY DRAWINGS

Lattice actively supports the DESC Standard Military
Drawing (SMD) Program. The SMD Program offers acost
effective alternative to source control drawings and
provides standardized MIL-STD-883 product
specifications to simplify military procurement.

Lattice recognizes the growing demand for SMD qualified
devices, andin response, all new 883 product released by
Lattice will be submitted to DESC for SMD qualification.
Customers may facilitate this process by submitting a
"Nonstandard Part Approval Request", DD Form 2052, to
DESC. This form allows you to recommend to DESC the
qualification of Lattice devices to SMD status.

A list of currently available SMD qualified devices is
provided (see Military Ordering Information). Contact
your local Lattice sales representative for the latest status
of SMD qualifications in process with DESC.
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MILITARY SCREENING FLOW MILITARY QUALITY CONFORMANCE

(TABLE ) INSPECTIONS (TABLE II)

Screen Method Requirement SUngOUE Method |_sample
internal Visual 2010 Cond. B 100% ROUP A: Electrical Tests
Temp. Cycling 1010 Cond. C 100% Subgroups 1,7, 9 Applicable Device Spec. | LTPD =2
Constant Acceleration 2001 Cond. E 100% Electrical Test 25°C
Hermeticity 1014 100% Subgroups 2, 8A, 10 Applicable Device Spec. LTPD =2

Fine Cond.AorB : Electrical Test Max. Operating Temp.

Gross Cond. C Subgroups 3, 88, 11 Applicable Device Spec. LTPD =2
Endurance Test 1033 100% Electrical Tost Min. Operating Temp. -
Retention Test Unbiased Bake 100% GROUP B: Mechanical Tests

24 HRS. . Subgroup 2 4(0)
Ta = 180°C ‘Solvent Resistance 2015
Pre Bum-In Electrical Applicable Device 100% Subgroup 3 LTPD =10
Specification Solderability 2003
Tec = 25°C Subgroup 5 LTPD =15
Dynamic Bum-In 1015 Cond. D 100% Bond Strength | 2011
Post Burn-In Electrical Applicable Device 100% GROUP C: Chip Integrity Tests
Specification Subgroup 1
Te=25°C Dynamic Life Test | 1005, 1,000 HRS. 125°C | LTPD=5
PDA = 5% End Point Electrical | Applicable Device Spec.
Final Electrical Test Applicable Device 100% Subgroup 2
Specification Unbiased Retention | 1,000 HRS. 150°C LTPD=5
: Tc=125°C End Point Electrical Applicable Device Spec.
Final Electrical Test Applicable Device 100% GROUP D: Environmental Integrity
Specification Subgroup 1 LTPD =15
Te =-55°C Physical Dimensions | 2016
[ Final Electrical Test Applicable Device 100% Subgroup 2 LTPD =5
Specification Lead Integrity 2004, Cond. B
Tc=25°C Hermeticity 1014
External Visual 2009 100% Subgroup 3 LTPD =15
QCI Sample Selection MIL-M-38510 Sample Thermal Shock 1011, Cond. B, 15 Cycles
Sec. 4.5 and : . Temp. Cycle 1010, Cond. C, 100 Cycles
MIL-STD-883 Moisture Resistance | 1004
Sec. 1.2 Hermeticity 1014
. Visual Examination 1004, 1010
Endpoint Electrical | Applicable Device Spec.
Subgroup 4 LTPD =15
Mechanical Shock 2002, Cond. B
Vibration 2007, Cond. A
Constant Acceleration | 2001, Cond. E
Hermeticity 1014
Visual Examination 1010, 1011
Endpoint Electrical Applicable Device Spec.
Subgroup 5 : LTPD =15
Salt Atmosphere 1009, Cond. A
Hermeticity 1014
Visual Examination 1009
Subgroup 6 3(0)
Intemal Water Vapor | 1018 < 5,000 PPM, 100°C
Subgroup 7 LTPD =15
Lead Finish Adhesion | 2025
Subgroup 8 5(0)
Lid Torque 2024
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Military Ordering
- Information

to use the SMD number where it exists, when ordering
parts. Listed below are Lattice's military qualified devices
and their corresponding SMD numbers. Please contact
your local Lattice representative for the latest product

Lattice offers the most comprehensive line of military
E2CMOS Programmable Logic Devices. Lattice
recognizes thetrend in military device procurementtowards
using SMD compliant devices and encourages customers

Military Products Selector Guide

listing.

DEVICE TYPE '{g’) (:g) PACKAGE LATTICE PART # SMD #
10 130 20-Pin CERDIP GAL16V8B-10LD/883 5962-8983904RA
130 20-PinLCC GAL16V8B-10LR/883 5962-89839042A
15 130 20-Pin CERDIP GAL16V8A-15L.D/883 5962-8983903RA
130 20-PinLCC GAL16VBA-15LR/883 5962-89839032A
20 65 20-Pin CERDIP GAL16V8A-20QD/883 5962-8983906RA
65 20-PinLCC GAL16V8A-20QR/883 5962-89839062A
GAL18Vs 130 20-Pin CERDIP GAL16V8A-20LD/883 5962-8983902RA
130 20-Pin LCC GAL16V8A-20LR/883 5962-89839022A
25 65 20-Pin CERDIP GAL16V8A-25QD/883 5962-8983905RA
65 20-PinLCC GAL16VBA-25QR/883 5962-89839052A
30 130 20-Pin CERDIP GAL16V8A-30LD/883 5962-8983901RA
130 20-Pin LCC GAL16VBA-30LR/883 5962-89839012A
15 130 24-Pin CERDIP GAL20V8A-15L.D/883 5962-8984003LA
130 28-Pin LCC GAL20V8A-15LR/883 5962-89840033A
20 65 24-Pin CERDIP GAL20V8A-20QD/883 Contact Factory
65 28-PinLCC GAL20V8BA-20QR/883 Contact Factory
130 24-Pin CERDIP GAL20V8A-20L.D/883 5962-8984002LA
GAL20ve 130 28-PinLCC GAL20V8A-20LR/883 5962-89840023A
25 65 24-Pin CERDIP GAL20V8A-25QD/883 Contact Factory
65 28-Pin LCC GAL20V8A-25QR/883 Contact Factory
30 130 24-Pin CERDIP GAL20V8A-30LD/883 5962-8984001LA
130 28-Pin LCC GAL20V8A-30LR/883 5962-89840013A
15 150 24-Pin CERDIP GAL22V10B-15LD/883 5962-8984103LA
150 28-Pin LCC GAL22V10B-15LR/883 5962-89841033A
20 150 24-Pin CERDIP GAL22V10-20L.D/883 5962-8984102LA
150 28-Pin LCC GAL22V10-20LR/883 5962-89841023A
GAL22V10 25 150 24-Pin CERDIP GAL22V10-25LD/883 5962-8984104LA
150 28-Pin LCC GAL22V10-25L.R/883 5962-89841043A
30 150 24-Pin CERDIP GAL22V10-30LD/883 5962-8984101LA
150 28-Pin LCC GAL22V10-30LR/883 5962-89841013A
20 160 28-Pin CERDIP GAL26CV12-20LD/883 Contact Factory
160 28-Pin LCC GAL26CV12-20LR/883 Contact Factory
GAL26CV12
25 160 28-Pin CERDIP GAL26CV12-25LD/883 Contact Factory
160 28-Pin LCC GAL26CV12-25LR/883 Contact Factory
20 120 24-Pin CERDIP GAL20RA10-20LD/883 Contact Factory
120 28-Pin LCC GAL20RA10-20LR/883 Contact Factory
GAL20RA10 :
25 120 24-Pin CERDIP GAL20RA10-25LD/883 Contact Factory
120 28-Pin LCC GAL20RA10-25LR/883 Contact Factory
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Military Ordering Information

DESC Standard Military Drawing Listing

SMD # LATTICE PART # SMD # LATTICE PART #
5962-89839012A GAL16V8A-30LR/883 5962-8984001LA GAL20V8A-30LD/883
5962-8983901RA GAL16V8A-30LD/883 5962-89840023A GAL20V8A-20LR/883 -
5962-89839022A GAL16V8A-20LR/883 5962-8984002LA GAL20V8A-20LD/883
5962-8983902RA GAL16V8A-20LD/883 5962-89840033A GAL20V8A-15LR/883
5962-89839032A GAL16V8A-15LR/883 5962-8984003LA GAL20V8A-15LD/883
5962-8983903RA GAL16V8A-15LD/883 5962-89841013A GAL22V10-30LR/883
5962-89839042A GAL16V8B-10LR/883 5962-8984101LA GAL22V10-30LD/883
5962-8983904RA GAL16Vv8B-10LD/883 5962-89841023A GAL22V10-20LR/883
5962-89839052A GAL16V8A-25QR/883 5962-8984102LA GAL22V10-20LD/883
5962-8983905RA GAL16V8A-25QD/883 5962-89841033A GAL22V10B-15LR/883
5962-89839062A GAL16V8A-20QR/883 5962-8984103LA GAL22V10B-15LD/883
5962-8983906RA GAL16V8A-20QD/883 5962-89841043A GAL22V10-25LR/883
5962-89840013A GAL20V8A-30LR/883 5962-8984104LA GAL22V10-25LD/883

Standard Military Drawing Number Description
5962-XXXXX XX X X
Lead Finish

A = Solder dipped

Package Type
R = 20-lead CERDIP
L = 24-lead CERDIP
2=20-pinLCC
3=28-pin LCC

Device Type

Drawing Number
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GAL16V8B/883
GAL16V8A/883

High Performance E2CMOS PLD

FEATURES

* HIGH PERFORMANCE E>CMOS® TECHNOLOGY
— 10 ns Maximum Propagation Delay
— Fmax = 62.5 MHz
— 7 ns Maximum from Clock Input to Data Output
— TTL Compatible 24 mA Outputs :
— UltraMOS® Advanced CMOS Technology

* 50% to 75% REDUCTION IN POWER FROM BIPOLAR
— 75mA Typ lcc on Low Power Device
— 45mA Typ lcc on Quarter Power Device

¢ ACTIVE PULL-UPS ON ALL PINS (GAL16V8B)

* E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Cells
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

¢ EIGHT OUTPUT LOGIC MACROCELLS
— Maximum Flexibility for Complex Logic Designs
— Programmable Output Polarity
— Also Emulates 20-pin PAL® Devices with Full Func-
tion/Fuse Map/Parametric Compatibility

» PRELOAD AND POWER-ON RESET OF ALL REGISTERS
— 100% Functional Testability

* APPLICATIONS INCLUDE:
~— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

* ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL16V8B/883 and GAL16V8A/883 are high performance
E2CMOS programmable logic devices processed in full compli-
ance to MIL-STD-883. These military grade devices combine
a high performance CMOS process with Electrically Erasable
(E?)floating gate technology to provide the highest speed/power
performance available in the 883 qualified PLD market. The
GAL16V8B/883, at 10ns maximum propagation delay time, is
the world's fastest military qualified CMOS PLD. CMOS circuitry
allows the GAL16V8A quarter power devices to consume just
45mA typical Icc, which represents a 75% savings in power
when compared to bipolar counterparts.

Generic architecture provides maximum design flexibility by
allowing the Output Logic Macrocell (OLMC) to be configured by
the user. The GAL16V8A/883 and GAL16V8B/883 are capable
of emulating all standard 20-pin PAL® devices with full function/
fuse map/parametric compatibility.

Unique test circuitry and reprogrammable celis allow complete
AC, DC, and functional testing during manufacture. Therefore,
Lattice guarantees 100% field programmability and functionality
of all GAL products. Lattice also guarantees 100 erase/rewrite
cycles and that data retention exceeds 20 years.

FUNCTIONAL BLOCK DIAGRAM
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eut[ zo—l
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2 T 1
oume B Lo
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() °‘1'!,‘°:1:_; 17
4 T 1
() °';:'°1 16
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() w}—ﬁ
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(] °';"‘°,_1_1 14
7 1
() °‘;’a‘°1 13
8 T 1
0 °ﬁ‘2‘°-_—é‘l 12
9
L
CERDIP
Lce vk [[r N 20 [vee
1 [0 ] vora
1 ] vora
won 1 ] vora
Yo 1[] 16VBA/B Huoa
o 1 ] vora
von i ] vora
1 ] vora
GNp ] 10 1 [Jvoe
of Lattice Corp. Generic Array Logic Is a trademark of Lattice

Copyright ©1992 Lattice Semiconductor Corp. GAL, EZCMOS and UltraMOS are reg
tor Corp. Alibrand or product names d are or regi
notice.

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A.

Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037
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ABSOLUTE MAXIMUM RATINGS™"

Specifications GAL 16V8B/883

Supply voltage V, ~0.5to +7V Case Temperature (To) ......cccerereeeerensasenens -55t0 125°C
Input voltage applied...........ceceeunneeuenne -2.5t0V +1.0V Supply voltage (V)
Off-state output voltage applied .......... -2.5t0 V, +1.0V with Respect to Ground ...............c....... +4.50 to +5.50V
Storage Temperature -65 to 150°C
Case Temperature with

Power Applied -55t0 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. |TYP:| MAX. |UNITS

viL Input Low Voltage Vss—05( — 0.8 v
VIH Input High Voltage 2,0 — | Vec#t | V
It input or /O Low Leakage Current 0V < Vin < Vi (MAX.) — — | =100 { pA
IH Input or /O High Leakage Current 3.5V<ViNS Ve - - 10 pA

VoL Output Low Voltage lo.=MAX. Vin=ViLor Vi — — 0.5 v

VOH | Output High Voltage lon=MAX. Vin=ViLor Vi 24 — — v
oL Low Level Output Current - - 12 mA
loH High Level Output Current - — -2 mA
los? | Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C 30 | — | -150 | mA
icc Operating Power Supply Current ViL=0.5V ViH=3.0V fogge =25 MHz} — 75 130 mA

Outputs Open (no load)

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information. i
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vcc = 5V and Ta=25 °C

CAPACITANCE (T, =25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS

c Input Capacitance 10 pF Ve =5.0V, V,=2.0V

Cw 1/O Capacitance 10 pF Vee=5.0V,V,, =2.0V
*Guaranteed but not 100% tested.
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Specifications GAL16V8B/883

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

paRAMETER| JEST | DESCRIPTION 2 uns
COND". MIN. |MAX.
tpd 1 Input or I/O to Combinational Output 2 10 ns
tco 1 | Clock to Output Delay 1 7 ns
ter — Clock to Feedback Delay — 7 ns
tsu —_ Setup Time, Input or Feedback before Clock 10 —_ ns
th —_ Hold Time, Input or Feedback after Clock 0 — | ns
1 Maximum Clock Frequency with 588 | — MHz
External Feedback, 1/(tsu + tco)
fmax 1 Maximum Clock Frequency with 588 | — MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 625 | — MHz
No Feedback
twh — Clock Pulse Duration, High 8 — ns
twi = Clock Pulse Duration, Low / 8 — ns
ten 2 Input or I/O to Output Enabled ‘ — 10 ns
2 OE to Output Enabled ' — |10 ns
tdis 3 Input or I/O to Output Disabled — 10 ns
3 OE to Output Disabled : ‘ — |10 ns
1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels ' GND to 3.0V +5V
Input Rise and Fall Times 3ns 10% - 90% :
Input Timing Reference Levels 1.6V
Output Timing Reference Levels 1.5V A1
Output Load See Figure
-state level ed 0.5V from st -st i :
3-state levels gre measurt rom steady-state active level G';g:‘ :TUQ—?T () - < TEST POINT
Output Load Conditions (see figure) l
CL
Test Condition Ri Rz CL R2
1 390Q 750Q 50pF
2 Active High oo 750Q 50pF
Active Low 390Q 750Q 50pF L
3 | Active High S 750Q 5pF -
Active Low 3900 7500 5pF C LINCLUDES JIG AND PROBE TOTAL CAPACITANCE
5/92
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H Laﬁlce Specifications GAL16V8A/883

SEEEESs

sEsEEs

ABSOLUTE MAXIMUM RATINGS®™ RECOMMENDED OPERATING COND.
Supply voltage V., -0.5t0 +7V CaseTemperature (T;) .........covuseeerseersennnns -55 to 125°C
Input voltage applied............ceerveerrenn -25t0V,+1.0v  Supply voltage (Vo.)
Off-state output voltage applied .......... -25to vcc +1.0V with Respect to Ground ..............ccc...... +4.50 to +5.50V
Storage Temperature -65 to 150°C
Case Temperature with

Power Applied -55t0 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. |TYP2| MAX. |UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Veest | V
I Input or I/O Low Leakage Current | OV < ViN < Vi (MAX.) — — -10 pA
hH Input or I/O High Leakage Current | Vi< Vin < Ve - -— 10 HA
VoL Output Low Voltage lo.=MAX. Vin=ViLor Vi —_ — 0.5 v
VOH | Output High Voltage lon=MAX. Vin=ViLor Vi 24 - — v
oL Low Level Output Current - — 12 mA
loH High Level Output Current - — | 20 | mA
los' Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C -30 — | -150 | mA
lcc Operating Power Supply Current | ViL=0.5V Vih=3.0V |L -15/-20/-30 — 75 130 mA
Outputs Open (no load) | Q -20/-25 — 45 65 mA
fogge = 25MHz

1) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems by tester ground

degradation. Guaranteed but not 100% tested.
2) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
o Input Capacitance 10 pF Ve =5.0V,V,=2.0V
Cpo I/O Capacitance 10 pF Ve =5.0V,V,, =2.0V

*Guaranteed but not 100% tested.
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Specifications GAL16V8A/883

AC SWITCHING CHARACTERISTICS ‘

Over Recommended Operating Conditions

PARAMETER| TEST | DESCRIPTION i 20 2 %0 UNITS
COND"'. MIN. | MAX] MIN. [MAX.| MIN. [MAX.] MIN. [MAX.
tpd 1 Input or I/O to Combinational Output 31|15 3 120 3 125 3 30 | ns
teco 1 | Clock to Output Delay 2|12 | 2|15 | 2 |15 | 2 | 20| ns
te — | Clock to Feedback Delay — (12| —]16 | — |16 — | 20| ns
tsu — | Setup Time, Input or Feedback before Clock 12| — | 15| — 20— |.26| — | ns
th — | Hold Time, Input or Feedback after Clock o|—]J]O0O]|—]O0O]|]—]0]| —|ns
1 Maximum Clock Frequency with 416| — |333| — |285( — |222| — | MHz
External Feedback, 1/(tsu + tco)
fmax: 1 Maximum Clock Frequency with 416| — 1333 — |285] — |222| — | MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 50 | — (416 — 1333 — 333 — |MHz
No Feedback
twh — | Clock Pulse Duration, High 0| — | 12— | 16| — | 16| — | ns
twi — | Clock Pulse Duration, Low 10| — | 12| — |16 — ] 15| — | ns
ten 2 | Input or /O to Output Enabled — |15 —]20| |25 | —] 3| ns
2 | OE to Output Enabled —|15| —|18| —|20| —| 25| ns
tdis 3 Input or I/O to Output Disabled — |15 | —]20 | — |26 | — | 30| ns
3 | OFE to Output Disabled — |15 | —|18|—|20] =] 25] ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.

SWITCHING TEST CONDITIONS

Input Puise Levels "~ GND to 3.0V ) +5V
Input Rise and Fall Times 3ns 10% —90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V R
Output Load See Figure
mz:te :evels are measured 0.5V from steady-state active Em :TUETSP;" (o) _ TEST POINT
Output Load Conditions (see figure) J_ oL
L
Test Condition R Rz C. R2
1 390Q 750Q 50pF
2 Active High oo 750Q 50pF
Active Low 390Q 750Q 50pF —
3 | Active High o 7500 5pF -
Active Low 3900 7500 5pF C LINCLUDES JIG AND PROBE TOTAL CAPACITANCE
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Latlice Specifications GAL16V8B/883
T GAL16V8A/883

SWITCHING WAVEFORMS

INPUT or
VO FEEDBACK

VALID INPUT
g-tsu th J
Etc [

e L worer *
o e

Combinatorial Output Registered Output

INPUT or —
/O FEEDBACK >F‘ & OE 1 t

tdis ten tdis ten
OUTPUT OUTPUT

=1N=

Input or VO to Output Enable/Disable O_E to Output Enable/Disable
—
twh twi CLK
1/ fmax (ntemal fbk)
CLk tet tsu —»
REGISTERED
FEEDBACK
Clock Width
fmax with Feedback
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Specifications GAL 16V8B/883
GAL16V8A/883

\J

——— tsu———Pi—— tco——P

fmax with External Feedback 1/(tsu+tco)

Note: fmax with extemal feedback is calculated from measured
tsu and tco.

fmax Without Feedback

Note: fmax with no feedback may be less than 1/(twh + twl) this
is to allow for a clock duty cycle of other than 50%.

cLK
—P
——» Lo6IC ;
ARRAY J v —»
REGISTER| !
........................ e
E:m——ﬂ

fmax with Internal Feedback 1/(tsu+tcf)

Note: tcf is a calculated value, derived by
subtracting tsu from the period of fmax w/
internal feedback (tcf = 1/fmax - tsu). The
value of tcf is used primarily when calculating the
delay from clocking a register to a combinato-
rial output (through registered feedback), as
shown above. For example, the timing from
clock to a combinatorial output is equal to tcf +

tpd.

3-11




ll.;ﬁ
=
T
D

Specifications GAL 1 6V8B/883

GAL16V8A/883

Ordering #

{g‘) ‘(':;') “(";‘:) (m) Package MIL-STD-883 SMD #
10 10 7 130 {20-Pin CERDIP GAL16V8B-10LD/883 5962-8983904RA
130 |20-PinLCC GAL16V8B-10LR/883 5962-89839042A

15 12 12 130 |20-Pin CERDIP GAL16V8A-15LD/883 5962-8983903RA
130 }20-PinLCC GAL16V8A-15LR/883 5962-89839032A

20 15 15 65 20-Pin CERDIP GAL16V8A-20QD/883 5962-8983906RA
85 |20-PinLCC GAL16VBA-20QR/883 5962-89839062A

130 |20-Pin CERDIP GAL16V8A-20L.D/883 5962-8983902RA

130 }20-PinLCC GAL16V8A-20LR/883 5962-89839022A

25 20 15 65 20-Pin CERDIP GAL16V8A-25QD/883 5962-8983905RA
65 20-Pin LCC GAL16V8A-25QR/883 5962-89839052A

30 25 20 130 ]20-Pin CERDIP GAL16V8A-30LD/883 5962-8983901RA
130 }20-PinLCC GAL16V8A-30LR/883 5962-89839012A

Note: Lattice recognizes the trend in military device procurement towards using SMD
compliant devices, as such, ordering by this number where it exists is recommended.

PART NUMBER DESCRIPTION

GAL16V8BA Device Name
GAL16V8B

Speed (ns)

XO00NXXX - XX X X X

MIL Process /883 = 883 Process

L = Low Power Power
Q = Quarter Power

Package D = CERDIP
R=LCC
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=] attice GAL20V8A/883
ammmmE High Performance E2CMOS PLD
EEEEEE . ™
EEmamm Generic Array Logic
FEATURES
* HIGH PERFORMANCE E>’CMOS® TECHNOLOGY -
— 15 ns Maximum Propagation Delay R ]
— Fmax =50 MHz hine 2
— 12 ns Maximum from Clock Input to Data Output waux =
— TTL Compatible 24 mA Outputs 2 ax
— UltraMOS® Advanced CMOS Technology M_J:j: 2
* 50% to 75% REDUCTION IN POWER FROM BIPOLAR 3 =
— 75mATyp | on Low Power Device 1
— 45mA Typ | on Quarter Power Device o s i | I
* E2 CELL TECHNOLOGY ‘ i
— Reconfigurable Logic scl 8120
— Reprogrammable Celis s 2
— 100% Tested/Guaranteed 100% Yields o
— High Speed Electrical Erasure (<100ms) e 110
— 20 Year Data Retention 6 b
¢ EIGHT OUTPUT LOGIC MACROCELLS ]
— Maximum Flexibility for Complex Logic Designs °§‘,"°§l 1
— Programmable Output Polarity 7 ——
— Also Emulates 24-pin PAL?® Devices with Full Func- o
tion/Fuse Map/Parametric Compatibility & ”
8
* PRELOAD AND POWER-ON RESET OF ALL REGISTERS "
— 100% Functional Testability Ol'.:lc 16
* APPLICATIONS INCLUDE: 9 L
— DMA Control e s
— State Machine Control 10 15
— High Speed Graphics Processing L Jor
— Standard Logic Speed Upgrade " m- "
12 13
* ELECTRONIC SIGNATURE FOR IDENTIFICATION £

DESCRIPTION PIN CONFIGURATION

The GAL20V8A/883 is a high performance E2CMOS program-

mable logic device processed in full compliance to MIL-STD- CERDIP

883. The GAL20V8A/883, at 15ns maximum propagation delay

time, is the world's fastest military qualified 24-pin CMOS PLD. LCC V

CMOS circuitry allows the GAL20V8A quarter power device to verk [ 1 24(] vee

consume just 45mA typical lcc, which represents a 75% savings % T il

in power when compared to bipolar counterparts. __8¢g8_ E 0 Hvora

Generic architecture provides maximum design flexibility by . W?—D_;_m vora

allowing the Output Logic Macrocell (OLMC) to be configured by \ 10 ] vo/ia

the user. The GAL20V8A/883 is capable of emulating all . voa 10 ] vora

standard 24-pin PAL® devices with full function/fuse map/para- GAL20V8A voa GAL

metric compatibility. bd Top View Ne i 20VSA [ vora

Unique test circuitry and reprogrammable cells allow complete : vo 10 [ vora

AC, DC, and functional testing during manufacture. Therefore, oo 1 ] vora

Lattice guarantees 100% field programmability and functionality ! oa

of all GAL products. Lattice also guarantees 100 erase/rewrite gty = 10 [ vora

cycles and that data retention exceeds 20 years. 3 213 E 10 ] vora
i 1

GND [] 12 13[] VOE

Copyright ©1992 Lattice Semiconductor Corp. GAL, ECMOS and UtraMOS are reg of Lattice Corp. Generic Array Logic is & of Lattice

tor Corp. All brand or product names ioned are or regi of their respective holders. The specifications and information herein are subject to change without

notice.

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A. May 1992

Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037
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Specifications GAL20V8A/883

ABSOLUTE MAXIMUM RATINGS

Supply VORAGE Vg ovveerrirsrnrenssnnesessesisusnease -0.5t0 +7V
Input voltage applied..........ccrcveninenne -2.5t0V+1.0V
Off-state output voltage applied .......... -2.5t0 V. +1.0V
Storage Temperature —65 to 150°C
Case Temperature with

Power Applied -55t0 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

RECOMMENDED OPERATING COND.

CaseTemperature (T;) ......cccoervevesnsesnnncncs -55 to 125°C
Supply voltage (V)
with Respect to Ground .............ceueuee. +4.50 to +5.50V

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. |TYP2| MAX. |UNITS
ViL Input Low Voltage Ves—05| — 0.8 v
VIH input High Voltage 20 | — | Veest | VvV

L Input or /O Low Leakage Current | OV < Vin < Vi (MAX.) — — -10 pA
IH Input or I/O High Leakage Current | Vin < Vin < Vcc —_ — 10 HA
VOL | Output Low Voltage loL= MAX. Vin=ViLor Vi - — 0.5 v
VoH Output High Voltage lon = MAX. Vin = ViLor Vi 24 — - v
loL Low Level Output Current - — 12 mA
loH High Level Output Current — — | 20 | mA
los! Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C 30 | — | -150 | mA
Icc Operating Power Supply Current | ViL=0.5V ViH=3.0V (L -15/-20/-30 —_ 75 130 mA
Outputs Open (no load) | Q -20/-25 - 45 65 mA
flogge =  25MHz

1) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Guaranteed but not 100% tested.
2) Typical values are at Vcc = 5V and Ta=25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance pF Ve =5.0V,V,=2.0V
Cwo I/O Capacitance pF’ Vg =5.0V,V, =2.0V
*Guaranteed but not 100% tested.
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Specifications GAL20V8A/883

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

paRAMETER| TEST | DESCRIPTION S i 2 10 nrs
COND'.| MIN. | MAX] MIN. [MAX.| MIN. [MAX.| MIN. | MAX.
tpd 1 Input or /O to Combinational Output 3|15 3 |20 3 |25 3 30 | ns
tco 1 | Clock to Output Delay 2 (12| 2|16 ]| 2 |15 20 [ ns
tef — | Clock to Feedback Delay — |12 | — |15 | —[15| —| 20| ns
tsu — | Setup Time, Input or Feedback beforeClock | 12 | — [ 16 | — [ 20 | — | 26| — | ns
th — | Hold Time, Input or Feedback after Clock 0| — 0| — 0| — 0 — | ns
1 Maximum Clock Frequency with 416 — |333| — |285| — |222| — | MHz
External Feedback, 1/(tsu + tco)
fmax 1 Maximum Clock Frequency with 416 — |333| — [285| — [222| — | MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 50 | — |416| — |333| — [333| — | MHz
No Feedback
twh — | Clock Pulse Duration, High 10| —|12|— | 15| — | 16| — | ns
twi — | Clock Pulse Duration, Low 10— 12| — | 156 | — 15| — | ns
ten 2 | Input or /O to Output Enabled — |18 —|20| — |25 | —| 30| ns
2 [ OE to Output Enabled — |15 | — |18 | — |20 | — ]| 25| ns
tdis 3 | Input or I/O to Output Disabled — |15 —|20| — |25 | — | 30| ns
3 | OE to Output Disabled ‘ — |15 | — |18 | —}120 | —| 25| ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Descriptions section.
3) Refer to fmax Descriptions section.

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V 45V
Input Rise and Fall Times 3ns 10% - 90%
Input Timing Reference Levels 1.6V
Output Timing Reference Levels 1.5V A1
Output Load See Figure
3‘6-‘?;?':9 levels are measured 0.5V from steady-state active E:g's‘ :Tug;l!T (o) _ SESTHOINT
Output Load Conditions (see figure) J__ 6
L
Test Condition R Rz C. R2
1 390Q 750Q 50pF
2 | Active High oo 750Q 50pF
Active Low 390Q 750Q 50pF —
3 | Active High oo 750Q SpF -
Active Low 3900 7500 5pF C L INCLUDES JiG AND PROBE TOTAL CAPACITANCE
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SWITCHING WAVEFORMS )

s AW\ A worer )

ig-ts u th

ioremcx \\\\\\\\\1(‘""“'"""‘ teon

B R

Combinatorial Output Registered Output

INPUT or : —
/O FEEDBACK & & OE
) tdis ten tdis—p ten
OUTPUT OUTPUT —jE

Input or VO to Output Enable/Disable (—)E to Output Enable/Disable
—
twh twi . CLK
1/fmex (intemal fdok) P>
Ok tet tsu —P
oo M
Clock Width FEEDBACK
fmax with Feedback
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fmax DESCRIPTIONS

leK

\4 >
LoGIC
ARRAY REGISTER

Mt P———— tco—— P
fmax with External Feedback 1/(tsu+tco)

Note: fmax with external feedback is calculated from measured
tsu and tco.

...............................................

fmax Without Feedback

Note: fmax with no feedoback may be less than 1/(twh + twi). This
is to allow for a clock duty cycle of other than 50%.

cLK
—
—— L0GIC :
ARRAY _J v —»
REGISTER| |
........................ S
‘::m——bl

fmax with Internal Feedback 1/(tsu+tcf)

Note: tcf is a calculated value, derived by subtracting tsu from
the period of fmax w/internal feedback (tcf = 1/fmax - tsu). The
value of tcf is used primarily when calculating the delay from
clocking a register to a combinatorial output (through registered
feedback), as shown above. For example, the timing from clock
to a combinatorial output is equal to tcf + tpd.
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Specifications GAL20V8A/883

GAL20V8A ORDERING INFORMATION (IVIIL-ST0883 and SMD) :

Ordering #
1("?;’) '(’::) 1('::) (:f“;) Package MIL-STD-883 SMD #
15 12 12 | 130 |24-Pin CERDIP GAL20VBA-15LD/883 5962-8984003LA
130 |28-PinLCC GAL20VBA-15LR/883 5962-89840033A
20 15 15 65 | 24-Pin CERDIP GAL20V8A-20QD/883 Contact Factory
65 |28-PinLCC GAL20VBA-20QR/883 Contact Factory
130 | 24-Pin CERDIP GAL20VBA-20LD/883 5962-8984002LA
130 |28-PinLCC GAL20VBA-20LR/883 5962-89840023A
25 20 15 65 24-Pin CERDIP GAL20V8A-25QD/883 Contact Factory
65 28-Pin LCC GAL20V8A-25QR/883 Contact Factory
30 25 20 130 | 24-Pin CERDIP GAL20V8A-30L.D/883 5962-8984001LA
130 |28-PinLCC GAL20VBA-30LR/883 5962-89840013A

Note: Lattice recognizes the trend in rhilitary device procurement towards using SMD
compliant devices, as such, ordering by this number where it exists is recommended.

PART NUMBER DESCRIPTION

GAL20V8A Device Name

Speed (ns)

L = Low Power Power

Q = Quarter Power

XXXXXXXX -~ XX X X X

MIL Process /883 = 883 Process

Package D = CERDIP
R=LCC
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GAL22V10B/883
GAL22V10/883

1 High Performance E2CMOS PLD
FEATURES

* HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— 15 ns Maximum Propagation Delay
— Fmax =62.5 MHz
— 8ns Maximum from Clock Input to Data Output
— TTL Compatible 12 mA Outputs
— UltraMOS® Advanced CMOS Technology

- ACTIVE PULL-UPS ON ALL PINS

* COMPATIBLE WITH STANDARD 22V10 DEVICES
— Fully Function/Fuse-Map/Parametric Compatible
with Bipolar and UVCMOS 22V10 Devices

* 50% REDUCTION IN POWER VERSUS BIPOLAR

¢ E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Celis
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

¢ TEN OUTPUT LOGIC MACROCELLS
— Maximum Flexibility for Complex Logic Designs

* PRELOAD AND POWER-ON RESET OF REGISTERS
— 100% Functional Testability

o APPLICATIONS INCLUDE:
— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

¢ ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION :

The GAL22V10B/883 and GAL22V10/883 are high performance
E2CMOS programmable logic devices processed in full compli-
ance to MIL-STD-883. These military grade devices combine a
high performance CMOS process with Electrically Erasable (E?)
floating gate technology to provide the highest speed perform-
ance available of any military qualified 22V10 device. CMOS cir-
cuitry allows the GAL22V10/B to consume much less power when
compared to bipolar 22V10 devices. E?technology offers high
speed (<100ms) erase times, providing the ability to reprogram
or reconfigure the device quickly and efficiently.

The generic architecture provides maximum design flexibility by
allowing the Output Logic Macrocell (OLMC) to be configured by
the user. The GAL22V10B and GAL22V10 are fully functionffuse
map/parametric compatible with standard bipolar and CMOS
22V10 devices.

Unique test circuitry and reprogrammable cells allow complete
AC, DC, and functional testing during manufacture. As a result,
LATTICE is able to guarantee 100% field programmability and
functionality of all GAL® products.

INPUT

INPUT

INPUT

INPUT

INPUT

PACKAGE DIAGRAMS
CERDIP

werk 1 24[] vee

GAL

GAL22v10/B 22V10/8 fjvorg

Top View

Ry P
§338°%83%

__gg-gsl GND

Copyright ©1982 Lattice Semiconductor Corp. GAL, EZCMOS and UtraMOS are
torCom. The specifications herein are subject to change without notice.

LATTICE SEMICONDUCTOR CORP., 5565 N.E. Moore Ct., Hillsboro, Oregon 97124 U.S.A.

Tel. (503) 681-0118 or 1-800-FASTGAL; FAX (503) 681-3037

of Lattice Corp. Generic Array Logic is a of Latlice

May 1992
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Specifications GAL22V10B/883

ABSOLUTE MAXIMUM RATINGS" RECOMMENDED OPERATING COND.

Supply voltage V., -0.5t0+7V Case Temperature (To) «....ccocveierennenrenennns -5510 125°C
Input voltage applied........c..ceeeerrevrerene 2510V +1.0v  Supply Voltage (V)
Off-state output voltage applied ........... -25to vcc +1.0V with Respect to Ground .............cceu... +4.50 to +5.50V
Storage Temperature -65 to 150°C
Case Temperature with

Power Applied .-55t0 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. [ TYP?| MAX. |UNITS
ViL Input Low Voltage ' Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Veert | Vv
o Input or /O Low Leakage Current OV < Vin < Vi (MAX.) — — | 100 | pA

hH Input or I/O High Leakage Current 3.5V < ViN < Ve — - 10 pA
VoL Output Low Volitage lo. = MAX. Vin=ViLorVi —_ _ 0.5 v
VOH | Output High Voltage lon = MAX. Vin=ViLor Vi 24 - —_ v
loL Low Level Output Current — — 12 mA
loH High Level Output Current - — 20 | mA
los? | Output Short Circuit Current Vec =5V Vour=0.5V T, =25°C -50 — | 135 | mA
ICC Operating Power Supply Current VIL=0.5V VIH=3.0V —_ 90 150 mA
ftoggle = 15Mhz_ Outputs Open

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.

3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, =25°C, f = 1.0 MHz2)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 10 pF Ve =5.0V,V,=2.0V
Co I/O Capacitance 10 pF Ve =5.0V,V,, =2.0V

*Guaranteed but not 100% tested.

5/92
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Lattlce Specifications GAL22V10B/883

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

parameter| TEST | DESCRIPTION 18 UNITS
COND.' MIN. |MAX.
tpd 1 Input or /0 to Combinatorial Output — |15 ns
tco 1 Clock to Output Delay —_ 8 ns
tcr — Clock to Feedback Delay — | 8 ns
tsu — Setup Time, Input or Feedback before Clock 12 | — ns
th — Hold Time, Input or Feedback after Clock 0 — ns
1 Maximum Clock Frequency with 50 —_ MHz
External Feedback, 1/(tsu + tco)
fmax 1 Maximum Clock Frequency with 50 | — | MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 625 | — MHz
No Feedback
twh - Clock Pulse Duration, High 8 — ns
twi — Clock Puise Duration, Low 8 — ns
ten 2 Input or /O to Output Enabled — 15 ns
tdis 3 Input or /O to Output Disabled — |15 ns
tar 1 Input or I/O to Asynchronous Reset of Register — |20 ns
tarw — Asynchronous Reset Pulse Duration 15 | — ns
tarr -_ Asynchronous Reset to Clock Recovery Time 15 — ns
tspr - Synchronous Preset to Clock Recovery Time 12 | — ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section.
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Specifications GAL22V10/883

ABSOLUTE MAXIMUM RATINGS"

Supply voltage V ...-0.5t0 47V
Input voltage applied.........c.cocveruirurnnee 25tV +1.0V
Off-state output voltage applied............-2.5 to V, +1.0V
Storage Temperature -65 to 150°C
Case Temperature with

Power Applied .-55t0 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, follow the programming specifications).

RECOMMENDED OPERATING COND.

Case Temperature (T;) .......ecoeeereenusenrucnns -65 t0 125°C
Supply Voltage (V)
with Respect to Ground. ...........cccecenee +4.50 to +5.50V

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP3| MAX. | UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
VIH Input High Voltage 2.0 — | Vee+t | Vv
ho Input or I/O Low Leakage Current 0V < ViN < Vi (MAX.) — — -150 HA
hH Input or I/O High Leakage Current 3.5V<VinsVee — —_ 10 A '
VoL Output Low Voltage lo=MAX. Vin=ViLor Vi — — 0.5 '

VoH Output High Voltage lon = MAX. Vin=ViLor ViH 24 —_ —_ Vv
loL Low Level Output Current — —_ 12 mA
loH High Level Output Current —_ — | 20 | mA
los? | Output Short Circuit Current Vec=5V Vour=05V T,=25°C -50 | — | -135 | mA
ICC Operating Power Supply Current VIL=0.5V VIH=3.0V — 90 150 mA

ftoggle = 15Mhz  Outputs Open

1) The leakage current is due to the internal pull-up on all pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester

ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, = 25°C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance pF Ve =5.0V,V,=2.0V
Cw 1/0 Capacitance pF Ve =5.0V,V, =2.0V

*Guaranteed but not 100% tested.

5/92
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Specifications GAL22V10/883

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

PARMIETER CLE:;-‘ DESCRITION Mmjzc:mx. MIN:' 2jlmx. MIN.-G(:AAX. uNITS
tpd 1 Input or I/O to Combinatorial Output — |2 — |25 | — |30 ns
tco 1 Clock to Output Delay — |15 | — |2 | — |20 ns
ter — Clock to Feedback Delay — | 15 — |2 | — |2 ns
tsu — Setup Time, Input or Feedback before Clock 17 | — 20 | — | 25 | — ns
th —_ Hold Time, Input or Feedback after Clock 0 — 0 — 0 —_ ns

1 Maximum Clock Frequency with 312 | — 25 — 22 —_ MHz
External Feedback, 1/(tsu + tco)
fmax? 1 Maximum Clock Frequency with 312 | — 25 — 22 —_ MHz
Internal Feedback, 1/(tsu + tcf)
1 Maximum Clock Frequency with 33 —_ 33 — 25 — MHz
No Feedback
twh —_ Clock Pulse Duration, High : 15 —_ 15 - 20 - ns
twi — Clock Pulse Duration, Low 15 | — 15 | — |20 | — ns
ten 2 Input or I/O to Output Enabled — |2 | — |25 | — |25 ns
tdis 3 Input or 1/O to Output Disabled — |20 | — |25 | — |25 ns
tar 1 Input or I/O to Asynchronous Reset of Register — 25 — 30 — 30 ns
tarw — Asynchronous Reset Pulse Duration 20 — 25 — 30 — ns
tarr - Asynchronous Reset to Clock Recovery Time 20 —_ 25 —_ 30 —_ ns
tspr —_ Synchronous Preset to Clock Recovery Time 17 —_ 20 — 25 —_ ns

1) Refer to Switching Test Conditions section.
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section.
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GAL22V10/883

SWITCHING WAVEFORMS

INPUT or
:/N:ggmcx VALID INPUT VO FEEDBACK \\\\\\ VALID INPUT M
tod I¢-ts u th
COMBINATORIAL CLK
OUTPUT tco

REGISTERED W
Combinatorial Output OUTPUT

INPUT or )
/O FEEDBACK
tdis ten

OUTPUT

4—1/fmax
(external fdbk)

Registered Output

CLK
1/ fmax (internal fdbk) P>

o TN

fmax with Feedback

Input or VO to Output Enable/Disable

CLK

Clock Width

INPUT or INPUT or

1O FEEDBACK ( VO FEEDBACK

DRIVING AR DRIVING SP

€ tsu—p| Ispr
— tarw—P (& tarrP
S\ ‘—‘“
T REGISTERED

[— tar [ OUTPUT

CLK

Synchronous Preset

Asynchronous Reset
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Specifications GAL22V10B/883
GAL22V10/883

cLK cLK
N
—p V- H
> ——» LoGIC :
LoGIC ARRAY _I Vo ——
ARRAY resieTER ; REGISTER| |
—tsu———Ppid——— tco—P| .r. P—]
fmax with External Feedback 1/(tsu+tco) !: ‘;;d > »l

Note: fmax with external feedback is

calculated from measured tsu and tco.
fmax with Internal Feedback 1/(tsu+tcf)

CLK Note: tcf is a calculated value, derived by
subtracting tsu from the period of fmax w/
internal feedback (tcf = 1/fmax - tsu). The

v - value of tcf is used primarily when calculating the

i | Loalc REGISTER delay from clocking a register to a combinato- .
——+p ARRAY ——Pp > rial output (through registered feedback), as
: 5 shown above. For example, the timing from

clock to a combinatorial output is equal to tcf +

tpd.

fmax With No Feedback

Note: fmax with no feedback may be less
than 1/(twh + twl). This is to allow for a
clock duty cycle of other than 50%.

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V +5V
Input Rise and Fall Times 3ns 10% —90% R
Input Timing Reference Levels 1.5V !
Output Timing Reference Levels 1.5'V FROM OUTPUT (0/Q) TEST POINT
Output Load See Figure UNDER TEST
3-state levels are measured 0.5V from steady-state active R o C.
level. 2
Output Load Conditions (see figure)
Test Condition Ri R: () =
3900 | 7500 | SOpF C INCLUDES JIG AND PROBE TOTAL CAPACITANCE
2 | Active High oo 75002 50pF
Active Low 390Q 7500 50pF
3 | Active High o 750Q 5pF
Active Low 390Q 750Q 5pF

3-25



Specifications GAL22V10B/883
GAL22V10/883

Ordering #

m') {:;') I::) (m) Package MIL-STD-883 SMD #
15 12 8 150 |24-Pin CERDIP GAL22V10B-15LD/883 5962-8984103LA
150 28-PinLCC GAL22V10B-15LR/883 ) 5962-89841033A

20 17 15 150 |24-Pin CERDIP GAL22V10-20LD/883 5962-8984102LA
150 |28-PinLCC GAL22V10-20LR/883 5962-89841023A

25 20 20 150 |24-Pin CERD!P GAL22V10-25LD/883 5962-8984104LA
.150 |28-PinLCC GAL22V10-25LR/883 5962-89841043A

30 25 20 150 24-Pin CERDIP GAL22V10-30LD/883 5962-8984101LA
150 |28-PinLCC GAL22V10-30LR/883 5962-89841013A

Note: Lattice recognizes the trend in military device procurement towards using SMD
compliant devices, as such, ordering by this number where it exists is recommended.

PART NUMBER DESCRIPTION

XXXXXXXX - XX X X X

GAL22V10B Device Name

GAL22V10
Speed (ns) MIL Process /883 = 883 Process
L = Low Power Power Package D = CERDIP
R=LCC
5/92
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] attice GAL26CV12/883
HHTT High Performance E2CMOS PLD
HHT Generic Array Logic™

* HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— 20 ns Maximum Propagation Delay -
— Fmax =33 MHz
— 15 ns Maximum from Clock Input to Data Output
— TTL Compatible 8 mA Outputs
— UltraMOS® Advanced CMOS Technology

¢ ACTIVE PULL-UPS ON ALL INPUTS AND I/Os

* LOW POWER CMOS
— 80 mA Typical lcc

* E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Cells
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100ms)
— 20 Year Data Retention

* TWELVE OUTPUT LOGIC MACROCELLS
— Uses Standard 22V10 Macrocells
— Maximum Fiexibility for Complex Logic Designs

* PRELOAD AND POWER-ON RESET OF REGISTERS
— 100% Functional Testability

¢ APPLICATIONS INCLUDE:
— DMA Control
— State Machine Control
— High Speed Graphics Processing
— Standard Logic Speed Upgrade

* ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION ‘

The GAL26CV12/883 is a high performance E2XCMOS program-
mabie logic device processed in full compliance to MIL-STD-883.
The GAL26CV12-20/883 combines a high performance CMOS

process with Electrically Erasable (E?) floating gate technology CERDIP

to provide the fastest 28-pin military PLD on the market. CMOS

circuitry allows the GAL26CV12 to consume less power than Lce
comparable bipolar devices. E2? technology offers high speed
(<100ms) erase times, providing the ability to reprogram or re-
configure the device quickly and efficiently.

By building on the popular 22V10 architecture, the military ver-
sion of the GAL26CV12 allows designers to be immediately pro- .
ductive, eliminating the leaming curve. The generic architecture
provides maximum design flexibility by allowing the Output Logic
Macrocell (OLMC) to be configured by the user. The GAL26CV12 ¥ GAL26CV12
OLMC is fully compatible with the OLMC in standard bipolar and

il

] vora
] vorQ
] vora
] vora
1 vora
[1vora
[1GND

§383383%

]

CMOS 22V10 devices. | Top View [l vora
Unique test circuitry and reprogrammable cells allow complete ! vora
AC, DC, and functional testing during manufacture. As a result, ! [l vora
LATTICE is able to guarantee 100% field programmability and —o—o—o [l voia
functionality of all GAL® products. g888 voa

[l vora
Copyright ©1982 Lattice Semiconductor Corp. GAL, E2CMOS and UnraMOS are reg of Lattice Corp. Generic Array Logic is a of Lattice
tor Corp.  The specifications herein are subject to change without notice.
LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124 U.S.A. May 1992

Tel. (503) 681-0118 or 1-800-FASTGAL; FAX (503) 681-3037 3 27
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Specifications GAL26CV12/883

ABSOLUTE MAXIMUM RATINGS!"

Supply voltage V. -0.5t0 +7V
Input voltage applied............cccceeunuee. -2.5t0V +1.0V
Off-state output voltage applied .......... -251t0V, +1.0V
Storage Temperature —65 to 150°C
Case Temperature with

Power Applied -55 to 125°C

1. Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in
the operational sections of this specification is not implied
(while programming, follow the programming specifications).

RECOMMENDED OPERATING COND.

Case Temperature (T) ......coceveresensensennnes -55t0 +125°C
Supply voltage (V)
with Respect to Ground. ...........cceceuueeee. +4.50 to +5.50V

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. | TYP2| MAX. |UNITS
ViL Input Low Voltage Vss-05| — 0.8 v
ViH Input High Voltage 2.0 — | Vec#1 | v
o Input or /O Low Leakage Currént 0V < Vin < Vi (MAX.) — — -100 pA
IH Input or I/O High Leakage Current 3.5V<Vin<Vee —_ —_ 10 pA
VoL | Output Low Voltage lo. = MAX. Vin = ViLor Vi - _— 05 Vv
VOH | Output High Voltage lon = MAX. Vin =ViLor Vi 2.4 — - v
oL Low Level Output Current - -_ 8 mA
loH High Level Output Current - — | 20 | mA
los? | Output Short Circuit Current Vec=5V Vour=0.5V T, =25°C -50 — | -135 | mA
iICC Operating Power Supply Current VIL=0.5V VIH=3.0V - 90 160 mA
ftoggle = 15Mhz _ Outputs Open

1) The leakage current is due to the internal pull-up on all input and I/O pins. See Input Buffer section for more information.
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by

tester ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta=25 °C

CAPACITANCE (T, = 25 C, f = 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C Input Capacitance pF Ve =5.0V,V, =20V
Cwo /0 Capacitance pF Ve =5.0V,V,, =20V
*Guaranteed but not 100% tested.
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Specifications GAL26CV12/883

AC SWITCHING CHARACTERISTICS

Over Recommended Operating Conditions

PARAMETER | (OCT | DESCRIPTION MINtm:AAX. MINtzilAX. UNITS
tpd 1 Input or 1/O to Combinatorial Output ) — |20 | — |25 ns
tco 1 Clock to Output Delay - i5 | — |20 ns
ter — Clock to Feedback Delay — |15 | — [20 | ns
tsu —_ Setup Time, Input or Feedback before Clock 17 | — |20 | — ns
th — Hold Time, Input or Feedback after Clock 0 —_ 0 —_ ns

1 Maximum Clock Frequency with 312 | — 25 —_ MHz
External Feedback, 1/(tsu + tco)
fmax? 1 Maximum Clock Frequency with 32| — |25 | — |MHz
Internal Feedback, 1/(tsu + tcf) :
1 Maximum Ciock Frequency with 333 | — 30 —_ MHz
No Feedback
twh — | Clock Pulse Duration, High : 15 | — |15 | — ns
twi — Clock Pulse Duration, Low 15 | — 15 | — ns
ten 2 Input or /O to Output Enabled — |20 | — |25 ns
tdis 3 Input or /O to Output Disabled ) —_ 20 _ 25 ns
tar 1 Input or I/O to Asynchronous Reset of Register — 25 - 30 ns
tarw — Asynchronous Reset Pulse Duration 20 | — |25 | — ns
tarr — Asynchronous Reset to Clock Recovery Time 20 | — |25 | — ns
tspr —_ Synchronous Preset to Clock Recovery Time 17 | — |20 | — ns
1) Refer to Switching Test Conditions section. .
2) Calculated from fmax with internal feedback. Refer to fmax Description section.
3) Refer to fmax Description section.
5/92

3-29



| attice

Specifications GAL26CV12/883

SWITCHING WAVEFORMS

INPUT of
VO FEEDBACK

COMBINATORIAL
OUTPUT

INPUT or
1/0 FEEDBACK

OUTPUT

MWW worer

T

Combinatorial Output

b

S

Input or /O to Output Enable/Disable

CLK

INPUT or
VO FEEDBACK
DRIVING AR

REGISTERED
OuTPUT

CLK

Clock Width

—— hrW‘i tarr P

R .

Asynchronous Reset

INPUT or
1/O FEEDBACK

CLK

REGISTERED
OUTPUT

REGISTERED
FEEDBACK

INPUT or
/O FEEDBACK
DRIVING SP

CLK

REGISTERED
OUTPUT

RN

(—tsuI
tcog
4—1/fmax

(extemal fdbk)

Registered Output

—
1/ fmax (internal fdbk) P
tet tsu —W
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fmax with Feedback

i Em
ld— tsu—p ts

\\\\\\\\\\\\\WC

Synchronous Preset

3-30

5/92



amas
sEEEEE
AEEEENE
fmax SPECIFICATIONS
’ CLK CLK
N ! -
D g ——» Lo61C
LOGIC | ot peqisTER| || ; ARRAY ‘, Vi >
ARRAY H H .
: REGISTER
—— tsu ———P——— tco———P| ‘-. —]
fmax with External Feedback 1/(tsu+tco) : h;:)a » o
L] " L
Note: fmax with extemal feedback is cal-
culated from measured tsu and tco. fmax with Internal Feedback 1 Atsuster)
CLK Note: tcf is a calculated value, derived by sub-
U PRRIS: IR tracting tsu from the period of fmax w/internal
feedback (tcf = 1/fmax - tsu). The value of tcf
v is used primarily when calculating the delay from
i | Loaic REGISTER clocking a register to a combinatorial output
— ARRAY —p — (through registered feedback), as shown above.
For example, the timing from clock to a com-
ORI S binatorial output is equal to tcf + tpd.
fmax With No Feedback

Note: fmax with no feedback may be less
than 1/(twh + twl). This is to allow for a
clock duty cycle of other than 50%.

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V +5V
Input Rise and Fall Times 3ns 10% — 90%
Input Timing Reference Levels 1.5V Ri
Output Timing Reference Levels 1.5V FROM OUTPUT (0/Q) TEST POINT
Output Load See Figure UNDER TEST
3-state levels are measured 0.5V from steady-state active R — G
level. 2
Output Load Conditions (see figure)
4
Test Condition Ri Rz Cu =
3 4700 | 3900 | 50pF C INCLUDES JiG AND PROBE TOTAL CAPACITANCE
2 | Active High oo 390Q 50pF
Active Low 470Q 390Q 50pF
3 | Active High o 390Q 5pF
Active Low 470Q 390Q 5pF
5/92
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GAL26CV12 ORDERING INFORMATION (MIL-STD-883 and SNID)

Ordering #
'{g’) 1(':;') {;’) ("g‘;) Package MIL-STD-883 SMD #
20 17 15 160 |28-Pin CERDIP GAL26CV12-20L.D/883 Contact Factory
160 |28-PinLCC GAL26CV12-20LR/883 Contact Factory
25 20 20 160 |28-Pin CERDIP GAL26CV12-25LD/883 Contact Factory
160 |28-PinLCC GAL26CV12-25LR/883 Contact Factory

PART NUMBER DESCRIPTION

XXXXXXXX - XX X X X

GAL26CV12 Device Name

Speed (ns)

L = Low Power Power

MIL Process /883 = 883 Process

Package D =CERDIP
R=LCC
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GAL20RA10/883

High-Speed Asynchronous E2CMOS PLD
Generic Array Logic™

FEATURES

* HIGH PERFORMANCE E*CMOS ® TECHNOLOGY
— 20 ns Maximum Propagation Delay
— Fmax =41.7 MHz
— 20 ns Maximum from Clock Input to Data Output
— TTL Compatible 8 mA Outputs
— UitraMOS® Advanced CMOS Technology

¢ 50% REDUCTION IN POWER FROM BIPOLAR
— 75mA Typ lcc

¢ ACTIVE PULL-UPS ON ALL PINS

¢ E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Cells
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<100 ms)
— 20 Year Data Retention

¢ TEN OUTPUT LOGIC MACROCELLS
— Independent Programmable Clocks
— Independent Asynchronous Reset and Preset
— Registered or Combinatorial with Polarity
— Full Function and Parametric Compatibility with
PAL20RA10

* PRELOAD AND POWER-ON RESET OF ALL REGISTERS
— 100% Functional Testability

o APPLICATIONS INCLUDE:
— State Machine Control
— Standard Logic Consolidation
~— Muitiple Clock Logic Designs

* ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL20RA10/883 is a high performance E2CMOS program-
mable logic device processed in full compliance to MIL-STD-883.
With a 20ns maximum propagation delay time, it is the fastest
military grade 20RA10 device on the market. in addition to speed
performance, Lattice's Electrically Erasable (E?) floating gate
technology provides low power performance. The GAL20RA10's
typical lcc of 75mA, represents a 50% savings in power when
compared to bipolar counterparts. E?technology also offers high
speed (<100ms) erase times providing the ability to reprogram
or test the devices quickly and efficiently.

The generic architecture provides maximum design flexibility by
allowing the Output Logic Macrocell (OLMC) to be configured by
the user. The GAL20RA10 is a direct parametric compatible
CMOS replacement for the PAL20RA10 device.

Unique test circuitry and reprogrammable cells aliow complete
AC, DC, and functional testing during manufacturing. Therefore,
LATTICE guarantees 100% field programmability and functionality
of all GAL products. LATTICE guarantees data retention exceeds
20 years.

FUNCTIONAL BLOCK DIAGRAM

CERDIP

LCC
w1 7 2]l vee
10 vonQ
__es3b} i et
! 2 = wa 0 [ vora
: R B e
n| GAL20RA10 [, [ 20RA10 [
' Top View voa 1 ] vora
N wa  voia
e 1 ] vora
- 2| g ] vora
g EE § GND [ 12 13[1 /0E

Copyright ©1982 Lattice Semiconductor Corp. GAL.EMMUMWSM of Lattice CamecrchmyLogiclu of Lattice

tor Corp. All brand or product names are of regi of their respective holders. The fi are subject to change without
notice. .

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A. May 1992
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Specifications GAL20RA10/883

SUPPIY VORAGE Vg wevevrrnrnnsinnrsssssnnsnsssnsnnnens -05t0+7v  Military Devices:
Input voltage applied............eereeeens -25t0V  +1.0V  CaseTemperature (To) ......ooooorssssssserrnnnns -55t0 +125°C
Off-state output voltage applied 2.5tV +1.0V Supply voltage (V)
Storage Temperature —65 to 150°C with Respect to Ground .............cccu... +4.50 to +5.50V
Case Temperature with

Power Applied -65to0 125°C

1.Stresses above those listed under the “Absolute Maximum
Ratings” may cause permanent damage to the device. These
are stress only ratings and functional operation of the device
at these or at any other conditions above those indicated in the
operational sections of this specification is not implied (while
programming, follow the programming specifications).

DC ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL | PARAMETER CONDITION MIN. |TYPs| MAX. |UNITS
ViL Input Low Voltage Vss—05| — 0.8 v
VIH Input High Voltage 20 — | Vec+1 | v
o Input or I/O Low Leakage Current 0V < Vin < Vi (MAX.) — — | -100 | pA
hH Input or /O High Leakage Current 3.5V S ViN< Ve —_ _ 10 pA
VoL Output Low Voltage lo.=MAX. Vin=ViLor Vi —_ — 0.5 v

VoH Output High Voltage lon = MAX. Vin=ViLor Vi 24 —_— —_ A
oL Low Level Output Current —_ — 8 mA
loH High Level Output Current - — | 82 | mA
los? | Output Short Circuit Current Vec=5V Vour=0.5V T,=25°C 50 | — | <135 | mA
IcC Operating Power Supply Current VIL=0.5V VIH=3.0V — 75 120 mA

ftoggle = 15Mhz  Outputs Open

1) The leakage current is due to the internal pull-up on all pins. See the Input Buffer section in the commercial datasheet for more
information.

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested.
3) Typical values are at Vcc = 5V and Ta= 25 °C

CAPACITANCE (T, =25°C, f = 1.0 MH2)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
c Input Capacitance 10 pF Ve =5.0V,V,=2.0V
Cw I/O Capacitance 10 pF Vg =5.0V,V,,=2.0V
*Guaranteed but not 100% tested.
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|

Over Recommended Operating Conditions

r| TEST DESCRIPTION 20 25 UNITS
PARAMETER | conD. MiN. [MAX. | MIN. [MAX.
tpd 1 Input or I/O to Combinatorial Output — |20 | — |25 ns
tco 1 Clock to Output Delay — |20 | — |25 ns
tsu —_ Setup Time, Input or Feedback before Clock 10 | — |15 | — ns
th —_ Hold Time, Input or Feedback after Clock 3 —_ 5 —_ ns
1 Maximum Clock Frequency with 333 — 250 | — MHz
External Feedback, 1/(tsu + tco)
fmax2
1 Maximum Clock Frequency with 417 | — |333 | — MHz
No Feedback
twh —_ Clock Pulse Duration, High 12 — 15 —_ ns
twi — Clock Pulse Duration, Low » 12 | — 15 | — ns
ten/tdis | 23 Input or /O to Output Enabled / Disabled — |20 | — | 25 ns
ten/tdis | 2,3 | OE to Output Enabled/Disabled — |15 ] = |15 | ns
tar/tap 1 Input or I/O to Asynchronous Reset / Preset — ] 20 — 125 ns
.tafw /tapw | — Asynchronous Reset / Preset Pulse Duration 20 | — |25 | — ns
tarr/tapr | — Asynchronous Reset / Preset Recovery Time 12 | — |20 | — ns
twp —_ Preload Pulse Duration 20 | — |25 | — ns
tsp — | Preload Setup Time 15 | — 20 —_ ns
thp —_ Preload Hold Time 15 | — |20 | — ns
1) Refer to Switching Test Conditions section.
2) Refer to fmax Descriptions section.
SWITCHING TEST CONDITIONS
Input Pulse Levels GND to 3.0V 45V
Input Rise and Fall Times 3ns 10% - 90%
Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V R4
Output Load See Figure
3-state levels are measured 0.5V from steady-state active
lvel. ' NDER TEST 7 TestPonT
Output Load Conditions (see figure) i .
L
Test Condition R1 Rz Cu R2
1 470Q 390Q 50pF
2 | Active High - 390Q 50pF
Active Low 470Q 390Q 50pF —
3 | Active High - 3900 BpF . =
Active Low 470Q | 3900 5pF L NCLLCES 46 AN PROBE TOTAL CAPACITANCE
5/92
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SWITCHING WAVEFORMS

{tpd

Combinatorial Output

:*‘ tapw

Input or
1/0 Feedback

Combinatorial
Output

Input or
1/10 Feedback
Asserting Preset

tap
Registered i
Output
k—tsp
Clock
Asynchronous Preset
Input or

1/0 Feedback >|§ >E
tais ten
Device Output

Input or 1/0 Feedback to Enable / Disable

twh twi
Clock

Clock Width

Input or
110 Feedback

th
Clock
tco
Registered
Output
Registered Output
Input or

1/0 Feedback
Asserting Reset

)

Registered
Output

tl!
Clock

Asynchronous Reset

tdil ton

Device Output

OE to Enable / Disable

twp— )
PL
tsp —Hethp
All I/O Pins

Parallel Preload
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UEEEEE
aSNEEEN
fmax DESCRIPTIONS
‘ CLK c’f X
__.._. ¥ - \v,
iyl K980 P reaisten kgg’& REGISTER
_.-_.N.__...
Ml too—— fmax With No Feedback ‘
fmax with External Feedback 1/(tsu+tco) Note: fmax with no feedback may be less
. L . than 1/(twh + twl). This is to allow for a
Note: fmax with extemal feedback is cal- .
culated from measured tsu and tco. clock duty cycle of other than 50%.
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GAL20RA10/883 ORDERING INFORMATION (MIL-STD-883 and SMD)

v Ordering #
{g;’) '(’:;‘) '(’:3 (":‘j\) Package . MIL-STD-883 SMD #
20 10 20 120 |24-Pin CERDIP GAL20RA10-20LD/883 Contact Factory
28-Pin LCC GAL20RA10-20LR/883 Contact Factory
25 15 25 120 | 24-Pin CERDIP GAL20RA10-25L.D/883 Contact Factory
28-Pin LCC GAL20RA10-25LR/883 Contact Factory

PART NUMBER DESCRIPTION

XXXXXXXX - XX X X X

GAL20RA10 Device Name

Speed (ns)

L = Low Power Power

MIL Process /883 = 883 Process

Package D =CERDIP
R=LCC
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Introduction to
pLSI™ and ispLSI™

Introduction to pLSI and ispLSI

Lattice Semiconductor’s pLSI (programmable Large Scale
Integration) and ispLSl (in-system programmable Large
Scale integration) are two families of high density and high
performance E2CMOS® programmable logic devices (see
figure 1). They provide design engineers with a superior
system solution for integrating high speed logic features
on a single chip.

The Lattice pLSI and ispLSI families are the first
programmable logic devices to combine the performance
and ease of use of PLDs with the density and flexibility of
FPGAs.

The ispLSI family also pioneers non-volatile, in-system
programmability, a technology that allows real-time
programming, less expensive manufacturing and end-
user reconfiguration.

Lattice’s E2CMOS technology features reprogrammability,
the ability to program the device again and again to easily
incorporate any design modifications. This same capability
allows full parametric testability during manufacturing,
which guarantees 100 percent programming andfunctional
yield.

All the necessary development tools are available from
Lattice and leading third-party companies. Utilizing a
Windows-based graphical user interface, it is possible to
complete a circuit design in hours, as opposed to days or
weeks.

Figure 1. pLSI and ispLSI Device Families

pLS! 1024
pLSI 1016 ispLSI 1024
ispLSI 1016

44-Pin PLCC 68-Pin PLCC

pLSI and ispLSI Product Families

Q 80 MHz System Performance

Q 15 ns tpd Pin-to-Pin

Q Deterministic Performance

Q High Density (2,000-8,000 PLD Gates)
Q Flexible Architecture

Q Easyto Use

Q in-system programmable (ispLSl)

QO Low Power Consumption

pLSI and ispLSI Technology
Q E2CMOS — the PLD Technology of Choice
‘0 Proven UltraMOS Technology

Q Electrically Erasable/Programmable/Reprogram-

mable
u]
Q
Q

pLSI and ispLSI Development Tools
Q

100% Tested During Manufacture
100% Programming Yield
High-Speed Programming

Easy-to-Use Graphical Interface (Windows 3.0)
Boolean Equations and Macro Input
VHDL and Schematic Capture Entry

Industry-Standard Third-Party Design Environ-
ment and Platforms

Q
Q
Q

(m]

Timing and Functional Simulation

pLSI 1048

pLS! 1032

ispLSI 1032 ispLSI 1048

84-Pin PLCC 120-Pin PQFP




Introduction to pLSI and ispLSI

Family Overview

The pLSI and ispLSI families of high-density devices
address high-performance system logic needs, ranging
from registers, to counters, to muitiplexers, to complex
state machines.

With PLD gate densities ranging from 2,000 to 8,000, the
pLSI and ispLSI families provide a full range of
programmable logic solutions to meet design requirements
for today’s and tomorrow’s needs.

Each device contains multiple Generic Logic Blocks
(GLBs), architected to maximize system flexibility and
performance. A balanced ratio of registers and I/O cells
provides the optimum combination of internal logic and
external connections. A global interconnect scheme ties
everythingtogether, enabling utilization of more than 80%
of available logic. Table 1 describes the family attributes.

The pLSI and ispLSI Architecture

The pLSI and ispLSI architecture was constructed with
actual system design requirements in mind. This
architecture provides the designer with the following
advantages. Figure 2 shows the pLSI 1032 architecture.

Q High Speed

Predictable Pgﬁormame

Integration of Multiple Logic Functions
Asynchronous Designs

Flexible Logic Paths

Advanced Global Clock Network

0000 O

Table 1. pLSI and ispLSI Family Attributes

The Global Routing Pool (GRP)

Central to the pLSI and ispLSI architecture is the Global
Routing Pool, which connects all of the internal logic and
makes it available to the designer. The GRP provides
complete interconnectivity with fixed and predictable
delays. This unique connection scheme consistently
provides high performance and allows effortless
implementation of complex designs.

The Output Routing Pool (ORP)

Pin assignment flexibility is maximized via the Output
Routing Pool (ORP), which provides the connections
between the GLB outputs and the output pins.

Figure 2. pLSI 1032 Architecture

Output Routing Pool

o] fsf o] o o]

C7

=]
]
il
=)
2
1

C
[c2]
[e]

Output Routing Pool
EEEEE@EE

alllglll
| : Output Routif\g Pool |

e oo ]

put Routing Pool

¢;&\§% EibE] EERR] EEREE]

1@

CLI

BEEE

Family Member 1016 1024 1032 1048
Density (PLDV Gates) 2,000 4,000 6,000 8,000
Speed: fmax (MHz) 80 80 80 70
Speed: tpd (ns) 15 15 15 20
GLBs 16 24 32 48
Registers 96 144 192 288
* Inputs + /O 36 54 72 106
Pin/Package 44-pin PLCC 68-pin PLCC 84-pin PLCC 120-pin PQFP
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Generic Logic Block (GLB)

Thebasiclogicelement inthe pLSI andispL Sl architecture
is the Generic Logic Block. This powerful logic element
provides an input-to-output ratio greater than 4:1. With 18
inputs driving an array of 20 product terms (PTs) — which
in turn feed four outputs — the GLB efficiently handles
both wide and narrow gating functions. Figure 3 describes
the GLB functionality.

One element of architectural flexibility is the Product Term
Sharing Array (PTSA). The PTSA allows the 20 Product
Terms (PTs) from the AND array to be shared with any
and all of the four GLB outputs as needed to implement
logic designs. This ability to share PTs between all of the
GLB outputs provides a highly efficient implementation of
complex state machines by eliminating duplicate product
term groups.

The architecture flexibility of the GLB, combined with its
optimuminput-to-outputratio, allows the GLB to implement
virtually all 4-bit MSI functions.

Each of the four outputs from the PTSA feeds into a
flexible Output Logic Macrocell (OLMC), consisting of a
D-type flip-flop with an Exclusive-OR gate on the input.
The OLMC allows each GLB output to be configured
either combinatorial or registered. Combinatorial mode is
available as AND-OR or Exclusive-OR; registered mode
is available as D, T or J-K.

The GLB canbe clocked synchronously orasynchronously.
Global clocks from external pins or internally generated,
provide all GLBs and I/O Cells with synchronous clock
signals with selectable polarity. This provides multiple
synchronous clock phases to all GLBs and 1/0s.

Figure 3. Simplified Generic Logic Block Functionality

20 Product 4 Output Logic
Terms Macro Cells
| \
\ Registered
O oLMC or
2 Combinatorial
Dedicated . A Outputs
Inputs Product » Combinatorial |
Logic A Term . AND-OR-XOR ,
|’1 6 ™ Amay ["20] Sharing [ 4 Racistared ~ (e
nputs Array * Hegistere
From GRP D, T,J-K gué‘:qu::s
Synch/Asynch p
Clocking ORP or /O
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Introduction to pLSI and ispLSI

The GLB has several configuration options for each
Output Logic Macrocell (OLMC). These can be mixed with
each GLB. The configurations are described as standard,
high-speed bypass, XOR and multi-mode configuration.
Figure 4 demonstrates the muiti-mode configuration.

Standard Configuration

QO GLB Outputs Comprise of 4,4,5 or 7 Product
Terms

Q The PTSA Can Combine up to 20 PTs per GLB
Output to Meet the Needs of Both Wide and

Q Bypasses the PTSA and the Internal Exclusive-
OR Gate of the OLMC

Q Provides Four Product Terms Per Output
XOR Configuration
Q Utilizes Powerful Exclusive-OR Architecture

Q Powerful for Counters, Comparators and- ALU
Functions

Multi-Mode Configuration

Narrow Logic Functions. Q Ir:gil\éidual Outputs are Independently Configu-
High-Speed Bypass Configuration Q PTSA Allows Flexibility on the Number and
Q For Speed-Critical Timing Paths Selection of Product Terms Per Output
O Enables Design of Fast Address Decoders
Figure 4. GLB: Multi-Mode Configuration
Inputs From Dedicated
Global Routing Pool Inputs
- Product Term
0 1 2 3 45 6 7 8 9 1011 121314 1516 17 D Registel
vt wt va ‘a"t lv. 1& wq ‘t ivdy \t Vt ly. 1t \t 1t vt Sharing Array 3PTs and cgstore
dkdududuti MMM | Exclusive OR L
]
A Ol ) D1 pai
& v/
4
53 D s
4 PT B
Sf LA T Bypee P HIxH>- 02 el
8 FPlouting
]
% 4 Single PT ﬁl O?lotpua:‘d
124 (o] ] mng,
b
B 7 S s eene ] :
derd YO H] 110 Q{x[+>-00
4 ]
AND Array
PT Reset
RESET.
Control CLK 0 —
Functions g& ; : MUX MUX
PT Clock —
PT Output , 0
Enable > Enu;%mle
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In-System Programmability

The in-system programmable Large Scale Integration
(ispLSI) family is the industry’s only high-density
programmable logic family offering non-volatile in-system
reconfigurability.

The ispLSI family is 100 percent functionally and
parametrically compatible with the pLSI family, with the
added ability of 5-volt in-system programmability and
reprogrammability.

Complex logic functions can be implemented in multiple
ispLSI devices, with complete on-board configurability.
In-system programming of multiple ispLSI chip solutions
is easily achieved through a proprietary in-system erase/
program/verify technique.

In-system programmability can revolutionize the way
boards are designed, manufactured and serviced (see
figure 5).

Prototype board designs - in-system programming allows

the programming and modification of logic designs “in-
system” without removing the device(s) from the board.

Figure 5. in-system programmable “Generic” Board

This accelerates the system and board-level debug
process and enables definition of board layout earlier in
the design process.

Beconfigurable systems - The options foraccommodating

changes are greatly increased when you have the ability
to change the functionality of devices already soldered on
a board. Multiple hardware configurations can be
implemented with the same circuit board design. Multiple
protocols or multiple system interfaces can be defined on
ageneric board as the last step in the manufacturing flow.

jlity - Using the ispLSI device, the
diagnostic capability of the system can be enhanced. A
test pattern can be programmed into the ispLSI device at
board-test, enabling the logic to control and observe
specific nodes of the entire board. After the diagnostic
testing is complete, the functional pattern can be
programmed into the device for normal system operation.

Easier field updates - With software reconfigurable

systems, field updates are as easy as loading a new
device configuration from a floppy, or downloading it
through a modem.

Memory

ispLSI
Memory
Control

(G ]

ispLSI ispLSI
Graphic Vector
Control Manipulation

Transceiver

Memory

—{ Decode [

Micro

Processor

LU

{ Timin§ I—

{ Control I

Multiple ispLSI devices can be reconfigured through

multiplexed signals interfaced via an edge connector,
5-post connector, microcontroller, or microprocessor.

D ispLSI Devices
- isp Interface

4-5



Introduction to pLSI and ispLSI

A powerful benefit of the ispLSI family is its potential to
streamline the manufacturing process by eliminating the
separate programming and labeling steps usually
associated with PLDs. Quality is enhanced when product
handling steps are reduced, inthis case, those associated
with programming, labeling and re-inventorying multiple
devicetypes. Eliminating socketing furtherimproves quality
and reduces board cost. Figure 6 shows the enhanced
manufacturing with the ispLSI device.

Figure 6. Manufacturing Flow Comparison

Standard Flow Enhanced Flow
Using PLDs/FPGAs Using ispLSI Devices
Draw Parts From Stores Draw Parts From Stores
(One PN) (One PIN)
P
Eaolom Board Assembly
Label Each Board Test
Programmed Part  Diagnostics Using ispLS!
* Final Programming
l « Final Board Test
Retumn Parts to Stores
(Multiple P/Ns)
Draw Parts from
Stores to Assembly
Board Assembly
Board Test

All necessary programming is achieved via five TTL-level
logic interface signals (see figure 7). These five signals
control the on-chip programming circuitry, which is securely
protected against inadvertent reprogramming via on-chip
state machines. The ispL Sl family can alsobe programmed
using popular third-party logic programmers.

Figure 7. in-system programming Interface (Multi-
Chip Solution)

ispLSI ispLSI ispLSI
1032 1048 1016
[ !
Mux — Serial Data In
- Serial Data Out
. — Mode Control
isp-Enable " — Clock
——
5-pin
isp Interface
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pLSl/ispLSI Development System (pDS'"')

The Lattice pLSl/ispLSI Development System (pDS)
software is used to implement designs in pLSI and ispLSI
devices. Quick and straightforward design alternatives
can be implemented using the low cost Entry Level
System or the Advanced Level System which features
support from industry standard third party vendors. This
section describes both the Entry Level and Advanced
Level Development Systems. Programmer support is
also discussed.

pDS—PC Entry Level

Features

Q High Performance, Low Cost Development
Environment

Supports pLSI and ispLSI Device Families
Boolean Logic and Text File Design Entry
Over 225 Macros Available
Automatic Place and Route

Logic Simulation with Viewlogic Viewsim

0O 0O 0O O 0O O

JEDEC File Download Direct to Programmer or
ispLSI Device

General Description

Both the pLSI and ispLSI families are supported by
Lattice's low-cost pLSI/ispLSI Development System (pDS).
It runs on IBM-compatible (386/486) PCs with Microsoft®
Windows.

The easy-to-use graphical user interface with the familiar
mouse driven pull-down menus, combined with Boolean
logic data entry using ABEL-like syntax, makes design
entry with the pLSI and ispLSI quick and straightforward
(see figure 8).

Figure 8. pDS Design Flow
| * Boolean Equations
Lo | - Macros (>200)
‘ * “ABEL"-Like Syntax
* Logic Minimization
Verification |, checks for Signal Availability
* Automatic
Place and Route | * Optimized
‘ * Fast
¢ Viewsim™
Simulation | | EpiF Compatible
* JEDEC File Generation
Programming * Download to Programmer
or to Device (ispLSI)

The pDS—PC Entry Level Software supports over 200
macros to help the design process. These macros cover
most TTL functions, from gate primitives to 16-bitcounters.
pDS The software also supports user-definable macros
which can be modifications of existing macros or custom
creations.

The pDS—PC Entry Level Software automatically verifies
the design, performs logic minimization and checks for
signal availability.

Additionally, the Lattice Place and Route assigns pins and
critical speed paths and ensures optimized 100% routability
at 80% utilization.

Quick compilation speeds the design, debug and rework
process dramatically. Incremental design techniques are
also supported.

Timingand functional simulation are available from Lattice,
using Viewsim simulation software.

The windows graphical userinterface makes programming
easy, using pull-down menus, intuitive point-and-click
commands and self explanatory instructions. Withoutany
up-front training, designs can be completed within hours
instead of days or weeks.
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pDS Advanced Level

Features
]
a

Supports pLSI and ispLSI Device families

Schematic capture, State Machine and VHDL
Design Entry

Expanded Macro Library

Automatic Logic Minimization and Partitioning
Automatic Place and Route

Logic and Timing Simulation

EDIF Compatible

0O 0 0 O 0O O

JEDEC File Download Direct to Programmer or
ispL.SI Device

General Description

For higher level design-entry environments, Lattice offers
pLSlispLSI Advanced Development System software
tools, which expand on the core capabilities of the pDS—
PC Entry Levelsoftware. Schematic capture, state machine
and VHDL entry are supported, along with an expanded
macro library.

The Advanced Level software utilizes industry standard
third-party design environments such as Viewlogic's
Viewdraw and Data I/0's ABEL™.

Running on IBM compatible (386/486) PCs or workstation
platforms, the Advanced Level Software supports
automatic logic minimization and partitioning, as well as
place and route, resulting in 100% routability at greater
than 80% utilization.

For logic and timing simulation, support is available from
Lattice through Viewlogic Viewsim simulation tools.

Third Party Programming Support

The pLSI and ispLSI families are supported by popular
third-party logic programmers including Data /O, Logical
Devices, Stag, System General, SMS Microcomputer
and Advin. Table 2 describes each vendor's specific
programmer model that support the pLSI and ispLSI
devices. No proprietary, expensive, high pin-count
programmers are required. Additionally, the ispLSI family
can be programmed on the board (in-system), which
eliminates the need for a stand-alone programmer.

Table 2. Programming Support

Programmer Vendor Model
Pilot GL/U40
Advin Systems
Pilot U84
BP Micro PLD1128
2900
Data /0 3900
Unisite 40/48
Allpro 32/40
Logical Devices
Allpro 88
SMS Microsystems Sprint Expert
System General Turpro 1

isp Engineering Kit

The ispLSI family may also be programmed with Lattice's
isp Engineering Kit. This kit is designed for engineering
purposes only and is notintended for production use. By
connecting an 8 wire cable to the parallel printer port of a
PC, JEDEC files can easily be downloaded into the ispLSI
device. Additionally, this cable can be connected directly
to the circuit board facilitating on board in-system
programming.

Additional information on the pLSI and ispLSI Families may be obtained from a Lattice
representative or by simply completing the reply card at the end of this data book.
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QualityAssurance

INTRODUCTION

Lattice views quality assurance as a corporate
responsibility and an integral part of all planning activities.
Lattice’s Quality Assurance organization is independent
from Manufacturing and has direct access to top
management, assuring sufficient authority is afforded to
quality issues.

Lattice’s quality programis in full compliance to the quality
assurance requirements of MIL-M-38510 Appendix A
and all inspection system requirements of MIL-1-45208.

QUALIFICATION

Al new products, processes and vendors must pass pre-
defined evaluations before receiving initial qualification
release. Majorchangesto products, processesorvendors
require additional qualificaton before implementation. To
assure continuing conformancetoreliability requirements,
anongoing monitor programis maintained onall processes.

IN-PROCESS CONTROL

Qualified product must be manufactured under strict
quality controls that start with regulated procurement and
documented inspection plans for all incoming materials.
Sample testing and in-line monitoring as well as statistical
process control charts provide constant feedback at each
critical step of the manufacturing process.

CALIBRATION

All critical equipment involved in the manufacture, testing,
orinspection of Lattice product must meetthe requirements
of our established calibration system that is in compliance
to MIL-STD-45662.

TRAINING

All Lattice manufacturing personnel complete a
comprehensive training program and obtain formal
certification for each production operation before they are
allowed to manufacture products. Operators must be
recertified on a periodic basis to assure ongoing
compliance to all written procedures and specifications.

SUBCONTRACTOR CONTROL

All subcontracted operations must be performed by
sources exhibiting a quality program commensurate to
that of Lattice. These vendors are audited at least once
every year to monitor their compliance to Lattice’s Quality
Assurance Program. Any major audit discrepancy requires
corrective action and may result in disqualification.

Program
DOCUMENT CONTROL

Lattice’s document control system is under the direction
of Quality Assurance and has the responsibility of assuring
that every product has adequate written documentation
released before production begins.

Drawings and specifications related to materials,
processes, testing, products and subcontractors are
maintained by the Document Control Department. A
numbering system identifies each document by revision
status, function and category.

Any change to existing documentation must be properly
approved and released before implementation of the
change. The change is implemented only if approved by
the appropriate functional groups.

NONCONFORMING MATERIAL

Nonconforming materialis identified, segregated, analyzed
and dispositioned according to procedures that also require
corrective action be specified to eliminate the cause of the
defect.

Lattice has a Material Review Board (MRB) to investigate
the cause of nonconformance and disposition the material.
Lattice and customer specification requirements are
thoroughly reviewed during MRB dispositions. The MRB
consists of representatives. from Manufacturing,
Engineering, and Quality Assurance.

Product retumed by customers (RMA) shall be analyzed
and dispositioned with respect to Lattice and customer
specifications.

FAILURE ANALYSIS

Failure modes discovered during qualification testing,
inspections, customer returns or in-process screening
are processed through Lattice’s Failure Analysis group to
determine the cause or relevancy of the failure and initiate
corrective actions to eliminate the cause. All failure
analysis reports are reviewed by Quality Assurance to
convey awareness of any potential problems and assure
that proper corrective action is taken.




Quality Assurance Program

Statistical Process Control Points
for Commercial/Industrial Devices
STEP CHARACTERISTICS

Oxidation Thickness, CV Plot

Diffusion Sheet Resistance

Photolithography Resist Thickness, Pattern Size, Pattern Resolution

lon Implant Sheet Resistance |

CVvVD Thickness, Phosphorous Content

Metal Sputter Thickness

Glassification Thickness, Film Stress, Refractive Index

Etch Etch Rates

Wafer Parametric Test Test Structure Performance

Die Functional Test
Wafer Saw ‘
Die Attach

Wire Bond

Trim and Form
Mold

Lead Finish
Test

Topside Mark
Lead Straighten
Final QA Visual

Final QA Electrical

Functional / DC Performance
Kerf Width, DI Water Resistivity
Visual, Epoxy Thickness, Die Shear, Cure Temperature

Visual, Pull Strength, Ball Shear, Heater Block Temperature

Visual, Coplanarity (PLCC only)

Visual, Plate Temperatures, Wire Sweep and Voids, Post Mold Cure Temperature

Visual, Thickness, Lead (Pb) Ratio
Functional / AC / DC Performance
Visual
Splay, Lead Alignment (PDIP only)
Visual

Functional / AC / DC Performance
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Qualification
Program

Lattice has anintensive qualification programforexamining  The following table outlines the steps which must be
and testing new products, processes, and vendors in performed before a new product, package or process is
order to insure the highest levels of quality. Lattice's qualified. The requirements listed below are general
Reliability Engineering Group is responsible for defining guidelines. Detailed information on Lattice's qualification

and implementing this qualification program.

Qualification Requirements

process is available to customers upon request.

#of Duration

Test Samples New Product New Wafer Process New Package

125° C Operating Lifetest 300 1,000 Hours 2,000 Hours 2,000 Hours'

(5.25V)

150° C Biased Retention 450 1,000 Hours 2,000 Hours 2,000 Hours'

Bake (5.25V) '

Endurance Cycling 75 10,000 Cycles 10,000 Cycles N/A

ESD 48 End of Test End of Test N/A

Latch-Up Immunity 27 End of Test End of Test N/A

Temperature Cycling 150 1,000 Cycles 1,000 Cycles 1,000 Cycles
(6510 150°C)

Biased 85/85 (5V) 225 N/A 1,000 Hours 1,000 Hours

Autoclave (121° C, 15psig) 150 N/A 336 Hours 336 Hours

Lead Integrity (DIP only) 9 NA N/A End of Test

Solderability 9 N/A N/A End of Test

Centrifuge 75 NA N/A End of Test

Bond Strength 12 NA NA End of Test

1. Required for new assembly technologies only.
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Qualification Program

RELIABILITY MONITOR PROGRAM

The Reliability Monitor Program provides for a periodic  The Reliability Monitor Program is designed to monitor all
reliability monitor of Lattice products. Theprogramassures fab and assembly facilities as well as each process
that all Lattice products comply on a continuing basis with  technology in production. A summary of the programtest

established reliability and quality levels. and sampling plan is shown below.
Reliability Monitor Program
Test # of Samples Duration
125° C Operating Lifetest (7.00V) 70 160 Hours
200° C Biased Retention Bake (5.25V) 70 160 Hours
Autoclave (121° C, 15psig) 35 160 Hours
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E2CMOS Testability

INTRODUCTION

The inherent testability of Lattice's E2CMOS PLDs
significantly improvestheirquality and reliability. By using
electrically erasable EEPROM technology to produce
GAL devices, Lattice is able to perform 100% AC/DC,
functional, and parametric testing of every single device.
In order to achieve the highest quality levels, Lattice
programs and tests each device repeatedly throughout
the manufacturing process.

ACTUAL TEST VS. SIMULATED TEST

Why is “actual test” so significant? PLDs, unlike most
other semiconductor devices, have a programmable
element that determines the final device functionality and
AC/DC performance.  These programmable elements
can be fabricated from metal link fuses, programmable
diodesortransistors, volatile static RAM cells, UV EPROM
cells or electrically erasable EEPROM cells. Each of
these technologies carries a different variability of
programming success and a variance in the impact of the
programming success on the performance and reliability
of the device.

The mostcommon programmable elements are the metal
fuse, EPROM cell and EEPROM cell. Of these element
types, only the EEPROM cell can be thoroughly tested by
the manufacturer prior to shipment to an end user OEM.

EEPROM ALLOWS ACTUAL TEST

Each of the methods identified above canbe programmed.
In this manner they are all the same. The differences
become apparent when the erase times are analyzed.
Metal link and One-Time Programmable (OTP) devices
cannot be erased. UV EPROM devices can be erased,
however the time required is 20-30 minutes (and an
expensive windowed package). EEPROM devices, on
the other hand, offer instant erasability on the order of 50
ms (thousandth’s of a second). The advantage of this
instant erase for manufacturing test is significant. Instant
erase allows instant re-patterning for additional testing.
EEPROM technology has been used for PLD
manufacturing by Lattice for more than half a decade.
Lattice refers to their high performance EEPROM
technology as E2CMOS technology. Extensive reliability
studies of the technology have been performed with
industry-wide acceptance, including the military.

Improves Quality

OTHER METHODS ARE IMPRECISE

AlIPLD devices must betestedto some degree to validate
functionality and performance. Technologies that are not
erasable or require lengthy erase times severely constrain
the test flexibility. Since the normal “user” programmable
elements cannot be programmed during manufacture (all
elements must be available for end-user programming)
the manufacturers resort to using simulated and correlated
performance of test rows, test columns and phantom or
dummy-test arrays. At best, this is a statistical measure
of the actual device performance. One need only look at
the “normal” programming yield fallout of 0.5 —> 3% or
the “acceptable” post-programming test vector & board
yield faliout of 0.5 —> 2% to know that this correlation is
weak. The quality systems of today are measuring
defects in the parts per million (PPM). A six sigma
program requires less than 3.4 PPM, four orders of
magnitude less than that achievable with non-testable
PLDs.

ACTUAL MATRIX PATTERNING

The unique capability of E2CMOS devices to be instantly
electrically erased allows these devices to be patterned
multiple times during Lattice's manufacturing test. Normal
array cells in the programmable matrix are patterned,
erased & tested again and again. The test rows or
columns, phantom arrays, etc., that are used with other
technologies are not necessary with E2CMOS devices.
Programmability of every cell is checked dozens of times.

Historically, the checking of a successful programming
operation consisted of no more than a pass/fail verification
step. This digital, black/white style check is not adequate
to assure that the cell is programmed properly with
sufficient margin to guarantee long-term reliable
performance of the device. Lattice E2CMOS devices are
processed through a proprietary cell verification step that
consists of an analog measure (to millivolt accuracy) of
the actual cell threshold. This capability is used for
extensive reliability and quality measurements andtesting.

WORST CASE AC/DC TESTING

A PLD does not have a defined function until the engineer
patterns the device with his custom pattern. The
manufacturer, when considering the testing of a PLD,
must consider the hundreds of different architecture and
functional variations that can be created by the end user.
Each configuration of architecture brings on a different set
of worst case pattern and stimulus conditions. Quick




E2CMOS Testability Improves Quality

application of a series of worst case patterns that coverall
of the permutations of input combinations, array load &
switching, and output configuration is required.

E2CMOS devices offer instant erasability to address this
reconfiguration & test problem. Testing each additional
worst case configuration takes fractions of a second,
allowing multiple patterns to be checked to assure
performance to rated speeds. The final resultis a device
with defects reduced from PPH (parts per hundred) to
PPM (parts per million).m
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GAL Metastability
Report

INTRODUCTION

The dictionary definition of metastability is “a situation that is
characterized by a slight margin of stability.” When applied to
bi-stable (digital) logic, the term refers to an undesirable
marginally stable output state between VIL max and VIH min.

Metastability can occurinbi-stable storage elements (registers,
latches, memories, etc.) when setup and/or hold times are
violated. Since setup and hold times vary with temperature and
operating voltage, among other factors, the times referred to
here are not the min/max numbers printed in data sheets, but
rather the actual times for the given set of operating conditions.
Typical applications where such times are likely to be violated
include bus & memory arbiters, interfaces, synchronizers, and
other state machines employing asynchronous inputs or
asynchronous clocks.

Metastability manifests itself in a number of different ways.
Common responses are (shown as they might be captured on
a digital oscilloscope in Figure 1): runt pulse (1a), decreased
output slew rate (1b), output oscillation (1c), and increased
clock-to-output time (1d). By definition, the phenomenon of
metastability is statistical in nature. Not only is entry into the
state uncertain, but the time spent there is also variable.

Because PLDs are commonplace in today’s designs, a thor-
ough understanding of their metastable behavior is crucial. In
some applications, output anomalies shorter than one clock
cycle may be acceptable, but in applications where the
register output is used as a control signal (clock, bus grant,
chip select, etc.) for other circuitry, faults such as runt pulses
and oscillation cannot be tolerated.

This report will not study the causes or characteristics of
metastability in great detail; excellent material has already
been prepared on this subject [1-5]. Rather, this report will
introduce a mathematical model for the metastable phe-
nomenon, discuss potential test methodologies, present and
compare test results from various bipolar and CMOS PLDs,
and discuss how to interpret the data. This report will close
with suggestions on how to design metastable tolerant
systems.

DERIVATION OF CONSTANTS

The basic premise of all metastability models is that a
device’s output is more likely to have settled to a valid state
in time(t) than in time(t-n). In fact, the failure probability
distribution follows an exponential curve. Figure 2 shows a
typical failure frequency plot.

It is accepted [1] that metastable failures can be accurately
modeled by the equation:

log Failure = log MAX-b(A - Ao) 1)

In this equation, MAX represents the maximum failure rate
for a particular environment, A is the time delayed before
sampling the DUT (Device Under Test) output, and A o is the
time at which the number of failures starts to decrease. On
a failure frequency plot (such as the one in Figure 2), Ao
represents the knee of the curve. The constant b is rate at
which the frequency of failures decreases after the knee is
reached.

Recall that:

log X = a In (X), where a = log (e)

Substituting this into (1):

a ¢ In Failure = a * In MAX - b(A - Ao) 2)

MAX is related to the clock frequency (fCLOCK) and data
frequency (fDATA). That is,

MAX = (k1  {CLOCK « fDATA) (3)
Substituting (3) into (2) and applying some algebra:

a ¢ In Failure = a  In (k1  f{CLOCK ¢ fDATA) - b(A - Ao)
In Failure - In (k1 » fCLOCK ¢ fDATA) = -b/a(A - Ao)
Setting k2 = b/a and rearranging the equation yields:
Failure = (k1  f{CLOCK  {DATA)e*2 -2  (4)

When used with equation (4), the constants k1, k2, and Ao,
completely describe a particular device’s metastable charac-
teristics; they indicate how quickly a device can resolve the
metastable condition. Devices which transition out of the
metastable region quickly are characterized by a small Ao
and a large k2.

The constant k1 is peculiar to the test apparatus (it can be
thought of as a “scaling factor”). The maximum metastable
failure rate (MAX) is limited by fCLOCK; a failure cannot
occur if the device isn't clocked. Likewise, it is true that a
metastable failure cannot occur unless data has changed.
So, if {DATA < fCLOCK, then MAX = fDATA. This was the
case in the test fixture Lattice used (fCLOCK=10MHZ,
fDATA=2.5MHz). Substituting MAX = fDATA back into equa-
tion (3) yields: k1 = 1ACLOCK, so k1 = 100ns for our tests.

4/91.Rev.C
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JEST FIXTURE

The goal of testing a particular device’s metastable charac-
teristics is to generate real numbers for the constants k2 and
Ao. To do this, the device must first be forced into the
metastable state. This is done by intentionally violating setup
and/or hold times. Once metastable, the output can be
observed on an oscilloscope or used to increment an event
counter.

Traditional Approach

One approach to characterizing a device’s metastable be-
havior employs a test fixture similar to that shown in Figure
3a. In suchafixture, data to the device includes a “jitter band”
so that the device sees changing data as it is clocked. The
DUT outputis fed to a window comparator to determine when

itis in the metastable region (between VIL max and VIH min).

The comparator output can be sampled periodically and
used to increment an event counter.

This method of testing, though it directly yields MTBF
numbers, has some drawbacks. The first is that it does not
distinguish between the different types of metastable behav-
ior (runt pulse, oscillation, slow rise/fall time, delayed transi-
tion), and it may have difficulty detecting every type. Also, the
registers used in the detector circuit itself may become
metastable, which would adversely affect the results.

A New Approach

The test method used to gather data for this report used the
circuit shown in Figure 3b. The tester employed an ‘infinite
precision” variable delay circuit to control clock placement

Y
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Figure 2. Typical Failure Frequency Plot
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with respect to data. This arrangement allowed exact worst
case placement of the clock, so as to induce metastability
with nearly every clock pulse.

Using a digital oscilloscope (Tektronix 11403A) in point
accumulate mode, metastable failures were recorded over a
lengthy period of time. A hardcopy was then made and the
constants empirically obtained (details below).

The oscilloscope approach, being visual in nature, enables
the designer to make educated decisions regarding maxi-
mum clock and data rates, as well as the suitability of using
the output to drive other circuitry. The five minute sample
period used in our tests contained approximately 750 million
failures. Much longer sample periods were evaluated, but
they provided no perceptible gain in usable information.

A slight disadvantage of this approach is that extracting k2
and Ao values from the hardcopies is not straightforward.

time (although, in the case of the scattered points, the
probability is low that a single isolated point represents more
than one sample).

To generate values for k2 and Ao, it was necessary to refer
to previous metastability studies [1]. By studying the output
plots of devices with known constants, certain relationships
were established. For example, it was determined that Ao
represents the time from the leading edge of the output until
the “dot density” starts to decrease measurably. It should be
noted that Ao in previous studies included device propaga-
tion delays, whereas in our test it does not.

The time from Ao until the dot density equals zero was
defined to be the “time to metastable release” or simply
time(r). The relationship between k2 and time(r) is given
below in (5), and shown graphically in Figure 4. Recall that
MAX=2.5x10/6 and a=log(e).

Because each point on the hardcopy can represent any k2 = log(MAX) / (time(r) * a) = 14.73/ime(r) (5)
number of actual samples (between one and 1.5 million), one .
cannot simply count the points at time(t) for the MTBF at that
—] +2 }—( VARIBLE DELAY )-
+V
VIH
] !
Data TO
COUNTER
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Figure 3a. Traditional Metastability Test Circuit
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INTERPRETING THE RESULTS

In addition to examining E2CMOS GAL devices, this study
also tested several bipolar PAL devices as well as other
CMOS PLDs. To insure that the results of this study would
be relevant, all necessary precautions were observed: the
devices were of recent vintage and were acquired blindly
through distributors; multiple samples of each device were
tested and the results combined; all devices had either fixed
16R8 architectures or were configured to emulate the 16R8
architecture; the devices were programmed from the same
JEDEC fuse map file (the source equations and the JEDEC
fuse map file are presented in Listing 1).

Plots 1 through 6 on the following pages are some of the
oscilloscope plots generated for this study. The top wave-
form in each plot is the clock signal, the middle trace is the
metastable data output and the bottom trace is the histogram
of the accumulated samples between 1V and 2V of the output
signal. The horizontal scale is 2ns per division, so the exact
clock to output time of the metastable output condition can
be read directly. The vertical scale is 2V per division for the
top trace, and 1V per division for the middle trace.

The middle waveform in each plot is the metastable device
output which is the only signal captured in point accumulate
mode. In every case, the output signal plot shows two stable
levels after the transition. This is a direct result of the
“indecision” caused by metastability; on some cycles the
output settled to a high level, while on others it settled to a low
level.

Plot4 shows the response of abipolar PAL16R8-7. Notice the
very well defined runt pulse (this correlates with previous data

gathered on similar devices by the manufacturer [1]). The
absence of a secondary trace along ground indicates that the
output always starts to transition to a high level, even when it
finally settles to a low level. This characteristic makes the
device unsuitable for use in control path applications (when
metastability is possible). All of the bipolar parts examined
showed similar results.

Plot 1, 2 and 3 are from GAL16V8B-7, GAL22V10B-10 and
GAL6001-30, respectively. Aside from the fact that setup
time violations may cause t, to increase by a small (but
random) amount, the outputs are very clean and well be-
haved. The fact that there are no runt puises or other
anomalies is extremely significant, as the GAL6001 not only
allows asynchronous clocking, but encourages that activity.
Although GAL6001 is a much slower device as compared to
GAL16V8 and GAL22V10, the similar metastable character-
istics of the GAL6001 to the much faster GAL devices
indicate that the inherent metastable characteristics of all the
GAL devices have consistently desirable characteristics
across all speed grades. Comparing Plot 1, 2 and 3 with Plot
4 and 5 shows that characteristics of the GAL devices are
superior to those of bipolar PLDs. Plot 6 illustrates meta-
stable characteristics of the TTL flip-flop (TISN74AS74).

For reference purposes, Plots 7 through 9 are included. Plot
7 shows a normal (ie. non-metastable) GAL16V8B-7 transi-
tion, and Plot 8 a normal PAL16R8-7 transition. Plot 9 is the
normal transition of the TTL flip-flop (TI SN74AS74). For
consistency, only rising edges have been shown. Our tests
also covered falling edges which, in general, were interesting
but did not provide any additional information.
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For a more quantitative look at the phenomenon of metasta-
bility, referto the table beneath each plot. These tables list the
measured values of the constants Ao and k2 for the device
whose plotis shown, and for similar devices. Recall that large
k2 and small Ao values are desirable. The numbers in the
tables correlate closely with the results of earlier tests [1,5],
confirming the validity of our test method.

Since all current GAL devices possess very similar register
and output buffer circuitry, and all are fabricated using the
same basic process, the data shown in Table 1 for the
GAL16V8 is considered applicable to all devices and speed
grades in the GAL family.

USING THE RESULTS

If a register enters the metastable state in a system, then
data was obviously unstable as the register was being
clocked. The argument over which data should have been
captured (old or new) is academic as the register will
randomly pick one or the other. Signals in most asynchro-
nous systems are active for more than one clock cycle, so if
they are missed initially, they could be captured on a
subsequent clock cycle.

Itis the task of the state machine designer to take adequate
precautions against metastability causing illegal states to be
entered. One way to do this is by using “gray codes” when
ordering states. Gray code state equations allow only one
state bit to change during a state transition. Thus, the worst
metastability could do would be to delay a state transition by
one clock cycle. If more than one bit were allowed to change,
the outcome would be purely random, and probably illegal.
Figure 5 shows examples of both cases.

Other solutions are to externally (or internally) synchronize
the asynchronous signals, or to increase cycle times to allow
time for metastable outputs to settle. An example of the latter
“solution is given below.

It is worth noting at this point that state machines (synchro-
nous or asynchronous) can fail for reasons other than
metastability. A not insignificant component of a PLD’s
specified setup time is directly attributable to internal data
skewing [2]. Data skewing is the inevitable result of differing
signal path lengths, loading conditions, and gate delays.
Stated another way, each input to output path has its own set
of actual AC specifications. If insufficient setup time has
passed, different “versions” of the same data may be present
atthe inputs of different registers as they are clocked. A good
example of this is:

Output_Pin19 := Input_Pin2;
Output_Pin15 := linput_Pin2;

If clocked at precisely the right moment after an input
transition, one register will capture old data while the other
captures new data, resulting in a system failure. This condi-

tion, though also the result of a setup time violation, should not
be confused with metastability (the “incorrect” data that is
captured has normal output characteristics); it is, pure and
simply, the result of a violation of specifications.

Example

To determine the maximum clock rate (given an acceptable
error rate) that a particular device will aliow in an asynchro-
nous environment, equation (4) is used. For example, the
system shown in Figure 6 utilizes a 9600 baud (bits/sec)
asynchronous data stream. The system clock period is
tCO+tPD+tSU+A. For one failure per year:

3.2x10-8 = [(1x10-7)(1/(A+22))(9600) e 441

Solving for A yields A=2.22ns, or about 2ns, for a cycle time
of 24ns. Referring back to Plot 1, the additional delay of 2ns
intuitively makes sense. Remember, in terms of setup and
hold time violations, the oscilloscope plots were made under
worst case failure conditions; the scattered dots could rep-
resent MTBFs of days, years, or even millenniums in a typical
asynchronous environment.

Due to the extremely quick metastable settling times of GAL
devices, a relatively small increase in the cycle time will
produce a dramatic improvement in reliability.
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GAL Metastability Report

SEQUENTIAL STATE ORDERING

If metastability occurs
while transitioning from
01, every state is a
possible next state.

Figure 5.

GRAY CODE STATE ORDERING

If metastability
occurs while
transitioning from 01,
the possible next
states are 01 and 11.

DATA D—] GAL16V8 GAL16V8
Tpd = 10ns —{> OUTPUT
Tco =5ns Tsu=7ns
2\ /\
CLOCK D
Figure 6.

MODULE metastable

TITLE ‘Metastable Test
Pattern'

uOO Device 'P16R8';

d PIN 2;

ql,g2 PIN 12,19;
EQUATIONS

ql := d;

g2 := d;

End metastable

Listing 1a. Source equations

JEDEC file for: P16RS8

Metastability Test Pattern*

QP20* QF2048* FO*

L0000 101111111211111121111121111111111*
L1792 101111111111111111121111111111*
CO7F4+*

Listing 1b. JEDEC file
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GAL Metastability Report

Clock —

2V/div

....................................................................

Output —

1V/div

2ns/div
Plot 1. GAL16V8B-7 Metastable Output
Part # Manufacturer A0 (ns) k2 (1/ns?)
GAL16V8B-7 Lattice 44 5.0
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Clock —»

2V/div

1V/div

2ns/div
Plot 2. GAL22V10B-10 Metastable Output
Part # Manufacturer Ao (ns) k2 (1/ns?)
GAL22V10B-10 Lattice 51 5.2
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2V/div

1V/idiv

2ns/div
Plot 3. GAL6001-30 Metastable Output
Part # ) Manufacturer Ao (ns) k2 (1/ns?)
GAL6001-30 Lattice .22 7.3




GAL Metastability Report

2Vidiv

1V/div

Clock =

Output -

2ns/div
Plot 4. PAL16R8-7 Metastable Output
Part # Manufacturer A0 (ns) k2 (1/ns?)
PAL16R8-7 AMD 1.2 25
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2V/div

1V/div

2ns/div
Plot 5. TIBPAL16R6-7 Metastable Output
Pant # Manufacturer Ao (ns) k2 (1/ns?)
TIBPAL16R6-7 T 15 15
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GAL Metastability Report

2V/div

Output —

1V/div

2ns/div
Plot 6. SN74AS74 Metastable Output
Part # Manufacturer Ao(ns) | k2(1/ns?)
SN74AS74 Ti 91 35
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2V/div

Output —

1V/idiv

2ns/div

Plot 7. Normal GAL16V8B-7 Transition
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2V/div

1Vidiv

: Clock —.

Output —

2ns/div

Plot 8. Normal PAL16R8-7 Transition
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2V/div

Output —»

1V/div

2ns/div

Plot 9. Normal SN74AS74 Transition

END
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Latch-up Protection

INTRODUCTION

The Lattice GAL family has been developed using a high-
performance E2CMOS process. CMOS processing was
chosen for the GAL family to provide maximum AC
performance with minimal power consumption. A
drawback common to all CMOS technologies is the
destructive agent, latch-up.

This brief defines the phenomenon of latch-up, how it
manifests itself, and what techniques have been used to
control it. Also described are three device features
employed inthe GAL family to eliminate the occurrence of
latch-up as well as the results of an intensive investigation
conducted to reveal the GAL family’s tolerance to latch-

up.

Latch-up is destructive bipolar device action that can
potentially occur in any CMOS processed device. It is
characterized by extreme runaway supply current and
consequential smoking plastic packages. Latch-up is
peculiar to CMOS technology, which integrates both P
and N channel transistors on one chip.

In the doping profile of a CMOS inverter, parasitic bipolar
(PNPN) silicon-controlled-rectifier (SCR) structures are
formed. Figure 1 shows the process cross section of a
CMOS inverter, as well as the bipolar components to the
parasitic SCR structure. In steady-state conditions, the
SCR structure remains off. Destruction results when stray
current injects in to the base of either Q, or Q, in Figure 1.
The current is amplified with regenerative feedback

(assuming that the beta product of Q, and Q, is greater
than unity), driving both Q, and Q, into saturation and
effectively turning on the SCR structure between the
device supply and ground. With the parasitic SCR on, the
CMOS inverter quickly becomes a nonrecoverable short
circuit; metal trace lines melt and the device becomes
permanently damaged.

CAUSES OF LATCH-UP

Ithas been explained that parasitic bipolar SCR structures
are inherent in CMOS processing. If triggered, the SCR
forms a very low-impedance path from the device supply
to the substrate, resulting in the destructive event. Two
conditions are necessary forthe SCR to turn on: The beta
product of Q, and Q, must be greater than unity, which,
although minimized, is usually the case; and a trigger
current must be present. The cause of latch-up is best
understood by examining the mechanisms that produce
the initial injection current to trigger the SCR network.
Figure 2 is a schematic of the parasitic bipolar network
presentina CMOS inverter, where node “b” is the inverter
output. It can be seen that two events might trigger latch-
up: 1) the inverter output could overshoot the device
supply, thereby turning on Q, and injecting current directly
into the base of Q,; and 2) the inverter output could
undershootthe device ground, turning on Q, immediately.
However, a third condition could also trigger latch-up; if
the supply voltage to the P+ diffusion were to rise more
quickly than the N-well bias, Q, could turn on. Within the
device circuitry, overshoot and undershoot can be
controlled by design. A problem area exists at the device

Input
L

Figure 1. CMOS Inverter Cross-Section
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Latch-up Protection

inputs, outputs and I/Os because external conditions are
not always perfect. Powering up can also be a potential
problem because of unknown bias conditions that may
arise.

With CMOS processing the possibility of latch-up is always
present. The major causes of latch-up are understood
anditis clearthat if CMOS is to be used, solutions to latch-
up will have to be created. As the technology evolves,
solutions to latch-up are becoming more creative. Two of
the more straightforward solutions are presented here.

One direct way to reduce the threat of latch-up is to inhibit
Q, (Figure 1) fromturning on. This has been accomplished
by grounding the substrate and reducing the magnitude of
Rsub through the use of wafers with a highly conductive
epitaxial layer. While the technique is successful, the
wafers are more expensive to manufacture, due to the
extra processing required to form the epitaxial layers.

The extensive use of “guard rings” helps to collect stray
currents which may inadvertently trigger an SCR structure.
A disadvantage to heavy use of guard rings is the
constraints placed on circuit design and topological layout,
and the resulting increase in die size and cost.

THE LATCH-LOCK APPROACH

The intent of the GAL family was to implement cost-
effective solutions to each major cause of latch-up. The
goal was met through three device features.

The most susceptible areas for latch-up are the device
inputs, outputs and I/Os. Extreme externally applied
voltages may cause a P+N junction to forward-bias,
leading to latch-up. The inputs, by design, are safe; but
outputs and I/Os present a danger.

Vee
I | 'suppLy
S
a1 > 3 Pwew
Rsus
Q2 Q3
Vsu b Output
Figure 2. Parasitic SCR Schematic

To prevent latch-up by large positive swings on the device
outputs or I/O pins, NMOS output drivers were used. This
eliminates the possibility of turning on Q, (Figure 2) with
an output bias in excess of the device supply voitage.
Figure 3 contains the effective NMOS output driverandiits
switching characteristics. Note that the output does not
fully reach the supply voltage, but still provides adequate
V,,, margin for TTL compatibility.

To prevent negative swings on device output and /O pins
from forward-biasing the base-emitter junction of Q,, a
substrate- bias generator was employed. By producing a
Vv, of approximately -2.5v, undershoot marginis increased
to about -3V.

To insure that no undesired bias conditions occur with P+
diffusions, Lattice Semiconductor has developed
proprietary Latch-Lock power-up circuitry, illustrated in
Figure 4. In short, the drain of all P channel devices
normally connected to the device supply is now connected
to an alternate supply that powers up after the device N-
wells have been biased and the substrate has reached its
negative clamp value. This prevents any hazardous bias
conditions from developing in the power-up sequence.
After power-up is complete, the Latch-Lock circuitry
becomes dormant until a full power-down has occurred;
this eliminates the chance of an unwanted P channel
power-down during device operation.

To determine the amount of latch-up immunity achieved
with the three device features utilized in the GAL family,
anintensive investigation was carried out. Each stepwas

Vee

e

gyt

= $—— Output
__.—l%
o

Figure 3. NMOS Output Driver
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Latch-up Protection

conducted at 25° and 100°C; inputs, outputs, and I/Os
were sequentially forced to -8V and +12V while the device
underwent fast and slow power-ups; devices were
repeatedly “hot socket” switched with up to 7.0V.

Even under the extreme conditions specified, no instance
of latch-up occurred. In an attemptto provoke latch-up, +
50mA was forced into each output and I/O pin. The device

output drivers were damaged in the battle, and still latch-
up was not induced.

Based on the data, it is evident that the GAL family is
completely immune to latch-up, even when subjected to
a wide variety of extreme conditions, including current at
inputs, outputs, and 1/Os, power-supply rise time, hot-
socket power-up and temperature.ll

Vce
|
LLC Vu oo o
— 5
V 4

E'

Vce

Ve

Figure 4. Latch-Lock Power-Up Circuitry
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Hidden Costs
in PLD Usage

While the purchase price of a programmable logic device
is an important consideration in identifying the most cost-
effective solution for a system design, it is clearly not the
only criterion. Hidden costs attributable to product testing,
yield fallout, inventory management, and other factors can
dramatically impact the final cost of using a PLD.

This brief investigates the overhead associated with PLD
usage andthe advantages of testable and reprogrammable
E2CMOS GAL devices overone-time-programmable PLDs.

The GAL family of programmable logic devices is
manufactured on a state-of-the art E2CMOS process that
not only provides a better speed-power product than the
best bipolar devices, but offers an advantage unique
among PLD manufacturers: guaranteed programming and
post-programming yields of 100%.

The 100%-yield guarantee is the cuimination of years of
Lattice Semiconductor’s circuit-design and manufacturing
experience applied to the GAL device. The only way to be
able to make this 100% yield statement— and to supply
product that actually meets the 100% criterion—is to fully
test all functions of the device, prior to shipment.

The electrically erasable (EE) matrix, unlike previous PLD
matrix technologies (bipolar fuse-link and UV-erasable
PROM), permits full testing of the programmability and
reprogrammability of each and every matrix cell. The ability
to pattern the actual matrix is extremely significant, since it
also allows Lattice to test the functionality of each of the
Macrocell logic blocks, under various worst-case
configurations. This test approach is referred to at Lattice
as ‘Actual Test’. Unlike other PLD manufacturers’
approaches, which include imprecise correlations,
simulations, test rows, and phantom arrays, Actual Test
conclusively verifies AC and DC performance of every cell
in every GAL device.

ELIMINATES INCOMING QA

A consequence of Actual Test is that GAL devices do not
require the typical incoming Quality Assurance testing that
traditional fuse-link bipolar PLDs require. As such, the cost
savings of using GAL devices begins the moment the parts
arrive, since the average cost of anincoming QA operation—
hardware, software development and maintenance, and
handling—is approximately 7% of the raw device cost.
Moreover, GAL devices become the optimal choice for
implementation of Just-In-Time or Dock-To-Stock programs,
since they eliminate the expense and time required by the
incoming inspection process.

Still, a number of users require that all devices undergo
incoming QA. In those cases, the use of GAL devices still
simplifies the issue. A single generic test program can be
used to test all configurations of the E2ECMOS-based GAL
device. The expense of generating and maintaining a test
program for every architecture (16L8, 16R4, 10P8, and so
on) is eliminated with Generic Array Logic.

Since the QA test for fuse-link PLDs, by its nature, requires
the destructive patterning of the fuse array, QA testing of
bipolar PAL devices can only be done through a sample
plan. At best, a sample plan can provide a crude estimate
of fuse-link yield loss; moreover, sampled devices cannot
be erased and must be subsequently thrown away. GAL
devices, utilizing the E2CMOS process can be patterned
and erased at will, allowing 100% QA of all specifications
and configurations. And, the devices can, of course, be
erased to allow full reuse of the sample units in
manufacturing.

' Diagram 1: Inventory Reduction with GAL Devices
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SIMPLIFIED INVENTORY MANAGEMENT

The generic architecture and high performance of the GAL
devices allow two basic devices—the 20-pin GAL16V8
and 24-pin GAL20V8—to directly replace approximately
70% of PLD device types currently available, including
100% of the most popular types ('L8,’ ‘R8,’ ‘R6,’ and ‘R4’)
and a sizable portion of the FPLA and EPLD devices. The
obvious benefit of using GAL devices is a substantial
reduction in the number of part types that need be stocked
(Figure 1).

Inventory management of dozens of speed-power options
and device architectures is a painful process. The ideal
cost of managing a device inventory adds some 2% of
direct overhead; the real cost can be significantly greater,
due to the risk that a shortage, ‘outage,’ or obsolete stock
condition will exist. Improper planning could resultin ashut-
down of the assembly line. The generic architecture allows
the GAL device to serve as insurance whenever needed to
meet animmediate shortfall. The yields, at 100%, allow full
planning confidence that the problem is solved.

Disposition of rejects is another inventory-management
issue. The raw cost of the rejects themselves (ata 2%t0 5%
falloutrate) is compounded by the associated paperwork of
obtaining a replacement or credit for the bad devices.
Studies show that every time a buyer or purchasing agent
picks up the phone or generates a debit memo, some $30
to $50 is spent. Follow-up activity —2 or 3 calls or letters—
compounds the expense. Meanwhile, the manufacturing
inventory is short of devices. What's more, carrying
additional ‘safety-stock’ as insurance against a temporary
shortage results in a higher inventory-carrying cost.

100% YIELDS REDUCE SYSTEM COST

Perfect yields, as provided through Actual Test, allow the
manufacturing environment to run in a fully predictable
manner. This allows purchasing and production control to
accurately schedule all activities and product for system
build. Just-in-Time material-requisition systems assume
that the material will arrive on time, in the exact quantity
necessary. With GAL devices, the source productinventory
can be allocated for programming to various pattems with
full confidence that the final patterned devices will be inthe
quantity and of the quality desired.

A rule of thumb, commonly known as the ‘Factor of Ten
Rule’ (Table 1), details the cost of a failing unit throughout
the manufacturing process. The pointis that unit costis not
nearly as important as its contribution to subsequent costs
(or savings). The Rule basically states that the cost of
detecting and replacing a defective device increases by an
order of magnitude for each subsequent step of the
manufacturing process. :

cosT* MULTIPLIER | OPERATION
$ 5.00 X Raw Cost of Device
$ 50.00 10X | Cost of Detecting and Repairing a
Board Failure
$ 500.00 100X Cost of Detecting and Repairing a
System Failure
$ 5,000.00+ 1,000X Cost of Repalring a Field Failure

Each successive operation resuits in 10 times the cost to detect
the failing device. $5.00 device cost assumed — use your actual
cost and a 10x multiplier to obtain actual numbers.

Table 1: Factor of Ten Rule

It is extremely important to recognize that the additional
difficulty and cost of using traditional PLDs has implications
far beyond what the observed programming yield fallout
portends. The hidden costs, time and expense aggravation
of board failures (10x device cost to detect and repair),
system failures (100x device cost), and the potential for
field failures far outweigh the simple 2% to 5% yield losses
observed on a programming fixture.

Figure 2illustrates the differences between traditional PAL
device yield loss and the 100% yields of the GAL devices.
Notice that even operator errors and engineering pattern
revisions are recoverable with GAL devices, which can be
instantly erased and reprogrammed to the proper
architecture and logic pattem.

TRADITIONAL PLD APPROACH

GAL APPROACH

Diagram 2: Yield Loss Comparison
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In a typical manufacturing environment, device
programming hardware patterns the array, and assuming
the engineer has provided test vectors, the hardware
performs a basic (slow) functional test of the device. Yield
losses at these two operations average 2% to 5% and 1%
to 2%, respectively.

What is not tested adequately at the PAL programming
operation is the effect of partially programmed fuses that
resultin degraded AC performance or marginal reliability of
the device. These failures are caught at board test and/or
after board bum-in. Typical bipolar functional and AC
parametric failure rates range between 0.5% and 2% for all
manufacturers of fuse-link PAL devices. Even if one

“assumes the minimum failure rate of 0.5%, the system
failure rates are still greatly magnified.

Two mechanisms are used to detect the failures of PAL
devices: board test and system test. Using the ‘Factor of
Ten Rule’ and assuming that board test fully screens bad
devices (AC fallout), if a conservative device failure rate of
0.5% were observed, the actual parts cost would be:

Acost = Pcost + (Pcost * 10 * 0.5%)
= Pcost + Pcost * 0.05
= 1.05 » Pcost

Performing the screening at the system level, under the
same scenario, makes a dramatic difference in the cost of
the device:

Acost = Pcost + (Pcost * 100 * 0.5%)
= Pcost + Pcost * 0.5
= 1.5 * Pcost
These two different cost factors were determined using the

conservative failure rate of 0.5%. Using the GAL device,
with its 0% failure rate, provides instead a cost factor of 1;
i.e., no additional cost burden is generated.

The problem caused by PLD failures obviously grows in
proportion to the number of devices in a system, since the
probability of a failure among a group of PAL devices is
higher than that for a single device. Figure 3 plots the
probability of a board or system not working, as a function
of the number of devices per system, for a variety of device
failure rates.

For example, at a unit failure rate of 1.0%, a system
incorporating 30 PAL devices will exhibit a 25% failure rate.
That means that 1 out of every 4 systems will have to be
reworked, at tremendous cost. The replacement of an
average 0.5% of the units in a system results in an actual
8% adder to the hidden device cost.

The difficulty in replacing board failures is compounded by the
removal of soldered units. ltis quite easy to destroy a board with
the removal and replacement of a defective device.

Systems that fail in the field are not only the most costly interms
of dollars and cents, but in customer relations, as well. They
require responding rapidly and performing repairs in a less-
than-ideal environment, withoutthe complete tools and supplies
available at the factory. Field failures will always occur to some
degree. However, the use of GAL devices can help reduce field
repair costs when they do occur—even if the failing device is a
traditional bipolar PLD—since the generic, erasable nature of
GAL devices allows a minimum of field inventory to be carried,
todebug systemfailure problems caused by other devices. The
panel on the next page provides guidelines for calculating PLD
usage costs.

15% PAL FAILURE RATE
100 -
g ol
'éf =
3 °r
- 1% PAL FAILURE RATE
E 20 5% PAL FAILURE RATE
A 1 1 I 1 I
0 5 10 150 200 250 300
PAL DEVICES PER SYSTEM

Diagram 3: Probability of System Failures Using Bipolar PLDs
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PLD Cost Analysis

The cost of using a PLD goes well beyond simply the raw
device cost. Programming and vector-testyields are obvious
contributors to higher unit cost. The less-obvious and
hidden costs tend to be much more difficult to identify and
quantify.

The purpose of the costing example is to provide the basis
for your own cost analysis, using your own overhead and
yield numbers. Estimates for reasonable ranges of the cost
contributors are shown as a guide to using your own
numbers.

The explanation for each of the contributors to the device
cost mulitiplier follow the figure. These cost multipliers
include the overhead for each operation, and as a result,
are higher than the observed costs.

The example shown is based on actual data from a
100,000-piece-per-year user of traditional bipolar PLDs.
The environmentis atypical, high-volume, quality-controlled
one. The GAL device checksin at 1.09times the normalized
cost, while the actual cost of using the bipolar PLD is 1.66
times—almost 40% higher. :

COST MULTIPLIER
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1 Device Costis normalized to unity so that
the raw purchase price has no bearing on the other cost
factors.

2 Purchasing Multiple Device Types
instead of the single GAL device adds to overhead in the
purchasing and receiving departments. This contributes
approximately 2% as the availability, quality, and quantity
issues are resolved with each order. The GAL approach
reduces this numberto 1.25% with inventory simplification.

3 Prototype Lab Inventory and usage
typically adds 5% to maintain experimentation stock of
multiple device types for board debug. The GAL device
multiplier is 1%, since the device can be reused over and
over again.

4 Incoming QA Test and programs cost
more than may be immediately apparent, with a 7% adder.
The generation and maintenance of the software and
hardware for the dozens of bipolar devices is considerably
more expensive than the single GAL device software
required. No sample-program waste is induced. Only the
aspects of handling are required for GAL devices, resulting
in a reduction to 1% (or 0%, if you eliminate the incoming
QA operation entirely).

5 Inventory Management includes shelf
space, safety stock, depreciation, obsolete stock write-off
and personnel to maintain adequate control of the units. A
typical overhead is 10%. The simplified GAL operation
involves no safety or obsolete stock and a minimum of
device types, adding a maximum 2% to 3% to overhead.

6 Programming and Test includes all
handling and hardware expenses. Inventory issuance,
counting and retumns, handling during the program/test
operation, labels, and paperwork contribute to a 12%
multiplier. The 100% yielding, generic GAL approach
reduces the problem to 4%.

7 Programming Yield Fallout is directly
observed as bad units. A typical bipolar range is 1% to 4%.
GAL devices have 0% yield fallout—guaranteed.

8 Functional Yield Fallout is detected by
the device programmer immediately after programming,
through the use of test vectors, and can average 1% 10 3%.
GAL devices guarantee 0% functional fallout. It should be
notedthatusingtestvectors does not screenoutinadequate
for AC performance, which will be manifested as a board

failure.

9 Reject Disposition overhead runs 5%to
obtain replacements and credits for fuse-link devices. Zero
rejects with GAL devices eliminates costs associated with
reject disposition. Notice that the cumulative multiplier for
only the program/test/reject of fuse-link devices is 1.10,
compared with GAL devices’ 1.00 multiplier.

1 O Board-Level Failures are typicallywhere
AC failures are detected. The ‘Factor of Ten Rule’
exacerbates theimpact of the observed 1% to 4% fallout to
an overall cost impact of 7% to 10%. GAL devices exhibit
no board-level fallout (and therefore no costimpact). Board
throughput is also a major cost contributor, with typical
reworks of 20% to 30% a consequence of PAL quality
levels.

1 1 System-Level Failures add 8% to 15%
to the PLD cost, taking into consideration a 100x ‘Factor of
Ten Rule’ multiple. GAL devices again provide 100%
yields, and therefore exhibit no system-level-failure cost
impact
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September 10, 1990 Applications Brief #ABR1015A
Programmable Clocks Improve System Performance
Introduction '

Thereis agrowing need forinnovative design techniques to increase the system throughput using
the currently available Programmable Logic Devices (PLDs). One way of improving the system

_throughput is to make use of Lattice’s new GAL20RA10-15. By taking advantage of the unique
architecture featuring an individually controlled clock on each of the Output Logic Macro Cell
(OLMC) registers, the resolution of the control signals generated by a GAL20RA10-based state
machine can be doubled. The design example shown in this Application Brief takes advantage
of this feature in a Dynamic RAM (DRAM) control logic design.

Design Example

The most common control signals generated by DRAM control logic are the Row Address Strobe
(RAS) and the Column Address Strobe (CAS). The timing requirements of these control signals
are strictly governed by the DRAM’s timing requirements. Based on the DRAM's timing
requirement, Figure 1a shows how the RAS and CAS control signals are generated from a
standard PLD device which has only one dedicated active high clock signal driving all the output
registers. The basic constraint of the high-to-low transition of RAS signal to the high-to-low
transition of CAS signal for the 100ns DRAM is 15ns minimum (row address hold time after RAS).

As illustrated in Figure 1b, the activation of CAS signal is unnecessarily delayed because of the

CLK
R — L 30 ns ., 15ns |
" T g
D Q> RAS CLK
! 12ns !
(tco) 12ns
‘ (tco) RAS
D Qp{> CAs I
CAS
> * Only 15 ns needed for the row address hold time
Figure 1a. Figure 1b.
Standard PLD design with a Control signal generation with a
single active-high clock single active-high clock




limitations of the standard PLD’s single active-high clock driving all the output registers. This
limitation is not a reflection of the DRAM'’s requirements but rather a limitation of the standard
PLD.

Design engineers can improve this design method by using the GAL20RA10’s independent
OLMC clocks. Figure 2b shows the RAS and CAS signals being driven by both the rising and
falling edges of the clock signal. This technique can be implementedinthe GAL20RA10 by simply
feeding the complement of the clock input from the RAS control register to the CAS control
register, as shown in figure 2a.

Summary

The individual clock control on the OLMC is one of several different individual product-term
controlled features which are available on the GAL20RA10. Other individual product-term
controlled signals of the GAL20RA10 include the Asynchronous Preset (AP) and Asynchronous
Reset (AR). These signals can also be used, similar to the clock signal, to enhance system
performance. In addition to these features, the GAL20RA10 has an external preload (PL)
capability to improve the control over the register contents — especially in state machine design.
The full GAL20RA10 macrocell architecture is shown below, in figure 3.

CLK
- | 30 ns ! 15ns |
D Qf>~ RAS
12ns
> (tco) 12 ns
D Q- cAs |<—15L>
| ' CAS
—O
* Only 15 ns needed for the row address hold time
Figure 2a. . Figure 2b.
Standard PLD design with dual-polarity clocks Control signal generation using a GAL20RA10

5

—D

—D

-0

E HL_D__D o
XOR

=

Figure 3.
GAL20RA10 Macrocell
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June 12, 1991 Applications Brief #ABR1018

Programmable Frequency Divider

Introduction

When designing with standard PLDs such as the GAL20V8 and GAL22V10, system design
engineers are sometimes faced with the situation where a few extra product terms or extra
macrocells are required to implement the design. These situations usually do not warrant
adding a second standard PLD. The ideal solution is to find a way to add these extra product
terms and/or ouputs while still keeping the design to one device. The design example given
in this application brief illustrates one example of how the extra outputs of the GAL26CV12 can
solve the common problem of needing additional outputs. The design will show a program-
mable frequency divider that uses a 10-bit counter as a base and can therefore divide the
incoming frequency by up to 1024.

Design Example

The design requirements for the programmable logic device are 10 macrocells for the intemal
counter, one macrocell for the programmable output frequency, 4 inputs for the frequency
selection and one input clock. Figure 1 below shows the simple block diagram of the
programmable frequency divider.

MASTER DIVIDED
CLOCK FREQUENCY
FREQUENCY g 4; BURIED
* { » BURI
SELECT | COUNTER BITS

Figure 1. Block Diagram of Programmable Frequency Divider

This frequency divider implementation, using D type registers, requires more than 8 product
terms for the two most significant counter bits on the 10-bit counter. The programmable
frequency output also requires more than 8 products terms. Therefore, even two GAL20V8
devices (or other standard PAL devices) would not work for this design since they only have
a maximum of 8 product terms per output. Since a total of 11 macrocells is required to
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implement the counter and the programmable frequency output, even a 22V10 device would
not work.

A single GAL26CV12 device satisfies both the product term requirements and the ouput
macrocell requirements for the example design. The equations and the output pin assign-
ments to implement the 10-bit programmable frequency divider are given below. Notice that
the outputs that require more than 8 product terms are assigned to the inner-most pins of the
device.

QoD =(1Q0); “PIN 27 Q8D =( Q0&Q14&Q24&Q3 & Q4 & Q5 & Q6 & Q7 & Q8
Q1.D =( Q0&1Q1 * 1a7808
D = . ) # 1068Q8
# 10080Q1); PIN 26 e
Q2D =(Q0&Q14&!Q2 ¥ 104808
# 1038 Q8
# 1018 Q2 e
# 1008Q2); PIN 25 D
Q3D =(Q0&Q14Q24103 ¥ 100808); PIN 19
' :gfggg Q9D =( Q0&Q14&Q28&Q34& Q4 &Q5& Q6 & Q7 & Q8 & 1Q9
# 100&Q3); *PIN23 ¥ 1088Q0
; # 1078Q9
Q4D =(Q0&Q1&Q2&03& Q4 ¥ 1a6&Q9
# 1058Q9
# 1038 Q4
# 1048Q9
¥ 1028 Q4
# 1038Q9
# 10180Q4 e
# 1008 Q4); PIN 15 ek
Q5D =( Q0&Q1&028Q38& Q44105 ¥ 1008Q9); PIN 20
' :g:gg FDIV = ( SELO&ISEL1 & ISEL2 & SEL3& Q9
b ldaas # ISELO & ISEL1 & ISEL2 & SEL3 & Q8
¥ 102805 # SELO& SEL1& SEL2 & ISEL3& Q7
a0 PIN 16 # ISELO& SEL1& SEL2 & ISEL3& Q6
; # SELO&ISEL1& SEL2 & ISEL3&Q5
# ISELO& ISEL1 & SEL2 & ISEL3 & Q4
a6.D by fQ?&&Q%‘&QZ&QS&Q“&Q“’QG # SELO& SEL1&ISEL2 & ISEL3 & Q3
# 1cesas # ISELO& SEL1& ISEL2 & ISEL3 & Q2
F s os # SELO&ISEL1 & ISEL2 & ISEL3 & Q1
Flosas # ISELO& ISEL1 & ISEL2& ISEL3&Q0); 'PIN22
# 101806
# 1008Q6); *PIN17
Q7.0 =( Q0&Q1&0Q2&Q34&Q4 & Q54 Q6 & 1Q7
# 106 8Q7
# 1058Q7
# 1048 Q7
# 1038Q7
# 1028 Q7
# 1Q1&Q7
# 108 Q7); *PIN18
Summary

The GAL26CV12 has a total of 12 output logic macrocells and a product term distribution of
8 terms on the outermost pins to 12 on the innermost pins. It comes in a 28-pin DIP and PLCC
package, with center Vcc and Ground pins on the DIP package. When design engineers are
. frustrated by the limitations on the number of available product terms, output macrocells, or
input pins on standard PLD devices, using the GAL26CV12 is a valuable design alternative.
Since the GAL26CV 12 can often save the cost of adding a second PLD, the design is simplified
while also cutting cost and board space requirements.
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§§§|_a'|'t|ce The GAL18V10
Advantage
June 12, 1991 Application Brief #ABR1019
Introduction

Although the GAL16V8 is able to replace a number of different standard PLDs, such as the
common PAL16L8 and PAL16R8, there are times when the designer needs more flexibility
than the standard 20-pin PLDs offer. Moving the PLD design to the next package size means
using a 24-pin DIP or 28-pin PLCC package. Often the increase in functionality is out of
proportion to the increase in package size.

This application brief describes the most common limitations of a standard PLD and how the
GAL18V10's unique architecture allows the designer much greater functionality while main-
taining the same 20-pin package. In addition, the architecture of the 18V10 is exactly the same
as the industry-standard 22V10 device, which means that learning a new device architecture
is not necessary.

More Inputs

One of the benefits of Lattice's patterning of the GAL18V10 after the 22V10 device is that the
macrocell structure allows for greater flexibility than the common 20-pin PAL-type devices.
Whereas the GAL16V8, because of its exact emulation of many PAL devices, must limit the
I/0 pins that can have feedback or be configured as inputs, the 18V10 has no such limitations.
Every one of the I/O pins on the GAL18V10 can be configured as registered or combinatorial,
has feedback capability, and can be configured as a dedicated input or dynamic 1/O pin.

GAL16V8 emulation mode No feedback or input
Complex Mode (16L8) pins 12, 19

Simple Mode (16H4, etc.) pins 15, 16

More Outputs

As the name suggests, the GAL18V10 has a total of 10 possible outputs. In cases where more
than eight outputs are needed on the standard PLD, a GAL18V10 makes an ideal replacement.
One demonstration of the additional capability of the GAL18V10 is an eight-bit counter with a
carry-out signal. A GAL16V8 or PAL16R8 device can be used to build an eight-bit counter.
However to provide a carry-out and/or carry-in signal, more outputs are required. The
GAL18V10 fits the bill nicely, since it is a functional superset of the already flexible GAL16V8.
Adding an few extra lines of equations in the source file and re-compiling produces a JEDEC
file for a totally pin-compatible replacement, but with extra functionality. Other uses for the
additional output macrocells include implementing nine or ten bit counters and decoded
outputs from eight or nine bit counters. All of these functions could be done in a 22V10 as well
(atextra cost), but could not be done in any of the common 20-pin PAL devices, or evenin newer
devices such as the 85C220, 18CV8, or EP320. Below is an example of two implementations
of an eight-bit counter with carry-in and carry-out. While this desugn fits in one GAL18V10, it
requires two different 20-pin PAL devices.
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GAL18V10 PAL16R6 & PAL16R4

PAL16R4
" Canry-out ———2> Cany-out
i 7 H '
Cany-n PR
I Counter bits
—-#—P PAL16R6
Ca 'iﬂ z s
Counter bits — PR .

Figure 1. 8-bit Counter with Carry-In and Carry-Out

Reset and Preset

Another benefit of the 22V10 nature of the GAL18V10 is the inclusion of Asynchronous Reset
and Synchronous Preset of the registers. These dedicated product terms can allow any pin or
combination of inputs and/or feedbacks to trigger a global reset or preset to occur. Inmany other
devices this can only be accomplished by using valuable product terms and extra design time
to build this capability into the logic for each output. Since each output in these devices has
only seven or eight product terms, the addition of the reset/preset logic may make it impossible
to fit in the desired logic functions. For example, the eighth output of an eight-bit counter will
look something like:

Q7 =(Q0&Q1&Q2&Q3&Q4&Q5&Q6&!Q7 "Product Term 1

# 1Q6 & Q7 "Product Term 2
# 1Q5& Q7 "Product Term 3
# 1Q4 & Q7 "Product Term 4
# 1Q3& Q7 “"Product Term 5
# 1Q2& Q7 "Product Term 6
# 1Q1&Q7 "Product Term 7
# 1Q0&Q7); "Product Term 8
# 1Synch_Preset * NO MORE PRODUCT TERMS AVAILABLE!

To add the capability for a synchronous preset would require the use of an additional product
term, whichmay notbe available. This same problem may come up in acomplex state machine.

The Asynchronous Reset function cannot even be duplicated in the GAL16V8 or standard PAL
devices. The GAL18V10 can be asynchronously reset, therefore simplifying the power-up
routine by not requiring a clock cycle to put the device into a known state.

Flexible Output Enable

Again because of its exact emulation of the common 20-pin PAL devices, the GAL16V8 has
limited options for placement of the Output Enable control pins. A GAL16V8 with any I/O
macrocells configured in registered mode always has pin 11 dedicated to the output enable of
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the register. Pin 11 is then no longer available as an input to the array. This means that any
combinatorial outputs that need output enable control must use an additional pin, since the
output enable control of combinatorial outputs is through a product term. A design with a mix
of registered and combinatorial outputs using a GAL16V8 (or 20-pin PAL device) must always
use two pins to get output enable control on all outputs. The GAL18V10 has no such
restrictions. All output enable control is from a product term, regardless of whether the output
is configured as registered or combinatorial.

Saving one pin on a 20-pin device can mean the difference between keeping the design in a
20-pin device and having to go to a larger (and more expensive) device. Figure 2 illustrates
how the GAL18V10 can use one less pin than a GAL16V8 or 20-pin PAL device when both
registered and combinatorial outputs must be tri-stated.

GAL18V10 20-pin PAL
_______ Combinatorial Combinatorial Combinatorial
é 3 oum uts OE USSP 3 Outputs
0E " if oo

- Registered i anishocdill U Registered

‘QO_WW‘S B Outputs
Figure 2. Output Enable Pin Consolidation
Conclusion

ltis clear that standard PAL architectures have definite limitations. Lattice first addressed this
issue with the GAL16V8 and GAL20V8 devices, which were able to replace all standard 20 and
24-pin PAL devices. For replacing those same PAL devices, and adding some additional
flexibility, the GAL16V8 and GAL20V8 devices are a vast improvement and have become an
industry standard in their own right.

However, as the previous examples have pointed out, there are many cases where the old
standby programmable logic architectures, and even the first-generation GAL replacements,
don'thave the flexibility required. For20-pin devices, the GAL18V10 provides complete design
flexibility by using the familiar 2210 architecture, while maintaining the ability to provide a pin-
compatible superset of the GAL16V8.
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Lattice

Driving CMOS Inputs

With GAL Devices

November 1991

Applications Brief #ABR1025

INTRODUCTION

While Lattice GAL® devices do not have a true CMOS
output structure, in most cases they are able to reliably
drive CMOS inputs. GAL devices are designed with TTL-
level input and output specifications. There are two rea-
sons for this. First, because Lattice GAL devices are as
fast, or nearly as fast, as the fastest equivalent bipolar
devices, they are often used as bipolar replacements.
While a design may initially be done with bipolar devices,
often the designer has the opportunity to replace the
bipolar device with the lower-power and bettertested GAL
device. In these cases, the GAL device must drop into the
same socket with identical functionality. Second, switch-
ing noise is greatly reduced by using TTL-level outputs .
Switching an output from Vec to Ground will generate
considerably more noise than switching from a TTL high
toa TTL low.

NMOS OUTPUTS

GAL devices use a NMOS output structure, which does
not allow the output signal to go to the rail but still gives
plenty of margin to TTL specs. The NMOS output struc-
ture also completely eliminates any possibility of latch-up.

Under typical conditions of room temperature and nomi-
nal Ve, GAL devices will exhibit a VoH of about 4.2 volts.
This value will change somewhat with temperature, Vcc,
and normal process variations. Process and temperature
are the most important factors, in that they affect the
amount of voltage drop between Vcc and the output pin.
Therefore the most valuable way to specify a VOH value
is to specify the difference between Vce and VOH. In this
manner, a designer with greater control over Vcc can
know exactly what the true worst-case VOH value will be.
The following tables show the VOH values that can be
expected under different conditions.

Commercial and Industrial Dovleei

Specification | Condition Min. Value
VoH IoH=3.2mA 24V
IoH =100 pA Vee-1.0V
Military Devices
Specification | Condition Min. Value
VoH loH=2.0mA 24V
IoH = 100 pA Vec-1.2V

One factor that helps to make it all work is that even
though the output voltage or the GAL device will drop with
Vce, the input transition point of the CMOS devices being
driven will also drop.

Using pull-up resistors on the outputs of the GAL device
will also help to assure proper CMOS output levels. A 10
Kohm pull-up resistor will pull a GAL device's output to the
rail. Of course the time required to do so depends on the
total capacitance on the the output pin, which includes the
/O capacitance of the GAL device output, the input
capacitance of the devices being driven, and the parasitic
capacitances on the board.

For further assistance, contact Lattice Applications Engi-
neeringatTel: 1-800-FASTGAL (327-8425) or FAX: (503)
681-3037.
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HHT Design Example

November 1991 Applications Brief #ABR1027
Data Block Transfer Address Detector

Introduction

The Exclusive-OR (XOR) gate can efficiently implement arithmetic functions such as counters,
adders and decoders. The XOR gate implements arithmetic functions using fewer product terms
than the standard sum-of-product PLD’s programmable AND, fixed OR array. This is demon-
strated by the following logic equation example.

$ - XOR function syntax & - AND function syntax

# - OR function syntax ! - INVERT function syntax
XOR Function Equivalent AND/OR Function
AS$B /* 2 PT used (A & !B) # (!A & B) /* 2 PT used
(A & B) $ (C&D) /* 2 PT used (A & B& !C) # (A& B & !D) /* 4 PT used

# (lA&C&D) # (!IB&C &D)

To take full advantage of product term usage in a high speed system design, a high speed device
with a built-in XOR function is needed. The Lattice GAL20XV10B fills the need for such a device.
The GAL20XV10B achieves a 10ns Tpd while consuming only 90mA Icc (Max.). The closest
competitor's device offers only a Tpd of 30ns at 180mA Icc. In addition, the generic architecture
of the GAL20XV10B gives system designers the ability to configure outputs to any combination of
registers, combinatorial, XOR and AND/OR structures.

Design Example

An address counter that uses a comparator to keep track of the block data transfer is a typical
application which illustrates the advantages of the GAL20XV10B's XOR architecture. Ifthe starting
address and ending address are given, the address counter will take the starting address and
counts to the transfer address when the transfer begins. The comparator then compares the
counter bits with the ending address. When the counter value equals the ending address, the
address comparator issues a transfer complete signal. The following CUPL example source file
shows how this function can be implemented using CUPL compiler syntax. Notice that the syntax
demonstrates the usage of .OE and .OEMUX to control the AND/OR product term configuration
and XOR configuration, respectively.

Conclusion

This design example illustrates the efficient usage of XOR function by implementing the address
counter with 11 product terms instead of the 14 product terms required with a standard
programmable AND, fixed OR configuration. The bit-wise comparator, implemented with the XOR
function, also makes the design clearand understandable, as can be seen from the logic equations.
Furthermore, the design is implemented with a fast 10ns Tpd and a clock frequency which can run
as fast as 100MHz.
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CUPL Example File

Name

Partno

Date

Revision
Designer

Company

Assembly
Location

Devic

e

APPXV10;
00;
3/3/92;
00;

B. Leigh;
Lattice;
None;
None;
g20xv10;

/******************************************************/
/* This CUPL example use the GAL20XV10 to build the */
/* 4-bit up counter with load function and a 4-bit */
/* comparator. This counter implementation takes */

/* advantage of the built-in XOR function of the */
/* GAL20XV10. It also shows the XOR and AND/OR */
/* configuration in CUPL syntax */

/***************************************&**************/

/** Input definition **/

PIN 1 = SYSCLK;

PIN 2 = SAQ0; /* STARTING ADDRESS BITS */

PIN 3 = SAl;

PIN 4 = SA2;

PIN 5 = SA3;

PIN 6 = EAOQ; /* ENDING ADDRESS BITS */

PIN 7 = EAl;

PIN 8 = EA2;

PIN 9 = EA3;

PIN 10 = STARTLD; /* STARTING ADDRESS LOAD */

PIN 11 = OE_COMP;

PIN 13 = OUT_EN;

/** Output Definition **/

PIN 23 = !ACO; /* ADDRESS COUNTER BITS */

PIN 22 = !AC1;

PIN 21 = !AC2;

PIN 20 = !AC3;

PIN 19 = ICMPO; /* ADDRESS COMPARE BITS */

PIN 18 = ICMP1; .

PIN 17 = !CMP2;

PIN 16 = !CMP3;

PIN 15 = EQUAL; /* EQUALITY COMPARE */

/** Equations **/

AC0.D = ISTARTLD & ACO /** ACO TOGGLE WITH CLOCK **/
$ STARTLD & SAOQ; /** LOAD SAQ **/

ACO.OEMUX = OUT_EN;

7-10



GAL20XV10B Design Example

AC1.D = !STARTLD & ACO /** AC1l CNT UP CONDITION **/
$ !STARTLD & AC1 /** TOGGLE ACl **/
# STARTLD & SAl; /** LOAD SAl **/

AC1.0EMUX = OUT_EN;

AC2.D = |!STARTLD & ACO & ACl /** AC2 CNT UP CONDITION **/
$ !STARTLD & AC2 /** TOGGLE AC2 **/
# STARTLD & SA2; /** LOAD SA2 **/

AC2.0EMUX = OUT_EN;

AC3.D = !STARTLD & ACO & ACl & AC2 /** AC3 CNT UP CONDITION **/
$ ISTARTLD & AC3 /** TOGGLE AC3 **/
# STARTLD & SA3; /** LOAD SA3 **/

AC3.0EMUX = OUT_EN;

CMPO = ACO $ EAO; /** COMPARE ADDR BITO **/

CMP0.OEMUX = OUT_EN;

CMP1 = AC1l § EAl; /** COMPARE ADDR BIT1 **/
CMP1.0OEMUX = OUT_EN;

CMP2 = AC2 $ EA2; /** COMPARE ADDR BIT2 **/
CMP2.0OEMUX = OUT_EN;

CMP3 = AC3 $ EA3; /** COMPARE ADDR BIT3 **/
CMP3 .0OEMUX = OUT_EN;

EQUAL = !CMP0 & !CMP1 & !CMP2 & !CMP3; /** MAGNITUDE COMPARE **/
EQUAL.OE = OE_COMP;
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Lat“ C@  GAL6002B Design Example
4 to 1 RS-232 Port Multiplexer

INTRODUCTION

The GAL6002B is the most versatile 24-pin PLD available
today. Its FPLA architecture offers buried macrocells,
D/E registers, programmable clocks and dedicated input
pins which can be individually configured as latches or
registers. These features combine to provide the designer
with an ideal platform on which to build complex state
machines and other complex logic functions.

This application note will provide an example of how a
GAL6002B might be used in a system. Additionally, it will
show how software tools are used to exploit some of the
device’s unique features. The circuit to be described is a
4-to-1 RS-232 serial port multiplexer (Port MUX). The
concept for the circuit arose from the need to replace a
mechanical switch used to connect four computers to a
high speed laser printer.

The Port MUX application uses every input and output pin,
as well as all eight State Logic MacroCells. Other than a
single GAL6002B, the only ICs needed are RS-232 line
driver/receiver chips and a clock source.

BASIC RS-232 PROTOCOL

Tounderstand the operation ofthe port MUX, itis necessary
to have a basic knowledge of RS-232 communications
protocol.

Though the RS-232 protocoil is standardized, its definition
is loose enough to allow liberties to be taken in its
implementation. When the port MUX was designed, the
assumption was made that communication can take place
with only four signals: transmit data, receive data, printer
ready/busy, and computer ready/busy. In RS-232 parlance
these signals are called TxD, RxD, DTR, and DSR,

respectively.

An RS-232 link is digital (bistable) in nature, but the
voltages used to represent logic ones and zeros are not
TTL level. Instead, -12VDC represents a logic one and
+12VDC represents a logic zero. Another consideration is
that the idle or deasserted state of an RS-232 signal is a
logic one, although data is transmitted in its “true” form. A
typical single byte transfer can be seen below in Figure 1.

Uy

1(-12v)

0 (+12V)

0 0011010

I
ASCIi *X"

-“0>-40
<-<4=-3>7
vO-H®

Figure 1. TxD during single byte transfer

A typical RS-232 data transfer between a computer and
a printer would proceed as follows:

1) The printer, being powered-up and ready to accept
data, has its DTR line asserted (logic zero), while its TxD
lineis idle (logic one). The computer, also powered-up but
not yet sending data, is in a similar state: TxD is idle and
DSR is asserted.

2) When the computer is ready to send a byte of data, it
asserts its TxD line for 1 “bit period.” This is called the start
bit. A “bit period” is dependent on the data transmission
speed (300 baud (bits/sec), 9600 baud, etc.) . After the
start bit will follow 7 or 8 bits of data, optionally followed by
a parity bit, and ending with 1 or 2 stop bits (logic one).
Data is transmitted least significant bit first.
Note: Asserted =0 (+12)
“Idle™= 1 (-12)
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The condition of TxD and DSR after sending a byte of data
is the same as before sending it. So, from an electrical
perspective, there is no indication whether or not the
computer is going to send another byte. If it is going to, it
simply does so “when it feels like it.”

3) Somewhere in the middle of the transfer, the printer
runs out of paper, or its print buffer fills up, or for some
other reason it must suspend communications. When this
happens, the printer deasserts its DTR line, telling the
computer to stop sending data. When the printer is again
ready to accept data, it will reassert DTR.

As alluded to in #2 above, there is no absolute way to tell
when the computer is finished sending data. In fact, the
computer can be said to have “finished” its transmission
after sending only the firstbyte of a multi-byte transmission.
Each subsequent byte transfer can be viewed as an
entirely new transaction. Extended periods of time may
even elapse between byte transfers if the computer has to
do disk access or is interrupted for some reason.
Remember, RS232 is an asynchronous communications
protocol.

FUNCTIONAL DESCRIPTION

The Port MUX has five ports, numbered 0 to 4. Port 0 is
connected to the printer, while ports 1 through 4 are
connectedto the computers. The port MUX merely acts as
an intelligent switch; data flows through it unhindered and
unaltered. Atany given time, there will always be one (and
only one) computer connected to the printer.

Four signals per port are switched: TxD, RxD, DTR, and
DSR. This arrangement is known to work for connecting
IBM-PC compatible computers to an HP LaserJet. The
RS-232 specification has no lack of ready/busy signals,
so others could be substituted for DTR and DSR if
necessary (CTS and RTS, for example). See Figure 2 for
a block diagram of the port multiplexer.

Since RS-232 signal levels are not compatible with TTL
levels, line driver/receiver circuits are needed to translate.
For this project, Maxim MAX235 Driver/Receiver chips
were used, though others devices will work as well. Each
MAX235 IC has five drivers and five receivers; two MAX235
ICs are needed to build the Port MUX.

The multiplexer functions by sequentially scanning the
four input ports until data appears at one of them.

XD ——
DSR
TxD ——
DSR ——
TXD ——
DSR ———
XD ——

DSR —

Port 1

Port 2

TxD
DSR

Port3

© ~=07T

Port 4

Controller ¢— Clock

RXD *—1 pon 1

DTR +-—

RxD +—

Port 2

DTR +—

RxD
DTR

RxD +—

Port 3

‘DTR «—

© ~=07T

RxD «—

Port 4

DTR +—

Figure 2. Block diagram of Port MUX

Scanning a portinvolves connecting that portto the printer
and waiting for data to flow. If no data appears within a
predetermined time period, the period of the system clock
(- .25s), the process is repeated at the next port. When
data does appear at a port, the port MUX “locks onto” that
port and goes into the transmit mode. At the end of the
transmission, the port MUX returns to the scan mode.

As mentioned in the discussion of RS-232 protocol,
detecting the end of a transmission is non-trivial. To
peripheral devices such as printers, the “end of
transmission” conceptis a fiction — to them, life is one big
data transmission. The port MUX, on the other hand, must
be able to determine when it is permissible to resume
scanning. It should not return to the scan mode before the
end of a transmission, and at the same time it must not
lock onto a port for an inordinately long time. Both
requirements are met by timing how long the computer's
TxD line is idle, and returning to the scan mode if TxD is -
idle for longer than a predetermined time period (5 -10
seconds is reasonable).

The data routing logic of the port multiplexer is controlled
by two loosely coupled state machines and a status
register. The state machines and the status register use
the State Logic MacroCells (labeled as state bits S0 - S7).
The status register determines the operating mode (scan
or transmit), the first state machine determines the active
port, and the second state machine is used as a timer.
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The basis for most state machines is the simple binary
counter, with added logic to allowing branching, state
skipping, etc. The most efficient way to build a binary
counter in the GAL6002B is to configure the registers to
emulate T-flip flops. This way, only the conditions that
should cause the state bits to change state need to be
specified. In the case of simple up counters, there is only
one condition when all lower order bits are ones. The
equations for a 4-bit up counter are as follows:

BO.D = /BO.Q;
BO.E = 1;

Bl.D = /Bl.Q;
Bl.E = BO;

B2.D = /B2.Q;
B2.E = B1*BO;
B3.D = /B3.Q;
B3.E = B2*Bl1*BO;

As you can see, counters of any size can be built using
only two product terms per bit.

Inthe following discussions POTx and PODT are TxD and
DTR respectively.

STATUS REGISTER

Recall that the beginning of a data transfer is signaled by
POTx becoming active for one bit period. By using the
start bit event to asynchronously set a status register, set
= transmit, the operating mode of the port MUX is
determined. Once set, the status bit will remain set until a
time-out occurs.

The status register is implemented using state bit SO,
configured to emulate a T-flip flop with a programmable
clock. With such an arrangement, meeting the specified
state transition conditions doesn’t just allow a transition at
the next clock, but actually causes the transition.

There are two situations that must cause the status
register to toggle: if it is clear, clear = scan, and data is
flowing, or if it is set and a timeout has occurred. The
equations for the status register are:

SO.D = /S0.Q;
SO.CK = /S0.Q*/POTx
+s0.Q*POTX*PODT*57.Q*56.0*55.Q*54.Q*53.Q;

The same function could have been implemented by
“building” a latch from combinational equations, but the
approach taken here is more efficient in terms of product
term usage and is less prone to functional hazards.

PRIMARY STATE MACHINE

The primary state machine directly determines the active
port. It is simply a 2-bit counter with a hold function. The
conditions necessary forthe counter to increment are that
the status register be clear and that PODT be active.

The primary state machine uses state bits S1 and S2 in
the D/E configuration to emulate T-flip flops. The equations
for S1 and S2 are:

S1.D = /81.Q;

S1.E = PODT*/S0.Q;

$2.D = /S2.Q;

S2.E = PODT*/S0.Q*S1.Q;
TIMER

The second state machine, a 5-bit counter/timer, will only
count while the status register is set and POTx is idle and
PODT is active. The counter synchronously resets to zero
ifthese conditions are notmet. Thus, if PODT is active and
POTx s idle on 31 consecutive OCLK edges, the timer will
reachits maximum value, causing the status registertobe
cleared and the primary state machine to continue counting.

The 5-bit timer uses state bits S4 - S7 in the D/E
configuration, again emulating T-flip flops. The equations
for the timer are:

S3.D = /S3.Q*S0.Q*POTX*PODT;
S3.E = 1;
S4.D = /S4.Q*S0.Q*POTX*PODT;
S4.E = S3.Q

+ /80.Q;
S5.D = /S5.Q*S0.Q*POTX*PODT;
S5.E = S3.Q*S4.Q

+ /80.Q;
S6.D = /S6.Q*S0.Q*POTX*PODT;
S6.E = S3.Q*S4.Q*S5.Q

+ /S0.Q;
S7.D = /S7.Q*S0.Q*POTX*PODT;
S7.E = S3.Q*S4.Q*S5.Q*S6.Q

+ /S0.Q;

Time-out during a byte transfer, though statistically not
impossible, is unlikely. If it should occur, however, it is not
harmful. Because a time-out simply clears the status
register and scanning does not resume until the next
OCLK edge, the driving computer still has one OCLK
period to finish the byte transfer (plenty of time!), during
whichtime alogic zero on POTx returns the status register
to the transmit mode. Thus, it is virtually impossible for a
byte of data to be lost.
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GAL6002B Design Example

If the port MUX should time-out and resume scanning
between byte transfers, but before the end of a
transmission, and another computer is waiting to use the
printer, then that computer will be serviced before the first
computer is again granted use of the printer. This would
cause the second computer’s data to be inserted into the
middle of the first computers transmission. This situation,
though undesirable, is unavoidable. The good news is
that the probability of it happening is very low.

CONCLUSION

The Port MUX provides a “real life” example of how the
flexibility of the GAL6002B can simplify a complex design.
Equally important, this example shows how various
software tools are used to access the device's features.
Unfortunately, the Port MUX is not a speed critical
application. In fact, the GAL6002B’s 15ns t,, is overkill.

Though this example is complex, it still does not push the
GAL6002B to its limits. The state machine and data
routing equations use only 33 product terms, leaving over
48% ofthe AND array free for expansion. The GAL6002B's
FPLA architecture allowed 5 product terms to be merged.
If this design were implemented using a standard 24-pin
PLD, it would take at least two devices to accomplish the
task.
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DESIGN APPLICATIONS

MAKE SURE THAT YOUR TURBO-CHARGED LOGIC
SYSTEM WORKS BY PAYING AS MUCH ATTENTION
To PRINTED-CIRCUIT BOARD LAYOUT TECHNIQUES
AsTo LoagIic DESIGN CONSIDERATIONS.

AVOID THE PITFALLS OF
HIGH-SPEED LOGIC DESIGN

odern high-speed systems demand modern high-
speed logic families. Consequently, semiconduc-
tor houses have developed such product lines as
ACT, FACT, and AS. But these systems also de-
mand that the lay-out of their boards conform
with the results of distributed-element theory,
otherwise ringing, crosstalk, and other transmission-line phenomena render
those systems inoperative. Meeting this second requirement necessitates some-
thing more than a new product introduction—it insists on a change in the way
logic boards are engineered. The logic-systems designer and the board-layout
designer must work hand-in-hand if a viable high-speed board or system is to be
produced.

In the past, logic design and board layout were usually regarded as separate
parts of the design process. First the system designer configured the logic, then
the board engineer laid it out. That approach worked because slew rates were so
low (0.3 to 0.5 V/ns) that crosstalk wasn’t much of a problem,; rise times were so
long (4 to 6 ns) that ringing
could settle down before a logic
element could change state;
and in general, the assump- High-current Logic circuit
tions of lumped-element circuit switching device ground plane
theory usually worked out ground plane
pretty well. . ‘\

For systems designed with -
today’s high-speed logic cir- \
cuitry, those underlying as- Gap =~ 1/8in.
sumptions no longer hold true.
Today’s slew rates are on the
order of 2 to 3 V/ns, rise times
are below 2 ns (frequently, be-
low 1ns), and transmission-line
phenomena, such as ringing,
can be a problem for trace

1. TO MINIMIZE NOISE, THE ground
plane should be fragmented into separate areas for
noisy high-current devices and for sensitive logic
circuits. For best results, the number of signal lines
that cross the gap between the fragments should be
minimized.

JOCK TOMLINSON
Lattice Semiconductor Corp., P.O. Box 2500, Portland, OR 97208; (503) 681-0118.

Reprinted with permission from ELECTRONIC DESIGN - November 9, 1989
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DESIGN APPLICATIONS

DESIGNING WITH
HIGH-SPEED LOGIC

lengths as short as 7 in. As a result,
logic designers must take certain
steps:

® Use ground and power planes.

® Control conductor spacings to elim-
inate crosstalk.

o Make extensive use of decoupling
capacitors.

© Pay attention to ac loading.

o Terminate lines properly to mini-
mize reflections.

PLANE ADVICE

For high-speed logic, ground
planes aren’t simply suggested for
reliable board performance—they
are absolutely necessary. It's essen-
tial that one layer of the board be as-
signed for a ground plane and that it
cover as large an area as possible. A
solid ground plane lowers the
ground-return-path impedance as
well as the device-to-device ground
pinimpedance.

Buta common ground plane for all
of the circuitry in a system can cause
problems by coupling noise from
high-current switching devices into
sensitive logic inputs. Therefore, the
ground plane for such high-current

Central system ground

Noisy ground

Chassis

Hard drives,
D relays,
lamps, etc.

2. SEPARATE DEDICATED
grounds should be supplied for the logic
circuitry, noisy high-current devices, and
the chassis. The three should come
together at one point, the central system
ground, which is usually located near the
power supply.
devices as relays, lamps, motors, and
hard drives should be separated
from' the logic ground. This can be
accomplished by fragmenting the
ground plane into discrete areas
(Fig. 1).
But fragmentation causes prob-

lems of its own—it creates discontin-.

uities in the characteristic imped-

ance of any transmisgion line that
crosses the separation between frag-
ments. Therefore, for best results,
boards should be laid out so that only
two fragments are needed. The gap
between those fragments should be
kept as narrow as possible (an eighth
of aninch works well in most applica-
tions), and the number of signal lines
that cross the gap should be mini-
mized. Designers should also bear in
mind that through-holes and vias
subtract from the effective area of
the plane, increasing its effective im-
pedance.

As with grounding, an entire layer
of the board should be designated as
apower plane. Even thoughitisata
different potential, the power plane
should be implemented in accor-
dance with the same concepts as the
ground plane. Therefore, it should be
fragmented when necessary to iso-
late noisy components from delicate
logic circuits.

A WELL-GROUNDED SYSTEM
In addition to properly designed
power and ground planes, high-
speed logic systems require the es-
tablishment of a good, clean (low-

SIGNAL LINES BECOME TRANSMISSION LINES

or the transmission line

model illustrated in the di-

agram, the rise time (tg) is

less than the line propaga-
tion delay (Tp). In other words, a
complete TTL level transition will
occur before the pulse is received
at the receiving end of the line and
reflections (ringing) will result.
The voltage change at point A on
the line is expressed in Eq. 1:

AV, = AV, (Zo/ (R + Zg))

Where: V,,, = internal voltage on
the output of the driver;

Ry = output impe_dance of the
driving gate;
Ry = load impedance;

Zy = the characteristic line
impedance;

and V, =the source voltage at the
sending end of the line.

Because R is so small when
compared to the line impedance,
_the change in voltage at point A
(AV,) will approximately equal
the change in internal voltage
(AV;,0). This voltage transition
propagates down the line and is
seen at point B after the line prop-
agation delay, Typ,.

At point B, a portion of the
wave will be reflected back to-
wards point A in accordance with

t

the formula (Eq. 2):

Eq.2

pL=Ry-Zo) / Ry, + Zo)

where p;, called the voltage re-
flection coefficient (rho), is the ra-
tio of the reflected voltage to the
incident voltage.

After examining Eq. 2, it should
be evident that -1 < p < +1. It
should also be evident that there
will be no reflected wave if Ry, =
Z,—if the line is terminated in its
characteristic impedance. Note
that the reflected wave can, in
principle, be as large as the inci-
dent voltage and of either positive
or negative polarity.

This analysis holds true for the
sending end of the line, as well as
the receiving end. That is,

Eq.3
ps=Ro-Zo)/ Ro + Zo)
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noise) system ground for reliable
performance. A clean system
ground ensures less noise within the
system, and thus ensures good,
strong transistor margins. At least
10% of the ground connections on the
pe card should be connected to the
system ground to reduce card-to-
ground impedance.

Like the ground and power planes
of the individual boards, the overall
grounding scheme should

data line cross-couples or superim-
poses its signal onto the clock line,
the device that the clock is driving
may detect an illegal level transition.

Methods to reduce crosstalk are
straightforward, though not partic-
ularly elegant. The coupling can be
attenuated by separating the adja-
cent traces as much as possible. The
trouble with this approach is that
available board real estate often lim-

creating a stub or a high-frequency
antenna.

Another step that can be taken to
reduce crosstalk is to lower the im-
pedance of those traces into which
crosstalk is especially to be avoided.
The lower the impedance that a trace
presents, the harder it will be to
cross-couple a signal into it.

Even with the use of power and
ground planes on a pc board, decou-
pling capacitors must be

be fragmented with sepa-
rate conductors provided
for the various sections of -

by
‘>

B used on the V. pins of ev-
] ery high-speed device.
Those devices demand a

the system. For example, 2

nearly  instantaneous

all relays, lamps, hard
drives, and other noise-
generating devices should
have their own separate

(@)

NS
T INT T

+2

change in current whenev-
er they switch states. Be-
cause the power plane
can’t meet that demand, a

ground path. The system’s J’

(®)

high-quality decoupling

mechanical package (chas-
sis, panels, and cabinet
doors) should have a dedi- Z
cated ground. And, of +2F
course, the logic circuitry L

()

capacitor is required, oth-
erwise the switching will
cause noise on the Vi
plane.

A 0.1-pF multilayer ce-

should have a ground of its
own.
Those three grounds

should then come together +2

at the central system [(d)

ramic (MLC) or other RF
quality (low-inductance)
capacitor should be placed
on every fast-slew-rate de-
vice as close to the V¢ pin

ground point, which will
usually be located near the
power supply (Fig. 2). This +

C

oL b o

t=15Tp

as possible. The commer-

cially available DIP sock-
ets with built-in decou-
pling capacitors also work

(U]

technique can also be very
effective in reducing radi-

common-point grounding
0
i ot
ated interference (EMI

4=

well in this application.

t=2M,*

Most designers, when
they think of loading at all,

and RFI).

TAMING CROSSTALK

Crosstalk—the undesir-
able coupling of a signal on
one conductor to one on a
nearby conductor—be-
comes an increasingly seri-
ous problem as slew rates go up. This
signal coupling is made worse if the
second trace has a high impedance or
if the traces run parallel to one an-
other for more than a few inches and
are spaced less than 100 to 150 mils
apart.

Crosstalk can be catastrophic to a
logic board, sabotaging a conceptu-
ally flawless piece of logic design.
For example, if a clock line and a data
line run parallel to each other for
more than several inches, and if the

3. WAVE PROPAGATION along a transmission line
occurs as follows: Prior to time zero, there is a steady-state voltage
of 2.5 V dc on the line (a). At t = 0, the voltage at point A drops to
0.5 V, sending a negative pulse of -2 V toward point B (b). Att =
Ty, that negative pulse is reflected from point B. It adds
algebraically to the 0.5 V on the line and sends a -1.5-V pulse back
toward point A (c). The reflections then continue as in (d) and (e).

its the possible separation to an inad-
equate amount.

Ground striping, or shielding, is an
effective way to reduce crosstalk
and it makes better use of available
board area. With ground striping, a
ground trace (the stripe) is run be-
tween the two parallel traces to act
as a shield. If ground striping is
used, through holes to the ground
plane should be placed every 1 to 1.5
inches along the ground strip to elim-
inate the possibility of inadvertently
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think in terms of dc load-
ing—traditionally  re-
ferred to as fan-out and
fan-in. But that type of
loading rarely presents a
problem  with today’s
state-of-the-art logic de-
vices. Much more signifi-
cant when designing with high-
speed logic are input and output ac
loading.

INPUT CAPACITANCE

Because the input capacitance of a
device impacts the overall perfor-
mance of the logic circuit, it should
be examined before a particular de-
vice is selected for a design. To en-
sure specified performance, the total
load capacitance that a device
drives—including the distributed ca-
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Ve
+25
1
05
-15 —
T 3, 5T,

(@)

Ve

(b)

4. IDEALLY, THE VOLTAGE at point B oscillates forever between +2.5V and -
1.5V (a). In reality, it will be a damped ringing (b).

pacitance of the trace—shouldn’t ex-
ceed the device’s specified capacitive
load. Most high-speed logic devices
have a maximum loading of 50 pF. As
a rule of thumb, the maximum load
on any logic element should be no
more than four to six devices for best
speed/load performance. However,
there are some high-slew-rate de-
vices on the market that have higher
output drive capabilities.

BEWARE OF AUTOROUTER

The most common reason for not
following the board-layout princi-
ples mentioned so far is having an
autorouter do the layout. Autor-
outers do what they were designed
to do very well: They place traces so
as to make the most efficient use of
the pc-board real estate. But most
autorouters don’t have the capability
to determine which devices are high-
speed and which are not. This is
where the logic designer must step in

and lay out sections, or islands, of
high-speed logic by hand in order to
avoid the pitfalls of designing with
high-speed logic. )

TRANSMISSION LINES

In addition to the common-sense
layout considerations discussed so
far, designers of high-speed systems
must have at least a basic under-
standing of transmission lines and
proper termination techniques (see
“Signal Lines Become Transmis-
sion Lines,” p. 76). The reason: As
frequencies go up, wavelengths
come down to the point where they
are of the same order as circuit-
board dimensions. Once that hap-
pens, any connection between de-
vices should be considered a trans-
mission line. The lumped-element as-
sumption is simply invalid above that
point.

The most common consequence of
failing to consider the distributed na-

ture of a high-speed logic board is
ringing, which is caused by multiple
reflections from the ends of unter-
minated transmission lines. An un-
terminated line has no load imped-
ance (R, = «)and is therefore anim-
pedance-mismatched line. The be-
havior of this line when connected to
a device with a fast slew rate can be
understood from the following ex-
ample: Prior to time zero, there’s a
steady-state voltage of 2.5 Vdcatall
points on the line (Fig. Ja). Att =0,
an initial TTL voltage transition
from 2.5 V to 0.5 V occurs at point A
(Fig. 3b). Time Ty, later, the signal
reaches point B and is reflected by
the load reflection coefficient, py.

The input impedance of the device
at point B is very high with respect to
Zo; Ry, can be approximated by infin-
ity. By plugging into Eq. 2 from the
box (p. 76), the reflection coefficient
approximately equals +1. In other
words, the voltage reflected by the
load is equal to the incident voltage
(Flig. 3c) . The reflected wave passes
back along the signal path toward
point A (Fig. 3d).

Repeating the calculations for the
sending end of the line (point A),
where R, = 0, you geta value for the
source reflection coefficient, pg, of
-1. In other words, there are reflec-
tions from the source as well as the
load,, but the source reflects the in-
version of the wave that is incident
upon it (Fig. Je).

Looking just at the behavior of the
signal at point B, the single-step volt-

RULES TO REMEMBER

he following ten rules
summarize everything
the logic designer needs
: to know when designing
with high-speed CMOS.
1)Keep signalinterconnections as
short as possible.
2) Use a multilayer PCB.
3) Provide ground and power
planes. Discontinuities in the
planes should be avoided because
reflections can occur from abrupt
changes in the characteristic im-
pedance.

4) Fragment the ground and pow-
er planes to supply separate sec-
tions for high-current switching
devices.

5) Use decoupling capacitors on
every high-speed logic device (0.1
wuF MLC type) located as close to
the V¢ pin as possible.

6) Provide the maximum possible

spacing among all high-speed par-
allel signal leads.

T) Terminate high-speed signal
lines where t; < 2T},

8) Beware of ac loading conditions
within the design. Exceeding the
manufacturer’s recommended op-
erating conditions, especially for
capacitance, can cause problems.

9) When using parallel termina-
tion, put bends in all high-speed
signal runs that go to more than
one load. Use a termination load
at the absolute end of the line.

10) Create islands of high-speed
devices on the pe board. This sim-
plifies board layout and ropes-off
the high-speed areas.
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5. THE BASIC PARALLEL
termination scheme works well but
requires a separate 3-V supply (a). The
Thevenin equivalent eliminates the need
for a separate supply, but dissipates

extra power from the regular 5-V supply
(b). The use of a capacitor cuts dc
dissipation altogether while supplying ac
termination (c).

agetransitionatt=01leads toanend-
lessly oscillating signal with a total
voltage swing of 4.0 V—twice the
original level transition. The voltage
doubling comes about because the
voltage at point Bis the sum of the in-
cident and reflected waves at that
point (F%ig. 4a). Actually, because of
the non-ideal nature of a real circuit
board (finite input and output imped-
ances, losses in the transmission
lines, and so forth), p, will be less
than +1, and pg will be greater than—
1. As a result, the reflections will be-
come successively smaller, causing
the familiar damped ringing condi-
tion (F%g. 4b).

If the ringing amplitude is large
enough, it can cause the receiving de-
vice to see an illegal level transition
and possibly result in spurious logic
states occupying the logic design. In
some cases, the amplitude of the
ringing can actually be large enough
to damage the input of the receiving
device.

TERMINATE YoUR TROUBLES
The way to eliminate ringing on a
transmission line is to terminate the
linein its characteristicimpedance at
either the sending or receiving end.
The most common way to terminate
aline is with a parallel termination at

the receiving end (Fig. 5).

In the configuration (Fig. 5a), Ry,
= Zg and Ry, is pulled up to 3 V dc. In
principle, Ry, could be tied to ground,
but TTL-compatible devices could
not then supply the necessary drive.

Solving for p;, (Eq. 2),it can be seen
that py, = 0. Terminating a line in its
characteristic impedance results in a
reflection coefficient of zero, which
means that there will be no reflec-
tions or distortions on the line. Other
than the time delay, Ty, the line will
act as if it were a dc circuit. It’s im-
portant to note that even though de-
vices or gates may be placed at any
location on the line, the terminating
resistor should be placed at the end
of the line. In no case should the line
be split like a Tee to feed several de-
vices in parallel (Fig. 6a). Instead, it
should be serpentined to feed them
sequentially (F%g. 6b).

The 3-V power source shown (Fig.
5a) appears at first to be a major
drawback, but R and the power sup-
ply can be expressed as a Thevenin
equivalent running off the system
power supply of 5 V de (F%g. 5b). This
variant works well, but the designer
should bear in mind that it dissipates
additional power.

REDUCING DISSIPATION

A solution that dissipates less
power than either of the others uses
a capacitor to cut the de dissipation
to zero (Fig. 5¢). The recommended
capacitor is a 0.1-uF MLC type. Sev-
eral manufacturers produce both ca-
pacitor-resistor and pull-up/pull-
down termination packs. The pull-
up/pull-down packs usually come in
a single in-line package (SIP) with
pins on 0.1-in. centers, while the ca-
pacitor-resistor combination comes
in a standard 16-pin DIP. The most
common SIP pull-up/pull-down re-
sistor values are 2200/3304, 33002/
4700 combinations.

An alternative to a parallel termi-
nation at the receiving end is a series
termination at the sending end (F%g.
7). The idea behind serial termination
is to make ps = 0 and p;, = +1. To do
so, Ry, is made equal to infinity (left
unterminated) and a series resistor is
added at the source to make the over-
all source impedance equal to the
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characteristic impedance of the
line—thatis, Rg + Ry = Zg.

Making Rg + R equal to Z;, of
course, creates a voltage- divider,
which puts half of the signal ampli-
tude across the line and half across
the series combination of Rgand R,
Therefore, with the series termina-
tion, the amplitude of the transmit-
ted wave is half of what it would be
without the termination.

Interestingly enough, the unter-
minated receiving end of the line pre-
cisely compensates for this halving
of the amplitude. The reason is as fol-
lows: At the receiving end, the half-
amplitude wave is received and a

- half-amplitude wave is reflected.

But bear in mind that those are two
separate waves whose amplitudes
add at the point of reflection. As a
result of this addition, the only thing
seen at the receiving end of the line is
a full-size pulse.

The main disadvantage of a series
termination is that the receiving
gate or gates must be at the end of
the line—no distributed loading is
possible. The obvious advantage of a
series termination over a parallel one
is that a series termination doesn’t

>

Ver

@
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_{>
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6. SERPENTINING IS essential
when terminating a line. Never split the
line to feed paraliel devices (a). Rather,
feed them sequentially with a serpentined
line (b).
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require any connection to a power
supply.

Transmission-line effects must be
taken into consideration whenever
line propagation delays get up to the
point where a signal transition can
be completed before that signal can
travel down a line, be reflected, and
travel back to its starting point. In

no pull-up supply. Its main disadvantage

I 7. THE SERIES termination needs
isthat it can't handle distributed loads.

other words, lines must be terminat-
ed when,

2TD= TR‘
CALCULATING DELAY

Taking 2 ns as a typical rise time fora
state-of-the-art high-speed logic de-
vice, how long can a board trace get
before its propagation delay gets to
be 1-ns long? For a pc board with a
continuous ground plane and a sig-
nal trace on the adjacent layer, the
propagation delay depends on only
one variable, the dielectric constant
of the board material. That delay
time is given by:

tpp = 1.017 (0.475 eg + 0.67)* ns/ft

For a typical board constructed of
FR4 material, ey (the dielectric con-
stant)is 4.7 t0 4.9. If an average e of
4.8 is used in the equation, then tpp
turns out to be 1.75 ns/ft, which
works out to 6.86 in./ns. As a rule of
thumb, then, any line that is over 7 in.
long should be considered a trans-
mission line and approached accord-
ingly.OJ

Jock Tomlinson, senior applica-
tions engineer at Lattice, holds a
BSEE from Colorado State Uni-
versity.
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Uses E2PROM PROGRAMMING

Lattice fields

Hillsboro, Ore. - Lattice Semicon-
ductor Corp. is jumping into high-com-
plexity PLDs with two families of de-
vices that compete with FPGAs. The
move significantly broadens the com-
pany’s thrust in the logic market and
puts it in the middle of the fastest-
growing market segment. The new
products also make Lattice the first
company to move up from PAL devices
to FPGAs with its own architecture.

Lattice’s new pLSI and ispLSI de-
vices will offer up to 8,000 equivalent
gates. Both families will use E2PROM
programming for the first time in

FPGA

By STAN BAKER

FPGAs, and the ispLSI family will be
in-system programmable.

“I see the '90s as the decade of pro-
grammability,” said Cyrus Tsui, presi-
dent and CEO of Lattice. Market-re-
search firms suggest he’s right. They
indicate the bipolar portion of the PLD
business is dropping. Meanwhile, the
CMOS portion is growing at a com-
pound annual growth rate of more
than 40 percent, and the high-com-
plexity segment of the CMOS market
is the most active.

“From a global standpoint, entering
the high-density market will double

Lattice’s total addressable market
from 1 billion to 2 billion dollars in
1994,” Tsui said. “In practical terms,
these products will enable us to reach
a class of customers in telecommunica-
tions, industrial control and the mili-
tary that we currently cannot serve
with our low-density GAL product of-

ferings. This is both a unique product

and company positioning.”
The new architecture features flexi-

ble granularity-the circuit blocks pro- -

vide highly flexible programming of
product terms, flexible choice of prod-
uct-term sharing and steering, and
choices of four outputs from the com-
binatorial and registered ports of the
block.

Four functions

A single circuit block can imple-
ment up to four functions, since it has
four outputs and the logic-array flexi-
bility to separate them in the pro-
grammed cell routing. It can also im-
plement functions from two to 18 lines
wide in a single block, offering sigpifi-
cant delay-time advantages over ar-
chitectures that have to implement
wide functions in a series of logic lev-
els (see related story, on reverse side).

Unlike FPGAs, the design of the
routing resources and the architecture
of the circuit blocks makes the timing
characteristics of these devices pre-
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dictable-or “deterministic,” to use the
industry term-along with those of Al-
tera and Plus Logic. Precise timing
can be predicted from data sheets. This
differs from the timing of the true
FPGAs of Xilinx and Actel, for which
the data sheet can give only statistical
estimates of actual post-route timing.

Meets requirements

Lattice is coming to market with up
to 8,000 equivalent gates soon after
Xilinx forecasted 20,000 gates and To-
shiba projected 40,000 gates for next
year. But Lattice’s complexity meets
the current requirements of most cus-
tomers for FPGAs and even gate ar-
rays. As for the future path for the new
architecture, “we plan to expand to
include mask versions of these devices
for high-volume designs,” said Steve
Donovan, director of marketing at Lat-
tice. “And current product plans call
for densities exceeding 20,000 gates.
We will introduce these devices as
market conditions warrant.”

Lattice specifies its pLSI devices to

work at system clock rates up to at
least 70 MHz. That’s for a single cir-
cuit block operating through an input

and output circuit. The delay time for .

such a function is 15 ns.

Lattice claims the circuit modules,
called generic logic blocks, can imple-
ment 90 percent of all 4-bit MSI func-
tions. The proprietary routing net-
work provides global intercon-
nectivity, 100 percent routability and
over 80 percent device utilization.

The new Lattice products encom-
pass eight devices, four of which offer
in-system programming. The pinout
count ranges from 44 to 120. The num-
ber of I/Os range from 32 to 104.

The ispLSI types are programmed,
reprogrammed, and reconfigured for
test without having to be removed
from the circuit board. Real-time pro-
totyping and debugging, and reconfi-
guring or upgrading the system in the
field, are possible. With the E?’PROM
programming technology, the devices
are guaranteed to deliver 100 percent

programming yields and 100 percent
conformation to functional, ac and dc
specifications.

Same process

The 0.8-micron process that is used
to fabricate these devices is developed
and maintained by Lattice engineers.
The UltraMOSIV process is the same
used in the 7.5-ns and 10-ns GAL de-
vices now in production at Lattice.

The first pLSI devices will begin
shipping in the third quarter of this
year. The in-system programming
ispLSI versions will come a quarter
later. Software and programming sup-
port will accompany the first product
shipments.

Beta testing of the new pLSI devices
will begin next month. Engineering
samples will be generally available by
October. The general market release
of software and silicon will come in
November. The price of the 6,000-gate
device with 192 registers in an 84-pin
PLCC will be $98.50 each in lots of
100.

Lattice aims at best of architectural worlds

save time, but they
also can cost silicon
area and waste cir-
cuitry where the
width is not needed.

Lattice Semiconduc-
tor is trying to offer the
best of both worlds
with logic blocks. that
can handle widths up to
18 signals, but do so in
logic arrays within the
blocks that can be used
for several narrow-
width functions when
the wide ones are not
needed.

However, the com-

FPGA architectures generally implement gat-
ing functions up to four or five lines wide. Wider
functions are then implemented using a series
of such narrow functions. But every level of
logic costs more delay time. Wider functions

pany’s research shows the most popular widths
for gating functions are from eight to 12 lines.
The current FPGA and other complex PLD
devices offer less width than what is most
needed, requiring two or three logic levels and,

consequently, two or three circuit delays. The
accompanying figure, developed by Lattice en-
gineers, shows the pLSI devices with a 10-ns
delay per block not changing its delay from two
through 18 inputs.

large counters, wide address decoding and multi-
plexing, the system speed slows considerably in
current FPGAs because of the the need to cas-
cade the logic block outputs.

But a competing
FPGA with five-input
blocks starts at 8 ns,
but adds another 8 ns
each time the width
expands by five inputs.
For the most popular
widths, from eight to
12, the competing
FPGAs will have block
delays of 20 ns to 30
ns. The delays are in
10-ns increments be-
cause of interconnect
delays beyond the 8-ns
delay in each block.

For wide gating ap-
plications, such as

—Stan Baker

Copyright¢ 1991 by CMP Publications, Inc., 600 Community Drive. Manhasset. NY 11030.

from

TIMES with permission.
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DESIGN APPLICATIONS

BASIC TECHNIQUES LET DESIGNERS
BuiLp A FINITE-IMPULSE-RESPONSE
FILTER IN DEDICATED HARWARE
USING PROGRAMMABLE LOGIC.

LEARN THE FUNDAMENTALS OF
DIGITAL FILTER DESIGN

istorically, designers often have taken an analog ap-

proach to filtering. Filters were constructed using

operational amplifiers, resistors, and capacitors.

One op amp could implement a second-order filter,

and higher-order filters could be implemented by

cascading second-order filters. However, passive
components with tolerances of 1% or better are necessary for the filter to have
reproducible characteristics. And the filter is typically fine-tuned by trial-and-
error substitution of available component values. In addition, operational amplifi-
ers with a high gain-bandwidth product may be needed to keep undesirable phase
shift to a minimum or keep a closed-loop system stable. These factors are among
the many problems in real-world implementations of filters.

With the advances made in digital-signal processing, however, digital filters are
becoming a more attractive design alternative to traditional analog techniques.
Because digital-system information is in digital form, filtering can be accom-
plished relatively easily by passing the data through a filter algorithm. In addition,
digital filters have the advantages of no filter-characteristic drift over time, tem-
perature, or voltage. And they can easily be designed to filter low-frequency sig-
nals. Moreover, the filter response can be made to closely approximate the ideal re-
sponse, and linear phase characteristics are possible.

There are many well established methods of determining the filtering algo-
rithm. Basically, the designer establishes the desired filter characteristics, there-
by yielding a filter transfer function. The continuous-time transfer function is then
transformed to the équivalent linear discrete-time-difference function. This func-
tion in the Z domain has the general form of:

G@)=(A,+ A Z +AZ2+ . A Z"/(1+BZ +BZ2+..B,Z™) = Y(Z)/X(Z)

The equation is referred to as the pulse transfer function. It’s actually the Z
transform of the continuous-time filter’s unit impulse response. Conversely, the
inverse Z transform of the pulse transfer function yields the impulse response of
the filter.

The coefficients A, and B,, determine the response of the digital filter. Changing

MIKE TRAPP
Lattice Semiconductor Corp., Carlsbad Pacific Center One, 701 Palomar Airport Rd.,
Third Floor, Carlsbad, CA 92009; (619) 931-4751.

Reprinted with permission from Electronic Design - July 25, 1991 8-9
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DIGITAL FILTERS

the coefficients changes the re-
sponse of the filter. The terms Z™
and Z™ represent sampling delays or
taps. The G(Z) equation represents
the algorithm of sampling the input,
multiplying it by A,, and adding it to
the previous sample that’s been mul-
tiplied by A,, then adding that value
to the next previous sample which
has been multiplied by A,, and so on.
An output value occurs when all N
values have been multiplied and ac-
cumulated.

In parallel, each output value is
stored, multiplied by B,, then added
to the previous output value which
has been multiplied B,, and so on.
The equation can be rearranged so
that the result of the output multiply
accumulate is added to the result of
the input multiply accumulate to pro-
duce an output. This procedure is re-
ferred to as convolution. An output
sample is produced for every input
sample (Fig. 1).

The key to digital-filter designis to
determine the filter coefficients that
will produce the desired frequency
response. Recursive digital filters,
or infinite-impulse-responsive (IIR)
filters, are a type of digital filter in
which the design methodology close-
ly follows that of an analog filter.
One method for determining the co-
efficients is to define a realizable

continuous-time domain Chebyshev,
Butterworth, or equal-ripple filter
then use Z transforms to transform
the continuous-time-domain trans-
fer function to the equivalent dis-
crete-time transfer function that
yields the filter coefficients.

A second popular method is the bi-
linear transform. In this method, en-
gineers first design an analog filter
so that after it’s transformed to a
digital filter, the resulting filter
meets a set of desired digital-filter
specifications. This analog filter is
then transformed to a digital filter
via the bilinear transform from the S
variable of the Laplace transform to
the Z variable of the Z transform.

In a non-recursive digital filter or
finite-impulse-response (FIR) filter,
the output is computed using the pre-
sentinput X, and the previous inputs
X, -1, X,_g ... X, _n- This implies that
the coefficients, B, are all 0, and
there’s no feedback from the output.
Designing non-recursive digital fil-
ters (FIR) involves defining an ideal
desired frequency response from
which the ideal impulse response is
computed. The ideal impulse re-
sponse is truncated to a finite num-
ber of non-zero samples using a win-

-dowing function, which is judiciously

chosen. A common windowing func-
tion is the Kaiser window function.
An  interesting

An Scalefactor

property of FIR fil-
YN | ters is that if an
FIR system has lin-
ear phase, then its
frequency re-
sponse = is con-
strained to be zero
at f = 1/2T, where
T equals the sam-
pling frequency if:

h[M - n]=h[n] and
Mis odd. (M = trun-
cation length of the
window).

This implies the M
should be even
when designing
high-pass and band-

1. INTHE FUN CTIONAL structure of a digital filter,
the A and B coefficients determine the response of the filter
and the Z terms represent sampling delays called taps.

stop filters. Or,

h[M -n]=-h[n]and
Mis even.

A second method is the Parks-
McClellean method. In this ap-
proach, the filter order and the edges
of the passbands and stopbands are
fixed, and the impulse-response coef-
ficients are varied systematically so
that an equal-ripple behavior is
achieved in-each approximation
band. With this approach, the filter
order can’t be specified in advance.
Therefore, a cut and try procedure
must be used to find the minimum
filter order. The cut and try can be
reduced by using a formula that pre-
dicts the filter order required to meet
a given set of specifications.

There are advantages and disad-
vantages to each type of digital filter
(IIR and FIR). An FIR filter is al-
ways stable because there’s no feed-
back from the output and the im-
pulse response is finite. In addition,
the amplitude and phase can be arbi-
trarily specified. On the other hand,
an FIR filter will generally require
more taps, and consequently more
math, to compute the output value.
The design methodology doesn’t re-
semble the familiar analog design
techniques.

An IIR will generally have fewer
coefficients, but the required output
feedback can make circuit implemen-
tation more complex. A stable IIR fil-
ter can become unstable if the coeffi-
cients aren’t chosen properly to ac-
count for digital math errors.

There are four main type of errors
that can arise in the design of digital
filters. These are referred to as
quantization errors. They are:

1. Quantization errors of the input
analog-to-digital conversion

2. Quantization errors of the coeffi-
cients

3. Quantization errors due to arith-
metic computations, including over-
flow

4. Limit cycles

In most cases, a 12-bit analog-to-
digital converter (ADC) provides
enough dynamic range and suffi-
ciently small quantization noise. If
floating-point numbers are used for
the filter coefficients, the quantiza-
tion error is usually small enough.
However, floating-point arithmetic
is more complex and more expensive

8-10
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AC LShiﬂlhoM register FIF Py
' 64x8 [] register
' FIFO_IN{OS) g
LN o | PR #— "
Dout pout / i
SCLK f— SWPLTONV| |, ORDY f—— g
CLKIN 1 0Eo— b
Pl '
15‘;';(“ Matpler
Shifthold register FIFQ ! accumulalor
FIFO_IN{B:15 64x8
TN v e Yol 7 50
wi Lo Maltplieraccumultor contoller
SMPL_CONV ORDY 21
CLIN 0 o— YOE_MCON
208 L2 { 1M I
—1![5:0]
COEF{B:T5]COEF(0:T] —| ST.Bm
‘ Coefficient RO OEfO— YOE
Mode control o
g _.I SMPL_CONY
SWPL CORV , ‘ $§"V-""
—— SOLK y
CONV_DN _l ﬁ
Y 3
g | 2w SCLKCLUN  SHFTOUT- SHFTIN SMPLCONV YOE_MCON CTRICS) Reset G TC
—f—] StartCourter Coeficient counter
SMPL_DN j—>{ SMPL.DN GO 2010
] SS— J

2. AN FIR FILTER IS IMPLEMENTED in a circuit that uses a single-port 16-bit multiplier-accumulator capable of a 85-ns clock

speed. Because it’s based on microcode, the multiplier-accumulator can be controlled with a PLD.

to implement than integer or fixed-
point arithmetic. If 12- or 16-bit coef-
ficient are used, the quantization er-
ror is generally negligible.

In the digital domain, math is per-
formed using finite precision binary
arithmetic. All digital filters need to
multiply a signal sample by a con-
stant coefficient. Of course, multi-
plying 2 N-bit binary numbers re-
sults in a 2N-bit result, but digital
systems are usually confined to a
fixed number of bits with which to
represent binary numbers. There-
fore, it’s necessary to round off the
2N-bit digital number back to N bits.
If a 32-bit multiply accumulator is
used and the final output is rounded
to 16 bits, the arithmetic quantiza-
tion errors can be minimized.

If overflow occurs during mathe-
matical operations, the digital filter
can behave in a nonlinear fashion
and oscillations can occur. Twos-
compliment arithmetic can help elim-
inate overflow. In addition, a satu-

rating adder can be used. If the coef-
ficients are less than one, then the
resulting product will also be less
than one. Scaling is used to force this
condition. The coefficient can be
scaled by a multiple of two so that
the largest coefficient uses all avail-
able bits in the binary representa-
tion. The input is then scaled by the
same amount.

The detail with which a digital fil-
ter can be described can seem end-
less. Fortunately, a wide variety of
computer programs exist that help
the engineer with the filter’s design.
One such product is the DFDP soft-
ware from Atlanta Signal Process-
ing Inc. (ASPI), Atlanta, Ga.

Before a signal can be digitally fil-
tered it must be digitized by an ADC.
If a delta-sigma converter is used,
the need for antialiasing filters
(which must be analog and can be
many orders) is virtually eliminated.
Delta-sigma converters may have
sample rates as high as 100 kHz. The
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filter algorithm can then be imple-
mented in software or hardware.

A single-chip microprocessor can
be used to implement a digital filter
in software. However, “single chip”
may be misleading, because a micro-
processor system will generally re-
quire system RAM, ROM, 1/0, and
glue logic. The microprocessor can
implement low- to medium-perfor-
mance digital filters if the only func-
tion they’re performing is the digital
filtering. As the work load of the mi-
croprocessor increases, its capability
to digitally filter a signal in real time
decreases. Once the system is de-
signed, changing the filter’s charac-
teristics is as easy as changing vari-
ables in software and downloading
the code to the system.

For higher performance and mod-
erate flexibility, the filter can be im-
plemented in dedicated hardware us-
ing programmable logic for design
flexibility. The limiting parameter
will be the time to do a multiply-accu-
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mulate function and the amount of
physical space required for the hard-
ware implementation of the taps.
Consider a circuit that uses a single-
port 16-bit multiplier-accumulator
capable of an 85-ns clock speed (Fig.
2). The device can work in twos-com-
pliment numbers and has output sat-
uration capabilities. As stated be-
fore, these two features are desir-
able when implementing digital fil-
ters. In addition, the device can be
easily controlled with a programma-
ble logic device (PLD) because it’s
microcoded based.

First, the system must initially
load the first N (N = 64) samples into
the FIFO before any convolution
takes place. Otherwise, the FIFO
would never fill up. A counter imple-
mented in a 20RA10 works well. The
6-bit counter is implemented with the
four least-significant bits imple-
mented as an asynchronous counter.
SMPL__DN (ADC sample done) acts
as the clock. The two most-signifi-
cant bits are implemented as a ripple
counter. This type of counter design
makes it possible for a long counter
to be implemented with only four
product terms per output. The
SMPL__DN signal is also generated
in the 20RA10, and is triggered off
signals from the ADC.

When the counter reaches the val-
ue 63, indicating that the FIFQ is full
minus the one sample that’s held in
the shift/hold register, GO becomes
true and the system begins to exe-
cute the filtering algorithm. Because
the system is linking two asynchro-
nous subsystems (ADC and the mul-
tiplier-accumulator), there must be
an asynchronous interface between
the two. The 20RA10 is utilized by
generating one interface signal
SMPL__CONYV (sample or convolve
mode). The system powers up with
this line held in the sample mode
(SMPL__CONYV =1). When GO goes
true, synchronous with the falling
edge of the clock from the ADC,
SMPL__CONYV goes low asynchro-

‘nously with MCLK (synchronous
with SCLK). Because
SMPL__CONYV is an input to the
state machine, the machine could be
subject to a metastable input. The
Lattice CMOS PLDs are very high

Inputs: ORDY, T, SHPL_CONV
Outpus: ¥OE, YOE_MCDN, CONY_DN, /50, ST_BIT

XXO1100001XX]1

XXX/110[011001]0
X=don't care

3. AN 8-STATE state machine
implements the operations of loading a
sample into the multiplier-accumulator,
then loading the coefficients in and
issuing the multiply-accumulate
command until all N samples are done.

speed, so the metastable characteris-
tics are excellent. That is, the state
flip-flop has a very low probability of
going metastable. Therefore, the
state machine will have to wait, at
most, one extra MCLK cycle before
starting the convolution.

Once the convolution is started,
the operations of loading a sample
into the multiplier-accumulator,
then loading the coefficient into the

multiplier-accumulator and issuing

-the multiply-accumulate command,

can be repeated until all N samples
have be done. At this time, the filter
output is valid and the cycle is re-
started. These steps can be imple-
mented with an 8-state state machine
(multiplier-accumulator controller)
(Fig. 3).

By coding the states properly, the
state variables out of the state ma-
chine can be used to directly control
the multiplier-accumulator. Two out-
put enable signals, XOE and
YOE_MCDN, control the data into
the multiplier-accumulator. The sig-
nal CONV__DN indicates that all N
samples have been convolved. A
dummy state variable (ST__BIT) is
used so that the state bit (XOE,
YOE_MCDN, CONV__DN) can be
employed as outputs. If the dummy
bit was unused, two states would be
forced to have the same state assign-
ments, which isn’t allowed. The de-
sign takes advantage of the power-
up reset of Lattice’s programmable
logic devices (PLD s). After power-
up, the registers will be left in the 0
state, which by careful design is also
the start state of the state machine.

Except for the last SMPL__DN
during initial load, every time
SMPL_DN (sample done by the
ADC) takes place, SHFT__IN occurs
to load sampled data from the shift/
hold registers into the FIFO. During
convolution, XOE occurs every time
a coefficient is loaded to the multipli-
er-accumulator. The first XOE of a
convolution causes the last data sam-
ple left in the shift/hold registers
during initial load or sample mode to
be shifted into the FIFO. Following
every XOE is a YOE_MCDN (Y-
output enable, multiply-accumulate
done). YOE_MCDN causes data
from the FIFO’s output to be parallel
loaded into the shift/hold registers.
A single data sample is then shifted
out of the FIFO. The system is ready
for the next XOE that shifts in the
data held in the shift/hold registers
and so on. This loop continues until
SMPL__CONYV (sample or convolve
mode) goes to sample mode, at which
time a new sample is loaded into the
shift register, restarting the cycle.

Inputs to the state machine,
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SMPL__CONYV, tell the machine
when it’s time to begin the convolu-
tion cycle. This signal comes from
the mode-control device. TC (Termi-
nal Count) indicates when the convo-
lution is to end. TC comes from a 6-bit
coefficient counter, and is valid when
the count equals 63, which indicates
when all 64 samples have been con-
volved with the respective coeffi-
cients. ORDY comes from the FIFO
and tells the state machine that the
sample from the FIFO is valid. The
state machine will continue to load in
| the coefficient to the multiplier-accu-
mulator until ORDY goes true, at
which time the state machine will ad-
vance to the next state. If the cycle
time of the multiplier-accumulator
never exceeds the access time of the
FIFO, ORDY should always be true
when it’s an input the state machine
depends on.

Microcoded instructions to the
multiplier-accumulator are generat-
ed by decoding the state variables.
The first instruction is a NOOP.
When SMPL__CONYV goes low, then
state machine issues a XBUS in-
struction to the multiplier-accumula-
tor. This causes the multiplier-accu-
mulator to load data from the I/0
port into an internal register. The
state machine then issues a YBUS;

CLKMR TC. This command tells the
multiplier-accumulator to perform a
multiply operation -in twos-compli-
ment without accumulation because
it’s the first multiply operation of the
convolution. :

The machine then enters a loop
and issues another XBUS command
followed by a YBUS; CLMR; TC;
MR+. This command is a multiply-
accumulate function in twos-compli-
ment arithmetic. The machine re-
mains in this loop until TC goes true,
at which time the last multiplier-ac-
cumulator cycle is completed and the
output command MS (SAT) is issued.
MS causes the filter’s outputs (multi-
plier-accumulator outputs) to be-
come valid and latched into a final
output register. This command will
saturate the multiplier-accumulator
output if the final value has an over-
flow, keeping the digital filter from
oscillating. The multiplier-accumula-
tor is statically configured to round
off the final output to the most sig-
nificant 16 bits.

The instructions to the multiplier-
accumulator can be changed simply
by decoding the state variables to
different output values. If E2CMOS
devices are used, the programmable
device can simply be reprogrammed
and put back into the circuit. An E2C-

MOS 22V10 from Lattice Semicon-
ductor is one such device that can be
used for this application.

Two 64-word-by-8-bit FIFOs can
be used to implement the filter taps.
The FIFO can be loaded up with the
initial N samples. A sample is then
shifted out of the FIFO and into the
multiplier-accumulator for process-
ing. This sample is also stored in a

_shift/hold register and is shifted

back into the FIFO prior to the next
sample being shifted into the multi-
plier-accumulator for processing.
After all N samples have been pro-
cessed, the oldest sample is shifted
out and a new ADC sample shifted
in. The multiplier-accumulator can
then output a filter value. Program-
mable logic can be used to interface
the digital filter to the ADC, act as
temporary storage register, and im-
plement FIFO control.

These shift/hold registers can be
implemented with two 20V8 devices.
In the sample mode (SMPL_CONV
= 1), the devices act as shift regis-
ters. Data is serially loaded into
them under control of the ADC. The
registers are then placed in a hold
mode so that the data sample isn’t
lost. When the system enters the
convolve mode, (SMPL__CON = 0),
data is immediately loaded into the
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5-A PLOT OF THE MAGNITUDE response shows that the bandpass filter's center frequency is 20 kHz with a passhand of 5 kHz
(). The transition region occurred in 2 kHz. The log magnitude response plot reveals a 175-dB/decade slope at the edges of the filter (b). It
would take a 9th-order analog filter to implement the same specifications.
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shift/hold registers in parallel.

Filter coefficients are stored in
PLDs emulating ROM. A 6001 has a
programmable AND and a program-
mable OR array so that it easily emu-
lates a 64-by-8 high-speed PROM.
Again, if E? devices are used, the fil-
ter coefficients can be changed sim-
ply by reprogramming the devices.
An address counter is used to access
the coefficients in the correct order.
Because there are 64 required coeffi-
cients for the 64 taps, only 6 bits of
address are required.

The coefficient-address counter is
a simple 6-bit counter implemented
in a 22V10. The counter is a synchro-
nous type with a count enable. The
clock is synchronous with the multi-
plier-accumulator clock. The count-
enable input pin is connected to XOE
from the multiplier-accumulator
controller. Therefore, the counter is
incremented only after the coeffi-
cient value has been loaded into the
multiplier-accumulator. When the
counter reaches 63, TC goes true to
indicate that all 64 coefficients have
been convolved. Again, the power-up
reset is used to ensure that the
counter starts in a known state.

The remaining four output-logic
macro cells can be used to generate
FIFO control signals. These signals
are generated asynchronously. De-
pending on the state of the system—
whether it be initially loading, sam-
pling, or convolving—the appropri-
ate Shift In, Shift Out, and clock sig-
nals for the shift/hold register will
be generated (Fig. 4).

When the convolution is done, the
state machine sets the CONV_DN
signal true synchronous with
MCLK. Hence, SMPL__CONV will
also be set synchronous with MCLK.
This will create glitches on the signal
CLKIN, which is the clock to the
shift/hold registers. This is a don’t-
care condition, as the registers will
soon be loaded with a new valid data
sample under the control of the
ADC.

The system requires 133 MCLK
cycles to complete the convolution.
With a 11.7-MHz clock, this takes
11.4 ps. This system used an ADC
with a serial interface that requires
3.3 us to shift the data into the shift/

hold registers. Thus, the system can
sample aninputsignalat11.4+3.3=
14.7 ps or 68 kHz. The Nyquist sam-
pling theorem states that a signal
must be sampled at twice the highest
frequency component to accurately
preserve the information in that sig-
nal. Therefore, this system can accu-
rately filter a signal with the fre-
quency componentas highas 34kHz.

Using the DFDP software from
ASPI, a bandpass filter was de-
signed using the Parks-McClellean
method. The center frequency is at
20kHz with a passband of 5 kHz. The
transition region occurred in 2 kHz
(Fig. 5). It’s interesting to note that
the edges of the filter have a slope of
approximately 35 dB/0.2 decade, or
175 dB/decade. It would take a 9th-
order analog filter to implement the
same specifications.

The system presented in this ex-
ample is a straightforward FIR fil-
ter. Because of the extensive use of
programmable logic, the system can
be easily adapted to implement an
IIR filter. The final output value can
be fed back into the FIFO prior to a
new sample shifting into the FIFO.
The coefficients can be staggered in
the coefficient ROM so that the B, s
line up with the Y(n- M), and the A s
line up with the X(n-N).

If enhancement of the system’s
performance is desired, a larger
FIFO memory can be used with a
faster multiplier-accumulator. Be-
cause 15-ns programmable-logic de-
vices are used, they’re not a limiting
factor. If a parallel ADC, 64-by-8
FIFO, and a 45-ns multiplier-accu-
mulator are employed, the system
could be made to run at 167 kHz with
little modification.(J

The author would like to thank At-
lanta Signal Processing for their
help in developing this article.

Mike Trapp, an applications engi-
neer for Lattice Semiconductor,
holds a BSEE from the University
of Colorado, Boulder.
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DESIGN IDEAS

Multiclock GAL doubles clock rate

Ted Marena
Lattice Semiconductor, Burlington, MA

Fig 1 shows a block diagram of a 386SX P system.
The 386SX runs at 20 MHz. However, the memory
circuitry needs to run at 40 MHz. The PLD program
in Listing 1 sets up the multiple clocks in the
GAL20RA10 to strobe on both the rising and falling
edges of the pP’s clock, effectively synthesizing a 40-
MHz clock for the memory circuitry.

The program also sets up the PLD to develop the
DRAM’s critical RAS and CAS signals according to
the timing diagram in Fig 2. Note that CAS follows
RAS by 25 nsec, meeting the 20-nsec minimum interval
for 70-nsec DRAM. A 2-bit counter in the PLD satisfies
RAS-precharge timing specs: RAS must be low for at
least 70 nsec, high for at least 50 nsec, and go high
only after CAS goes low. In this design, RAS goes low
for 70 nsec and high for 60 nsec.

Note that because an EPROM’s chip-select line does
not have to be clocked, the program in the listing
develops the EPROM-select signal using combinatorial
logic. You can obtain the listing from the EDN BBS’s
DI Special Interest Group (617-558-4241,300/1200/
2400,8,N,1—from Main Menu, enter (s)ig, <s/di_sig>,
rk1028).

T T, T3

swe _[LTLC LML

i

] /|———
|
|

»
3
>
N

—

RW / |
1
BIE \ ! /
i DATA IS READ INTO THE
READY i CPU ON THIS EDGE
i
—-60 L
RAS 75 ,!
1
CAS ! (
Fes] | !
. 1 1
1
INTRAS1 ' B~

INTRAS2 ﬁ

Fig 2—By generating internal clocks, intrasi and intras2, from
both edges of the 20-MHz clock signal, the PLD effectively doubles
the clock rate.

Fig 1—The PLD’s internal circuitry can clock on both edges of the
wP’s clock, thereby synthesizing a 40-MHz clock for the memory
system.

Listing 1—Memory-control PLD program

Name GAL20r:

Partno --nint-rfacn
Revision 02;

Date 3/7/91;

Designer Ted Ma:

Company Ll:ticc s-scenauctar
Assembly PC Multi-Function
Location U127

Device g20ral0;

/* This device controls the memory interface to a dram and eprom. */
/* A 386sx cpu with 1 meg of dram and eprom placed above 1 meg */
/* of address space. .
A /
/* Allowable Target Device Types:GAL20RA10 */
7

/** Inputs #%/

pin 2 /*  memory or 1/0 select */
pin 3 [l

pin 4 ible; /* */
pin 5 = lrefresh; /*  control signals from the cpu */
pin 6 = lready / +/
pin 7 = a22;

pin 8 = a21; /s address bits to decode shove *
pin 9 = a20; 7%+ and below 1 meg *
pin 10 = wr_3 e irite er resd control from cpu %/
Pin 11 - zomclks 7* 20 mhz clock from the cpu */

pin 14 = lcas /* cas for both banks of dram %/
pin 15 = irasl /* rasl to strobe low bank *
pin 16 = iras2 ; /* ras2 to strobe high bank *
pin 17 = lepromsel /% eprom select  #

pin 18 = intrasi 7% these 2 bits control the */
pin 19 = intras2 /% width of the ras pulse */
pin 20 = ldramwr 7* vrite pulse for the dram */

/%% Declarations and Intermediate Variable Definitions #%/

intrasl.ck = 20mclk;
intras2.ck = !20mclk;

rasl.ck = 20mclk; /* both ras are clocked on one clk edge */
ras2.ck = 20mclk;
cas.ck = l20mclk; /* and cas is clocked on the other */
rasl.d = m_io & ble & 'r-h'sh & 1a20 & ta21 & ll22 # /* start rasl */
refresh & cas /* cas before ras refresh
4
ras2.d = m_io & bhe i !refresh & !a20 & !a21 & !a22 § /* start ras2 %/
rafresh & ca i /* cas before ras refresh
*/
cas.d = (rasl 4 tllz) & !refresh # /* start cas */
ready & 7* hold and end cas %/
refresh i llZD & la2l & !a22 & !m_io; /* refresh cycle
'/

= m_io & lrefresh & wr /% vrite for memory */
apmnnx =m_ "o s Irefresh & a20" 5 a21 & a22 & ads & twr_rd;

intrasl.d = rasl # ras2; /* after either ras starts, */
intras2.d = intrasi; /* count 2 clocks to end ras */
rasl.ar = Xnt!lﬂl /* end rasl by asynchronous reset #*/

ras2.ar = int;
intras2.ap = kintrul

7+ end rasz by asynchronous reset +/
/% asynchronous preset to allow ras */
7* to begin next timing cycle
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GAL Development
Tools

Lattice Semiconductor recommends that customers use
only Lattice qualified programming equipment. Lattice
guarantees 100% programming yield to customers using
qualified programming tools. Below is a matrix that
provides the third-party programmers which are qualified
to program Lattice GAL devices.

Lattice works closely with third-party programming
equipment manufacturers to ensure that customers

achieve the highest programming yields and quality levels.
Lattice’s stringent qualification program includes an
evaluation of algorithms, verification of timing and voltage
levels, and a complete yield analysis.

Fora currentlisting of Lattice qualified GAL programmers,
please call Lattice’s Literature Distribution Department
(Tel: 503-693-0287; FAX: 503-681-3037).

LATTICE QUALIFED PROGRAMMERS (as of May 1992)

Lattice GAL Device Type

16VBA/B | 20V8A/B | 18V10

22v108

26CV12B | 26CV12 | 20XV10 | 20RA10 | 6002B

Data VO

60AH

Alipro 88

Logical Devi
Alipro 40

System 3000

ZL30/A

TURPRO-1

System General | SGUP-85A

SGUP-85

Sprint Expert

SMS
Mic puter Sprint Plus

Digelec Model 860

CP-1128

BP-Microsy! % PLD-1128

PLD-1100

Prog. Logic Tech. | Logic Lab

Pilot-UB4/U40
Advin

Pilot-GUGCE

llllllllllll.lllllllé

 EN AN EN B BN B BN BN BE B B B RO B B B B BN |
BN ARl EloRN B BE=EN NN BN REN=RiN B DN B BN RN |
[ B BN RieRlN BiNoRN BN BN NB NN B BN B BN B B BN BN |
(Bl A B BN BN BN B BE-EN RN B Rin=Ri B B BN BN BN |
[ B B El B BN B O BN BN BN B RO BN BN BN O BN BN |
| BN ARl RN BREN=RE=RE BE=EE=RE B BEE=HE BB BE-NE R BEN BN |

M = Programmer is qualified, refer to the GAL Development Tools document for additional information.
Q = Programmer was not qualified as of 5/92. Contact Lattice or programmer vendor for latest information.

O = Programmer does not support 28-pin devices.




Development Tools

LOGIC COMPILER SUPPORT (as of May 1992)

Lattice GAL Device Type
Vendor Logic Compiler

v 16veAB | 20veAB | 18v10 | 22vi0B |26Cvi/B | 20xvi0B | 20RA10 | 60028 | 6001
Accel Tech. | Tango PLD n . m . ™ o ) o .
Datak0  |ABEL . ™ ™ = .
ISDATA  |LoarC . ] (] [ ] o n o n
Logical Devices |CUPL ~ = ™ ~ ™ . ~ . n
Minc PLDesigner n ™ n n u o n o ~
OrCAD  |orcAD PLD = = » ™ . o [ o o
Omation  |Schema-PLD ™ ™ " n ] o . o u

B = Compiler supports GAL device type. Contact vendor or Lattice for the current revision level.

O = Contact vendor for support date.

PROGRAMMER/COMPILER VENDORS

Accel Technologies
6825 Flanders Dr.
San Diego, CA 92121
Tel: (619) 554-1000
FAX: (619) 554-1019

Advin Systems
1050-L Duane Ave
Sunnyvale, CA 94086
Tel: (408) 243-7000
FAX: (408) 736-2503

BP Microsystems
10681 Haddington
Suite #190

Houston, TX 77043
Tel: (713) 461-9430
FAX: (713) 461-7431
BBS: (713) 461-4958

Data VO Corp.
10525 Willows Road N.E.
P.O. Box 97046
Redmond, WA 98073-9746
Tel: (206) 881-6444
Tel: 1-800-247-5700
FAX: (206) 882-1043
In Europe contact:
Data I/O Corp.
Tel: +31 (0) 20-6622866
In Japan contact:
Data I/O Corp.
Tel: (03) 432-6991

Digitronics Israel Ltd.
25 Galgaley Haplada St.
Herzliya B 46722
Israel
Tel: 052-559615
FAX: 052-555240

In the U.S. contact
Digelec
20144 Plummer St.
Chatsworth, CA 91311
Tel: (818) 701-9677
FAX: (818) 701-5040

ISDATA GmbH
Haid-und-Neu-StraBe 7
7500 Karlsruhe 1
Germany
Tel: 0721-693092
FAX: 0721-174263

In the U.S. contact
ISDATA Inc.
Tel: (408) 373-7359
FAX: (408) 373-3622

Logical Devices

1321 N.W. 65th Place.

Fort Lauderdale, FL 33309
Tel: (305) 974-0967

FAX: (305) 974-8531

Minc Incorporated

6755 Earl Dr.

Colorado Springs, CO 80918
Tel: (719) 590-1155 :
FAX: (719) 590-7330

Omation

801 Presidential
Richardson, TX 75081
Tel: (214) 231-5167
FAX: (214) 783-9072

OrCAD Systems Corp.
3175 N.W. Aloclek Dr.
Hillsboro, OR 97124
Tel: (503) 690-9881
FAX: (503) 690-9891

Programmable Logic Tech
P.O. Box 1567

Longmont, CO 80501

Tel: (303) 772-9059

FAX: (303) 772-5617

SMS Micro Systems
IM Grund 15
D-7988 Wangen
Germany
Tel: (49) 7522-5018
FAX: (49) 7522-8929
In the U.S. contact:
SMS Norht America, Inc.
16522 N.E. 135th PI.
Redmond, WA 98052
Tel: (206) 883-8447
FAX: (206) 883-8601

Stag Microsystems

Martinfield

Welwyn Garden City

Herts AL7 1JT

United Kingdom

Tel: 011-44-707-332148

FAX: 011-44-707-371503
In the U.S. contact:

Stag Microsystems

1600 Wyatt Dr.

Santa Clara, CA 95054

Tel: (408) 988-1118

FAX: (408) 988-1232

System General
3Fl., No. 1, Alley 8, Lane 45
Bao Shing Rd.
Shin Dian
Taipei, Taiwan R.O.C.
Tel: 886-2-9173005
FAX: 886-2-9111283

In the U.S. contact:
System General
510 S. Park Victoria Dr.
Milpitas, CA 95035
Tel: (408) 263-6667
FAX: (408) 262-9220




Copying

PAL, EPLD & PEEL

Patterns Into GAL Devices

INTRODUCTION

The generic/universal architectures of Lattice GAL devices
are able to emulate a wide variety of PAL, EPLD and
PEEL devices. GAL devices are direct functional and
parametric replacements for most PLD device
architectures. To use GAL devices in place of other PLD
types, some conversion of the original device pattern may
be needed. This conversion is not difficult, and can be
accomplished at either the design or manufacturing level.
The following sections describe several techniques
availableto convert PAL, EPLD and PEEL device patterns
to Lattice GAL device patterns.

CROSS PROGRAMMING: GAL16V8 AND GAL20V8
The GAL16V8 and GAL20V8 devices replace most
standard 20-pin and 24-pin PAL devices. To simplify the
conversion process, Lattice has worked with programmer
hardware manufacturers to provide the ability to program
GAL devices directly from existing PAL JEDEC files, or
master PAL devices. Lattice qualified programmers can
automatically configure the architecture of a GAL device
to emulate the source PAL device.

To provide a conceptual framework for the conversion
from PAL devices to GAL devices, a mythical device
known as a RAL device was created. A RAL device is
simply a GAL device configured to emulate a PAL. There
is a one-to-one correspondence between the name of a
PAL device and that of a RAL device. For example, a
RAL16L8 is simply a GAL16L8 configured as a PAL16L8.
Some programmers list the RAL device types as choices
for cross-programming, while others specifically state
that a cross-programming operation is to be performed
using a PAL device type as the architecture type. Other
programmers list devices such as a Lattice 16L8. Even
though Lattice does not make a 16L8 device, choosing
this selection allows the programmer to accept a 16L8
JEDEC file, and will program a GAL16V8 device to
emulate a PAL16L8.

To program a GAL16V8 or GAL20V8 device from an
existing PAL JEDEC file, simply select the appropriate
device code (either RAL type, or PAL type to cross-
program from), then download the PAL JEDEC file to the
programmer. Insert the appropriate GAL device that can
directly emulate the PAL device (according to the chart in
the GAL16V8 or GAL20V8 datasheets). The programmer
willautomatically configure the GAL device to emulate the
PAL device during programming. The resulting GAL
device is 100% compatible with the original PAL device.

A GAL device may also be programmed from a master
PAL device by reading the pattern of the master PAL into
the programmer memory, then selecting the appropriate
RAL device or PAL type to cross-program from. The GAL
device can then be programmed from the programmer
memory.

CROSS PROGRAMMING: GAL22V10/GAL20RA10
The GAL22V10and GAL20RA10 are direct replacements
for bipolar PAL devices, and are JEDEC fuse map
compatible with these industry standard devices. To
program a GAL22V10 or GAL20RA10 device from an
existing PAL JEDEC file, simply select the appropriate
GAL device code, then download the PAL JEDEC file to
the programmer. The resulting GAL device is 100%
compatible with the original PAL.

GAL devices also may be programmed from Master PAL
devices by reading the pattern of the Master PAL into the
programmer memory, then selecting the appropriate GAL
device code. The GAL device can then be programmed
from the programmer memory.

The GAL22V10 and GAL20RA10 also can store a User
Electronic Signature (see the datasheets onthese devices
for more information). To use this feature, the JEDEC file
must contain this information. To add the signature data
to the JEDEC map, use the PALtoGAL conversion utility
(see next section) or recompile the source equations for
a Lattice GAL device instead of a generic 22V10 type.
Many programmers list two device types to differentiate
between the two types of JEDEC files, and list both a
GAL22V10 and a name such as GAL22V10-UES or
GAL22V10-ES. Other programmers allow both types of
JEDEC files to be accepted, and simply don't program the
Signature fuses if they are not present in the file.

CROSS PROGRAMMING: GAL20XV10

The GAL20XV10 canbe configured as adirect replacement
for bipolar PAL20X10, 20X8, 20X4, and 20L10 devices.
Many programmers provide cross-programming support
similartothat provided forthe GAL16V8/GAL20V8devices.
This allows the use of existing PAL device files to program
the GAL20XV10 to emulate the PAL devices. The
PALtoGAL conversion software (described below) also
supports conversion of the PAL JEDEC files to a
functionally equivalent GAL device file.

PALTOGAL CONVERSION UTILITY SOFTWARE
Lattice has created a software utility that will convert an
existing PAL device JEDEC file to the appropriate GAL
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Copying PAL Pattems
Into GAL Devices

device JEDEC format. Called PALtoGAL, this software
utility can be used to convert PAL device files to GAL
device files, add/or change the User Electronic Signature
without changing device functionality, and reformat existing
GAL JEDEC files for readability.

Since a few programmable logic devices have features
that a GAL device cannot exactly emulate, the PALtoGAL
utility will clearly describe the incompatibility but will not
create an output file. GAL devices programmed using
files converted by PALtoGAL will be 100% compatible
with the original logic device. PALtoGAL is just another
method of cross-programming, and should produce the
same results as using a programmer. The advantage is
that a full GAL device JEDEC map is created, meaning
that the appropriate GAL device may then be selected on
the programmer, which may simplify the manufacturing
flow. Also, the PALtoGAL conversion software provides
conversions that programmers do not.

A copy of the PALtoGAL conversion utility software canbe
obtained through your local Lattice representative, or by

contacting the GAL Applications Hotline at 1-800-
FASTGAL (327-8425) or (503) 693-0201. The software
also may be downloaded from Lattice’s Electronic Bulletin
Board at (503) 693-0215; the file name is

“PALTOGAL.EXE". '

SOFTWARE COMPILER CONVERSION

If the equation source file is available for the PAL device,
it can be converted by re-compiling using a suitable logic
compiler that supports GAL devices. If there are any
device incompatibilities (there shouldn’tbe in most cases),
the compiler will describe the errors. The output of the
compiler will be a GAL JEDEC file that can be used to
program a GAL device directly. The resulting GAL device
will be 100% functionally compatible with the original
device.

Suitable logic compilers are listed in the Development
Tools section. If additional questions arise, contact your
compiler manufacturer or a Lattice Applications Engineer
by calling the GAL Applications Hotline at 1-800-FASTGAL
or (503) 693-0201.
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GAL Product Line
Cross Reference

MANUFACTURER| PART # LATTICE PART # MANUFACTURER | PART # LATTICE PART #
ALTERA EP310 GAL16V8A/B! AMD AmPAL20RP10 GAL22V10/B
EP320 or... GAL18V10
EP330 PAL20S10 GAL22V10/8
PAL20RS4
AMD PAL10H8 GAL16V8A/B PAL20RS8
PAL10L8 PAL20RS10
PAL12H6
PAL12L6 PAL12L10 GAL20XV10B
PAL14H4 AmPAL20L10
PAL14L4 PAL20L10
PAL16H2 PAL20X42
PAL16L2 PAL20X82
PAL20X10?
PAL16L8 GAL16V8A/B
PAL16R4 AmPAL22V10 GAL22V10/B
PAL16R6 PAL22V10
PAL16R8 PALC22V10
PALC16L8 PALCE22V10
PALC16R4
PALC16R6 PALCE24V10 GAL26CV12/B'
PALC16R8 PALCE26V12
AmPAL16L8 -
AmPAL16R4 ATMEL AT22V10 GAL22V10/B
AmPAL16R6
AmPAL16R8 CYPRESS PALC16L8 GAL16V8A/B
PAL16P8 PALC16R4
PAL16RP4 PALC16R6
PAL16RP6 PALC16R8
PAL16RP8
PLDC18G8 GAL16V8BA/B!
PALCE16V8 GAL16V8A/B or.. GAL18V10
AmPAL18P8 GAL16V8A/B! PALC20CG10 GAL20V8A/B!
PALC18U8 or... GAL18V10 PALC22V10  |or.. GAL22V10/B
PAL22V10
PAL14L8 GAL20V8A/B
PAL16L6 PLD20RA10 GAL20RA10
PAL18L4
PAL20L2 HARRIS HPL16LC8 GAL16V8A/B
HPL16RC4
PAL20L8 GAL20V8A/B HPL16RC6
PAL20R4 HPL16RC8
PAL20R6
PAL20R8 ICT PEEL18CV8 GAL16V8A/B!
AmPAL20RP4 or... GAL18V10
AmPAL20RP6
AmPAL20RP8 PEEL153 GAL16V8A/B!
PEEL253 or... GAL18V10'
PALCE20V8 GAL20V8A/B
PEEL20CG10 GAL20V8A/B!
PAL20RA10 GAL20RA10 PEEL22CV10A|or... GAL22V10/B

1) Possible conversion but not 100% compatible to this device.
2) DIP package compatible only.
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GAL Product Line

Cross Reference
|MANUFAC’I'UFIER PART # LATTICE PART # IMANUFACTURER PART # LATTICE PART #
INTEL 5C031 GAL16V8A/B! RICOH EPL10P8 GAL16V8A/B
5C032 or... GAL18V10 EPL12P6
85C220 EPL14P4
EPL16P2
85C224 GAL20V8A/B!
or... GAL22V10/8 EPL16P8 GAL16V8A/B
EPL16RP4
NATIONAL PAL10H8 GAL16V8BA/B EPL16RP6
EPL16RP8
PAL10LS GAL16VBA/B
PAL12H6 SAMSUNG CPL16L8 GAL16V8BA/B
PAL12L6 CPL16R4
PAL14H4 CPL16R6
PAL14L4 CPL16R8
PAL16H2
PAL16L2 CPL20L8 GAL20V8A/B
CPL20R4
PAL16LS GAL16V8BA/B CPL20R6
PAL16R4 CPL20R8
PAL16R6
PAL16R8 CPL20L10 GAL20XV10B
GAL16V8 GAL16V8A/B CPL22V10 GAL22V10/B
GAL16V8A
SGS-THOMSON | GAL16V8 GAL16VSBA/B
GAL18V10 GAL18V10
GAL20V8 GAL20VSA/B
PAL14L8 GAL20V8A/B
PAL16L6 GAL39V18 GAL6001
PAL18L4 or... GAL6002B
PAL20L2
SIGNETICS PLHS16L8 GAL16VSA/B
PAL20L8 GAL20V8A/B PLUS16LS
PAL20P8 PLUS16R4.
PAL20R4 PLUS16R6
PAL20RP4 PLUS16R8
PAL20R6
PAL20RP6 PLHS18P8 GAL16V8A/B!
PAL20R8 or... GAL18V10
PAL20RP8
PLS153 GAL16V8A/B'
PAL20RA10 GAL20RA10 PHD16N8 or... GAL18V10!
PAL20L10 GAL20XV10B PLUS20L8 GAL20V8A/B
PAL20X4 PLUS20R4
PAL20X8 PLUS20R6
PAL20X10 PLUS20R8
GAL22V10 GAL22V10/B SPRAGUE SPL14LC8 GAL16VBA/B
SPL16LCS8
GAL26CV12 GAL26CV12/B SPL16RC4
SPL16RC6
GAL6001 GAL6001 SPL16RC8
or... GAL6002B

1) Possible conversion but not 100% compatible to this device.




GAL Product Line
Cross Reference

|MANUFACTURER| PART #

LATTICE PART #

SPRAGUE

SPL18LC4
SPL20LC2

GAL20v8A/B

SPL20LC8
SPL20RC4
SPL20RC6
SPL20RC8

GAL20V8A/B

T

TIBPAL16L8
TIBPAL16R4
TIBPAL16R6
TIBPAL16R8

GAL16V8A/B

TICPAL16L8
TICPAL16R4
TICPAL16R6
TICPAL16R8

GAL16V8A/B
GAL16V8A/B

EP330
TIBPAD16N8

or...

GAL16V8A/B!
GAL18V10'

TIBPAL20L8
TIBPAL20R4
TIBPAL20R6
TIBPAL20R8

GAL20V8A/B

TIBPAL20L10
TIBPAL20X4
TIBPAL20X8
TIBPAL20X10

GAL20XV10B

TIBPAL22V10
TICPAL22V10

. GAL22v10/8

1) Possible conversion but not 100% compatible to this device.
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Package Thermal
Resistance

The following table provides information on the package
thermal resistance of Lattice commercial and industrial
grade devices. For information on the package thermal
resistance of Lattice military grade devices, please refer
to "MIL-M-38510, Appendix C".

Testing was performed per SEMI TEST METHOD G38-
87: "Still and Forced-Air Junction-to-Ambient Thermal
Resistance Measurements of IC Packages" with devices

mounted on a thermal test board conforming to SEMI
SPECIFICATION G42-88: "Thermal Test Board
Standardization for Measuring Junction-to-Ambient
Thermal Resistance of Semiconductor Packages".

Power Dissipation = 0.5watts (IC chip reverse biased)
Ambient Air Velocity = Zero (still air)

Ambient Temperature = 65°C

Measuring Current = 3mA

PACKAGE THERMAL RESISTANCE

Commercialindustrial Grade Devices

Package Type: Device Type:

JA

20-Pin Plastic DIP GAL16V8BA/B

GAL18V10

67°C/W 39°C/W

24-Pin Plastic DIP GAL20V8BA/B
GAL22V10/B
GAL20XV10B
GAL20RA10
GAL6001

GAL6002B

65°C/W 36°C/W

28-Pin Plastic DIP GAL26CV12/B

52°C/W 33°CW

20-Pin Plastic LCC GAL16V8A/B

GAL18V10

67°C/W 32°CW

28-Pin Plastic LCC GAL20V8A/B
GAL22V10/B
GAL20XV10B
GAL20RA10
GAL26CV12/B
GAL6001

GAL6002B

56°C/W 29°CW
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Package Diagrams

20-Pin Plastic DIP

Dimensions in inches MIN.

1/ MAX.
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24-Pin Plastic DIP

Dimensions in Inches MIN.
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Package Diagrams

28-Pin Plasti
Dimensions in inches MIN./ MAX.
i e T e e O o o B o B
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1.345/1.370

090/.110
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Package Diagrams

20-Pin

Dimensions in inches

] [042/.048 X 45°

—! !__ 047/.053

i O B o O s O

O )

i
1
-385/.395 E Top View
[
[

\_.
T T T 7 3

| IR NN [ NN [ SN R S |

P

k

MIN. / MAX.

T

042/.048 X 45°

—] 042/.056 X 45°
— .009/.015

013/.021
.026/.032

/)

.165/.180 —

k

Dimensions in Inches MIN. / MAX.

.350/.358
.385/.395 1
-Pin PL

— 042/.048 X 45°
_-I I_..om.oss

O

Top View

§

&
o 8 s o 1 o Y s o |
LI JL I JU I

| NN I NN [ N N -

450/ .458 —————em!

485/ .495

—= = .020 MIN
[=— .080/.120

042/.056 X 45°
— .009/.015
(’=

042/.048 X 45°

013/.021
[026/.032

165/.180 —

020 MIN
.090/.120

Fro

9-11




Package Diagrams

20-Pin (300 MIL) CERDIP

Dimensions in inches MIN. / MAX,
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D 260/.310
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24-Pin (300 MIL) CERDIP

Dimensions in inches MIN. / MAX.
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.008/.015
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Package Diagrams
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20-Pin LCC

Dimensions in inches MIN./ MAX.

030/.050 X 45° (210°)
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Package Diagrams

28-Pin LCC

Dimensions in Inches MIN. / MAX.

.035/.045 X 45° (+0.5°) in #1
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077/.093 .015/.025 X 45° (+0.5°)

e
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Tape and Reel
Specifications

A tape-and-reel packing container is available for plastic
leaded chip carriers to protect the product from mechanical/
electrical damage and to provide an efficient method for
handling. Lattice's tape-and-reel containers are shipped
in full compliance to Electronics Industry Association
Standard EIA-RS481.

The tape-and-reel packing system consists of a pocketed
carriertapeloaded with one device per pocket. A protective
cover tape seals the carrier tape and holds the devices in

the pockets. A full reel holds a maximum quantity of
devices depending on the package size. Lattice requires
ordering in full reel quantities. Once loaded, the tape is
wound onto a plastic reel for labeling and packing.

Devices packaged in tape-and-reel containers must be
factory programmed (pre-pattemed). Custom marking of
devices prior to mounting on tape-and-reel is available
upon request. Contact your local Lattice sales office for
more details on Lattice's tape-and reel packing system.

TAPE-AND-REEL QUANTITIES AND DIMENSIONS

Package Pin Count Carrier Tape Dimensions Quantity Per
Width Pitch 13 Inch Reel
PLCC 20-pin 16mm 12mm 1000
28-pin 24mm 16mm 750
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Sales Offices

LATTICE SALES OFFICES

ERANCE
Lattice Semiconductor
Les Bureaux de Sévres
72-78, Grand Rue
92310 Sévres
TEL: (33)145341010
FAX: (33) 146267136

GERMANY
Lattice Semiconductor
Hanns-Braun-Str. 50
8056 Neufahm bei Minchen
TEL: 08165-652-45
FAX: 08165-652-49

HONG KONG
Lattice Semiconductor
2802 Admiralty Centre, Tower 1
18 Harcourt Road
Hong Kong
TEL: (852) 529-0356
FAX: (852) 866-2315

JAPAN
Lattice Semiconductor
Peony Kikuchi 201
1-8-4, Botan
Koto-ku, Tokyo 135
TEL: 33-642-0621
FAX: 33-642-0629

UNITED KINGDOM
Lattice Semiconductor
Lords Court
St. Leonard’s Road
Windsor
Berkshire SL4 3DB
TEL: 753-830-842
FAX: 753-833-457

NORTH AMERICA

CALIFORNIA

Lattice Semiconductor
4000 Burton Drive
Santa Clara, CA 95051
TEL: (408) 980-7878
FAX: (408) 980-0839

Lattice Semiconductor

Carisbad Pacific Ctr. One

701 Palomar Airport Rd.

3rd Floor

Carisbad, CA 92009
TEL: (619) 931-4751

FAX: (619) 431-1821

GEORGIA

Lattice Semiconductor
3105 Mediock Bridge Rd.
Norcross, GA 30071-1443
TEL: (404) 446-2930
FAX: (404) 416-7404

TEL: FAE — (404) 242-2990

MASSACHUSETTS
Lattice Semiconductor
67 S. Bedford St.

Suite 400 West
Burlington, MA 01803
TEL: (617) 229-5819
FAX: (617)272-3213

MINNESOTA

Lattice Semiconductor
3445 Washington Dr.
Suite 105

Eagan, MN 55122

TEL: (612) 686-8747
FAX: (612) 686-8746

NEW JERSEY

Lattice Semiconductor
TEL:  (201) 744-5908
FAX: (201) 509-9309

OREGON

Lattice Semiconductor
5555 N.E. Moore Ct.
Hillsboro, OR 97124
TEL: (503) 780-6771
FAX: (503) 681-3037

JEXAS

Lattice Semiconductor
100 Decker Ct. Ste. 280
Irving, TX 75062

TEL: (214) 650-1236
FAX: (214) 650-1237

NORTH AMERICAN SALES REPRESENTATIVES

ALABAMA

CSR Electronics, Inc.

303 Williams Avenue

Ste. 931

Huntsville, AL 35801

TEL: (205) 533-2444
FAX: (205) 536-4031

ARIZONA

Summit Sales

7802 E. Gray Rd. #600
Scottsdale, AZ 85260
TEL: (602) 998-4850
FAX: (602) 998-5274

CALIFORNIA

Bager Electronics

17220 Newhope St. #209
Fountain Valley, CA 92708
TEL: (714) 957-3367
FAX: (714)546-2654

Bager Electronics

6324 Variel Ave. #314
Woodland Hills, CA 91367
TEL: (818)712-0011
FAX: (818)712-0160

Criterion Sales

3350 Scott Bivd, Bidg.44
Santa Clara, CA 95054
TEL: (408) 988-6300
FAX: (408) 986-9039

Earle Associates

7585 Ronson Rd. #200
San Diego, CA 92111

TEL: (619)278-5441

FAX: (619)278-5443

COLORADO
Waugaman Associates
4800 Van Gordon
Wheat Ridge, CO 80033
TEL: (303) 423-1020
FAX: (303) 467-3095

CONNECTICUT
Comp Rep Associates
60 Connolly Pkwy.
Bidg. 12 Suite 210
Hamden, CT 06514
TEL: (203) 230-8369
FAX: (203) 230-8394

FLORIDA

Sales Engineering Concepts
776 S. Military Trail
Deerfield Beach, FL 33442
TEL: (305) 426-4601

FAX: (305)427-7338

Sales Engineering Concepts
600 S. Norhtlake Bivd. #230
Altamonte Spgs, FL 32701
TEL: (407) 830-8444
FAX: (407) 830-8684

GEORGIA

CSR Electronics, Inc.

1651 Mt. Vemon Rd. # 200
Atianta, GA 30338

TEL: (404) 396-3720
FAX: (404) 394-8387

ILLINOIS

Heartiand Tech Mktg.
1615 Colonial Pkwy.
Inveress, IL 60067
TEL: (708) 358-6622
FAX: (708) 358-7660

IOWA

Stan Clothier Company
1930 St. Andrews, N.E.
Cedar Rapids, IA 52402
TEL: (319)393-1576
FAX: (319)393-7317

KANSAS

Stan Clothier Company
815 Clairbome, Ste. 275C
Olathe, Kansas 66062
TEL: (913) 829-0073
FAX: (913) 829-0429

MARYLAND
Deltatronics

24048 Sugar Cane Ln.
Gaithersburg, MD 20882
TEL: (301) 253-0615
FAX: (301)253-9108

MASSACHUSETTS
Comp Rep Associates
100 Everett Street
Westwood, MA 02090
TEL: (617) 329-3454
FAX: (617) 329-6395 .

MICHIGAN

Greiner & Associates

15324 E. Jefferson Ave.
Grosse Pointe Park, Ml 48230
TEL: (313) 499-0188

FAX: (313) 499-0665

MINNESOTA

Stan Clothier Company
9600 W. 76th St., Ste. #A
Eden Prairie, MN 55344
TEL: (612) 944-3456
FAX: (612) 944-6904
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Sales Offices

MISSOURI

Stan Clothier Company
3910 Old Highway 94 South
Suite 116

St. Charles, MO 63304
TEL: (314)928-8078
FAX: (314)447-5214

NEW JERSEY

Technical Marketing Group
175-3C Fairfield Ave.
West Caldwell, NJ 07006
TEL: (201) 226-3300
FAX: (201)226-9518

NEW YORK

Technical Marketing Group
20 Broad Hollow Rd.
Melville, NY 11747

TEL: (516)351-8833
FAX: (516)351-8667

Tri-Tech Electronics
300 Main St.

E. Rochester, NY 14445
TEL: (716)385-6500
FAX: (716)385-7655

Tri-Tech Electronics
14 Westview Dr.
Fishkill, NY 12524
TEL: (914) 897-5611
FAX: (914)897-5611

Tri-Tech Electronics
6836 E. Genesee St.
Fayetteville, NY 13066
TEL: (315) 446-2881
FAX: (315) 446-3047

NORTH CAROLINA

CSR Electronics, Inc.

5848 Faringdon Place, Ste. 2
Raleigh, NC 27609

TEL: (919) 878-9200

FAX: (919)878-9117

CSR Electronics, Inc.
6425 Creft Cr.

Indian Trail, NC 28079
TEL: (704) 882-3992
FAX: (704) 882-3999

OHIO

Makin & Associates
3165 Lynwood Rd.
Cincinnati, OH 45208
TEL: (513)871-2424
FAX: (513)871-2524

Makin & Associates

6400 Riverside Dr. Bidg. A
Dublin, OH 43017

TEL: (614) 793-9545
FAX: (614) 793-0256

Makin & Associates
32915 Aurora Ave. #270
Solon, OH 44139

TEL: (216) 248-7370
FAX: (216)248-7372

OKLAHOMA

Waest Associates

9717 E. 42nd St. #125
Tulsa, OK 74146

TEL: (918) 665-3465
FAX: (918)663-1762

- OREGON
Northwest Marketing

6975 SW Sandburg Rd. #330
Portland, OR 97223

TEL: (503) 620-0441

FAX: (503) 684-2541

Deltatronics

921 Penliyn Pike

Blue Bell, PA 19422
TEL: (215) 641-9930
FAX: (215)641-9934

TENNESSEE

CSR Electronics, Inc.
Andrew Johnson Office Pi.
912 S. Gay Street, Ste. 1218
Knoxville, TN 37902

TEL: (615) 637-0293

FAX: (615)637-0466

JEXAS

West Associates

4615 Southwest Fwy #720
Houston, TX 77027

TEL: (713) 621-5983
FAX: (713) 621-5895

West Associates

9171 Capital of Texas Hwy.
North Houston Bidg. #120
Austin, TX 78759

TEL: (512) 343-1199
FAX: (512) 343-1922

West Associates

801 E. Campbell Rd. #350
Richardson, TX 75081
TEL: (214) 680-2800
FAX: (214) 699-0330

UTAH

Waugaman Associates
876 East Vine St.
Murray, UT 84107
TEL: (801) 261-0802
FAX: (801)261-0830

VIRGINIA

Deltatronics

6040 Knights Ridgeway
Alexandria, VA 22310
TEL: (703)971-1733
FAX: (703)971-1343

WASHINGTON
Northwest Marketing
12835 Bel-Red Rd. #330N
Bellevue, WA 98005

TEL: (206) 455-5846
FAX: (206) 451-1130

WISCONSIN

Heartland Technical Mktg.
350 Bishops Way
Brookfield, WI 53005
TEL: (414) 789-6860
FAX: (414) 789-6864

PUERTO RICO

Sales Engineering Concepts
Condo. Buena Vista

Urb. Mercedita

Local Commercial C-1
Ponce, P.R. 00731

TEL: (809) 841-4220

FEX: (809)259-7223

CANADA

ALBERTA

Dynasty Components
Calgary, Alberta
TEL: (403)560-1212
FAX: (403) 723-8820

BRITISH COLUMBIA
Dynasty Components
Vancouver, British Columbia
TEL: (604) 597-0068
FAX: (604) 723-8820

ONTARIO

Dynasty Components
174 Colonade Rd. S.
Unit 21

Nepean, Ontario
Canada, K2E 7J5
TEL: (613) 723-0671
FAX: (613) 723-8820

Dynasty Components
Toronto, Ontario

TEL: (416) 672-5977
FAX: (416) 723-8820

QUEBEC

Dynasty Components
Montreal, Quebec
TEL: (514) 843-1879
FAX: (514) 694-6826
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Sales Offices

INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS

AUSTRALIA

RAE Industrial Elect. Pty.
62 Moore St.

Austimer, NSW 215
TEL: (61) 42-673722
FAX: (61) 42-681075

ZATEK Components, Ltd.
1059 Victoria Road

P.O Box 397, Suite 8
West Ryde, NSW 2114
Sidney, 3153

TEL: (61) 2 874-0122
FAX: (61) 2 874-6171

ZATEK Components, Ltd.
Level 2, 96 Phillip Street
Parramatta 2150

P.O Box 1077
Parramatta 2150

TEL: (61) 2 895-5534
FAX: (61) 2 895-5535

AUSTRIA

Ing. E. Steiner GmbH.
Hummelgasse 14

A-1130 Wien

TEL: (43) 222-827-4740
FAX: (43) 222-828-5617

BELGIUM
Alcom Electronics B.V.B.A.

Singel 3

2550 Kontich

TEL: (32) 3 458-3033
FAX: (32) 34583126

DENMARK

Ditz Schweitzer
Vallensbaekvej 41
Postboks

DK-2605 Brendby
TEL: (45) 424530 44
FAX: (45) 42 45 92 06
TLX: 85533257

EINLAND

Telercas OY
Luomannotko 6, PL73
02201 Espoo

TEL: (358) 804 521622
FAX: (358) 804 523337
TLX: 857123212

ERANCE

Almex

48 Rue de I'Aubepiné
BP 102

92164 Antony Cedex
TEL: (33) 14096 5400
FAX: (33) 14666 6028

Franelec

50 Rue de L'Aubepine
B.P. 158

92185 Antony Cedex
TEL: (33) 14096 0909
FAX: (33) 1 4096 0250
TLX: 842250067

DataDis

3 Bis Rue Rene Cassin
B.P 84

91303 Massey Cedex
TEL: (33) 69-20 4141
FAX: (33) 69-20 4900

GERMANY

Alfatron GmbH.
Stahigruberring 12

8000 Minchen 82

TEL: (49) 89 4204 910
FAX: (49) 89 4204 9159
TLX: (49) 5216935

HONG KONG

RT! Industries Co. Ltd.
B23, 3rd Floor
Proficient Ind. Centre
6, Wang Kwan Rd.
Kowloon

TEL: (852) 795 7421
FAX: (852) 795 7839

INDIA

Hindetron

33/44A, 8th Main Road
Rajmahal Vilas Ext.

Bangaore 560-080

TEL: (91) 812 348 266

FAX: (91) 812 345 022

TLX: (91) 08452741HSPL IN

Silicon

3 Mills View Close
Dukesmeadow, Kilkenny
Kilkenny County

TEL: (353) 566 4002

ISRAEL

Unitec

Rechov Maskit 1

Herzlia B, PO Box 2123
46120

TEL: (972) 52 576006
FAX: (972) 52 576790
TLX: 922341990

ITALY

Comprel SR.L.

Viale F. Testi, 115
20092 Cinoselio B.
Milano

TEL: (39) 2-61206415
FAX: (39)2-6128158

Comprel S.P.A.

Viale F. Testi, 115
20092 Cinosalio B.
Milano

TEL: - (39) 2-6120641
FAX: (39)2-61280526

JAPAN

Ado Electronic Indust. Co.
7th Floor, Sasage Building
No. 4-6 Sotokanda
2-Chome, Chiyoda-ku
Tokyo 101

TEL: (81) 3-3257-2600
FAX: (81) 3-3251-6796
TLX: 7812224754

Macnica, Inc.

Hakusan High-Tech Park
1-22-2 Hakusan-cho, Midori-ku
Yokohama, 226

TEL: (81) 45-939-6140

FAX: (81) 45-939-6141

TLX: 78128988

Hakuto Co., Ltd.

2-29, Toranomon, 1 chome
Minato-Ku, Tokyo 105
TEL: (81) 3-3597-8910
FAX: (81) 3-3597-8975
TLX: J22912BRAPAN

Hoei Denki

6-60, 2-Chome, Niitaka
Yodogawa-Ku,

Osaka 532

TEL: (81)6394 1113
FAX: (81) 6 396 5647
TLX: 5233694HOEIDK J

KOREA

Ellen & Company

Suite #302 libok Bldg.
1602-4 Seocho-Dong
Seocho-ku, Seoul

TEL: (82) 02 587 5724
FAX: (82) 02 585 1519

NETHERLANDS

Alcom Electronics B.V.
P.O. Box 358

2900 AJ Capelle A/D ljssel
TEL: (31) 10 4519533
FAX: (31) 10 4586482
TLX: 26160

NORWAY

Henaco A/S
Trondheimsveien 436
PO Box 126
Kaldbakken, Oslo 9
TEL: (47) 2162110
FAX: (47) 2257780
TLX: 76716

SINGAPORE

Technology Distribution

14 Sungei Kadut Ave. #03-00
Singapore 2572

TEL: (65) 368 6065

FAX: (65) 368 0182

SOUTH AFRICA
Multikomponent

Cnr. Vanacht & Gewel St.
Isando 1600, P.O Box 695
TEL: (27) 11 974 1525
FAX: (27) 11 392 2463
TLX: 960426905

SPAIN

ATD

Avenida de la Industria
No. 32, 2B

28100 Alcobendas
Madrid

TEL: (34) 1661-6551
FAX: (34) 16616300

SWEDEN

Pelcon Electronics
Fagerstagatan 6-8
S-163 08 Spanga

TEL: (46) 8 795 9870
FAX: (46) 8 760 7685

SWITZERLAND
Ascom Primotec AG
Tafernstrasse 37
CH-5405 Baden-Dattwil
TEL: (41) 5684-0171
FAX: (41) 5683-3454
TLX: 828 221 aprich

TJAIWAN .

Master Electronics
5F, 9 Lane

Hsin-Chung St.

Taipei

TEL: (886) 2-735-0905
FAX: (886) 2-735-0902

Score Zap Industry

2F, No. 26, Alley 88, Lane 91
Sec. 1 Nei Hu Rd.

Taipei

TEL: (886) 2-627-7045
FAX: (886) 2-659-0089

UNITED KINGDOM
Macro Marketing
Bumham Lane

Slough SL1 6LN
England

TEL: (44) 628 604383
FAX: (44) 628 666873
TLX: 851847945
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Sales Offices

Micro Call

17 Thame Park Rd.
Thame, Oxon 0X9 3XD
England

TEL: . (44) 84 426-1939
FAX: (44) 84 426-1678

Silicon Concepts, Ltd.

' PEC Lynchborough Rd.
Passfield, Liphook
Hampshire GU30 7SB
England

TEL: (44) 428 751617
FAX: (44) 428 751603

Silicon Concepts, Ltd.
Meridale, Welsh Street
Chepston, Gwent, NP6 SLR
Wales

TEL:  (44) 291-624101
FAX: (44) 291-629878

NORTH AMERICAN DISTRIBUTORS

ALABAMA
Arrow Electronics
1015 Henderson Rd.

Huntsville, AL 35816

(205) 837-6955

Hall-Mark Electronics
4890 University Square
Suite 1

Huntsville, AL 35816
(205) 837-8700

Marshall Industries
3313 Memorial Pkwy S.
Huntsville, AL 35801
(205) 881-9235

Arrow Electronics
2415 W. Erie Drive
Tempe, AZ 85282
(602) 431-0030

Hall-Mark Electronics
4637 S. 36th Place
Phoenix, AZ 85040
(602) 437-1200

Insight Electronics
1525 W. University Dr.
Suite #105

Tempe, AZ 85281
(602) 829-1800

Marshall industries
9830 S. 51st St. #B121
Phoenix, AZ 85044
(602) 496-0290

Arrow Electronics
1180 Murphy Ave.
San Jose, CA 95131
(408) 441-9700

Arrow Electronics
90 East Tasman Dr.
San Jose, CA 95134
(408) 428-6400

Hall-Mark Electronics
580 Menio Drive
Suite 2

Rocklin, CA 95677
(916) 624-9781

Hall-Mark Electronics
2105 Lundy Avenue
San Jose, CA 95131
(408) 432-4000

Insight Electronics
1295 Oakmead Pkwy.
Sunnyvale, CA 94086
(408)720-9222

Marshall Industries
336 Los Coches St.
Milpitas, CA 85035
(408) 942-4600

Marshall Industries
3039 Kilgore Ave. #140

Rancho Cordova, CA 95670

(916) 635-9700

SOUTHERN CALIFORNIA
Arrow Electronics

Malibu Canyon Bus. Park
26707 W. Agoura Road
Calabasas, CA 91302
(818) 880-9686

Arrow Electronics

6 Cromwell, Suite 100
Irvine, CA 92718
(714) 587-0404

Arrow Electronics
9511 Ridgehaven Ct.
San Diego, CA 92123
(619) 565-4800

Hall-Mark Electronics
3878 B-Ruffin Road
San Diego, CA 92123
(619) 268-1201

Hall-Mark Electronics
1 Mauchly

Irvine, CA 92718
(714) 727-6000

Hall-Mark Electronics
9420 Topanga Canyon
Chatsworth, CA 91311
(818) 773-4500

Insight Electronics
28038 Dorothy Dr. #2
Aquora Hills, CA 91301
(818) 707- 2100

Insight Electronics
6885 Flanders Dr. #C
San Diego, CA 92121
(619) 587-1100

Insight Electronics
15635 Alton Pkwy. #120
Irvine, CA 92718

(714) 727-3291

Marshall Industries
26637 Agoura Rd.
Calabasas, CA 91302
(818) 878-7000

Marshall Industries

9320 Telstar Ave.

El Monte, CA 91731-3004
(818) 307-6000

Marshall Industries
One Morgan
Irvine, CA 92718
(714) 458-5301

Marshall Industries
10105 Carroll Canyon Rd.
San Diego, CA 82131
(619) 578-9600

COLORADO

Arrow Electronics

61 Invemess Drive East
Suite 105

Englewood, CO 80112
(303) 799-0258

Hall-Mark Electronics
12503 E. Euclid Drive
Suite 20

Englewood, CO 80111
(303) 790-1662

Marshall Industries
12351 N. Grant
Thomton, CO 80241
(303) 451-8383

CONNECTICUT
Arrow Electronics

12 Beaumont Rd.
Wallingford, CT 06492
(203) 265-7741

Hall-Mark Electronics
125 Commerce Ct.
Unit 6

Chesire, CT 06410
(203) 271-2844

Marshall Industries

20 Sterling Dr.

PO Box 200
Wallingford, CT 06492
(203) 265-3822

ELORIDA

Arrow Electronics

400 Fairway Dr.

Deerfield Beach, FL 33441
(305) 429-8200

Arrow Electronics

37 Skyline Dr.

Bldg. D, Suite 3101
Lake Mary, FL 32746
(407) 333-9300
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Sales Offices

Hall-Mark Electronics
10491 72nd North
Largo, FL 34637
(813) 541-7440

Hall-Mark Electronics

3161 SW 15th Street
(McNabb Road)

Pompano Beach, FL. 33069
(305) 971-9280

Hall-Mark Electronics
489 E. Semoran Bivd.

* Suite 145
Casselberry, FL 32707
(407) 830-5855

Marshall Industries

380 S. Northlake Rd. #1024
Altamonte Springs, FL 32701
(407) 767-8585

Marshall industries

2700 Cypress Ck. Rd. #D114
Ft. Lauderdale, FL 33309
(305) 977-4880

Marshall industries

2840 Scherer Dr. #410
St. Petersburg, FL 33716
(813) 573-1399

Arrow Electronics

4205E River Green Pkwy.
Duluth, GA 30136

(404) 497-1300

Hall-Mark Electronics
3425 Corporate Way
Suite A

Duluth, GA 30136-2552
(404) 623-4400

Marshall Industries _

5300 Oakbrook Pkwy #140
Norcross, GA 30093

(404) 923-5750

IOWA

Arrow Electronics

375 Collins Rd. NE
Cedar Rapids, IA 52402
(319) 395-7230

ILLINOIS

Arrow Electronics

1140 W. Thomdale Ave.
ltasca, IL 60143

(312) 250-0500

Hall-Mark Electronics
210 Mittel Drive
Wood Dale, IL 60191
(708) 860-3800

Marshall Industries

50 E. Commerce Dr. # 1
Schaumberg, IL 60173
(708) 490-0155

INDIANA

Arrow Electronics

7108 Lakeview Pkwy. W.
Indianapolis, IN 46268
(317) 299-2071

Hall-Mark Electronics
4275 West 96th Street
Indianapolis, IN 46268
(317) 872-8875

Marshall Industries
6990 Corporate Dr.
Indianapoiis, IN 46278
(317) 297-0483

KANSAS

Arrow Electronics

9108 Legler Road
Lenexa, KS 66214
(913) 541-9542

Hall-Mark Electronics
10809 Lakeview Drive
Lenexa, KS 66215
(913) 888-4747

Marshall Industries

10413 W. 84th Ter.

Pine Ridge Business Park
Lenexa, KS 66214

(913) 492-3121

MARYLAND

Arrow Electronics

9800J Patuxent Wood Dr.
Suite H

Columbia, MD 21046
(410) 596-7800

Hall-Mark Electronics
10240 Oid Columbia Rd.
Columbia, MD 21046
(410) 988-9800

Marshall Industries

2221 Broadbirch Dr.
Silver Springs, MD 20904
(410) 622-1118

MASSACHUSETTS
Arrow Electronics

25 Upton Dr.
Wilmington, MA 01887
(508) 658-0900

Hall-Mark Electronics
Pinehurst Park

6 Cook Street
Billerica, MA 01821
(508) 667-0902

Marshall Industries

33 Upton Dr.
Wilmington, MA 01887
(508) 658-0810

MICHIGAN
Arrow Electronics

19880 Haggerty Rd.
Livonia, Ml 48152
(313) 462-2290

Hall-Mark Electronics

44191 Plymouth Oaks Bivd.

Suite 1300

Plymouth, Ml 48170
(313) 416-5800

Marshall Industries
31067 Schoolcraft
Livonia, Ml 48150

(313) 525-5850

MINNESOTA

Arrow Electronics

10100 Viking Drive # 100
Eden Prairie, MN 55344
(612) 941-5280

Hall-Mark Electronics
9401 James Ave. South
#140

Bloomington, MN 55431
(612) 881-2600

Marshall Industries
3955 Annapolis Lane
Plymouth, MN 55447
(612) 559-2211

MISSOURI

Arrow Electronics
2380 Schuetz Rd.
St. Louis, MO 63146
(314) 567-6888

Hall-Mark Electronics
4873 Rider Trail South
Earth City, MO 63045
(314) 291-5350

Marshall Industries
3377 Hollenberg Dr.
Bridgeton, MO 63044
(314) 291-4650

NEW JERSEY

Arrow Electronics

4 East Stow Rd. Unit 11
Mariton,NJ 08053
(609) 596-8000

Arrow Electronics

43 Route 46 East
Pinebrook, NJ 07058
(201) 227-7880

Hall-Mark Electronics
225 Executive Drive
Suite 5

Moorestown, NJ 08057
(609) 235-1900

Hall-Mark Electronics
200 Landidex Plaza
2nd Fioor

Parsippany, NJ 07054
(201) 515-3000

Marshall Industries
101 Fairfield Rd.
Fairfield, NJ 07006
(201) 882-0320

Marshall Industries
158 Gaither Dr.

Mt. Laurel, NJ 08054
(609) 234-9100

NEW YORK
Arrow Electronics
25 Hub Drive
Melville, NY 11747
(516) 391-1300

Arrow Electronics

20 Oser Ave.
Hauppauge, NY 11788
(516) 231- 1000

Arrow Electronics

3375 Brighton-Henrietta
Townline Rd.
Rochester, NY 14623
(716) 427-0300

Hall-Mark Electronics
6605 Pittsford-Palmyra
Suite E8

Fairport, NY 14450
(716) 425-3300

Hall-Mark Electronics
3075 Veterans Memoriai
Ronkonkoma, NY 11779
(516) 737-0600

Marshall Industries

275 Oser Ave.
Hauppauge, NY 11788
(516) 273-2424

Marshall Industries
1250 Scottsville Rd.
Rochester, NY 14624
(716) 235-7620

Marshall Industries
100 Marshall Drive
Endicott, NY 13780
(607) 785-2345
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Sales Offices

Arrow Electronics
5240 Greens Dairy Rd.
Raleigh, NC 27604
(919) 876-3132

Hall-Mark Electronics
5234 Greens Dairy Road
Raleigh, NC 27604
(919) 872-0712

Marshall Industries
5224 Greens Dairy Rd.
Raleigh, NC 27604
(919) 878-9882

OHIO

Arrow Electronics
6573E Cochran Rd.
Solon, OH 44139
(216) 248-3990

Arrow Electronics

8200 Washington Village Dr. #A
Centerville, OH 45458

(513) 435-5563

Hall-Mark Electronics

777 Dearborne Park Lane
Worthington, OH 43085
(614) 888-3313

Hall-Mark Electronics
5821 Harper Road
Solon, OH 44139
(216) 349-4632

Marshall Industries
3520 Park Center Dr.
Dayton, OH 45414
(513) 898-4480

Marshall Industries

30700 Bainbridge Rd. Unit A
Solon, OH 44139

(216) 248-1788

OKLAHOMA

Arrow Electronics

12111 East 51st St. #101
Tulsa, OK 74146

(918) 252-7537

Hall-Mark Electronics
5411 S. 125th East Ave.
Tulsa, OK 74146

(918) 254-6110

OREGON

Arrow Electronics
1885 N.W. 169th Place
Beaverton, OR 97006
(503) 629-8090

Insight Electronics
8705 SW Nimbus #200
Tigard, OR 97005
(503) 644-3300

Marshall Industries
9705 SW Gemini Dr.
Beaverton, OR 97005
(503) 644-5050

PENNSYLVANIA
Marshall Industries
401 Parkway View Dr.

, PA 15205
(412) 788-0441

JEXAS

Arrow Electronics

2227 West Braker Lane
Austin, TX 78758

(512) 835-4180

Arrow Electronics
3220 Commander Dr.
Carroliton, TX 75006
(214) 380-6464

Arrow Electronics

10899 Kinghurst Dr. #100
Houston, TX 77099

(713) 530-4700

Hall-Mark Electronics
11420 Pagemill Road
Dallas, TX 75243
(214) 553-4300

Hall-Mark Electronics
Corporate Headquarters
11333 Pagemill Road
Dallas, TX 75243

(214) 343-5000

Hall-Mark Electronics
12211 Technology Bivd.
Austin, TX 78727

(512) 258-8848

Hall-Mark Electronics
8000 Westgien
Houston, TX 77063
(713) 781-6100

Insight Electronics
12703-A Research Bivd. #1
Austin, TX 78759

(512) 467-0800

Insight Electronics
1778 Plano Rd. #320
Richardson, TX 75081
(214) 783-0800

Insight Electronics
15437 McKaskle
Sugarland, TX 77478
(713) 448-0800

Marshall industries
8504 Cross Park Dr.
Austin, TX 78754
(512) 837-1991

UTAH

Arrow Electronics

1946 West Parkway Bivd.
Salt Lake City, UT 84119
(801) 973-6913

Hall-Mark

545 E4500 South

Suite 130

Salt Lake City, UT 84107
(801) 972-1008

Marshall Industries

2355 South 1070 West
Salt Lake City, UT 84119
(801) 973-2288

WASHINGTON

Arrow Electronics

14360 S.E. Eastgate Way
Bellevue, WA 98007
(206) 643-9992

Hall-Mark Electronics
250 NW 39th

Suite 4

Seattie, WA 98107
(206) 547-0415

Insight Electronics

12002 115th Avenue, NE
Kirkland, WA 98034
(206) 820-8100

Marshall Industries
11715 N. Creek Pkwy. S.
Suite 112

Bothell, WA 98011

(206) 486-5747

WISCONSIN

Arrow Electronics

200 North Patrick Bivd.
Brookfield, WI 53005
(414) 792-0150

Hall-Mark Electronics
2440 South 179th St.
New Berlin, Wl 53146
(414) 797-7844

Marshall Industries
20900 Swenson Dr. #150
Waukesha, W! 53186
(414) 797-8400

CANADA

ALBERTA

Future Electronics
3833-2th Street
Calgary, Alberta
Canada, T1Y 6B5
(403) 250-5550

Future Electronics
4606-97th Street
Edmonton, Alberta
Canada, T6E 5N9
(403) 438-2858

Arrow Electronics

8544 Baxter Place
Bumaby, British Columbia
Canada, V5A 4T8

(604) 421-2333

Future Electronics
1695 Boundary Road
Vancouver, British Columbia
Canada, V5K 4X7
(604) 294-1166

MANITOBA
Future Electronics

(204) 786-7711

ONTARIO

Arrow Electronics

36 Antares Dr. Unit 100
Nepean, Ontario
Canada, K2E 7W5
(613) 226-6903

Arrow Electronics
1093 Meyerside Dr.

(416) 670-7769

Future Electronics
1050 Baxter Road
Ottawa, Ontario
Canada, K2C 3P2
(613) 820-8313

Future Electronics
5935 Airport Rd., #200
Mississauga, Ontario
Canada, L4V 1W5
(416) 612-9200

Marshall industries
4 Paget Rd.

Bldg. 1112, Unit 10
Brampton, Ontario
Canada, L6T 5G3
(416) 458-8046
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Sales Ofﬁoes

QUEBEC

Arrow Electronics
1100 St. Regis Bivd.
Dorval, Quebec
Canada, H9P 2T5
(514) 421-7411

Future Electronics
237 Hymus Bivd.
Pointe Claire, Quebec
Canada, H9R 5C7
(514) 694-7710

Future Electronics

1000 St-Jean Babtiste #100
Quebec City, Quebec
Canada, G2E 5G5

(418) 877-6666

Marshall Industries
148 Brunswick Bivd.
Pointe Claire, Quebec
Canada, H9R 5B9
(514) 694-8142
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Lattice Introduces High-Density PLD Families

¢ pLSI™ and ispLSI™ Devices *E2CMOS?® Reprogrammability & Quality
¢ High Density - 2K to 8K PLD Gates *in-System Programmable
* World's Highest Performance — 15ns Tpd (pin-to-pin), 80MHz System Speed

Please send me information on the new pLSI™ and ispLSI™ families of
High-Density E2CMOS® programmable logic.
For immediate response call 1-800-327-8425 and ask for information packet #1003.
lama:
GAL®User: O Yes O No

PLD User: O Yes O No
FPGA User: O Yes 1 No Vendor:

| use the following Development S/W—Platform

I use the following Programmer(s)

Name
Title
Company
Address
City State
(11 L]
| attice
T
Phone : : : (L L]
aEEEEEE
EEEEES
GAL and E2CMOS are registered trademarks of Lattice Semiconductor Corp. pLSI and ispLSI are
trademarks of Lattice Semiconductor Corp. GDB92

Please send me information on the new pLSI™ and ispLSI™ families of
High-Density E2CMOS® programmable logic.
For immediate response call 1-800-327-8425 and ask for information packet #1003.
lam a:
GAL®User: 0 Yes U No

PLD User: O Yes O No
FPGA User: O Yes 1 No Vendor:

I use the following Development S/W—Platform
| use the following Programmer(s)

Name

Title

Company

Address

City State
[ 1 ] ] ]

i1 attice
amn

Phone saasssm
HHHE

GAL and E2CMOS are registered trademarks of Lattice Semiconductor Corp. pLSI and ispLS! are
trademarks of Lattice Semiconductor Corn. GDB92
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