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In 1984, Lattice Semiconductor Corporation designed the world's first electrically erasable 
CMOS PLD, the GAL 16V8. Five years later, Lattice is the largest volume supplier of CMOS 
Programmable Logic Devices. 

Today, the GAL concept is being embraced by the largest PLD manufacturers in the world. 
These companies have recognized the benefits of GAL devices and are producing PCMOS 
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into the high-speed CMOS marketplace. Their acceptance of Lattice's technology is a 
powerful endorsement of our efforts to develop what we believe is the best PLD. 

In the futllre, Lattice will continue to supply our customers with the fastest, most innovative 
CMOS PLDs on the market. In 1989, we introduced the GAL 16V8A-10 (10ns tpo' 62.5 MHz) 
and the GAL22V10 (15nstpo' 50 MHz). These high-speed CMOS devices are in full 
production and provide the speed, power savings, and quality levels that our customers 
demand. 

Thanks to you, and the companies that have chosen to second source GAL devices, Lattice's 
PCMOS technology has become the new standard in the PLD marketplace. We look 
forward to helping you solve.your system performance requirements and hope you find the 
1989 GAL Data Book informative. 

Chief Executive Officer 
Lattice Semiconductor Corporation 
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GAL PRODUCT INDEX 

DEVICE PINS tpD (ns) Icc (mA) DESCRIPTION 'PAGE 

GAL16V8A 20 10,12,15,25 55,11.5 E2CMOS Generic PLD 9 

GAL16V8 20 15,20,,25 ·45,90· E2CMOS Generic PLD 41 

GAL20V8A 24 10,12,15,25 '55,115 E'CMOSGeneric PLD 9 

GAL20V8 24 15,20,25 45,90 E2CMOS Generic PLD 41 

GAL22V10 24 15,25 130 E2CMOS ,Generic PLD 59 

GAL6001 24 30 150 E2CMOS FPLA 77 

ispGAL16Z8 24 20, ,25 90 E2CMOS In,System-Programmable PLD 91 

Note: Specifications (tpD and Icc) listed above are for· Commercial temperature range devices. See datasheets for ~ilitary 
and Industrial temperature range device specifications. 

4 

" 



INTRODUCTION 

Lattice Semiconductor, located in Hillsboro, Oregon, 
was founded in 1983 to design,develbp alid manufac
ture high-performance semiconductor components. It is 
a firm belief at Lattice thattechnological evolution can be 
accelerated ;through the continued development of 
h!gher-speed and architecturally superiorproc;lucts. 
This belief led to a decision to enter the programmable c 

logic marketplace by developing the ideal product line: 
the GAL" (Generic Array Logic) family of devices. 

GAL devices are ideal for four important reasons: 

1. GAL devices are fabricated using very high~speed 
Electrically Erasable CMOS (E2CMOSTM), which offers 
the highest degree of testability and quality of any 
process technology, as well as instant erasability, 
making GAL devices ideal for prototyping alid manufac
turing. 

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. 

By melding all these features into a single product line, 
the .GAL family is ideally targeted to replace TTU74HC 
random logic, low-density gate arrays, and all other pro
grammable logic. The GAL family offers the benefits of 
reduced system cost, product size and power require
ments, as well as higher reliability and greatly simplHied 
system design. 
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Introduction to 
Generic Array Logic 
THE GAL CONCEPT 

E2CMOS - The Ideal Technology 
Of the three major technology approaches available 
PCMOS,UVCMOS, and bipolar, the technology of 
choice is clearly PCM05-for many reasons, includ
ing:. testability, quality, high speecl, low power, and 
instant erasure for prototyping and error recovery. 

. Testability 
The biggest advantage of E2CMOS over competing 
techliologiesis its inherent testability. Capitalizing on 
very fast (50rns) erase times, Lattice is able to pattern 
and erase all devices many times during manufacture, 
and to directly test all characteristics including AC, DC 
and functionality. The result is guaranteed 100% pro
gramming and functional yields to the customer-and 
no further board rework. Competing teChnologies' 
suffer serious test constraints, as discussed below. 

Low power 
Another advantage of this technology is the low power 
consumption ·of CMOS. This provides users the imme
diate benefit of decreased system power requirements 
allowing for higher-reliability, cooler-running systems, 
while maintaining high performance. The low power 
consumption olCMOS also permits circuit designs of 
much higher functional density, pecause of lower junc
tion temperatures and power requirements on Chip. The 
user· will benefit 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· PCMOS process -
speeds that are at least as fast as any device using any 
technology, with the exception of ECL circuits. 

protowplng and Error RecovelY 
Finally, E2CMOS gives the user instant erasability, with 
no additional handling,or special packages necessary. 
This provides ideal products for prototyping because 
designs can be altered instantly, with no waste and nO 
waiting. 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.acciden~ 
tally programmed to the wrong pattern, the recovery 
process is simple, again with no waiting or waste. Parts 
are simply put back into' a device programmer and 
repatterned. No other technology can offer this. 

o 



A LOOK AT OTHER TECHNOLOGIES 

Here, the technologies that compete with PCMOs-:-:t>i
polar andUVCM08-are compared and contrasted 
with the E2CMOS approach. 

~ 
Bipolar fuse-link technology was the first available for 
programmable logic devices.:Althoughitoffershigh 
speed, it is saddiedwith high power dissipation. ThisAO! . 
only significantly increases system power supply and 
cooling requirements it also limits the ability of high 
functional density. 

Another weakness of this technology is the one-time
programmable fuses. Complete testing is impossible 
and manufacturers must rely on complex schemes 
using test rows and columns to simulate and correlate 
their device's performance, since the fuse array cannot 
be tested prior to programming. The result is prowam
ming failures at the customer location, due to iACQmplete 
testing. Also, because thes~ devices .. canol")lybe 
programmed once, no reuse" in the event of mistakes 
during prototyping or errors on the production floor are 
possible and any misprogrammed devices must be 
discarded. 

UYCMOS 
UVCMOS addresses many of the weaknesses of the 
bipolar approach, but introduces many shortcomings of 
its own. This technology requires much lower power 
and, while it has the capability to erase, this comes atlhe 
expense of slower speeds. 

Testability is increased over bipolar sinct;l the ''fuse'', 
array can be programmed and tested by the manufac
turer. The problem here is the long (20 minutes) eras.e . 
times of this technology, 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 ahd 
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, this erase is coupled with the time-consuming 
and cumbersome task of shining ultraviolet light on the 
parts to erase them. As a cost-cutting measure, 
UVCMOS PLD manufacturers offer their devices in 
windowless . packages, which cannot be completely 
tested after packaging, since they cannot be erased. Of 
course, the user cannot erase them either. These 
factors significantly detract from the desirability of this 
technology. 

THE GAL ADVANTAGE 

GAL devices are ideal programmable logic devices be
cause, as the name implies, they are architecturallyge
neric. Lattice has employed the macrocell approach, 
which allows users to define the architecture and func-

' .. tionality of each output. The key benefit to the user is the 
freedom from being tied to any specific architecture. 
This is advantageous at the manufacturing level, as well 
as 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 SSIIMSI. The GAL family is the next generation in 
simplified system design. The user need not bother 
searching for the architecture that best suits a particular 
design. Instead, the GAL family's generic architecture 

. lets him configure as he·goes. 

Manufactyrlng Advantages 
The one-device-does-all approach greatly simplifies 
manufacturing flow. Inventorying one generic-architec
ture GAL device type versus having to monitor and 
maintain many different device types, each with its own 
architecture, will not only save money but will minimize 
the paperwork and headaches associated with the latter 
approach. Manufacturing flow is much smoother, too, 
because the handling process is greatly simplified. A 
generic-architecture GAL dev.ice also reduces the risk of 
running out of inventory and halting production, which 

. can be a very expensive nightmare. Reduced chance of 
obsolete inventory ahd also easier QA tracking are ad
ditional benefits of the generic architecture. 

THE IDEAL PACKAGE 

Programmable logic devices are ideal for designing to
day'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 archi
tecture-:-fabricatecl with. the ideal process technology, 
PCMOS. 

Lattice will continue to develop and expand its line of 
PCMOS programmable logic devices, bringing higher 
speeds, more flexibility, and exciting new capabilities 
such as in-system programmability with our ispGAL" 
family. This is the Lattice Commitment to programmable 
logic and to you, o~r customer. 



~attjce 
Semiconductor 
Corporation ™ 

Section 1 : Introduction to Generic Array Logic™ 
GAL Product Index 
Introduction to Generic Array Logic 

Page No. 

4 
5 

Section 2: GAL Datasheets Page No. 

Definition of Datasheet Levels 
GAL16V8A . 
GAL16V8 
GAL20V8A 
GAL20V8 
GAL22V10 
GAL6001 
ispGAL16Z8 

Section 3: GAL Applications NO,tes 

Designing with High-Speed CMOS' 
GAL Metastability Report 

Section 4: General Information 

Copying PAL Patterns into GAL Devices 
GAL Development Tools 
Package DiagraQ1s 
Ordering Information 
Sales Offices 

7 

8 
9 

41 
9 

41 
59 
77 
91 

Page No •. 1 

111 
119 

Page No. 

135 
137 
138 
142 
143 



[JJLattiOO I.' .. Semiconductor .l..J CorporationTM 

DEFINITION OF DATASHEET LEVELS 

Datasheet Identification Product Status 

.1111111;. In Design 

liId''';;;'''. Sampling or 
Pre-Production 

No Identification Full Production 

Definition of Datasheet Levels 

Definition 

This datasheet contains advance· information and specifications 
are subject to change without notice. 

This datasheet contains preliminary data and supplementary data 
will be published at a later date. Lattice reserves the right f.O make 
changes at any time without notice. 

This datasheet contains final specifications. Lattice reserves the 
right to make changes at any time without notice. 
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FEATURES 

• HIGH PERFORMANCE E2CMOS'" TECHNOLOGY 
.,....10 ns Maximum Propagation Delay 
- Fmax = 62.5 MHz 
- 8 ns Maximum from Clock Input to Data Output 
- TTL Compatible 24 mA Outputs 
- UltraMOS" III Advanced CMOS Technology 

• 50% REDUCTION IN POWER 
- 7SmA Typ Icc ' 

•. E2 CELL TECHNOLOGY 
- Reconfigurable Logic 
- Reprogrammable Cells 
- 100% Tested/Guaranteed 100% Yields 
- High Speed Electrical Erasure «SOms) 
- 20 Year Data Retention 

• EIGHT OUTPUT LOGIC MACROCELLS 
- Maximum Flexibility for Complex logic Designs 
- Programmable Output Polarity 
- GAL 16V8A Emulates 2()..pln PAL" Devices with Full 

Function/Fuse Map/Parametric Compatibility 
- GAL20V8A Emulates 24-pln PAL" Devices with Full 

Function/Fuse Map/Parametric Compatibility 

• PRELOAD AND POWER-ON RESET OF ALL REGISTERS 
-100% Functional TestabliHy 

• ~LECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL 1.6V8A and GAL20V8A, at IOns maximum propagation 
d,lay time, combine a high performance CMOS process with 
Electrically Erasable (P) floating gate technology to provide the 
highest speed performance available in the PLD market. CMOS 
circuitry allows the GAL 16V8A and GAL20V8A to consume just 
75rTJA typical Icc which represents a 50% savings in power when 
compared to tl1eir bipolar counterparts. The E2 technology offers 
high speed (50ms) erase times, providing the ability to reprogram 
or reconfigure the devices quickly and efficienlly. 

The generic architecture provides maximum design fiexibility by 
allowing the Output Logic Macrocell (OLMC) to be configured by 
the /olser. The GAL 16V8A and GAL20V8A are capable of emu· 
lating standard 20 and 24-pin PAL" devices. The GAL 16V8A is 
capable of emulating standard 20'pin PAL architectures with full 
functionlfuse map/parametric compatibility. The GAL20V8A is 
capable of emulating standard 24-pin PAL architectures with full 
h.lOctionJfuse map/parametric compatibility. On the right is a t<;lble 
IIsling the PAL architectures that the GAL 16V8A and GAL20V8A 
can replace. . . 

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

GAL®16VaA 
GAL®20V8A 

Generic Array Logic™ 
u.s. Patents 4,761,768 and 4,766,569 

GAL16V8A / GAL20V8A BLOCK DIAGRAM 

OCIJ( D--l>-----~----, 

, I 

GAl.2OYIA ONLY I 
I QAl20VlA atlLY 

GAL 16V8A / GAL20V8A ARCHITECTURE EMULATION 

GAL20V8A GAL16V8A 
PAL Architecture PAL Architecture 

Emulation Emulation 

2018 1618 
20H8 16H8 
20R8 16R8 
20R6 16R6 
20R4 16R4 
20P8 16P8 

20RP8 16RP8 
20RP6 16RP6 
20RP4 16RP4 
1418 1018 
16L6 12L6 
18L4 14L4 
20L2 16L2 
14H8 10H8 
16H6 12H6 
18H4 14H4 
20H2. • 16H2 
14P6 10P8 
16P6 12P6 
18P4 14P4 
20P2 16P2 

Cqpyright CI989 Lattice SemlconduClor Coop. GAL and Ul1raMOS are registered lrademarks Qf lalli"" SamlconduClor Corp. Generic Array Logic and E'CMOS arOlradomarks Qf LaIIice Semi
cond~C1or Coop. PAL I. a rogiB1ored lradomaok Qf Advanced Micro Devices. Inc. The specifications and Information herein are subjOd \0 changownhout notiOB. 

LATTICE SEMICONDUCTOR CORP., PO BOX 2500, PORTLAND, OREGON 97208-2500, U.S.A. 
Tel. (503) 68HI118; 1-800-FASTGAL; FAX (503) 681-3037 
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ABSOLUTE MAXIMUM RATINGS(1) 

Supply voltage Vcc ..................................................................... -.5 to +7V 
Input voHage applied ........................... -2.5 to Vcc +1.0V 
Off-state output voltage applied .......... -2.5 to V cc + 1.0V 
Storage Temperature ................................. -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). 

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto 3.0V 

Input Rise and Fall Times 3ns 10%-90% 

Input Timing Reference Levels 1.5V 

Output Timing Reference Levels 1.5V 

Output Load See Figure 

Tri-state levels are measured 0.5V from steady-state active 
level. 

FROM OUTPUT (0/0) 
UNDER TEST 

R2 

TEST POINT 

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

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

Specifications GAL 16V8A 
GAL20V8A 

COMMERCIAL DEVICES 
Refer to AC Test Conditions: 

1\=3900 
1) Rl = 2000 and CL = 50pF 
2) Active High Rl = .. ; Active Low Rl = 2000 CL = 50pF 

3) Active High Rl = .. ; Active Low Rl .. 2000 CL = 5pF 

MILITARY DEVICES 

Refer to AC Test Conditions: 

R2 = 7500 
1 f Rl - 3900 and CL .. 50pF 
2) Active High R1 .... ; Active Low Rl .. 3900 CL .. 50pF 

3) Active High Rl = .. ; Active Low Rl = 3900 CL = 5pF 

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS 

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

C'IOIO 110/0 Capacitance 10 pF Vee" 5.0V, V'IOIO = 2.0V 

'Guaranteed but not 100% tested. 
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GAL16V8A BLOCK DIAGRAM 

GAL16V8A 
4 E2CMOS 

Programmable 
AND Array 
(64 X32) 
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~ 

GAL16V8A PIN CONFIGURATION 

Chip Carrier DIP 
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Specifications GAL 16V8A 
GAL20V8A 

GAL20V8A BLOCK DIAGRAM 
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GAL20V8A PIN CONFIGURATION 
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GAL 16V8A LOGIC DIAGRAM 

Specifications GAL 16V8A 
GAL20V8A 

1 ~~--------------------------~------Ir-----~ elK 

II~IIII IIII IIII IIII IIII IIII IIII ~ p OLMC 

'J' 1 19 

J l 
'" 

9 

2 .. 
I I 

v 

r:J. ! OLMC ! 18 J 
18 

. 3 

I I , v 

Il. 1 OLMC 
C::= 17 ... J r-

17 

4 

I I 
v 

Il. 1 OLMC 
)------. 16 ... I 
~ 

16 

5 - -
I I 

g v n OLMC 
15 ... I 

15 

6 

I I 
v n' 1 OLMC ~ 14 .. I r--

14 

~ 
7 -

I T 

F 
v. 

~: OLMC 
3 13 .... , I 
~ 

13 

8 

I I 
v 

r-J ! OLMC 
! 12 .. 1 

12 

J l OE A. .... 
9 

11 

12 



11J~\ ... ·.,'Latuce 
'Semiconductnr 
Corporation .... 

GAL20V8A LOGIC DIAGRAM 

... ... 

2 .... ..... , 

3 

4 

5 

6 

L 

7 

8 

. 

9 
" 

10 
'" ., 

11 

.. 

.13 

--------_._--- . - -""--

Specifications GAL 16V8A 
GAl20V8A 

23 
IMUX 

~ elK 

-o-----~~ 
:R::== OLMe 
::R== 22 ... J 22 

-(j--

.~ OLMe ~ 
21 ... I 21 

~ OLMe h 
20 ... I 20 0 

-

~ OLMe I----;J. 
19 ... I 19 

~ 

~ r-r OLMe 
18 .... I , 

18 

~ OLMe h 
17 ... I 17 

A 

~ OLMe h 
16 ... I 16 

~ OLMe 11 
15 ... I 15 

--'" 
0E.rt 

~ 
14 

IMUX 
13 



[JJtattiOO 
Semiconductor 

. Corporation'" 

Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-10L Commercial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

ilL, IIH Input Leakage Current - - ±10 j.iA 

1110/0 Bidirectional Pin Leakage Current - - ±10 ~A 

los' Output Short Circuit Current Vce= 5V VOUT= Gnd -30 - -150 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V f'oggle = 25MHz - 75 115 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAU6/ 20V8A-10L Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 °C 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-0.5 0.8 V 

VIH Input High Voltage 2.0 Vcc+1 V 

10L Low Level Output Current - 24 mA 

10H High Level Output Current - -3.2 mA 

14 
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Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-10L Commercial 

Over Recommended Operating Conditions 

FROM TO DESCRIPTION 
TEST 

MIN. MAX. UNITS PARAMETER # COND.I 

tpd 
1 1,1/0 0 Combinational Propagation Delay 1 3 10 ns 

2 ClK Q Clock to Output Delay 1 2 8 ns 

ten 3 1,1/0 0 Output Enable, Z -> 0 2 - 10 ns 

4 OE Q Output Register Enable, Z -> Q 2 - 10 ns 

tdis 5 1,1/0 0 Output Disable, 0 -> Z 3 - 10 I ns 

6 OE Q Output Register Disable, Q -> Z 3 - 10 ns 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-10L Commercial 

PARAMETER # DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime, Input or Feedback, before ClK t 

th 10 Hold lime, Input or Feedback, after ClK t 

11 ClOck Pulse Duration, High 
tw 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
I/o, REG. 

FEEDBACK 

ClJ( 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.IIOGRAMMED 

FOR OE CONTROL 

COMBINA noNAL 
OUTPUTS 

15 

. 
TEST 

CONDo MIN. MAX. UNITS 

1 0 62.5 MHz 

1 0 55.5 MHz 

- 10 - ns 

- 0 - ns 

- 8 - ns 

- 8 - ns 
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Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-12L Commercial 

Over Recommended Operating Conditions (Un leu Otherwise Specified) 

SYMBOL PARAMETER CONDInON MIN. TYP. MAX. UNITS 

VOL Output Low Voltage •. - - 0.5 V 

VOH Output High Voltage 2:4 - - V 

IIL.IIH Input Leakage Current - - ±10 IlA 

11/010 Bidirectional Pin Leakage Current - - ±10 IlA 

10s1 Output Short Circuit Current Vcc .. 5V Vour .. Gnd -30 - -150 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V ftoggle = 25MHz - 75 115 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-12L Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 ·C 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 
~ 

2.0 Vcc+1 V 

10L Low Level Output Current - 24 mA 

10H High Level Output Current - -3.2 mA 

16 
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Specifications GAL 16V8A 

GAL20V8A 

SWITCHING CHARACTERISTICS GAL16 / 20V8A-12L Commercial 
Over Recommended Operating Conditions 

FROM TO DESCRIPTION 
TEST 

MIN. MAX. UNITS PARAMETER # COND.' 

tpd 1 1,1/0 0 Combinational Propagation Delay 1 3 12 ns 

2 ClK Q Clock to Output Delay 1 2 10 ns 

ten 
3 1,1/0 0 Output Enable, Z --+ 0 2 - 12 ns 

-
4 OE Q Output Register Enable, Z --+ Q 2 - 10 ns 

tdis 
5 1.1/0 0 Output Disable, 0 --+ Z 3 - 12 ns 

6 OE Q Output Register Disable, Q --+ Z 3 - 10 ns 

1) Refer to Switching Test Conditions seclion. 

AC RECOMMENDED OPERATING CONDITIONS GAL16/20V8A-12L Commercial 

PARAMETER # DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup Time, Input or Feedback, before ClK i 

th 10 Hold Time, Input or Feedback, after ClK i 

11 Clock Pulse Duration, High 
tw 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
I/o, REG. 

FEEDBACK 

eLK 

REGISTERED 
OUTPUTS 

ANY INPUT 

COMBINA llONAl 
OUTPUTS l

FOR~~~:5~ 

17 

TEST 
MIN. CONDo MAX. UNITS 

1 0 62.5 MHz 

1 0 50 MHz 

- 10 - ns 

- 0 - ns 

- 8 - ns 

- 8 - ns 



~Lattice 
SemJronductnr 
Corporation™ 

Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-15L Commercial 

Over Recommended Operating Conditions (Uri less Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL nlItnlIt I nw Vntt:::.nA - - 0.5 V 
--~I""-. -- ... _ .. -i:I'-

VOH 'Output High Voltage 2.4 - - V 

ilL. IIH Input Leakage Current - - ±10 !LA 
11/010 Bidirectional Pin Leakage Current - - ±10 !LA 
los1 Output Short Circuit Current Vcc.5V VouT.Gnd -30 '. -. -150 mA 

Icc Operating Power Supply Current VIL .. 0.5V VIH .. 3.0V 'toggle = 25M Hz - 75 115 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-15L Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 °C 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-O.5 0.8 V 
: 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 24 mA 

10H High Level Output Current - -3.2 mA 

18 



!1J~.'" .. 'Lattice' . 
Semiconductor 
Corporation ... 

Specifications G'AL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-15L Commercial 

OVer Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

MIN. MAX. UNITS COND.1 

lpd 1 1.1/0 0 Combinational Propagation Delay 1 3 15 ns 

2 ClK Q Clock to Output Delay 1 2 12 ns 

ten 
3 1,1/0 0 Output Enable, Z --> 0 2 - 15 ns 

4 OE Q Output Register Enable, Z --> Q 2 - 15 ns 

tdis 
5 1,1/0 0 Outpot Disable, 0 --> Z 3 - 15 ns 

6 OE Q Output Register Disable, Q --> Z 3 - 15 ns 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-15L Commercial 

PARAMETER # DESCRIPTION 

fclk 
7 Clock Frequency wJthout Feedback .... 

8 Clock Frequency with Feedback 

... tsu 9. Setup Time. Input or Feedback, before ClK t 

th 10 Hold Time, Input .or Feedback, after ClKt 

. tV; 111 Clock Pulse Durlition, High 

12 Clock Pulse Duration, low 
, 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEDBACK 

CLK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.BDGRAMMED 

FOR OE CONTROL 

COIIIBlNA1IONAL 
OUTPUTS 

19 

, 
TEST 

I, . ", 

CONDo 
MIN. MAX. UNITS 

1 0 50 MHz 

1 0 41.6 MHz 

- 12 _.' ns 

" - 0 - ns 

- 10 - ns 

- 10 - ns 



Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16 I 20V8A-15Q Commercial 

Over Recommended Operatina Conditions (Unless Otherwise Specified) 

SYMBOL .. . PARAMETER ~ONDITION MAX. UNITS 

VOL Output Low'Vc;l:ltage 0.5 V 

VOH Output High Voltage V 

IIL,IIH Input Leakage Current ±10 I1A 

·II/O/Q' Bidirectional Pin Leakage Current .. . ±10 I1A 

Output Short Circuit Current -30 -150 mA 

Icc Oper.atingPower Supply Current - 45 55 mA 

1) One output at a time for a maximum duration of one second. 



'[jJ' 'Lattice. : 
SemJronductor 
CorporaUon'" 

Specifications GAL 16V8A 
GAt20V8A 

SWITCHING CHARACTERISTICS GAL 16 I 20V8A·15Q Commercial 

" OVer Recomf!'18nded Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 1,110 0 

2 eLK a , Clock to O",tput Delay , 

ten 
3 1,110 0 Output Enable, Z -> 0 

4 OE a 

tdis 
5 I; 110 0 

6 OE Q 

1) Refer to Switching Test Conditions section. 

SWITCHING WAVEFORMS 

INPUlB 
I/o, REG. 

FEED8ACI( 

CLK 

REGISTEIlED, 
OUTPUTS 

ANY INPUT 
I'IIDG~ED 

FOR OE CONTfIC!l 

COMBlHATIONAL 
OUTPUTS 

MIN. MAX.' UNITS 

3 15 ns 

2 12 ns 

2 ..... , ,15, 

2 15 os 

" 3 15 ns 

3 15 ns 



( t· SemiaJnductlJr fIJ'Lattioo 
LJ CorporaUorr' 

Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-25L Commercial 

OVer Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

\/"'; Oulput Low Voltage - - 0.5 V YVL 

VOH Output High Voltage 2.4 - - V 

IIL,IIH Input Leakage Current - - ±10 !LA 
11/010 Bidirectional Pin Leakage Current - - ±10 IlA 

1051 Output Short Circuit Current Vcc= 5V VouT .. Gnd -30 - -150 mA 

Icc Oper~ting Power Supply Current VIL = 0.5V VIH = 3.0V 'toggle = 15MHz - 75 90 , mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-25L Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 °c 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 24 mA 

10H .,.High LevelOutputCurrent - -3.2 .. !1'IA. 
OC"j '" 

22 



Specifications GAL16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-25L Commercial 

Over Recommended Operating Conditions 

PARAMETER· 'FROM TO DESCRIPTION 
TEST 

MIN. MAX. UNITS # COND.' 

~ 1 1,110 0 Combinational Propagation Delay 1 3 25 ns 

2 CLK Q Clock to Output Delay 1 2 15 ns 

ten 
; '3 1,110 0 Output Enable, Z --> 0 2 - 25 ns 

-
4 OE Q Output Register Enable, Z --> Q 2 - 20 ns 

tdis 5 1,110 0 Output Disable, 0 --> Z 3 - 25 ns 

6 OE Q Output Register Disable, Q -->Z 3 - 20 ns 

1) Refer to Switching Test Conditions section. 

; 

AC RECOMMENDED OPERATING CONDITIONS 
" " "'.',~, '\ 

PARAMETER 
1':# DESCRIPTION 

.i '7 Clock Frequency without Feedback 
fclk 

.8 Clock Frequency with Feedback 

tsu .Q Setup Time, Input or Feedback, before ClK t 

th; to .. Hold Time, Input or Feedback, after ClK t 

lw 
11 Clock Pulse Duration, High 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FeEDBACK 

CLK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.IIOGRAMMED 

FOR OE CONTROL 

COMBINATIONAL 
OUTPUTS 

23 

GAL 16 / 20V8A-25L Commercial 

TEST . MIN: MAX. UNITS 
CONDo 

1 0 33.3 MHz 

1 0 28.5 MHz 

- 20 - ns 

-. 0 - ns 

.- 15 - ns 

- 15 - ns 



[lJtattice 
Semiconductor 
CorporationTN 

Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-15L Industrial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 
',,-,'. 

V 

VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 IlA 
11/0/0 Bidireclional Pin Leakage Current - - ±10 IlA 
los' Output Short Circuit Current Vcc=- 5V VOUT- Gnd -30 - -150 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V 1109g18 = 25MHz - 75 130 mA 

1) One output at a time for a,maximum duration of one second, 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-15L Industrial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature ·40 85 ·C 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 24 mA 

10H High Level Output Current - -3:2 rnA 

24 



Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-15L Industrial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
" 

tpd 
1 1,1/0 0 Combinational Propagation Delay 

2 CLK Q Clock to Output Delay 

ten 
3 1,1/0 0 Output Enable, Z --> 0 

4 OE Q Output Register Enable, Z --> Q 

tdis 
5 1,1/0 0 Output Disable, 0 --> Z 

6 OE Q Output Register Disable, Q --> Z 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 
. . ' 
PARAMETER '# DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime, Input or Feedback, before CLK l' 

th' 10 Hold Time, Input or Feedback, after CLK l' 

11 Clock Pulse Duration, High 
tw 

12 Clock Pulse Duration; Low 

SWITCHING WAVEFORMS 

INPUlS 
I/O,REG. 

FEEDBACK 

CLK 

REGISTERED 
OUTPUlS 

AK'tINPUT 
P.JK)GRAMMED 

FOR OE CONTROL 

COIoIBlNA11ONAL 
DUTPUlS 

25 

' . 

TEST 
COND.t MIN. MAX. UNITS 

1 3 15 ns 

1 2 12 . ns 

2 - 15 ns 

2 - 15 ns 

3 - 15 ns 

3 - 15 ns 

GAL 16 / 20V8A-15L Industrial 

.' 
TEST 

CONDo 
MIN. MAX. ONITS 

1 0 50 MHz 

1 0 41.6 MHz 

- 12 - ns 

- 0 - ns 

- 10 - ns 

- 10 - ns 



!LJ;L. .', :Lattice 
Semiconductor 
CorporatlonTli 

. Specifications GAL 16V8A 
. GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-20L Industrial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

.SYMBOL PARAMETER CONDIl10N . J MiN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 ,v. 
VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 IIA 
111010 Bidirectional Pin Leakage Current - - ±10 ~A 

10sl Output Short Circuit Current Vcc .. 5V VooT-Gnd -30 - '-150 mA 

Icc Operating Power Supply Current VIL .. 0.5V VIH .. 3.0V floggle .. 25MHz - 75 '130 mA 

1) One output at a time for a. maximum, duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-20L Industrial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature -40 85 ·C 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-O.5 0.8 .. V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 24 mA 

10H High Level Output Current ' ~.2 mAo 
d' , .. 

26 



SpecificationsGAL16V8A 
·GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-20L Industrial 
." . '. ' '. , 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

COND.1 MIN. MAx:. UNITS 

tpd 1 1,1/0 0 Combinational Propagation Delay ,< :} ,,1 3 20 ,ns 

. 2 CLK Q Clock to Output Delay .'. 1 , 2 15 ns 

ten 
3 1,1/0 0 Output Enable, Z -> 0 .2 .- 20 :ns 

4 OE Q Output Register Enable, Z -> Q 2 ..,... 18 ns 

tdis 
5 1,1/0 0 Output Disable, 0 -> Z 3 20 .' ns 

6 , OE Q Output RegisterDisable, Q -> Z 3 .- 18 ns 

1) Refer to Swltdllng Te.t Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-20L Industrial 

~ARAMhER 
~ }j;~·f~~'""<c~~t?;~~~~:4lf:" 

# DESCRIPTION 

fclk 
7 Clocj{ Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime, Input or Feedback, before CLK t 

th 10 HO,1d lime, Input or Feedback, after CLK t 

11 Clock Pulse Duration. High 
tw. 

clock pulse Duration, Low 
. ... .,. .0 

~2 

SWITCHING WAVEFORMS 

INPUllI 
110. REG. 

FEEDBACK 

CLK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.IIDGRAMMED 

FOR OE CONTROL 

COMBINA 110NAL 
OUTPUTS 

27. 

.TEST 
': ... , . .' .. ' ' .. ,~',.'"'' ",;' 

' ,~. Mlt-t l, MAX:' 'tJNrrS 
CONDo 

0 41.6 MHz 

1 .0 33.3 MHz 

15 ns 

~ .... 0 ,ns 

12 ns 
, 

'12 ; , ... ,' 
ns 

61 
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rz:;e ~bxrxratiOIl'M 
Specifications GAL 16V8A 

GAL20V8A 

El.ECTRICAL CHARACTERISTICS GAL 16 / 20V8A-25L Industrial 

Over Fieoommended Oper.t1ng COnditions (Unle .. Otherwl .. Specified) 

SYMBOL PAaAMETER CONDITION MIN. TYp. MAX. UNITS 

<VOL , Qutpt:rt low Voltag~ "'. ,. '<:. t" "', < • 
.... - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 !LA 
Ivo/Q Bidirectional Pin Leakage Current - - ±10 !LA 
IOS1 Output Short Circuit Current Vcc-5V Voor.Grid -30 - -150 mA 

IcC Operating Power Supply Current " VI!..0.5V VIH. 3.0V f~ .. .;. 25MHz - 75 130 mA 

1) One output at a time lor a maliimum duration 01 one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-25L Industrial 

'SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature ·40 85 ·C 

VCC Supply Voltage 4.5 5.S V 

VIL ,Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Leve' Output CUfl'ent - 24 mA 

10H ," High ,Level Output purrent - -3.2 mA 

28 
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flJ·· . Lattice 
. . SemJronductor 

.' . ." Corporation™ 

Specifications tGAL 16V8A 
:GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/20V8A-25llndustrial 

Ovet Recommended Operating Conditions 

PARAMETER FROM TO . DESCRIPTION 
TEST 

MIN. MAX. UNITS # COND.1 

tpd . .: 1 ql, \fO 0 Combinational Propagation Delay .'.'~" i~ ,3 25 :'.1IS 

2 CLK 0 Clock to Output Delay 

ten 3 1,110 0 Output Enable, Z -> 0 

4 OE 0 Output Register Enable, Z ->0 ; 

tdis 
5 1,1/0 0 I .. Output Di$able, 0 -> Z 

6 . OE 0 OutputRegister Disable, 0 -> Z 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 
~,L, ~.,_"" 

".' 
' , . 
',', 

PARAMETER # DESCRIPTION 

. 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup TIme, Input or Feedback, before CLK f 

th 10 . Hold TIme, Input or Feedback, after CLK f 

11 Clock Pulse Duration, High 
tw 

1'2 Clock Pulse Duration, Low 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEDBACK 

CLK 

REGISTERED 
OUTPUTS 

ANYINPIIT 
PBOGRAMMED 

FOR OE CONTROL 

CCMBlNA 110NAl 
OUTPUTS 

29 

1 2 15 .ns 

2 ,- 25 ns 

., 2 20, ns 

3; ". 25 .n$ 

3 - 20 ' ns 
. 

GAL 16 I 20V8A-25L Industrial 
. ", "','" ,,~, . ,,",,'" 

: i .. : :''';' , .' -~. _,: t 
TEST 

CONDo 
MIN. MAX. UNITS 

1 0 33.3 MHz 

1 0 28.5 MHz 

- 20 - ns 

- 0 - . \'is 

- 15 - ns 

- 15 - ns 



Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-15L Military 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL , PARAMETER CONDITION MIN. TYp. MAX. UNITS 

. VOL Output Low Voltage ""(", "',t" " > "' ~ '. " '" - - 0.5 V 
VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 I4A 

Ivo/Q Bidirectional Pin Leakage Current - - ±10 I1A 

los1 Output Short Circuit Current Vee = 5V, VOUT .. Gnd -30 - -150 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH" 3.0V ftoggle = 25MHz - 75 130 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-15L Military 

SYMBOL PARAMETER MIN. MAX. UNITS 

Tc Case Temperature -55 125 °C 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 Vee+1 V 

10L Low Level Output Current - 12 rnA 

10H I:\igi:l LeveiOutput Curre~t - ::-2.0 ~A 

30 



Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 161 20V8A-15L Military 

Over Recommended Operating Conditions 

PARAMETER # FROM· TO DESCRIPnON 

tpd 
1 1,1/0 0 Combinational Propagation Delay 

2 ClK a Clock to Output Delay 

. ten 
3 1,1/0 0 Output Enable, Z ~ 0 

4 OE a Output Register Enable, Z ~ a 

tdis 
5 1,1/0 0 Output Disable, 0 ~ Z 

6 OE 0 Output Register Disable, a ~ Z 

1) Refer to Switching Tesl Condilions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPnON 

fclk 
7 Clock Frequency without Feedback 

8 ClOck Frequency with Feedback 

tsu 9 Setup lime, Inpulor Feedback, before ClK t 

th 10 Hold Time, Input or Feedback, after ClK t 

11 . Clock Pulse Duration,High 
tw 

... 

12 Clock Pulse Duration, Low 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEDBACK 

CLK 

REGlSrEREO 
OUTPUTS 

ANYINPUT . 
PBOQRAMMED 

FOR Of CONTROL 

COMBINA llONAL 
OUTPUTS 

31 

TEST 
MIN. MAX. UNITS COND.' 

1 3 15 ns 

1 2 12 ns 

2 - 15 ns 

2 - 15 ns 

3 - 15 ris 

3 - 15 ns 

GAL 161 20V8A-15L Military 

TEST MIN. MAX. UNITS 
CONDo 

1 0 50 MHz 

1 0 41.6 MHz 

- 12 - ns 

- 0 - ns 

- 10 - ns 

- 10 - ns 



flJ' Lattice 
Semiconductor 
CorporationTN 

Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16 I 20V8A-20L Military 

OVer Recommended Operating Conditions (Unless Otherwlss Specified) 

SYMBOL PARAMETER CONDlnON MIN. TYp. MAX. UNITS 

\1_. Output Low, VqJtaga - - 0.5 V VVL 

VOH Output High Voltage 2.4 - - V 

IIL,IIH Input Leakage Current - ~ *~O ItA 
", " 

111010 Bidirectional Pin Leakage Current \.~ ±10 I1A 

10sl, Output Short Circuit Current Vcc-5V VOUT= Gnd ~O ..... ..:.150 mA 

Icc Operatin\il Power Supply Current VIL = 0.5V· VIJot .. 3.0V f10ggie = 25MHz ' ."'- " 75 130 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16 I 20V8A-20L Military 

" , 

SYMBOL PARAMETER MIN: MAX. UNITS 

Tc Case Temperature -55 125 ·C 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 Vcc+1 V 

10L Low Level Output Currer\! - 12 mA 

10H High Level Output Current - . -2.0 mA 
, .. ', " 

32 



Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-20L Military 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTlON 

tpd 
1 1,1/0 0 Combinational Propagation Delay 

2 ClK a Clock to Output Delay 

ten 
3 1,1/0 0 Output Enable, Z -+ 0 

4 OE a Output Register Enable, Z -+ a 

tdis 5 1,110 0 Output Disable, 0 -+ Z 

6 OE a Output Register Disable, a -+ Z 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime, Input or Feedback, before ClK t 

th 10 Hold lime, Input or Feedback, after ClK t 

tw 
11 Clock Pulse Duration, High 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUllI 
I/O,REG. 
~CK 

CLK 

Nll/INPUT 
¥.IIDlU'wIMED 

FOR OE CONTROL 

COHBlNAllONAi. 
" (),I!JPUT8 

33 

TEST 
COND.1 MIN. MAX. UNITS 

1 3 20 ns 

1 2 15 ns 

2 - 20 ns 

2 - 18 ns 

3 - 20 ns 

3 - 18 ns 

GAL 16 / 20V8A-20L Military 

TEST MIN. MAX. UNITS 
CONDo 

1 0 41.6 MHz 

1 0 33.3 MHz 

- 15 - ns 

- 0 - ns 

- 12 - ns 

- 12 - ns 



fIJ. lMlttice 
8emJoonductor 
CorporationTN 

Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16 I 20V8A-30L Military 

Over Recommended Operating Conditions (Unless OtherWise Specified) 

SYMBOL PARAMETER CONDInON MIN. TYp. MAX. UNITS 

VOL OLJtPllt Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 IlA 
Ivo/Q Bidirectional Pin Leakage Current - - ±10 I1A 

los' Output Short Circuit Current . Vcc-5V Voor-Gnd -30 - -150 mA 

Icc Operating Power Supply Current. VIL = 0.5V VIH - 3.0V ftoggle .. 15MHz - 75 130 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-30L Military 

SYMBOL PARAMETER MIN. MAX. UNITS 

Tc Case Temperature -55 125 ·C 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 12 mA 

10H High Level Output Current - -2.0 mA 
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1lJ··I£··· . 'Lattice' . Semironductor 
Corporation™ 

SpecificationsGAL16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-30L Military 

OVer Recommended Operating Conditions 

PARAMETER , . FROM TO DESCRIPTION 

tpd 
1 1,110 0 Combinational Propagation Delay 

2 ClK 0 Clock to Output Delay 

ten. 3 1,110 0 Output Enable, Z -> 0 

4 OE 0 Output Register Enable, Z->O 

tdis 
5 1,110 0 Output Disable, 0 -> Z 

6 OE 0 Output Register Disable, Q ->,Z 

1) Refer 10 Swllchlng Tesl Condilions section. 

AC RECOMMENDED OPERATING CONDITIONS 
,,~ , 

" 

PARAMErE'R ''I " 

DESCRIPTION 

, 
7 Clock Frequency without Feedback 

f~lk 
8 Clock Frequency with Feedback 

tsu 9 Setup lime, Input or Feedback, before ClK t 
.th . 10 Hold lime, Input or Feedback, after ClK t 

11 Clock Pulse Duration, High 
tw 

~2 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPIIl8 
110, REG. 

FEEDBACK 

CLK 

REGISTERED 
0UTPU18 

CDllBINA 110NAL 
OUTPUTS 

35 

TEST 
MIN. MAX. UNITS CONO.' 

1 3 30 ns 

1 2 20 ns 

2 1,- 30 . . ns 

2 - 25 ns 

3 - 30 ns 

3 - 25 ns 

GAL 16 I 20V8A-30L Military 
'~< ' 

. TEST 
MIN. 

.. 
MA.X. UNI'TS 

CONO. 

1 0 33.3 MHz 

1 0 22.2 MHz 

- 25 - ns 

- 0 - ns 

- 15 - ns 

- 15 - ns 
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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. 

There are three OlMC configuration modes possible: registered, 
complex, and simple. These are illustrated in the diagrams on 
the following pages. You cannot mix modes, either all OLMOs are 
simple, complex, or registered (in registered mode the output can 
be combinational or registered). 

The outputs of the AND array are fed into an OLMC, where each 
output can be individually set to active high or active low, with 
either combinational (asynchronous) or registered (synchronous) 

ClK 
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configurations. A common output enable is connected to all. 
registered outputs; or a product term can be used to provide 
individual output enable control for combinational outputs in the 
registered mode or combinationai outputs in tne complex mode. 
There is no output enable. control in the small mode. The output 
logic macrocell provides the designer with maximum output flexi~ 
bility in matching signal requirements, thus providing more func
tionality than possible with existing 20 and 24-pin PAL· devices. 

The six valid macrocell configurations, two configurations per 
mode, are shown in each of the macrocell equivalent diagrams. 
Pin and macrocell functions are detailed in the following diagrams. 
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\ - r PTMUX ~ , "'" 
\ 
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: xo~(n) 
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FMUX 
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\ 

-::::h-\ FROM 
\ - ADJACENT 
\ , STAGE 
\ , OUTPUT(m) 
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ClK OE 

GALiI16 I 20V8A Output logic Macrocell(n) 
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REGISTERED MODE 

In the Registered architecture mode macrocells are configured 
as dedicated, registered outputs or as 110 functions. 

Architecture configurations available in this mode are similar to 
the common l6Ra, 20R6 and l6RP4 devices with various 
permutations of polarity, 110 and register placement. 

cue 

Specifications GAL 16V8A 
GAL20V8A 

All registered macrocells share common clock and OE control 
pins. Any macrocell can be configured as registered or 110. Up 
to a registers or up to a lJO's are possible in this mode. Dedicated 
input or output functions can be implemented as sub-sets of the 
VO function. 

Registered outputs have 8 data productterms per output. 1I0's 
have 7. data product terms per output . 
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~--------------------------_\ 
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Registered Output with Programmable 
Polarity 

.tI.QIE&: 
• All maaoc:eIls can be individually configured to this 

fundion. 
• Polarity of the register input Is prograrrmable on a 

maaocell by macrocell basis, _ 
• Feedback InlO the AND array Islrom the a algnal of 

the register with active low and active high feedback 
paths provided. 

• Reglste~rnecrocells have common dock (pIn 1) and 
commonOE(16V8pin 11.2OV8pin 13) 

ComblnationallnputlOutput with 
Programmable OE and Polarity 

!!Q!ElI; 
• All macrocell. can be Individually conflgunsd to this 

function. 
• The polarby of each macrocon Is programmable on 

a macrooall by maaoceII basis. 
• AI maaoooUs have active high and active !ow 

feedback of tho output buffer and/or device pin data 
Inlo the AND. array. 

• . When all 8 rnacrooalls -'!!." configured into tho va 
fundion the elK and OE pins sorvo no valid logic 
fundlon. 

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

In the Complex architecture mode macrocells are configured as 
output only or 110 functions. 

Architecture configurations available in this mode are similar to 
the common 16L8, 2OL8 and 16P8 devices with programmable 
fXJiatity in each macn.)cell. 

Up to 6 I/O's are possible in this mode. Dedicated inputs or out-

Specifications GAL 16V8A 
GAL20V8A 

puts can be implemented as sub-sets of the I/O function. The two 
"outboard" macrocells do not have input capability. Designs 
requiring 8 IIO's can be implemented in the Registered mode. 

All macrocells have 7 data product terms per output. One prod-
0 ....... ,,_ .. _ l_ •• __ ..1 1-.. ______ ....... 1_ I"'\C _ ........... 1 Dlft8" ~I"'I"" i .. "''''' 
,,\; .. "l1li'111 ,., UO'D'U ''''' 1"'\"'=fIQ"IIIIQIoI'V "' ... """1110'''''' 1,191 .... ,' WI'''' I I' V" 

a GAL 16V8, and pins 1 and 13 on a GAL20V8, are always avail
able as data inputs into the AND array • 

. --- - -- - - - --- - - -------- - --- --, , , 
, , 

, , 
.=.[ , 

'-COol FEEl> , 
IIACIC , 

, , 
1..---------------------------

---------------------------_. , 
, , 

>, , , , 
, 
, 
, 
, 
, 
, 
, 

~[: 
, 
, , 

," ~ , , 
I 
I 
I 
I 

I 1- _____________________ .... _____ , 

Combinational Input/Output with 
Programmabla OE and Polarity 

JmEl: 
o Theautboald maclllCOlls (16V8piIBI2& 19. 2OV8 

pili 15 & 22) cannol pe~onn this funcUon. 
o The polarity oI_h maclocella poogrammable on 

a macrocoll by macrocel baals. 
o Each macrocaIllaI active high and active low 
f-..:k 01 the output bufIer and/or device pin data 
Into lhe AND "ray. 

Combinational Output with Program
mabla OE and Polarity 

JmEl: 
o TlleIWo 0UIb0anI maclllCOlls (16V8 pins 12 & 19. 

2OV8 pins 15 & 22) are permanently oonflgured 10 
this fundlon wilen In the ConlJIex mode. 

o The other 6 macroceIs can 8IIlI1ale this mod. by 
not using the feedback data as a Gata InpullO the 

·"'IIf· 
o The polarly 01 NOh macrocon Is poogrammable on 

a macIIICOIl by macrocol baals. 

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

In the Simple architecture mode pins are configured as dedicated 
inputs or as dedicated, always active, combinational outputs. 

Architecture configurations available in this mode are similar to 
the common 10l8, 18H4 and 16P6 devices with many permu
tations of generic polarity output or input choices. 

Specifications GAL 16V8A 
GAL20V8A 

All ouputs are associated with 8 data product terms. In addition, 
each output has programmable polarity. 

Pins 1 and 11 on a GAL 16V8, and pins 1 and 13 on a GAL20V8, 
are always available as data inputs into the AND array. The 
"center" two macrocells (GAL 16V8 pins 15 & 16, GAL20V8 pins 
18 & 19) cannot be used in the input configuration. 
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... _ .. _ .............................................. -, 
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, ;; 

I 
' "'" , .... 
, 
, 
, 
, , 
, 
, ::~p:--------------------------------------~-~ , , 
, 

Dedicated Input Mode 

.tIlru§.; 
• The "center" two maaocells (16V8pinsI5& 16. 

2OV8 pins 18 & 19) cannO! be configured 10 this 
function. 

Dedicated Combinational Output 
with Programmable Polarity 

NOTES' 
• AU MacroceUs can be configured 10 this fUnction. 
• The polarity of each macroceU is programmabte 

on a macroceU by macrocell basis. 

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

An electronic signature (ES). is provided with every GAL 16V8A 
and GAL20V8A device. It contains 64 bits of reprogram mabie 
memory that can contain user defined data. Some uses include 
user 10 codes, revision numbers, or inventory control. The sig
nature data is always available to the user independent 01 the state 
oi the security ceii. 

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

SECURITY CELL 
A security cell is provided with every GAL 16V8A and GAL20V8A 
device as a deterrent to unauthorized copying of the array pat
terns. Once programmed, this cell prevents further read access 
to the AND array. 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 avail
able to the user, regardless of the state of this control cell. 

INPUT BUFFERS 

GAL 16V8A and GAL20V8A devices are designed with TTL level 
compatible input buffers. These buffers, with their characteris
tically high impedance,load driving logic much less than traditional 
bipolar devices. This allows for a greater fan out from the driv
ing logic. 

GAL 16V8A and GAL20V8A devices do not possess active pull
ups within their input structures. As a result, Lattice recommends 
that all unused inputs and tri-stated 110 pins be connected to 
another active input, V ceo or GND. Doing this will tend to improve 
noise immunity and reduce Icc for the device. 

POWER-UP RESET 

Vee 
OV-_....J 
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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 (power1Jp, line voltage glitches, brown-outs, etc.). To 
iesi a dEtSign for" pruper- tfeatiiltiiii of illese 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 corred next state conditions. 

GAL 16V8A and GAL20V8A 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 sequenc
ing. " necessary, approved GAL programmers capable of exe
cuting test vectors perform output register preload !iutomatically. 

LATCH-UP PROTECTION 

GAL 16V8A and GAL20V8A devices are designed with an on
board charge pump to negatively bias the substrate. The nega
tive bias is of sufficient magnitude to prevent input undershoots 
from causing the circuitry to latch. Additionally, outputs are 
designed with n-channel pull-up instead of the traditional p-chan
nel pullups to elim inate any possibility of SCR induced latching. 

BULK ERASE MODE 

Before writing a new pattern into a previously programmed part, 
the old pattern must first be erased. This erasure is done auto
matically by the programming hardware as part of the program
ming cycle and takes only 50 milliseconds. 

c~ VH~~~?k~~~.Ir-~V~A~LI~D7cLOC~~KS~IG~N~~~----

INTERNAL 
REG. 0 

VIL -:::l~~~~~:;;:;f-:::::=-.., INTERNAL REGISTER' 

FEEDBACK/EXTERNAL 
REG. 0 

OUTPUT 

Circuitry within the GAL 16V8A and GAL20V8A provides a reset 
signal to all registers during power-up. All internal registers will 
have their a outputs set low after a specified time (t RESE T ' 45J1S 
MAX). As a result, the state on the registered output pins (if they 
are enabled through DE) will always be high on power-up, regard
iess of the programmed poiarity of the output pins. This feature 
can greatly simplify state machine design by providing a known 
state on power-up. 

40 

RESET TO LOGIC 0 

The timing diagram for power-up is shown above. Because of 
asynchronous nature of system power-up, some conditions must 
be met to guarantee a valid power-up reset of the GAL 16V8A and 
GAL20V8A. First, the V cc rise must be monotonic. Second, the 
clock input must become a proper TTL level within the specified 
time (ipR' 100ns MAX). The registers WiiI reset within a maximum' 
of ~EseT time. As in normal system operation, avoid clocking the 
device until all input and feedback path setup times have been 
met. 
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FEATURES 

• HIGH PERFORMANCE E2CMOS"' TECHNOLOGY 
-15 ns Maximum Propagation Delay 
- Fmax = 50 MHz 
-12 ns Maximum from Clock Input to Data Output 
- TTL Compatible 24 rnA Outputs 
- UltraMOS"1I Advanced CMOS Technology 

• 50% REDUCTION IN POWER OVER BIPOLAR 
- 45mA Max Icc 

• E2 CELL TECHNOLOGY 
- Reconflgurable Logic 
- Reprogrammable Cells 
-100% Tested/Guaranteed 100% Yields 
- High Speed Electrical Erasure «50ms) 
- 20 Year Data Retention 

• EIGHT OUTPUT LOGIC MACROCELLS 
- Maximum Flexibility for Complex Logic Designs 
- Programmable Output Polarity 
- GAL 16V8 Emulates 20-pln PAL" Devices with Full 

Function/Fuse Map/Parametric Compatibility 
- GAL20V8 Emulates 24-pinPAL" Devices with Full 

Function/Fuse Map/Parametric Compatibility 

• PRELOAD AND POWER-ON RESET OF ALL REGISTERS 
-100% Functional Testability. 

• .ELECTRONI¢ SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAl16V8 andGA120Va, at 15 nsmaximum propagation de
lay time, combi~e a high performance CMOS process with Elec
trically Erasable (E2) floating gate technology. CMOS circuitry 
allows the GAl16Va and GA12OV8 to consume just 75mA typical 
Icc (and just 4OmAfor Quarter Power versions) which represents 
a considerable savings .in power when compared to their bipolar 
counterparts. The E2 technology offers high speed (50ms) erase 
times, providing the ability to reprogram or reconfigure the devices 
quickly and efficiently. 

The generic architecture provides maximum design flexibility by 
allowing the OutPlrt logic Macrocell (OlMC) to be configured by 
the user. The GAl16V8 and GAL20V8 are capable of emulat
ing standard 20 and ;!4-pin PAl- devices. The GAL 16V8 is ca
pable of emulating standard 20-pin PAL architectures with full func
tionlluse map/parametric compatibility. The GA120V8 is.capable 
of emulating standard 24-pin PAL architectures with fuli function! 
fuse map/parametric compatibility. Onthe right is a table listing 
the PAL architectures that the GAl16V8 and GA120V8 can 
replace. . . 

Unique test circuitry and reprogram mabie cells allow complete 
AC, DC, and functional teSting during manufacture. Therefore, 
lattice guarantees 100% field programmability and functionality 
of alf GAL produpts. lattice also guarantees 100 erase/rewrite 
cycles and that data retention exceeds 20 years. 

GAL®16V8 
GAL®20V8 

Generic Array Logic™ 
u.s. Patents 4,761,768 and 4,766,569 

GAL16V81 GAL20V8 BLOCK DIAGRAM 

OCIJ( <>---1>----------. 

I ,_,-,,-----,-

I 
I '~;.L._ 

GAUOV& ONLY 

~--~--_-_-_-_-a_~ ~ , 

I 

~------~~~, , 

GAL 16V8 I GAL20V8 ARCHITECTURE EMULATION 

GAL20V8 GAL16V8 
PAL Architecture PAL Architecture 

Emulation , Emulation 

20L8 16L8 
20H8 16H8 
20R8 16R8 
20R6 16R6 
20R4 16R4 
20P8 16P8 

20RP8 16RP8 
20RPG 16RP6 
20RP4 16RP4 
14L8 10L8 
16L6 12L6 
18L4 14L4 
20L2 16L2 
14H8 10H8 
16H6 12H6 
18H4 14H4 
20H2 16H2 
14P8 10P8 
16P6 12P6 
18P4 14P4 
20P2 16P2 

Copyright 01989 Lattice SOl!1lc:onductQr Cc!rP- GAL and UllraMOS a .. registered 'rademarkB of Lattice Semiconductor Corp' Generic Array logic and E'CMOS are trademarks 01 Lattice SemI
condUclor. Corp. PAL Is a reglSlered orlldemark of Advanced Micro Devices, Inc. The speclfica'ions and Information herein are subject to change wI'hout noIlce. 

LATTICE SEMICONDUCTOR CORP., PO eqX2500, PORTLAND. OREGON 97208-2500, U.S.A. 
Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037 
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ABSOLUTE MAXIMUM RATINGS(1) 

Supply voltage V cc ............................. _ ...................................... -.5 to + 7V 
Input voltage applied ........................... -2.5 to V cc + 1.0V 
Off-state output voltage applied .......... -2.5 to V cc + 1.0V 
Storage Temperature ................................. -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). 

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto 3.0V 

Input Rise and Fall Times 3ns 10%-90% 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 

Tri-state levels are measured O.SV from steady-state active 
level. 

+5V 

--..--~~- TESTPOINT 

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Specifications GAL 16V8 
GAL20V8 

COMMERCIAL DEVICES 

Refer to AC Test Conditions: 

R2 "' 3900 
1) R1 "' 2000 and CL - SOpF 
2) Active High R1 - 00; Active Low R1 .. 2000 CL = SOpF 
3) Active High R1 = 00; Active Low R1 .. 2000 CL - SpF 

MILITARY DEVICES 

Refer to AC Test Conditions: 

R2 = 7Soo 
1) R1 - 3900 and CL = SOpF 
2) Active High R1 .. 00; Active Low R1 .. 3900 CL = SOpF 

3) Active High R1 = 00; Active Low R1 - 3900 CL - SpF 

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

. CI Input Capacitance 8 pF V cc .. S.OV, VI .. 2.0V 

CIIOIQ 1/010 Capacitance 10 pF Vee - 5.0V, VIIOIQ - 2.0V . Guaranteed but not 100% tested . 
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Vee 

20 J 
19 

2 

18 

GAL16V8 17 

4 E2CMOS 
Programmable 

AND Array 16 

(64 X32) 

15 

14 

13 

12 

9 
11 

10 

~ 

GAL 16V8 PIN CONFIGURATION 

Chip Carrier DIP 

I IICLK Vee 11010 

2 .. .ClQ 

[ ~ 1/010 ... Q 

1/010 ... Q 

... Q l/O/Q 

[ 
GAL16V8 ~ 

[ ~ 
.010 

IIOIQ 
.010 

[ Top View 
~ 

[ ~ 1/010 .010 

0010 
I GND 1I0E 1/010 IIOIQ 

43 

Specifications GAL 16V8 
GAL20V8 

GAL20V8 BLOCK DIAGRAM 
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Specifications GA,L 16V8 
GAL20V8 

ELECTRICAL CHARACTERISTICS GAL 16V8-15L Commercial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL ,PARAMETER CONDITION MIN. TYP. MAX. UNITS 

\/,." Output Low Voltage -y"",- - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 JJA 
11/010 Bidirectional Pin Leakage Current - - ±10 IlA 

los1 Output Short Circuit Current Vcc=5V VouT=Gnd -30 - -150 mA 

Icc Operating Power Supply Current VIL.0.5\1 VIH. 3.0V 'toggle = 15MHz - 75 90 mA 

1) One output at a. tim,efJra maximUm duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL16V8-15L Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 °c 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-O,5 0,8 V 

VIH Input High Voltage 2.0 Vcc+1 V 

10L Low Level Output Current - 24 mA 

,.IOH· liighLevel, Output Current '. • - -3:2 mA 
.'.' .. " , 
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SWITCHING CHARACTERISTICS GAL 16V8-15L Commercial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,1/0 0 Combinational Propagation Delay 

2 ClK Q Clock to Output Delay 

ten 
3 1,1/0 0 Output Enable, Z 4 0 

4 OE Q Output Register Enable, Z 4 Q 

tdis 
5 1,1/0 0 Output Disable, 0 4 Z 

6 OE Q Output Register Disable, Q -> Z 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime, Inpu1 or Feedback, before elK i 

th 10 Hold Time, Input or Feedback, after ClK i 

11 Clock Pulse Duration, High 
tw 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEDBACK 

ClK 

REGISTERED 
OUTPUTS 

ANY INPUT 
PlWGRAMMED 

FOR DE CONTROL 

COMBINA nONAL 
OUTPUTS 

47 

TEST 
MIN. COND.1 MAX. UNITS 

1 3 15 ns 

1 2 12 ns 

2 - 15 ns 

2 - 15 ns 

3 - 15 ns 

3 - 15 ns 

GAL16V8-15L Commercial 

TEST MIN. MAX. UNITS 
CONDo 

1 0 50 MHz 

1 0 41.6 MHz 

- 12 - ns 

- 0 - ns 

- 10 - ns 

- 10 - ns 
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ELECTRICAL CHARACTERISTICS GAL16V8-20Q Commercial 

Over Recommended Operating Conditions (Un Ie .. Otherwise Specified) 

SYMBOL PARAMETER CONDInON MIN. TYP. MAX UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 ~ 

11/010 Bidirectional Pin Leakage Current - - ±10 ~ 

10sl Output Short Circuit Current Vcc-5V VouT-Gnd -30 - -150 mA 

Icc Operating Power Supply Current VIL z 0.5V VIH. 3.0V ftoggle. 15MHz - 40 45 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL16V8-20Q Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 ·C 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-O.5 O.S V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 24 mA 

10H High Level Output Current - -3.2 mA 
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SWITCHING CHARACTERISTICS GAL 16V8-20Q Commercial 

OVer Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,1/0 0 Combinational Propagation Delay 

2 ClK Q Clock to Output Delay 

ten 
3 1,1/0 0 Output Enable, Z -+ 0 

4 OE Q Output Register Enable, Z -+ Q 

tdis 
5 1,1/0 0 Output Disable, 0 -+ Z 

6 OE Q Output Register Disable, Q -+ Z 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime, Input or Feedback, before ClK t 

th 10 Hold lime, Input or Feedback, after ClK t 

11 Clock Pulse Duration, High 
tw 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEDBACK 

CLK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.IIOGRAMMED 

FOR OE CONTROL 

COMBINA11ONAL 
OUTPUTS 
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TEST 
COND.1 MIN. MAX. UNITS 

1 - 20 ns 

1 - 15 ns 

2 - 20 ns 

2 - 18 ns 

3 - 20 ns 

3 - 18 ns 

GAL 16V8-20Q Commercial 

TEST MIN. MAX. UNITS 
CONDo 

1 0 41.6 MHz 

1 0 33.3 MHz 

- 15 - ns 

- 0 - ns 

- 12 - ns 

- 12 - ns 
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ELECTRICAL CHARACTERISTICS GAL 16V8-2SL Commercial 

OVer Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL,IIH Input Leakage Current - - ;1:10 IlA 
1110/0 Bidirectional Pin Leakage Current - - ;1:10 IlA 

los1 Output Short Circuit Current Vcc-5V VouT .. Gnd -30 - -150 mA 

Icc Operating Power Supply Current VIL - 0.5V VIH. 3.0V ftoggle .. 15MHz - 75 90 mA 

1) One output at a time for a maximum duration of one second, 

DC RECOMMENDED OPERATING CONDITIONS GAL16V8-2SL Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 ·C 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Volt-age 2.0 VCC+1 V 

10L Low Level Output Current - 24 mA 

10H High Level Output Current - -3.2 mA 
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Specifications GAL 16V8 
GAL20V8 

SWITCHING CHARACTERISTICS GAL 16V8-25L Commercial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,110 0 Combinational Propagation Delay 

2 ClK a Clock to Output Delay 

ten 
3 1,110 0 Output Enable, Z ~ 0 

4 OE a Output Register Enable, Z ~ a 

tdis 
5 1,110 0 Output Disable, 0 ~ Z 

6 OE a Output Register Disable, a ~ z 
1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 

fcll< 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime, Input or Feedback, before ClK t 

th 10 Hold lime, Input or Feedback, after ClK t 

tw 
11 Clock Pulse Duration, High 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
M), REG. 

FEEDBACK 

ClK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.BOGRAMMED 

FOR OE CONTROL 

COMBlNAnONAL 
OUTPUTS 
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.. 

TEST 
COND.' MIN. MAX. UNITS 

1 - 25 ns 

1 - 15 ns 

2 - 25 ns 

2 - 20 ns 

.3 - 25 ns 

3 - 20 ns 

GAL 16V8-25L Commercial 

TEST " I.·;; ", 

CONDo 
MIN. MAX. UNITS 

1 0 33.3 MHz 

l' 0 28.5 MHz 

- 20 - ns 

, - 0 - ns 

- 15 - ns 

- 15 - ns 
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ELECTRICAL CHARACTERISTICS GAL 16V8-25Q Commercial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL,IIH Input Leakage Current - - ±10 I1A 
11/010 Bidirectional Pin Leakage Current - - ±10 I1A 
10sl Output Short Circuit Current Vcc .. 5V VouT-Gnd -30 - -150 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V ftoggle = 15MHz - 40 45 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL16V8-25Q Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 ·C 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 24 mA 

IOH High Level Output Current - -3.2 mA 
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SWITCHING CHARACTERISTICS GAL 16V8-2SQ Commercial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,1/0 0 Combinational Propagation Delay 

2 ClK a Clock to Output Delay 

ten 
3 1,1/0 0 Output Enable, Z --> 0 

4 OE a Output Register Enable, Z --> a 

tdis 
5 1,1/0 0 Output Disable, 0 --> Z 

-
6 OE a Output Register Disable, a --> Z 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup Time, Input or Feedback, before elK t 

th 10 Hold Time, Input or Feedback, after ClK i 

11 Clock Pulse Duration, High 
tw 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEDBACK 

CLK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.lWGRAMMED 

FOR OE CONTROL 

COMBlNAl1ONAL 
OUTPUTS 
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TEST 
COND.' MIN. MAX. UNITS 

1 - 25 ns 

1 - 15 ns 

2 - 25 ns 

2 - 20 ns 

3 - 25 ns 

3 - 20 ns 

GAL 16V8-2SQ Commercial 

TEST 
MIN. MAX. UNITS 

CONDo 

1 0 33.3 MHz 

1 0 28.5 MHz 

- 20 - ns 

- 0 - ns 

- 15 - ns 

- 15 - ns 
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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. 

There are three OlMC configuration modes possible: registered, 
complex, and simple. These are illustrated in the diagrams on 
the following pages. You cannot mix modes, either all OlMCs are 
simple, complex, or registered (in registered mode the output can 
be combinational or registered). 

The outputs of the AND array are fed into an OlMC, where each 
output can be individually set to active high or active low, with 
either combinational (asynchronous) or registered (synchronous) 

ClK 

Specifications' GAL 16V8 
GAL20V8 

configurations. A common output enable is connected to all 
registered outputs; or a product term can be used to provide 
individual output enable control for combinational outputs in the 
registered mode or combinational outputs in the complex mode. 
ThQrQ is no output enable control in the s,ma!!'~ode. 'The Qutpur 
logic macrocell provides the designer with maximum output flexi
bility in matching signal requirements, thus providing more func
tionality than possible with existing 20 and 24-pin PAL II devices. 

The six valid macrocell configurations, two configurations per 
mode, are shown in each of the macrocell equivalent diagrams. 
Pin and macrocell functions are detailed in the following diagrams. 

OE 

....... -'- .... ------------------------------------- ~ 

co[ ND 
AY 

FR 
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\ 
\ 
\ 
\ -
\ 
\ 
\ 
\ 
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\ -b \ 

PTMUX 1 >---- D Q r---
\ -
\ 
\ 

I aI-\ 

Jf)-V ~ 

xo~(n) 
l-

\ , , FMUX 
\ 
\ 
\ -::!::-
\ -
\ 
\ 

~----------------------- ---------------------ClK' OE 

GAL ~ 6/20V80utput Logic Macrocell(n) 
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REGISTERED MODE 

In the Registered architecture mode macrocells are configured 
as dedicated, registered outputs or as 1/0 functions. 

Architecture configurations available in this mode are similar to 
the common 16R8, 20R6 and 16RP4 devices with various 
permutations of polarity, VO and register placement. 

Specifications GAL 16V8 
GAL20V8 

All registered macrocells share common clock and Of control 
pins. Any macrocell can be configured as registered or VO. Up 
to 8 registers or up to 8 LO's are pOssible in this mode. Dedicated 
input or output functions can be implemented as sub-sets of the 
VO function. 

Registered outputs have 8 data product terms per output. VO's 
have 7 data product terms per output. 

OE 

~ - ------ - - - - - -- - - - - - - - - - - -' - --, 

XORtll} 

a.K OE 

.---------------------------j 

• 
• 
• 
• · · • 
• 
i 

· fROM 
AND ·[T --

....." 
->00.1. 

, 
-. 

!p 
~---------------------------

, , , , , 
I 

I , , , , , 

IIO(nJ 

..,»--0 

Registered Output with Programmable 
Polarity 

lIQIEl;: 
• AI macrocells can be Individually configul8d to this 

funaion. 
• Polarity of the register Input Ia programnable on a 

macroceI by macroceI basis. _ 
• F_lnto the AND array Is from the 0 signal of 

the register with active low and ac:Ilve high feedback 
paJhs provided. 

• Registered macrocells have common clock (pin t) and 
convnon OE (t6V8 pin t t. :tOVS pin t3) 

CombinationallnputlOutputwlth 
Programmable OE and Polarity 

J!QIEi; 
• ARmacrocelis can be Indlvidliafly conflgul8d to this 

function. 
• Th<I pofarlly of eaih macroi:el Ia programmable on 
. a rtlIaOO8lfby maaocefI basla •. 

• AI macrocella have active high and _low -f_ of the output buffer andior devkie pin daJa 
into the AND arra'l. 

• When ailS maciroosllaJ!!.8 configured Into the 110 
funalon the CLK and OE pins _ no valid logic 
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 

In the Complex architecture mode macrocells are configured as 
output only or 110 functions. 

Architecture configurations available in this 'mode are similar to 
the common 16L8, 20L8 and 16P8 devices with programmable 
polarity in each macrocell. 

Up to 6 1I0's are possible in this mode. Dedicated inputs or out-

Specifications GAL 16V8 
GAL20V8 

puts can be Implemented as sub-sets of the 110 function. The two 
"outboard" macrocells do not have input capability. Designs 
requiring 8 I/O's can be implemented in the Registered mode. 

All macrocells have 7 data product terms per output. One prod
uctterm is used for programmable OE control. Pins 1 and 11 on 
a GAL 16V8, and pins 1 and 13 on a GAL20V8, are always avail
able as data inputs into the AND array. 

.- - - - - - - - - - - - - - - - - - - - - - - - - - --, 
• I 

• I 

• I 

• I 

• I Combinational Input/Output with 
• I Programmable OE and Polarity • I 

• I 

• I -. tmE&; • I >r-c • The outboard macrocells (16VS pins 12 & 19. 20ve 
• I pins 15 & 22) cannot perform this function. 
• I • The polarity 01 each macrocell is programmablo on 
• \ I a maaocall by maaocall basis. 

-=[ I • Each macrocell haa aC1lve high and aC1lYelow 
I feedback of the output buffer and/or device pin data _v 

into the ANO array. 
I_In) I 

..... -z1. • ...,. ......... 
1 

• 1 

• 1 
'- ___________________________ 1 

----------------------------
• 1 • 1 • 1 · · 1 • 1 Combinational Output with Program-
• 1 mabie OE and Polarity • 1 
• 1 
• 1 Ojn) 

• ll~ tmE&; · 1 ~ • The two outboard macrocells (l6W pins 12& 19. 
• 1 20W pins 15 & 22) are permanen1ly configured to 
• 1 this function when In the eo"", .. mode. 

~OM[- l? 1 • The other 6 macroceIls can emulate this mode by 

ARR~ : 
1 

not using the feedback data as a data input to the 
array. 

1 • The polarity of each macrocel is programmable on • 1 a macrocall by maaocall baals. 
I 1 , 

1 

• 1 1- ___________________________ ~ 

Note: The development software configures all of the aiChitecture control bits and checks for propsr pin usage automatically. 
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SIMPLE MODE 

In the Simple architedure mode pins are configured as dedicated 
inputs or as dedicated, always adive, combinational outputs. 

Architedure configurations available in this mode are similar to 
the common 10l8, 18H4 and 16P6 devices with many permu
tations of generic polarity output or input choices. 

Specifications GAL 16V8 
GAL20V8 

All ouputs are associat8d with 8 data produd terms. In addition, 
each output has programmable polarity. 

Pins 1 and 11 on a GAl16V8, and pins 1 and 13 on a GAL20V8, 
are always available as data inputs into the AND array. The 
"center" two macrocells (GAl16V8 pins 15 & 16, GAL20V8 pins 
18 & 19) cannot be used in the input configuration. 

---------------------------_. , , , , , , , , + , , , , , , , Dedlcatecllnput Mode , , , I 1; , ,'-I>- lIQIE&; , • The .......... lWOmaaoceIls(16V8pin.,5& 16. , , 2OV8 pin8 18 & 19) cannat be configured 10 this , I function. , , , I , , 
::3:J, 

I , I , I 
" ................ -....... _ ............................................. -.... 

. ---------------------------. 
I 

T 
, 

I , 
I 

I , 
I , Dedicated Combinational Output 
I , with Programmable Polarity 
I , 
I , 
I , Il!lIUi 
I 

'r "'III • AU Mac:rocaIIs can be configured 10 this lunellon. 
I 

I 
. .>----liOl • The polarity of each rnaaoceIII8 programmable 

I , on a macrooall by macrocoli basis. , , 
.:-?[?7 l~ 

, , , , , , , , , , , , , .... - .. ------- ... -- ... --------------

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

An electronic signature ,(ES) i$ provided with every GAL 16V8 and 
GAL20V8 device. It contains 64 bits of reprogrammable mem
ory that can contain user defined data. Some uses include user 
10 codes, revision numbers, or inventory control. The signature 
data is always available to the user independent of the state of 
the security ceil. 

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

SECURITY CELL 

A security cell is provided with every GAL 16V8 and GAl20V8 
device as a deterrent to unauthorized copying of the array pat
terns. Once programmed, this cell prevents further read access 
to the AND array. 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 avail
able to the user, regardless of the state of this control cell. 

INPUT BUFFERS 

GAL 16V8 and GAL20V8 devices are designed with TTL level 
compatible input buffers. These buffers, with their characteris
tically high impedance, load driving logic much less than traditional 
bipolar devices. This allows for a greater fan out from the driv
ing logic. 

GAL 16V8 and GAL20V8 devices do not possess active pull-ups 
within their input structures. As a result, Lattice recommends that 
all unused inputs and tri-stated 110 pins be connected to another 
active input, V cC' or GND. Doing this will tend to improve noise 
immunity and reduce Ic;cfor the device. 

POWER-UP RESET 

Vee 

Specifications GAL 16V8 
GAL20V8 

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, qrown-outs, etc.) .. To 
test a design jor proper ireatmeni oj these conoiiiQns, a way musi 
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. 

GAL 16V8 and GAL20V8 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 test 
vectors perform output register preload automatically. 

LATCH-UP PROTECTION 

GAL 16V8 and GAL20V8 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 pull-up instead of the traditional p-channel pullups 
to eliminate any possibility of SCR induced latching. 

BULK ERASE MODE 

Before writing a new pattern into a previously programmed part, 
the old pattern must first be erased. This erasure is done auto
matically by the programming hardware as part of the program
ming cycle and takes only 50 milliseconds. 

CLK 
v~~~~~~~~,lr----________ ---------

VALID CLOCK SIGNAL 
VOL ..>L..>oL...>oL.->t'-->oL.->oL..Y I 

INTERNAL 
. REG.Q 

fEEDBACKlEXTERNAL 
REG. a 

OUTPUT 

Circuit{Y within the GAL 16V8 and GAL20V8 provides a reset 
signal to all registers during power-up. AU internal r~isters will 
have their Qoutputs set low after a specified time (t RESE T ' 451J.S 
MAX). As a result, the state on the registered output pins (if they 
are enabled through OE) will always be high on power-up; regard
less of the programmed polarity of. the output pins. This feature 
can greatly simplify state machine design by providing a known 
state on power-up. 
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INTERNAL REGISTER 
RESET TO LOGIC 0 

The timing diagram for power-up is shown above. Because of 
asynchrooousnature of system power-up; some conditiOnS must 
be met to guarantee a valid power-up reset of the GAL 16V8 and 
GAL20V8. First, the Vce rise must be monotonic. Second, the 
clock input must become a proper TTL level within the specified 
time (tpR , 100ns MAX). The registers will reset within a maximum 
of ~ESET time. As in normal system operation, avoid clocking the 
device until all input and feedback path setup times have been 
met. ' 
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Generic Array Loglc™ 
u.s; Palenla 4,76"1;76/ianct4,766,s6!J 

FEATURES FUNCTIONAL BLOCK DIAGRAM 

• HIGH PERFORMANCE E2CMOS'" TECHNOLOGY 
-,15 ns Maximum Propagation Delay 
- Fmax = 50 MHz 
- 8 ns Maximum from, Clock Input to Data Output 
- TTL Compatible 16mA Outputs 
- OltraMOS-IIIAdvanced CMOS Technology 
- Internal Pull~Up Resistor on all Pins 

• 50% REDUCTION IN POWER 
- 90mA'lyp Icc ' 

• E2 CELL TECHNOLOGY 
, ~Reconfigurable logic 

'. -Reprogrammable Cells 
-100% Tested/Guaranteed 100% Yields 
- High Speed Electrical Erasure «50ms) 
- 20 Year Data Retention 

~TEN OPTPUT. LOGICMACROCELLS ;. 
· ~ Maximum Flexibility for Complex Logic Designs 

- Full Function/Fuse Map/Parametric Compatibility 
with 22Vl0 Devices. .. . .. 

• PRELOAD AND POWER-ON RESET OF ALL REGrSl"ERS 
-100% Fun.ctional Testability 

• APPUCATIONS INCLUDE: 
- DMA Control 
- State Machine Control 
-High Speed Graphics ~rocasslng 

. ",,!,,"'StandIlFcf logic. Speed. Upgrade 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL -22V10, at 15 ns maximum propagation delay time, com
bines a high performance CMOS process with Electrically Eras
ab'1(E?) floating gate technology to provide th~ highest perlorm
anoe.wailabieof any 22V10 device on the market. CMOS cjr~ 
cuitry allows the GAL22V1 0 to consume just 90mA typicai Il<c 
which represents a 50% savings in power when compared to Its 
bipoiar counterparts. The E2 technology offers high speed (SOms) 
erase times providing the ability to reprogram or reconfigure the 
devices quickly and efficiently. 

The generic architecture provides maximum design flexibility by 
allowing 1he Output logic Macrocell (OlMC) to be configured by 
the user. The GAL22V1 0 is fully functionlfuse maplparametric 
compatible with bipolar and CMOS 22V1 0 devices. 

Unique test circuitry and reprogrammable cells allow complete 
AC, DC, and functional testing during manufacture. Therefore, 
lA'liICE guarantees 100% field programmability arid function
ality of all GAL products. LATTICE also guarantees 1 00 erase! 
rewrite cycles and that data retention exceeds 20 years. 

IICLK 

INPUT 

INPUT 

IM'UT 

INPUT 

INPUT 

INPUT 

INPV£ 

INPUT 

INPUT 

INPUT 

INPUT 

PACKAGE DIAGRAMS 

Chip Carrier DIP 
IICLK 1 Vee ,. 

!! ! ~ ~ .. 110/0 _ _ !l 

2. 110/0 
WOJQ 110/0 
WOJQ 

GAL22V10 WOJQ 
110/0 

He He 110/0 

Top View WOJQ 110/0 

WOJQ 110/0 
WOJQ 110/0 

- - !i! !! -.~ ~ 
" !Hi! vO/O 

GND .2 

Copyright e>1989 Lattice Semlconduc:lor CoIp. GAL and Ul1raM~ are r'!lilstered lrad<1marb of Lattice Semiconductor Corp. Generic Array logic and E'CMO)I". ~rnarkI of Lattice semi-
conduCIa' Corp. The apeclicallons herein are subjecllO Chang&wllhoutnotlce. . . ' . 
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Tel. (503) 681-0118 or 1-800-FASTGAL; FAX (503) 681-3037 
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ABSOLUTE MAXIMUM RATINGS(1) 

Supply voltage Vee ononn •• nn ••• non •• n.nn.n •• nn •••• n ••••••• n ••• on.nn ••• -.5 to +7V 
Input voltage applied ........................... -2.5 to Vee +1.0V 
Off-state output voltage applied .......... -2.5 to Vee + 1.0V 
Storage Temperature ................................. -65 io 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). 

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto 3.0V 

Input Rise and Fall Times 3ns 10%-90% 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 

Tri-state levels are measured O.SV from steady-state active 
level. 

FROM OUTPUT (010) 
UNDER TEST 

+5V 

--....... --...... - TEST POINT 

R. 

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Specifications" GAL22V1 0 

COMMERCIAL DEVICES 

Refer to AC Test Conditions: 

F\~390£1 

1) R, = 300£1 and CL = SOpF 

2) Active High R, '" 00; Active Low R, - 300£1 CL - SOpF 

3) Active High R, = 00; Active Low R, = 300£1 CL - SpF 

MILITARY DEVICES 

Refer to AC Test Conditions: 

R2 =7S0£1 

1) R, - 390£1 and CL • SOpF 

2) Active High R, = 00; Active Low R, = 390£1 CL = SOpF 

3) Active High R, '" 00; Active Low R, ~ 390£1 CL = SpF 

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF Vee'" 5.0V, VI '" 2.0V 

CiiOiO 11010 Capacitance 
I I I 

10 pF Vee = 5.0V, Vl101Q '" 2.0V 
I I 

" Guaranteed but not 100% tested. 
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ELECTRICAL CHARACTERISTICS GAL22V10-15L Commercial 

Over Recommended Operating Conditions (Un Ie .. Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voitage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL.IIH' Input Leakage Current 10 - -150 IlA 
1110/0' Bidirectional Pin Leakage Current 10 - -150 IlA 
los2 Output Short Circuit Current Vcc-5V VOUT- 0.5V T-25°C -50 - -135 mA 

Icc Operating Power Supply Current VIL - 0.5V VIH - 3.0V ftoggle - 15MHz - 90 130 mA 

1) The leakage current is due to the internarpull~upresistor on all pins. See lriput 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. 

DC RECOMMENDED OPERATING CONDITIONS GAL22V10-15L Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 °c 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 Vcc+1 V 

10L Low Level Output Current - 16 mA 

10H High I,.evel Outp,ut Current, 
' . - -3.2 rnA 

. ' 
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SWITCHING CHARACTERISTICS GAL22V10-1SL Commercial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,1/0 0 Input or Feedback to Combinational Output 

2 Clk t a Clock to Register Output 

ten 3 1,1/0 o,a Output Enable, Z -> 0, a 
tdis 4 1,1/0 a,a Output Disable, 0, a -> ,Z 

tres 5 1,1/0 a Asynchronous Register Reset 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 

" 

fclk 
6 C,lock Frequency without Fe9dback 

7 Clock Frequency with Feedback 

tsu 8 Setup lime, Input or Feedback, before Clk t 

th 9 Hold lime, Input or Feedback, after CIk t 

10 Clock Pulse Duration, High 
tw 

11 Clock Pulse Duration, low 

trw 12 Asynchronous Reset Pulse Duration 

trec 13 Asynchronous Reset to Clk t Recovery lime 

SWITCHING WAVEFORMS 

INPUTS 
WO,REG. 

FEEDBACK 
SYNCHRONOUS PRESET 

ClK 

REGISTERED 
OUTPUTS 

ASYNCHRONOUS 
• RESET 

ANY INPUT 
PROGRAMMED 

FOR OE CONTROL 

CO!l3lNATIONAl 
OUTPUTS 

63 

TEST 
MIN. MAX. UNITS COND.! 

1 - 15 ns 

1 - 8 ns 

2 - 15 ns 

3 - 15 ns 

1 - 20 ns 

GAL22V1 0-1SL Commercial 

TEST MIN. MAX. UNITS 
CONDo 

,- 0 62.5 MHz 

- 0 50 MHz 

- 12 - nS 

- 0 - ns 

- 8 - ns 

- 8 - ns 

- 15 - ns 

- 15 - ns 
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ELECTRICAL CHARACTERISTICS GAL22V1 0-2SL Commercial 

Over Recommended Operating Conditions (Unle .. Otherwise Specified) 

SYMBOL PARAMETER CONDInON MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

Ill.IIHl Input leakage Current 10 - -150 !LA 
Ivo/Q1 Bidirectional Pin leakage Current 10 - -150 !LA 
IOS2 Output Short Circuit Current Vcc-5V VOUT - 0.5V T _ 250 C -50 - -135 mA 

Icc Operating Power Sl:Jpply Current VII. - O.5V VIH - 3.0V ftoggle - 15MHz - 90 130 mA 

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. 

DC RECOMMENDED OPERATING CONDITIONS GAL22V10-2SL Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 °C 

VCC Supply Voltage 4.75 5.25 V 

Vil Input low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10l low level Output Current - 16 mA 

10H High level Output Current - -3.2 mA 
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SWITCHING CHARACTERISTICS GAL22V10-25L Commercial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,1/0 0 Input or Feedback to Combinational Output 

2 Clk l' 0 Clock to Register Output 

ten 3 1,1/0. 0,0 Output /::nable, Z -+ 0, 0 

tdis 4 1,1/0 0,0 . Output Disable, 0, 0 -+ Z 

tres 5 1,1/0 0 Asynchronous Register Reset 

1) Refer to Switching Test Condition. section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 

fclk 
6 Clock Frequency without Feedback 

7 Clock Frequency with Feedback 

tsu 8 Setup Time, Input or Feedback, before Clk l' 

th 9 Hold Time, Input or Feedback, after Clk f 

10 Clock Pulse Duration, High 
tw 

11 Clock Pulse Duration, Low 

trw 12 Asynchronous Reset Pulse Duration 

trec 13 Asynchronous Reset to Clk l' Recovery Time 

SWITCHING WAVEFORMS 

IIPUTS 
110, REG. 

FEEDBACK 
SYNCHRONOUS PRESEr 

ClK 

REGISTERED 
OUTPUTS 

ASYNCHRONOUS 
RESEr 

AHYINPUT 
PIIPGRAIRED 

FOR OE CONTROL 

COMBlNAnONAL 
OUTPUTS 
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TEST 
MIN. MAX. UNITS COND.' 

1 - 25 ns 

1 - 15 ns 

2 - 25 ns 

3 - 25 ns 

1 - 25 ns 

GAL22V10-25L Commercial 

TEST MIN. MAX. UNITS 
CONDo 

- 0 33.3 MHz 

- 0 33.3 MHz 

- 15 - ns 

- 0 - ns 

- 15 - ns 

- 15 - ns 

- 25 - ns 

- 25 - ns 
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ELECTRICAL CHARACTERISTICS GAL22V10-20L Industrial 

Over Recommended Operating Conditions (Unless Otherwlss Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL.IIH1 Input Leakage Current 10 - -150 IlA 
11/0101 Bidirectional Pin Leakage Current 10 - -150 I1A 

los2 Output Short Circuit Current Vcc.5V VOUT .. 0.5V T .. 25° C -50 - -135 mA 

Icc Operating Power Supply Current VIL" 0.5V VIH .. 3.0V ftoggle .. 15MHz - 90 150 mA 

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 ohe second. VOUT = 0.5V was selected to avoid test problems caused by tester 
ground degradation. 

DC RECOMMENDED OPERATING CONDITIONS GAL22V10-20L Industrial 

SYMBOL PARAMETER MIN. MAX. UNITS 

Tc Case Temperature -40 85 °C 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-o.s 0.8 V 

VIH Input High Voltage 2.0 VCC+l V 

10L Low Level Output Current - 16 mA 

10H High Level Output Current - -3.2 mA 
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SWITCHING CHARACTERISTICS GAL22V10-20L Industrial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTlON 

tpd 
1 1,110 0 Input or Feedback to Combinational Output 

2 Clk t a Clock to Register Output 

ten 3 1,110 o,a Output Enable, Z .... 0, a 
tdis 4 1,110 o,a Output Disable, 0, a .... Z 

tres . 5 1,110 a Asynchronous Register Reset 

1) Refer to SWitching Test Condltlol18 section. 

AC RECOMMENDED OPERATING CONDITIONS 

PAB~MI:lEB # ',:,'i DESCRIPTlON 
. ,: ; . i' 

fclk 
6 Clock Frequency without Feedback 

7 Clock Frequency with Feedback 

tsu 8 Setup lime, Input or Feedback, before Clk t 

th 9 Hold lime, Input or Feedback, after Clk t 

10 Clock Pulse Duration, High 
tw 

Clock Puise Duration, Low 11 

trw 12 Asynchronous Reset Pulse Duration 

trec 13 Asynchronous Reset to Clk t Recovery lime 

SWITCHING WAVEFORMS 

INPUTS 
VO,REO. 

FEEDBACK 
SYNCHRONOUS PRESET 

elK 

REGISTERED 
OUTPUTS 

ASYNCHRONOUS 
RESET 

ANY INPUT 
PROGRAMMED 

FOR OE CONTROL 

COMBINATIONAL 
OUTPUTS 
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TEST 
MIN. MAX. UNITS COND.' 

1 - 20 ns 

1 - 10 ns 

2 - 20. ns 

3 - 20 ns 

1 - 25 ns 

GAL22V10-20L Industrial 

TEST MIN. MAX •. UNITS 
CONDo " ; '\' ,,~;,~ 

- 0 50 ·MHz 

- 0 40 'MHz 

- 15 - 'ns 

- 0 - ns 

- 10 - ns 

- 10 - ns 

- 20 - ns 

- 20 - .ns 
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ELECTRICAL CHARACTERISTICS GAL22V10-2SL Industrial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDI110N MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 
.--

VOH Output High Voltage 2.4 - - V 

IIL.IIH' Input Leakage Current 10 - -150 I1A 

111010' Bidirectional Pin Leakage Current 10 - -150 ItA 
los2 Output Short Circuit Current Vcc-5V VOUT = 0.5V T = 25° C -50 - -135 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V ftoggle = 15MHz - 90 150 mA 

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. 

DC RECOMMENDED OPERATING CONDITIONS GAL22V10-25L industrial 

SYMBOL PARAMETER MIN. MAX. UNITS 

Tc Case Temperature -40 85 °c 

VCC Supply Voltage 4.5 5.5 V 

VIL input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 16 rnA 

10H High Level Output Current - -3.2 mA 
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SWITCHING CHARACTERISTICS GAL22V10-2SL Industrial 

OVer Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,1/0 0 Input or Feedback to Combinational Output 

2 Clk l' a Clock to Register Output 

ten 3 1,1/0 o,a Output Enable, Z -> 0, a 
tdis 4 1,110 o,a Output Disable, 0, a -> Z 

tres 5 1,1/0 a Asynchronous Register Reset 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION ,. 
,.,: : 

fclk 
6 Clock Frequency without Feedback 

7 Clock Frequency with Feedback 

tsu 8 Setup Time, Input or Feedback, before Clk l' 

th 9 Hold Time, Input or Feedback, after Clk t 

tw 
10 Clock Pulse Duration, High 

11 Clock Pulse Duration, Low 

trw 12 Asynchronous Reset Pulse Duration 

trec 13 Asynchronous Reset to Clk l' Recovery Time 

SWITCHING WAVEFORMS 0 

INPUTS 
VO,REG. 

FEEDBACK 
SYNCHRONOUS PRESET 

ClK 

REGISTERED 
OUTPUTS 

ASYNCHRONOUS 
RESET 

ANY INPUT 
PROGRAMMED 

FOR OE CONTROL 

COMIIINA11ONAL 
OUTPUTS 
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i ,'",:.: 

TEST 
MIN. MAX. UNITS COND.' 

1 - 25 ns 

1 - 15 ns 

2 - 25 ns 

3 - 25 ns 

1 - 25 ns 

GAL22V10-2SL Industrial 

TEST MIN. MAX. UNITS 
CONDo .' 

- 0 33.3 MHz 

- 0 28.5 MHz 

- 20 - ns 

- 0 - ns 

- 15 - ns 

- 15 - ns 

- 25 - ns 

- 25 - ns 
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ELECTRICAL CHARACTERISTICS GAL22V1 0-20L Military 

Over Recommended Operating Conditions (Un Ie .. Otherwl .. Specified) 

SYMBOL PARAMETER CONDInON MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

ilL. IIH1 Input Leakage Current 10 - -150 !LA 

1110/01 Bidirectional Pin Leakage Current 10 - -150 !LA 

los2 Output Short Circuit Current Vcc-5V VOOT • 0.5V T. 25° C -50 - -135 rnA 

Icc Operating Power Supply Current VIL - 0.5V VIH - 3.0V ftoggle" 15MHz - 90 150 mA 

.1) The leakage current is due to the internal pull-up resistor on all pins. See Input Buffer section for more information. 
2) One outpuht a time for a maximum duration of one second. VOUT - 0.5V Was 'selected to avoid test problems caused by. tester 
ground degradation. 

DC RECOMMENDED OPERATING CONDITIONS GAL22V10-20L Military 

SYMBOL PARAMETER MIN. MAX. UNITS 

Tc Case Temperature -55 125 °c 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-O.S 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 12 inA 

10H High Level Output Current - -2.0 mA 
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SWITCHING CHARACTERISTICS GAL22V1 0-20L Military 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 1 1,1/0 0 Input or Feedback to Combinational Output 

2 Clk t a Clock to Register Output 

ten 3 1,1/0 o,a Output Enable, Z -> 0, a 
tdis 4 1,1/0 o,a Output Disable, 0, a -> Z 

tres 5 1,1/0 a Asynchronous Register Reset 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # " DESCRIPTlOfli 
';', .:. 

fclk 
6 Clock Frequency without Feedback 

7 Clock Frequency with Feedback 

tsu 8 Setup lime, Input or Feedback, before Clk t 

th 9 Hold lime, Input or Feedback, after Clk t 
10 Clock Pulse Duration, High 

tw 
11 Clock Pulse Duration, Low 

trw 12 Asynchronous Reset Pulse Duration 

trec 13 Asynchronous Reset to Clk i Recovery lime 

SWITCHING WAVEFORMS 

INPUTS 
I'O,REO. 

FEEDBACK 
SYNCHRONOUS PRESET 

elK 

REGISTERED 
OUTPUTS 

ASYNCHRONOUS 
RESET 

ANY INPUT 
PROGRAMMED 

FOR OE CONTROL 

COMBINATIONAL 
OUTPUT$ 
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TEST 
MIN. MAX. UNITS COND.' 

1 - 20 ns 

1 - 15 ns 

2 - 20 ns 

3 - 20 ns 

1 - 25 ns 

GAL22V10-20L Military 

TEST MIN. MAX. UNITS 
CONDo ;: 

- 0 33.3 MHz 

- 0 31.2 MHz 

- 17 - os 

- 0 - ns 

- 15 - os 

- 15 - ns 

- 20 - ns 

- 20 - ns 
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ELECTRICAL CHARACTERISTICS GAL22V10-30L Military 

OVer Recommended Operating Conditions (Un Ie .. Otherwl .. Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

ilL. IIH1 Input Leakage Current 10 - -150 Jl.A 
Ivo/01 Bidirectional Pin Leakage Current 10 - -150 ~A 

1052 Output Short Circuit Current Vcc-5V Vour _ 0.5V T _ 250 C -50 - -135 mA 

Icc Operating Power Supply Current VIL - 0.5V VIH. 3.0V flOggla - 15MHz - 90 150 mA 

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. 

DC RECOMMENDED OPERATING CONDITIONS GAL22V10-30L Military 

SYMBOL PARAMETER MIN. MAX. UNITS 

Tc Case Temperature -55 125 oc 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 12 mA 

10H High Level Ou~ut Current - -2.0 mA 
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SWITCHING CHARACTERISTICS GAl22V10-30l Military 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,110 0 Input or Feedback to Combinational Output 

2 Clk t 0 Clock to Register Output 

ten 3 I,I!O 0,0 Output Enable, Z -> 0, 0 

tdis 4 1,1/0 0,0 Output Disable, 0, Q -> Z 

tres 5 1,110 0 Asynchronous Register Reset 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 

fclk 
6 Clock Frequency Without Feedback 

7 Clock Frequency with Feedback 

tsu 8 Setup Time, Input or Feedback, before Clk t 

th 9 Hold Time, Input or Feedback, after Clk t 

tw 
10 Clock Pulse Duration, High 

11 Clock Pulse Duration, Low 

trw 12 Asyncflronous Reset Pulse Duration 

trec 13 Asynchronous Reset to Clk t Recovery Time 

SWITCHING WAVEFORMS 

.::~ 
FE~8ACK 

SVNCHRONOUS PRIISET 

ASYNCHRONOUS 
"IISET 

AHYINPIIr 
PRpoiI_D 

FOR ~e CONTIIPL 

CCIIIIINATIOfIIAL 
ourPuts 
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TEST 
MIN. MAX. UNITS COND.' 

1 - 30 ns 

1 - 20 ns 

2 - 25 ns 

3 - 25 ns 

1 - 30 ns 

GAl22V10-30l Military 

TEST MIN. MAX. UNITS 
CONDo 

- 0 25 MHz 

- 0 22 MHz 

- 25 - ns 

- 0 - ns 

- 20 - ns 

- 20 - ns 

- 30 - ns 

...... 30 - ns 
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OUTPUT LOGIC MACROCELL ARCHITECTURE 

The GAl22V10 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 15and 22), two have twelve product terms (pins 16 and 21), 
two have fourteen product terms (pins 17 and 20). and t'110 

OlMCs have sixteen product terms (pins 18 and 19). 

The output polar~y of each OlMC can be individually programmed 
to be true or inverting, in either combinational or registered mode. 
This allows the user to reduce the overall number of product terms 

AR 

ClK 

SP 

required in a design and to invert the output signal. 

The GAl22V1 0 has a product term for AR (Asynchronous Reset) 
and a product term for SP (Synchronous Preset). These two 
..",-.,.1 •• ,... + ......... "" ..".""" ___ """ .... +_ .... 11 • __ =--1_ .. _ .... 1"'\1 1""_ 
t' • ....-!o.t ...... "VI""", Q.V ~111111"'tl LV call I~I~'II;I'IIII:I' ... VL.'YIVO. 

NOTE: Output polarity selection does NOT affect the behavior of 
the OlMC's integral "0" flip-flop. The AR and SP product terms 
will force the flip-flop into the same state regardless of the polar
~y of the output. 

QI------l 

QI---_._-l 

2 to 1 
MUX I-----------l 

GAL22V10 OUTPUT LOGIC MACROCELL (OLMC) 

OUTPUT LOGIC MACROCELL CONFIGURATIONS 

The GAl22V1 0 has two primary functional modes which may be 
selected at programming time (registered and combinational! in
put). Each of these two primary modes are described below. 

REGISTERED 
In registered mode the output pin associated with an individual 
OlMC is driven by the "0" output of that OlMC's "0" flip-flop. Logic 
polarity of the output signal at the pin may be selected by speci
fying that the output buffer drive either true (active high) or inllert 
(active low). Output tri-state control is available and can be indi
vidually selected as either ·on", "off", or "product-term driven. "The 
"0" flip-flop's "/Q" output is fed back into the "AND" array via the 
"AND" array buffer. Both polarities (true and invert) of the OlMC 
are fed back into the "AND" array. 

NOTE: In registered mode a tri-stated output pin may NOT be 
used as an input into the "AND" array. 
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COMBINATIONAL I INPUT 
In combinational 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 invert (active low). 
Output tri-state control is available and may be individually se
lected as either "on" (dedicated output), "off" (dedicated input), 
or "product-term driven" (dynamic LO). Feed back into the "AND" 
array is from the pin, via the "AND" array buffer. Both polarities 
(true and invert) of the pin are fed back into the "AND" array. 
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REGISTERED MODE 

• • • 

AR 

SP 

AcnVELOW 

COMBINATIONAL MODE 

ACTIVE LOW 

Q 

--- ..... -.--~~~.--.. ------

Specifications GAL22V10 

AR 

• • 0 Q 
• 

CLK a-
SP 

AcnVEHIGH 

ACTIVE HIGH 
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ELECTRONIC SIGNATURE 

An electronic signature (ES) is provided with every GAL '"22Vl 0 
device. It contains 64 bits of reprogram mabie memory that can 
contain user defined data. Some uses include user 10 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 with every GAL '"22Vl 0 device as a de
terrent to unauthorized copying of the array patterns. Once pro
grammed, this cell prevents further read access to the AND array. 
This cell can be erased only during a bulk erase cycle, 50 the origi
nal configuration can never be examined once this cell is pro
grammed. The Electronic Signature is always available to the 
user, regardless of the state of this control cell. 

BULK ERASE MODE 

Before writing a new pattern into a previously programmed part, 
the old pattern must first be erased. This erasure is done auto
matically by the programming hardware as part of the program
ming cycle and takes only 50 milliseconds. 

INPUT BUFFERS 

GAL '"22Vl0 devices are designed with TTL level compatible in
put buffers. These input buffers possess active pull-ups within 
their input structure. As a result, floating inputs are guaranteed 
to be a TTL "high" (logical "I"). 

POWER-UP RESET 

Vee 
ov---./ 

Specifications GAL22V10 

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~uts, 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 
(Le., illegal) state into the registers. Then the machine can be 
sequenced and the outputs tested for correct next state conditions. 

The GAL '"22Vl 0 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. 

LATCH-UP PROTECTION 

GAL '"22Vl 0 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 pul
lup instead of the traditional p-channel pullups to eliminate any 
possibility of SCR induced latching. 

CLK VIH "'7'<""7'<:-7"nh...-:;""" /----:-V~Al~IO":'"":"CL~OC:-:-:-:K~SIG:-:-:-:NAl-:-:----
VIL ->o<.->O<--"':......>jF->o£....:"'-" '------------

INTERNAL 
REG. 0 

FEEDBACK/EXTERNAL 
REG. 0 

OUTPUT 

Circuitry within the GAL '"22Vl0 provides a reset signal to all 
registers during power-up. All internal registers will have their Q 
outputs setlow after a specified time (t RESE T ' 45J.l5 MAX). This 
feature can greatly simplify state machine design by providing a 
known state on power-up. 

The timing diagram for power-up is shown above. Because olthe 
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INTERNAL REGISTER 
RESET TO lOGIC 0 

asynchronous nature of system power-up, some conditions must 
be met to guarantee a valid power-up reset of the GAL '"22Vl0. 
First, the Vee rise must be monotonic. Second, the clock input 
must become a proper TTL level within the specified time (tpR' 
lOOns MAXj. The registerS will reset within a maximum of ~ESET 
time. As in normal system operation, avoid clocking the device until 
all input and feedback path setup times have been met. 
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FEATURES 

• ELECTRICALLY ERASABLE CELL TECHNOLOGY 
- Instantly Reconflgurable Logic 
-Instantly Reprogrammable Cells 
- Guaranteed 100% Yields 

• HIGH PERFORMANCE E2CMOS'" TECHNOLOGY 
- Low Power: 90.mA TYpical 
- High Speed: 12ns Max. Clock to Output Delay 

25ns Max. Setup TIme 
30ns Max. Propagation Delay 

• UNPRECENTED FUNCTIONAL DENSITY 
- 78 x 64 x 36 FPLA Ar.chltecture 
- 10 Output Logic Macrocells 
- 8 Burled Logic Macrocells 
- 20 Input and I/O Logic Macrocells 

• HIGH-LEVEL DESIGN FLEXIBILITY 
c Asynchronous or Synchronous Clocking 
.r- Separate State Register and Input Clock Pins 
- Functionally Supersets existing 24-pln PAL" 

and IFL'" Devices 

• TTL COMPATIBLE INPUTS AND OUTPUTS 

• SPACE SAVING 24-PIN, 30()';MIL DIP 

• HIGH SPEED PROGRAMMING ALGORITHM 

• 20-YEAR DATA RETENTION 

DESCRIPTION 

Using a high performance FCMOS technology, Lattice Semicon
ductor 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 
the highest degre.e of functjon~ integration, flexibility, and speed. 
currentlli:!Jvaiiable.in a 24~pin;300-mil package. 

.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 provide"d for 
independent control of the input and output macrocells. 

Advanced features that simplify programming and reduce test 
time, coupled with E2CMOS reprogram mabie 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 erasetwritecycles are guar
anteed. 

Programming is accomplished using standard hardware and 
software tools. hi addition, an· Electronic Signature is available 
for storage of user specified data,and a security cell is provided 
to protect proprietary designs. 

Generic Array Logic™ 
u.s. Patenta 4,761,768 and 4,766,569 

FUNCTIONAL BLOCK DIAGRAM 

L-________________ ~~ _____ ~ 

MACROCELl NAMES 

ILMC INPUT LOGIC MACROCELl 

10LMC I/O LOGIC MACROCELL 

BLMC BURIED LOGIC MACROCELL 

OLMC OUTPUT LOGIC MACROCELL 

PIN NAMES 

10 - ItO INPUT 11010 BIDIRECTIONAL 

IClK INPUT CLOCK Vee POWER (+5) 

OCLK OUTPUT CLOCK GND GROUND 

PIN CONFIGURATION 

Chip Carrier DIP 

!S 
!! ~ ~ ~ ~ IncLK 1 Vee 

I 1/0/0 
28 

110/0 1/0/0 

1/0/0 1/0/0 

GAL6001 1/0/0 1/0/0 

He He 1/010 
Top View 

1/0/0 1/0/0 

1/0/0 1/0/0 

Il0l0 1/010 

- - i .. 
~ ~ 

1/0/0 

c:I ¥ g 1/0/0 

GND OCLK 

Copyright et989 Lattice SEomicondUCIor Corp. GAL andUnraMO$ are registered trademarks of Lattice Semiconductor Corp. Generic Array Logic and E'CMOS are trademarks of Lattice Sem;' 
conductor Corp. PAL I. a registered trademart< of Advanced Micro Devices. Inc. IFL is a trademart< of Signetlcs. The specifications and Information horein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., PO BOX 2500, PORTLAND, OREGON 97208-2500 U.S.A. 
Tel. (503) 681-0118 or 1-800-FAST GAL; FAX (503) 681-3037 
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ABSOLUTE MAXIMUM RATINGS(1) 

Supply voltage Vcc ..................................................................... -.5 to +7V 
Input voltage applied ........................... -2.5 to V cc + 1.0V 
Off-state output voltage applied .......... -2.5 to V cc + 1.0V 
Storage Temperature ~ ________________________________ -6-5 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). 

SWITCHING TEST CONDITIONS 

Input Putse levels GNDto 3.0V 

Input Rise and Fall Times 3ns 10%-90% 

Input TilTling Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 

Tri-state levels are measured O.SV from steady-state active 
level. 

FROM OUTPUT (0/0) 
UND.;'RTEST 

+5V 

---+---..... - TESTPOINT 

R. 

CL INCLUDES JIG AND PROBE TOTALCAPACrrANCE 

CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Specifications GAL6001 

COMMERCIAL DEVICES 
Refer to AC Test Conditions: 

F\ = 3900 

1) R1 - 300n and CL .. SOpF 
2) Active High R1 = 00; Active Low R1 .. 300n CL = SOpF 

3) Active High R1 • 00; Active Low R1 .. 300n CL .. SpF 

MILITARY DEVICES 
Refer to AC Test Conditions: 

R2 =7S0n 

1) R1 .. 390n and CL .. 50pF 

2) Active High R1 .. 00; Active Low R1 = 390n CL .. 50pF 
3) Active High R1 .. 00; Active Low R1 .. 390n CL .. SpF 

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS 

C I Input Capacitance 8 pF Vee = S.OV. VI = 2.0V 

CltO/Q 1I0IQ Capacitance 10 pF V co = S.OV. V!!O!D = 2.0V 
I I 

·Guaranteed but not 100% tested. 
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GAL6001 LOGIC DIAGRAM 

leLK 

The number of differential Product
Terms that may switch in the same 
direction althe same time is limited to 
a maximum of 15. Refer to the 
Applications Section of this Data Sheet rn'I:1Irttttlru;;;QLnl!J 

for a fu!lexplanation. c.;::~mrlf..l+l-----I 
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Specifications GAL6001 

ELECTRICAL CHARACTERISTICS GAL6001-30 Commercial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL,IIH Input Leakage Current - - ±10 ILA 

111010 Bidirectional Pin Leakage Current - - ±10 ILA 

10s1 Output Short Circuit Current Vcc=5V VOUT= Gnd -30 - -130 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V ftoggla = 15MHz - 90 150 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL6001-30 Commercial 

SYMBOL PARAMETER 

TA Ambient Temperature 

VCC Supply Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

10L Low Level Output Current 

10H High Level Output Current 

SWITCHING WAVEFORMS 

INPUT 
or 

110 ~ ~ 

MIN. MAX. UNITS 

0 75 ·C 

4.75 5.25 V 

Vss-O.S O.B V 

2.0 Vcc+1 V 

- 16 mA 

- -3.2 mA 

ASYNCHRONOUS 
OUTPUT 

1--1,2,3_ 

V 
~~ ~~ 

IClK 

INPUT 
or 

I/O 

OCLK 

REGISTERED 
OUTPUT 

'" 

1--4,S-

)'--22 ~ 23 1-13 .... 

'" 

'" 
-14 20_ 

"-
_6 

* 1 21_ 
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SWITCHING CHARACTERISTICS GAL6001-30 Commercial 

Over Rec;omrnended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

MIN. MAX. UNITS COND.1 

1 I 0 IlMC - Async, OlMC - Combinational 1 - 30 ns 

2 0,0 0 Feedback -+ 0, OlMC .. Combinational 1 - 30 ns 

tpd 3 I 0 IlMC .. Latch, OlMC .. Combinational 1 - 35 ns 

4 IClK1 0 IlMC = Reg, OlMC .. Combinational 1 - 35 ns 

5 IClK1 0 IlMc .. Latch, OUotC - Combinational 1 - 35 ns 

6 OClK1 a OlMC - DIE Reg 1 - 12 ns 

7 STClK1 a OlMC - DReg STClK 1 - 35 ns 

ten 8 1,1/0 0,0 Output Enable, Z -+ 0, a 2 - 25 ns 

tdis 9 1,1/0 0,0', Output Disable, 0, a -+ Z 3 - 25 ns 

tres 10 1,1/0 a Register Reset, 0-+ 1 1 - 35 ns 

1) Refer to Switching T .. t Condltloll8 section. 

AC RECOMMENDED OPERATING CONDITIONS GAL6001-30 Commercial 

DESCRIPTION 
.TEST 

MIN. MAX. UNITS PARAMETER # CONDo 

fclk 11 Clock Frequency, OClK or STClK - 0 27 MHz 

12 Input Setup lime before IClK J. , IlMC .. latch - 2.5 - ns 

13 Input Setup lime before IClK 1 , IlMC .. Reg - 2.5 - ns 

14 Setup lime, input or feedback, before OClK f, olMc .. DIE Reg - 25 - ns 
tsu 

15 Setup llIne, input or feedback, before STClK 1 ,OlMC • DReg STClK - 7.5 - ns 

16 Setup lime, IqlK 1, before OClK 1 , OlMC .. DIE Reg - 30 - ns 

17 Setup lime,lCll< 1 , before STCll< 1 , OlMC .. OJ:jeg STCLK - 15 - ns 

18 Hold lime after IClK J. ,llMC .. Latch - 5 - ns 

th 
19 Hold lime after IClK 1, IlMC .. Reg - 5 - ns 

20 Hold lime after OClK 1 , OLMC .. DIE fteg - -5 - ns 

21 Hold lime after STClK 1,OLMC .. DReg STelK - 10 - ns 

22 ICll< or OClK pulse duration, high - 10 - ns 

23 IClK or OClK pulse duration, low - 10 - ns 

tw 24 STClK pulse duration, high - 15 - ns 

25 STClK pulse duration, low - 15 - ns 

26 Reset pulse duration - 15 - ns 

27 Reset to OClK Recovery lime - 20 - ns 
trec 

28 Reset to STCll< Recovery lim~ - 10 - ns 
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ELECTRICAL CHARACTERISTICS GAL6001-35 Industrial 

OVer Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

ilL, IIH Input Leakage Current - - ±10 ItA 
1110/0 Bidirectional Pin Leakage Current - - ±10 JJ.A 

los' Output Short Circuit Current Vcc=5V VOUT_Gnd -30 - -130 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH - 3.0V ftoggle - 15MHz - 90 180 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL6001-35 Industrial 

SYMBOL PARAMETER 

TA Ambient Temperature 

VCC Supply Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

IOL Low Level Output Current 

10H High Level Output Current 

SWITCHING WAVEFORMS 

INPUT 
or 

I/O 
)f( )~ )f( 

MIN. MAX. UNITS 

-40 85 °C 

4.5 5.5 V 

Vss-O.5 0.8 V 

2.0 Vcc+1 V 

- 16 mA 

- -3.2 mA 

ASYNCHRONOUS 
OUTPUT 

t--1,2,3-

'I, 
~9~ ~8~ 

IClK 

INPUT 
or, 

I/O 

OClK 

REGISTERED 
OUTPUT 

" 

F-22 
" 1-13 _ 

'" 23 

" 
-14 20-

/ "-
1---6 

) 
I 21 

L'""cI~ ____ ~ ___ 15_£:J 
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SWITCHING CHARACTERISTICS GAL6001-35 Industrial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPnON 
TEST 

COND.1 MIN. MAX. UNITS 

1 I ° IlMC = Async, OlMC = Combinational 1 - 35 ns 

2 0,0 ° Feedback -> 0, OlMC • ,Combinational 1 - 35 ns 

tpd 
3 I ° IlMC = latch, OlMC .. Combinational 1 - 40 ns 

4 IClKt ° IlMC .. Reg, OlMC .. Combinational 1 - 40 ns 

5 IClKt ° IlMC .. latch, OlMC .. Combinational 1 - 40 ns 

6 OClKt a OlMC = DIE Reg 1 - 13.5 ns 

7 STClK t a OlMC = DReg STClK 1 - 40 ns 

ten 8 1,110 0,0 Output Enable, Z -> 0, a 2 - 30 ns 
, tdis '9 1,110 0,0' Output Disable, O,O->Z 3 - 30, " 0$ ", 

tres 10 1,110 a Register Reset, 0->1 1 - 35 ns 

1) Refer to Switching T8$I Conditions section, 

AC RECOMMENDED OPERATING CONDITIONS GAL6001-35 Industrial 

PARAMETER # DESCRIPnON 
TEST 

CONDo MIN. MAX. UNITS 

fclk 11 Clock Frequency, OClK or STClK - 0 22.9 MHz 

12 Input Setup lime before IClK J. , IlMC = latch - 3.5 - ns 

13 Input Setup lime beforelClK t , IlMC = Reg - 3.5 - ns 

hu 14 Setup lime, input or feedback, before OClK t,' OlMC = DIE Reg - 30 - ns 
',.,'. 'SEltlJP'limJ, rn~utbt fe~dba.ck; b~t~re STCLK t ,OLMC .. DReg STCLK ,,,:; 15 - 10 -' ns 

16, Setup lime, IClK t, before OClK t , OlMC - DIE Reg - 35 - ns 

17 Setup lime, IClK t , before STClK t , OlMC = DReg STClK - 17 - ns 

18 Hold lime ,after IClK J., , IlMC .. latch -, 5 - ns 

th 
19 Hold lime after (ClK t, IlMC = Reg - 5 - ns 

20 HOld lime after OCLK t , OLMC = DIE Reg - ·5 - ns 

21 Hold lime after STClK t, OlMC .. DReg STClK - 12.5 - ns 

22 IClK or OCLK pulse duration,high .. 10 - ns 

23 IqlK or OClK pulse dUrlltion, low - 10 - ns 

tw 24 STCLK pulse duration, high - 15 - ns 

'25 STClK pulse duration, low - 15 - ns 

26 Reset pulse duration - 15 - ns 

27 Reset to OClK ReCovery lime' -, 20 - ns 
trec 

28 Reset to STClK Recovery lime - 10 - ns 
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ELECTRICAL CHARACTERISTICS GAL6001-40 Military 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 - - V 

IIL,IIH Input Leakage Current - - ±10 IlA 

1110/0 Bidirectional Pin Leakage Current - - ±10 IlA 

los' Output Short Circuit Current Vcc= 5V VOUT= Gnd -30 - -130 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V ftoggle = 15MHz - 90 180 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS GAL6001-40 Military 

SYMBOL PARAMETER MIN. MAX. UNITS 

Tc Case Temperature -55 125 °C 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-0.5 0.8 V 

VIH Input High Voltage 2.0 Vcc+1 V 

10L Low Level Output Current - 8 mA 

10H High Level Output Current - -2.0 mA 

SWITCHING WAVEFORMS 

INPUT -----.... ~---------.... ~---------.... ~-------
or 

I/O ---/ ~--------/ ~~-------/ ~---------

---~r·-----
" 

_9~ 

/ 
12 

"" 23 

_13_ 
19 

/ 

-1,2,3_ r----4---" 
ASYNCHRONOUS "-

OUTPUT ----+----.../ '\..---j::==~ ---+I 

IClK ----+--'F:--~~ r---...... ~ 
INPUT -----.... ~---------.... ~-t--------... ;-----.... 

or / / --26-
I/O ----' '-----

---14-~-~---- ~----27-----

OClK / '\.,,~16--V---'--22---l---""~, 23_r-

---+-----' ~. 11~======~ 
REGISTERED ___ -+ _____ -'-1..---____ 6_-+* ~ 10----/ 

OUTPUT ~ ......... 7 

SUMcI6~~ ____ ~ ___ 15_±:=J ~17~E~~ 1;~ 28 2sdr 
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SWITCHING CHARACTERISTICS GAL6001-40 Military 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

COND.l MIN. MAX. UNITS 

1 I 0 IlMC = Async, OlMC = Combinational 1 - 40 ns 

2 0,0 0 Feedback --> 0, OlMC = Combinational 1 - 40 ns 

tpd 3 I 0 IlMC = latch, OlMC = Combinational 1 - 45 ns 

4 IClKi 0 IlMC = Reg, OlMC = Combinational 1 - 45 ns 

5 IClKi 0 IlMC = latch, OlMC = Combinational 1 - 45 ns 

6 OClKi 0 OlMC = DIE Reg 1 - 15 ns 

7 STClKi 0 OlMC = DReg STClK 1 - 45 ns 

ten 8 1,1/0 0,0 Output Enable, Z --> 0, 0 2 - 25 ns 

tdis 9 1,1/0 0,0 Output Disable, O,O-->Z 3 - 25 ns 

tres 10 1,1/0 0 Register Reset, 0-->1 1 - 35 os 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL6001-40 Military 

DESCRIPTION 
TEST 

PARAMETER # CONDo MIN. MAX. UNITS 

fclk 11 Clock Frequency, OClK or STClK - 0 22.2 MHz 

12 Input Setup Time before IClK !. , IlMC = latch - 5 - ns 

13 Input Setup Time before IClK i , IlMC = Reg - 5 - ns 

tsu 
14 Setup Time, input or feedback, before OClK i , OlMC = DIE Reg - 30 - ns 

15 Setup Time, input or feedback, before STClK i , OlMC = DReg STClK - 10 - ns 

16 Setup Time, IClK i, before OClK i ,OlMC = DIE Reg - 40 - ns 

17 Setup Time, IClK i , before STClK i , OlMC = DReg STClK - 17 - ns 

18 Hold Time after IClK! ,llMC = latch - 5 - ns 

th 
19 Hold Time after IClK i, IlMC = Reg - 5 - ns 

20 Hold Time after OClK i , OlMC = DIE Reg - -5 - ns 

21 Hold Time after STClK i, OlMC = DReg STClK - 15 - ns 

22 IClK or OClK pulse duration, high - 10 - ns 

23 IClK Or OClK pulse duration, low - 10 - ns 

tw 24 STClK pulse duration, high - 15 - ns 

25 STClK pulse duration, low - 15 - ns 

26 Reset pulse duration - 15 - ns 

27 Reset to OClK Recovery Time 
trec 

- 20 - ns 

28 Reset to STClK Recovery Time - 10 - ns 
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INPUT LOGIC MACROCELL (lLMC) AND I/O LOGIC MACROCELL (IOLMC) 

The GAL -SOOl features two configurable input sections. The 
IlMC section corresponds to the dedicated input pins (2-11) and 
the IOlMC to the 110 pins (14-23). Each input section is config
urable 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 systems designers with unparalled design flexi-

bility. With the GAL -SOOl, external 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 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 Macrocells (OlMC). 

The Output and Buried logic Macrocells are configurable on a 
macrocell by macrocell basis. Buried and Output Logic Macro
cells may be set to one of three configurations: combinational, 
"O~type register with sum term (asynchronous) clock", or "01E
type register." Output macrocells always have 110 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 "0" 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 "DIE type registered", the 
register is clocked from the common OCLI< 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. 

86 

When the macrocell is configured as a -0 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 
a common RESET product term. This active high product term 
allows the registers to be asynchronously reset. Registers are 
reset to a logic zero. H connected to an ouput 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 DIE registers used in this device offer the designer the ulti
mate in flexibility and utility. The DIE register architecture can 
emulate RS-, JK-, and Hype registers with the same efficiency 
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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OLMC AND BlMC CONFIGURATIONS 
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RESET 

Q 
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W : lIT IOLMC ~ . ; 

· · · ,...._~><>-'c-.....-IIO • 

: I OIJC ONLY: ............. ,. .................... .. 
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,,, .... , .......... , ...... ' .. I 

: ............... ~~~~y .. 

I 
E-.-- NC 

I NC 

I 

~-------t-------------~ 
ocLl< 
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ARRAY DESCRIPTION 

The GAl6001 oontains two E2 reprogram mabie arrays. The first 
is an AND array and the seoond 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 10lMCs, 8 BlMC feedbacks, 10 
OlMC feedbacks, and IClK oomprise the 39 inputs to this array 
(each available in true and complemented forms). 64 product 
terms serve as inputs to the OR array. There is a RESET PT; it 
generates the RESET signal described in the earlier discussion 
of Output and Buried logic Macrocells. There are 10 output en
ables, thus allowing 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 ("OJ terms 
and 18 are enable/clock ("E") terms. These terms feed .into the 
10 OlMCs and 8 BlMCs, one "0" term and one "E" terrri 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 (ES) is provided with every GAL6001 
device. It oontains 72 bits of reprogram mabie memory that can 
oontain user defined data. Some uses include user 10 codes, re
vision numbers, or inventory oontrol. The signature data is always 
available to the user independent of the state of the security cell. 

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

SECURITY CELL 

A security cell is prpvided with every GAL6001 device as a de
terrent to unauthorized oopying of the array patterns. Once pro
grammed, this cell prevents further read access to the AND and 
OR array. This cell can be erased only during a bulk erase cycle, 
so the original oonfiguration 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; 
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BULK ERASE 
Before writing a new pattern into a previously programmed part, 
the old pattern must first be erased. This erasure is done auto
matically by the programming hardware as part of the program
ming cycle and takes only 50 milliseoonds. 

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 oonditions, a method must be provided to break 
the feedback paths and force any desired state (Le., 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, 10LMC, 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 g 
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 
magnitude to prevent input undershoots from causing the circuitry 
to latch .. Additionally, outputs are designed with n-channel pull
up 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 buff
ers. 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 in
put structures. As a result, lattice recommends that all unused 
inputs and tri-stated 110 pins be oonnected to another active in
put, V CC' or GNO. Doing this will tend to improve noise immunity 
and reduce Icc for the device. 
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POWER·UP RESET 

Specifications GAL6001 

Vee 

ICLK 
OCLK 

"'''-''''1 V 
OIVLn 

;~---V-A-Ll-D-C-LOC-K-SI-G-N-A-L----
YIL I_ . 

",. -----tRESET-----.I 
INTERNAL 

REG. 0 

FEEDBACK/EXTERNAL 
REG. 0 

OUTPUT 

Circuitry within the GAL "6001 provides a reset signal to all 
registers during power-up. All internal registers will have their 
o outputs set low after a specified time (tRESET' 45/1s). As a 
result, 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. 

INTERNAL REGISTER 
RESET TO LOGIC 0 

EXTERNAL REGISTER 
OUTPUT = LOGIC 1 

The timing diagram for power-up is shown above. Because of 
the asynchronous nature of system power-up, some condi
tions must be met to guarantee a valid power-up reset of the 
GAL "6001. First, the Vee rise must be monotonic. Second, 
the dock inputs must become a proper TTL level within the 
specified time (tpR' 100/1s). The registers will reset within a 
maximum of ~E;E; tIme. As in normal system operation, avoid 
clocking the device until all input and feedback path setup 
times have been met. 

DIFFERENTIAL PRODUCT TERM SWITCHING (OPTS) APPLICATIONS 

The number of Differential Product Term Switching (OPTS) for 
a given design is calculated by subtracting the total number of 
product terms that are switching from a Logical HI to a Logical LO 
from those switching from a Logical 1.0 to a Logical HI within a 
5ns period. After subtracting take the absolute value; 

OPTS - I (P-Terms)LH - (P-Terms)HL I 
OPTS restricts the number of product terms that can be switched 
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simultaneously - there is no limit on the number of product terms 
that can be used. 

Asoftwa~e utility is available from Lattice Applications Engineer
ing that will perform this calculation on any GAL "6001 JEOEC file. 
This program, OPTS, and additional information may be obtained 
from your local Lattice representative or by contacting Lattice Ap
plications Engineering (Tel: 503-681-0118 or 800-FASTGAL; FAX: 
681-3037). 



fIJ·. tattice 
. SemiconductlJr 

'. . ... ',GoworaUon n.t . \., . 

FEATURES 

• IN-SYSTEM-PROGRAMMABLE -- 5-VOLT ONLY 
- Change logic "On the Fly" (In less than 1 s) 
- Nonvolatile E~ Technology 

• DIAGNOsnCS MODE FOR CONTROLLABIUTY AND 
OBSERVABIUTY OF SYSTEM LOGIC 

• HIGH PERFORMANCE E2CMOS'" TECHNOLOGY 
- 20 ns Maxlrrnim PropagatIon Delay 
- Fmax = 41.6 MHz 
- 90mA MAX Icc 

• EIGHT OUTPUT LOGIC MACROCELLS 
- MaxImum FlexIbility for Complex logIc Designs 
- Programmable Output PCllarlty 
-- Also Emulates 20-pin PAL- De'(lceswlth Full FUnCo 

lion/Fuse Map/Parametric Compatibility 

• PRELOAD AND POWER-ON RESET OF ALL REGISTERS 
-100% FUnctional Testability 

• 24-PIN300-MIL DIP, AND 28-LEAD PLCC PACKAGING 

• MINIMUM 10,000 ERASE/WRITE CYCLES' 

• DATA RETENTION EXCEEDS 10 YEARS 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

. ·.Ap,PLIC.ATlONS INCLuDE: 
":"':Reconflgurable Interfaces and Decoders 
- Copy Protection and SecurIty Schemes 
- "Soft" Hardwar. (Generic Systems) 
- RfTIloI (ReconflguratJon For Test) 
- Proprietary Hardware/Software Interlocks 

DESCRIPTION 

The Lattice IspGAL-16Z8 is a revolutionary programmable logic 
qevlce featuring 5,volt only In-system l'lI'ogrammabiitiyand real 
time, in-systeln diagnosticcapabifitles. Thisis.made possible by 
on-<:hip circuitry which generates and shapes the necessary high 
voltage internal programming control signals. Using Lattice's 
proprietary UltraMOS technology, this device provides true bipo
lar performance at significantly reduced power levels. 

The 24-pin ispGAL16Z8 is architecturally and parametrically 
identical to the 20-pin GAL16V8, but includes 4 extra pins to 
control in-system programming. These extra pins are: data clock 
(DCLK), serial data in (SOl), serial data out (Soo), and mode 
control (MODE). These pins are not associated with normal logic 
functions and are typically used for programming and for diagnos
tics. Additionally, this 4-pin interface allows an unlimited number 
of devices to be cascaded to form a serial programming and di
agnostics loop. 

Unique test circuitry and reprogrammable cells allow complete 
AC, ~C, and functional testing during manufacture. Therefore, 
Lattice guarantees 100% field programmability and functionality 
of the GAL devices. A security circuit is built-in, providing pro
prietary designs with copy protection. 

ispGAL®1'SZ8 
In-System Programmable 

Generic Array Logic™ 
u.s. Patenta .4,781,768 and 4766,569 
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ABSOLUTE MAXIMUM RATINGS(1) 

Supply voltage V cc ..................................................................... -.5 to + 7V 
Input voltage applied ........................... -2.5 to V cc + 1.0V 
Off-state output voltage applied .......... -2.5 to V cc + 1.0V 
Storage Temperature ................................. -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). 

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDt03.0V 

Input Rise and Fall Times 3ns 10%-90% 

Input Timing Reference Leve.ls 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 

Tri-state levels are measured O.SV from steady-state active 
level. 

+5V 

TEST POINT 

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

CAPACITANCE (TA = 25 uC, f = 1.0 MHz) 

Specifications ispGAL 16Z8 

COMMERCIAL DEVICES 

Refer to AC Test Conditions: 

R. = 3900 
1) R1 -.2000 and CL = SOpF 

2) Active High Rl = co; Active Low Rl .. 2000 CL .. SOpF 

3) Active High Rl = 00; Active Low Rl .. 2000 CL - SpF 

MIUTARY DEVICES 

Refer to AC Test Conditions: 

R •• 7S00 

1) Rl • 3900 and CL = SOpF 

2) Active High Rl = 00; Active Low Rl = 3900 CL = SOpF 

3) Active High Rl = 00; Active Low Rl .. 3900 CL .. SpF 

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF Vee" S.OV, VI .. 2.0V 

Cl1010 110/0 Capacitance 10 pF Vee = S.OV, Vl1010 = 2.0V 

'Guaranteed but not 100% tested. 
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MODE 
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Specifications ispGAL 16Z8 

ELECTRICAL CHARACTERISTICS ispGAL 16Z8-20L Commercial 
Over Recommended Operating Conditions (Unleaa Otherwise Specified) 

SYMBOL PARAMETER CONDI110N MIN; TYP. MAX. UNITS 

\/"'. n .... _ .. & I _ ... \1_16 ___ - - 0.5 V YVI. vU,,",U' Loun "vn~a 

VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 ItA 
111010 Bidirectional Pin Leakage Current - - ±10 !lA 
IOS1 Output Short Circuit Current Vee .. 5V Voor .. 0.5V T _ 25° C -30 - -150 mA 

Icc Operating Power Supply Current VIL - 0.5V VIH .. 3.0V 'toggla - 15MHz - 75 90 mA 

1) One output at a time for a maximum duration of one second., 

DC RECOMMENDED OPERATING CONDITIONS ispGAL 16Z8-20L Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature 0 75 DC 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-o.s 0.8 V 

VIH Input High Voltage 2.0 VcC+1 V 

10L Low Level Output Current - 24 mA 

IOH High LevelOutput Current - -3.2 mA 
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SWITCHING CHARACTERISTICS ispGAL 16Z8-20L Commercial 
OVer Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,110 0 Combinational Propagation Delay 

2 ClK Q Clock to Output Delay 

ten 
3 1,110 0 Output Enable, Z -+ 0 

-
4 OE Q Output Register Enable, Z -+ Q 

tdis 
5 1,110 0 Output Disable, 0 -+ Z 

6 OE Q Output Register Disable, Q -+ Z 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 
.. 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime, Input or Feedback, before ClK i 

th 10 Hold lime, Input or Feedback, after ClK i 

11 Clock Pulse Duration, High 
tw 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
ItO, REG. 

FEEDBACK 

CLK 

REOISTERED 
OUTPUTS 

ANY INPUT 
PlIOGRAMIIED 

FOR DE CONTROL 

COMBlNAnONAL 
OUTPUTS 
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TEST 
MIN. CONDo 

1 3 

1 2 

2 -
2 -
3 -
3 -

ispGAL 16Z8-20L 

TE.ST MIN. 
CONDo 

1 0 

1 0 

- 15 

- 0 

- 12 

- 12 

MAX. UNITS 

20 ns 

15 ns 

20 ns 

18 ns 

20 ns 

18 ns 

Commercial 

MAX. UNITS· 

41.6 MHz 

33.3 MHz 

- , ns 

- ns 

- ns 

- ns 
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ELECTRICAL CHARACTERISTICS ispGAL16Z8-25L Commercial 
OVer Recommended Operating Condhlons (Un .... Otherwise Specified) 

SYMBOL PARAMETER CONDiTlON 

VOL output Low Voitage - - 0.5 \I 
Y 

VOH Output High Voltage 2.41 - - V 

IIL,IIH Input Leakage Current - - ±10 J.IA 
IvolO Bidirectional Pin Leakage Current - - ±10 J.IA 
los1 Output Short Circuit Current Vee - SV VOUT. O.SV T. 2So C -30 - -150 mA 

Icc Operating Power Supply Current VIL - 0.5V VIH - 3.0V ftoggle - 15MHz - 75 90 mA 

1) One output at a time for a maximum duration of one second. 

DC RECOMMENDED OPERATING CONDITIONS ispGAL16Z8-25L Commercial 

SYMBOL PARAMETER MIN. MAX. UNllS 

TA Ambient Temperature 0 75 °C 

VCC Supply Voltage 4.75 5.25 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 Vcc+1 V 

10L Low Level Output Current - 24 mA 

10H High Level Output Current - -3.2 mA 
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SWITCHING CHARACTERISTICS ispGAL 16Z8-25L Commercial 
Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 1 1,1/0 0 Combinational Propagation Delay 

2 ClK a Clock to Output Delay 

ten 
3 1,1/0 0 Output Enable, Z -> 0 

4 OE a Output Register Enable, Z -> a 

tdis 
5 1,1/0 0 Output Disable, 0 -> Z 

6 OE a Output Register Disable, a -> Z 

AC RECOMMENDED OPERATING CONDITIONS 

pARAMETER # DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 . Clock Frequency with Feedback 

tsu . 9 Setup lime, Input or Feedback, before ClK t 

th 10 Hold lime, Input or Feedback, after ClK t 

11 Clock Pulse Duration, High 
tw 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEDBACK 

CLK 

REOISTERED 
OUTPUTS 

ANY INPUT 
PJWGRAIiIED 

FOR OE CONTROL 

COIIBlNAllONAL 
OUTPU18 
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TEST 
MIN. CONDo 

1 3 

1 2 

2 -
2 -
3 -
3 -

ispGAL 16Z8-25L 

TEST MIN. 
CONDo 

1 0 

1 0 

- 20 

- 0 

- 15 

- 15 

MAX. UNITS 

25 ns 

15 ns 

25 ns 

20 ns 

25 ns 

20 ns 

Commercial 

MAX. UNITS 
<'"1 

33.3 MHz 

28.5 MHz 

- ns 

- ns 

- ns 

- ns 
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ELECTRICAL CHARACTERISTICS ispGAL 16Z8-25L Industrial 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION 

\lnl 1"\. rt .... rt I nu .• \/,..,1t0V'l.n. . ~~ _""..,.,"""_ ............... n.~ ... ~ = u.u . 
VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 !LA 
11/010 Bidirectional Pin Leakage Current - - ±10 !LA 
10sl Output Short Circuit Current Vcc-SV Vwr- O.SV T-2s·C -30 - -1 SO mA 

Icc Operating Power Supply Current VIL - O.SV VIH _ 3.0V ftoggle - 1sMHz - 75 110 mA 

1) One output at a time for amaximI!In duration of one S8CQnd. 

DC RECOMMENDED OPERATING CONDITIONS ispGAL16Z8-25L Industrial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Ambient Temperature -40 85 ·C 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 24 mA 

10H High Level Output CUrrent .- -3.2 mA . , 
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SWITCHING CHARACTERISTICS ispGAL 16Z8-25L Industrial 
OVer Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 
1 1,1/0 0 Combinational Propagation Delay 

2 ClK Q Clock to Output Delay 

ten 
3 1,1/0 0 Output Enable, Z ... 0 

4 OE Q Output Register Enable, Z ... Q 

tdis 
5 1,1/0 0 Output Disable, 0 ... Z 

6 OE Q Output Register Disable, Q ... Z 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETER # DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime, Input or Feedback, before ClK t 

th 10 Hold lime, Input or Feedback, after ClK t 

11 Clock Pulse Duration, High 
tw 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

INPUTS 
110. REG. 

FEEDBACK 

CLK 

OE 

REGISTERED 
OUTPUTS 

ANY INPUT 
PBOGRAMMED 

FOR OE CONTROL 

COMBINAnONAL 
OUTPUTS 
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TEST 
MIN. CONDo 

1 3 

1 2 

2 -
2 -
3 -
3 -

ispGAL 16Z8-25L 

TEST 
MIN. 

CONDo 

1 0 

1 0 

- 20 

- 0 

- 15 

- 15 

MAX. UNITS 

25 ns 

15 ns 

25 ns 

20 ns 

25 ns 

20 ns 

Industrial 

MAX. UNITS 

33.3 MHz 

28.5 MHz 

- ns 

- ns 

- ns 

- ns 
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ELECTRICAL CHARACTERISTICS ispGAL 16Z8-30L Military 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL . PARAMETER CONDiTlON 

VOl Outnut I nw VnltAnA . -- - - ...... -- -_ ... ----g- -,-

VOH Output High Voltage 2.4 - - V 

IIL.IIH Input Leakage Current - - ±10 IlA 
Ivo/Q Bidirectional Pin Leakage Current - - ±10 IlA 
1051 Output Short Circuit Current Vee = 5V VOUT - 0.5V T - 25· C -30 - -150 mA 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V 'toggle - 15MHz - 75 110 mA 

1) One output at a time for a maximum duration of one $8<;ond. 

DC RECOMMENDED OPERATING CONDITIONS ispGAL 16Z8-30L Military 

SYMBOL PARAMETER MIN. MAX. UNITS 

Tc Ambient Temperature -55 125 ·C 

VCC Supply Voltage 4.5 5.5 V 

VIL Input Low Voltage Vss~O.5 0,8 V 

VIH Input High Voltage 2.0 VCC+1 V 

10L Low Level Output Current - 12 rnA 

" ~ .; 10H High Level Output Curren~ ...... : ........ ;;. ." .J'; - ,.-2.0 .•. mA 
; ,":.i";;: 
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SWITCHING CHARACTERISTICS ispGAL 16Z8-30L Military 
Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 

tpd 1 1,1..0 0 Combinational Propagation Delay 

2 ClK Q Clock to Output Delay 

ten 
3 1,1..0 0 Output Enable, Z -+ 0 

4 OE Q Output Register Enable, Z -+ Q -

tdis 
5 1,1/0 0 Output Disable, 0 -+ Z 

6 OE Q Output Register Disable, Q -+ Z 

AC RECOMMENDED OPERATING CONDITIONS 

PARAMETE~t 4#. ,~~\;, 
;:'-

DESCRIPTION 

fclk 
7 Clock Frequency without Feedback 

8 Clock Frequency with Feedback 

tsu 9 Setup lime. Input or Feedback, before ClK t 

th 10 Hold lime, Input or Feedback, after ClK t 

11 Clock Pulse Duration, High 
tw 

12 Clock Pulse Duration, low 

SWITCHING WAVEFORMS 

IIFU11I 
110, REG. 

FEEDIIACK 

eLK 

RECIISTERED 
OUTf'UlIS 

ANY INPUT 
PJIDORAIIIED 

FOR OE CONTROL 

COIIIIINAnoNAL 
OUTPUllS 
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TEST 
MIN. MAX. UNITS COND. 

1 3 30 ns 

1 2 20 ns 

2 - 30 ns 

2 - 25 ns 

3 - 30 ns 

3 - 25 ns 

ispGAL 16Z8-30L Military 

TEST 
CONO. 

MIN. MAX. UNITS 

1 0 33.3 MHz 

1 0 22.2 MHz 

- 25 - ns 

- 0 - ns 

- 15 - ns 

- 15 - ns 
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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. 

NOTE: See jsoGAL16Z8 Programmer's Guide for additional in
formation on in-system OLMC reconfiguration. 

There are three OLMC configuration modes possible: registered, 
complex, and simple. These are illustrated in the diagrams on 
the following pages. You cannot mix modes, either all OLMCs are 

, simple, complex, or registered (in registered mode the output can 
be combinational or registered). 

elK 

Specifications ispGAL 16Z8 

The outputs of the AND array are fed into an OLMC, where each 
output can be individually set to active high or active low, with 
either combinational (asynchronous) or registered (synchronous) 
configurations. A common output enable is connected to all 
ra,..imllOlorol"i ..... II+nll.~· ....... !::. n .. nnll,..+ +.0. ....... "'~n ha II~nl'l t .... n ....... \li~,.. .""tII ......... _- ......... ,.... .......... , y .... ,.... ....................................... ~ u"' ............. ,....,.., .. , .... '" 

individual output enable control for combinational outputs in the 
registered mode or combinational outputs in the complex mode. 
There is no output enable control in the small mode. The output 
logic macrocell provides the designer with maximum output flexi
bility in matching signal requirements, thus providing more func
tionality than possible with existing 20-pin PAL" devices. 

The six valid macrocell configurations, two configurations per 
mode, are shown in each of the macrocell equivalent diagrams. 
Pin and macrocell functions are detailed in the following diagrams. 
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REGISTERED MODE 

In the Registered architecture mode macrocells are configured 
as dedicated, registered outputs or as 110 functions. 

Architecture configurations available in this mode are similar to 
the common 16R8 and 16RP4 devices with various permutations 
of polarity, 110 and register placement. 

co.K 

,------, , 

~[¥h1 , , lORen) 

Specifications ispGAL 16Z8 

All registered macrocells share common clock and OE control 
pins. Any macrocell can be configured as registered or 110. Up 
to 8 registers or up to 8. LO's are possible in this mode. Dedicated 
input or output functions can be implemented as sub-sets of the 
110 function. 

Registered outputs have 8 data product terms per output. I/O's 
have 7 data product terms per output. 

GO 

Registered Output with Programmable 
Polarity 

t!QIEI>l 
• AU maaoceis can be individually configurad to this 

function. 
• Polarity Of tho ragistor Input is programnable on a 

maaocell by maaocell basis. _ 
• Feedback Inlo the AND array Is from tha 0 aignal of 

tho register with active low and active high feedback 
palha provided. 

• Reglato~ macrocella have conwnon cIocI< (pin 1) and 
common OE (pin 13) 

'- - - -- - -- -- - - - - - -- - -- - - - -- - - - -- - -
eLK GO 

.- - --- - - ---- - - - - - - - - - - - - -- - - - -

, 

.=.[~: ~~ 
PEED 

"""" 

~---------------------------. 

Combinational Input/Output with 
Programmable OE and Polarity 

t!QIEI>l 
• AU. macrocels can be Individually configurad to this 

function. 
• The polarity of each macrocetlla programmable on 

a maaocell by macroceIl basis. 
• AU macroceIls have activo high and active low 

feedback of tha output buffer.andlor _pin data 
Into \he AND array. 

• Whon all 8 """"008116 are configured Into tho I/O 
function the elK and ~ pins serve no valid logic 
function. 

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

In the Complex architecture mode macrocells are configured as 
output only or ItO functions. 

Architecture configurations available in this mode are similar to 
the common 16LS and 16PS devices with programmable polar
ity in each macfocell. 

Up to 6 ItO's are possible in this mode. Dedicated inputs or out-

Specifications ispGAL 16Z8 

puts ceo be implemented as sub-sets 91 the ItOfunction. The two 
"outboard" macrocells do not have input capability. Designs 
requiring S I/O's can be implemented in the Registered mode. 

All macrocells have 7 data product terms per output. One prod
uct term is used for programmable OE control. Pins 1 and 13 are 
always available as data inputs into the AND array. 

Combinational InputIOutput with 
Programmable DE and Polerlty 

IIlIEI: 
• Th.outboard _ (pins 15 & 22) canno1 

perform thl.lunctlon. 
• The poIarIIy 01 each macroceA Is prog.""'- on 

........ CICIIII by ........... 1 baals. 
• Each macrocoIl has active high and ac11ve low 

faedbac1< 01 the oUfIIUI buff •• and/or _ pin daIa 
InlO the AND array. 

----------------------------, 
I t 

• 
• 

~----------------------------

Comblnadonal Output with Program
mable DE and Polarity 

IIlIEI: 
• The two outboanI ......... 11I (pins 15 & 22) ora 

permanently c:onflgured Iothll function _In the 
~mode. 

• The other 6"""""", can ..... 1at.fhIs mode by 
no1 using lhe faedbac1< _ as a data Input 10 lhe 
array. 

• The poIarIy 01 each rnICIOC8IIls prog.""'- on 
a macrocoIl by ~ baall • 

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

In the Simple architecture mode pins are configured as dedicated 
inputs or as dedicated, always active, combinational outputs. 

Architecture configurations available in this mode are similar to 
the common 1018 and 16P6 devices with many permutations of 
generic polarity output or input choices. 

Specifications ispGAL 16Z8 

All ouputs are associated with 8 data product terms. In addition, 
each output has programmable polarity. 

Pins 1 and 13 are always available as data inputs into the AND 
array. The -center" two macrocells ( pins 15 & 16 ) cannot be used 
in the input configuration. 

~---------------------------~ , , , , , , , , ~ 
, , , , , , , Dedicated Input Mode , , , 
'..I' . A , tmEi: , ,-..... • The "center'" two macrocells (18& 19) cannot be , , configured to this function. , • • I 

! I 

fHD .... ' I ---.. , , , I , , 
._----------------------_ ... __ .. 

---------------------- ... -----I , , 
T 

, , • Dedicated COmbinational Output 
I with Programmable Polarity , 

I 

• I , , 
tmEi: , 

I " All MacroceIIB can be conf'llured 10 this func:l1on. , , " The polarity of each macroceR iB programmable , I 
!'! 

on a mac""",11 by macrooeIl beals. 
I I 
i 

I 
' ... ; I 

PW.:[t:1 I? 
, 
I 

_A' I 
I , 
! I , 

I 
I I 
I , 
~--------------------- ______ I 

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

105 



ELECTRONIC SIGNATURE 

An electronic signature (ES) is provided with every ispGAL 16Z8 
device. It contains 64 bits of reprogram mabie memory that can 
contain user defined data. Some uses include user 10 codes, 
revision numbers, or inventory control. The signature data is 
always available to the user independent of the state of the 
security cell. 

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

TC CELL 

The ispGAL 16Z8 is equipped with a TC (Tri-state Control) ~ell 
which allows output driver state control during in-system program
ming and/or diagnostic mode. In the default setting (logic 1 ),this 
cell causes the output state (logic 1, logic 0, or tri-state) to be 
latched upon entering the programming/diagnostic mode. In the 
tri-state setting (logic 0), this cell causes all outputs to tri-state upon 
entering the programming/diagnostic mode. 

NOTE: See the jsoGAl16Z8 Programmer's Guide for additional 
information on TC cell programming and functionality. 

SECURITY CELL 

A security cell is provided with every ispGAL ~16Z8 device as a 
deterrent to unauthorized copying of the array patterns. Once pro
grammed, this cell prevents further read access to the AND array. 
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 MODE 

Before writing a new pattern into a previously programmed part, 
the old pattern must first be erased. 

NOTE: See the jsoGAL16Z8 Programmer's Guide for additional 
information on Bulk Erase procedure. 
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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 Wily must 
be provided to break any 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 condi
tions. 

The ispGAL~16Z8 device includes circuitry that allows each reg
istered output to be synchronously set either high or low. Thus, 
any desired state condition can be forced for test sequencing. 

NOTE: See jspGAL16Z8 Programmer's Gujde for additional in
formation on registered oriented diagnostic/preload. 

LATCH-UP PROTECTION 

ispGAL ~16Z8 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. 

INPUT BUFFERS 

ispGAL ~16Z8 devices are designed with TTL level compatible in
put buffers. These buffers, with their characteristically high im
pedance, require much less drive current than traditional bipo
lar devices. This allows for a greater fan out from the driving logic. 

ispGAL ~16Z8 devices do not possess active pull~ups within their 
input structures. As a result, Lattice recommends that all unused 
inputs and tri-stateQ VO pins be connected to another active in
put, V cc' or GND.Doing this will tend to improve noise immu
nity and reduce Icc for the device. 
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POWER-UP RESET 

veJ; 
ov-_-./ 

CLK V'H ~"'7'<"~--,.k""""""7'<""""'r---V-A1.-I-O-C-LOC-K-Sl-G-NAl.----

INTERNAL 
REG. 0 

V'L -::=:j~~~~~;;:;;::i--::::::--, INTERNAL REGISTER 

FEEOBACKJ£XTERNAI. 
REG. 0 

OUTPUT 

Circuitry within the ispGAL -16ZS provides a reset signal to all 
registers.during power-up. All internal registers will have their Q 
outputs set low after a specified time (t FlESE T' 45115 MAX). As a 
result, the state on the registered output pins (if they are enabled 
through OE) 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 .. 

SERIAL PROGRAMMING: lOOP OPERATION 

The following figure illustrates a simplified block diagram of a mi
croprocessor system containing three (3) ispGAL 16ZS deviCes. 
These devices have bSen "daisy chained"togetherto form a serial 
programming/diagnostic loop. In this configuration; the data bit 
rate and the DCLK clock frequency are the same. A programming 
and/or c:jiagnostipbit stream m~y be shifted through all three (3) 
devices althe maximum OCLKclOckfrequency. The ispGAL tats 
data cells are not dynamic. In other words: thereii; no minimum 
DCLK cloc.k frequency. 

In this configuration, only four (4) wires ate required to access and 
control an unlimited nun,ber of devices. All the functions associ
ated with reprogram mabie logic devices are available via this 4-
wire interface. An important benefit offered by the ispGAL 16ZS 
is RFT (~econfigurationForTest) capability. RFT is a concept pio
neered ilnd developec:jby Lattice SemicOnductor. RFT, in brief, 
is the process of reprogr~mming Lattice ispGAL devices, in-cir
cuit, to serve as on-board diagnostic test vector drivers and/or 
receivers. Any pin associated with an OLMC(Output Logic Macro
Cell) can be configured via the 4-wire serial interface to serve as 
an output or an input. Elementary test vector sequencing or driver/ 
receiver control can be achieved by patterning portions of the 
ispGAL 16ZS to serve as a micro-control state-machine. 

NOTE: See jspGAL16ZS Programmer's Guide for additional in
formation on RFT (Reconfiguration For Test) functionality. 
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Theliming diagram for power-up is shown above. BecauSe of the 
asynchronous nature of system power-up, some conditions must 
be metto guarantee a valid power-up reset of the ispGAL -16ZS. 
First, the Vee rise must be monotonic. Second, the clock input 
must become a proper TIL level within the specified time (tpR ' 
1 DOns MAX). The registers wUl reset within a maximum of tRESET 
time. As in normal system operation, avoid clocking the device 
until all input and feedback path setup times have been met. 

. , $OO .............. -,;;,;;,;O;';;;;;;;;,;;;""""'-~"""L 

Control f-:Mode==-__ --. 
. logIC .. 
Memory 

Diag'1OSIic 
Clock 

Mode Conrrol 

Serial Dam 
Loop 

ispGAL16Z8 

.... -'f----<-tOCLK SDO 

SOl, 

ispGAL16Z8 

.... -+----tOCLK SDO 

SOl 

ispGAL16Z8 
L....--__<~IDCLK 

L..-_""::;=-_..J 

TypicallspGAL 16Z8 Daisy Chain 
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INTRODUCTION 

Because of the ever increasing speeds of logic devices, logic 
design engineers are finding themselves confronted with a 
new set of problems that did not exist with the slower types of 
logic devices. 
With the advent of high speed logic families such as ACT, 
FACT and even AS devices, logic design engineers are now 
being faced with a new headache, transmission line effects. 
Transmission line effects are generated by a combination of 
factors: slew rate, the distributed inductance and the distrib
uted capacitance of a printed circuit board trace (and its likely 
propagation delay). . 
Slew rate has never been of any particular concern to the logic 
design engineers until recently. TTL logic device manufac
tures have always specified speed as propagation delay, but 
have never said much aboutthe device slew rate. For example 
on a standard bipolar 74LS device the slew rate is appropri
ately O.75V Ins. Stated in terms of logic, ittakes a bipolar device 
approximately 3 to 4ns to make a logic transition (O.5Vto 2.4 V). 
Where as with the FACT, ACT and AS type devices their edge 
rates are on the order of 2 to 3V Ins; or in terms of logic, it will 
take a fast slew rate device 1to 2ns to complete a TIL logic 
transition. 

NEXT GENERAnON LOGIC DESIGNER· 
With the introduction of fast slew rate TTL compatible devices, 
printed circuit board design has become an important part of 
the system design process. The elimination of ringing, 
crosstalk, and ground bounce in a reliable high speed design 
can no longer be implemented by two independent contribu
tors. The logic systems designer and the board layout designer 
must now work hand-in-hand to produce a functional and 
viable board/system. 
The final responsibility for the functionality of the system falls 
on the design engineer. Therefore this design guide has been 
compiled for the systems design engineer rather than the 
board layout designer. It is not the intent of this article to fully 
explain high speed phenomenon such as transmission line 
effects but to make the reader aware of potential problems 
which may occur. Specifically, the necessary compromises 
and possible trade-offs that must bEl understood. 

The following subjects wiD be discussed: ground and power 
planes, general board layout considerations, and transmission 
lines. 
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PLANES 

GROUND PLANES 
Ground planes are no longer "suggested" for reliable board 
performance, they are required. It is essentialto assign at least 
one layer for a ground plane. The absolute necessity of a 
ground plane cannot be over stressed. The PCB ground plane 
should cover as large of an area as possible. A solid ground 
plane lowers the ground return path impedance as well as the 
device to device ground pin impedance. The ground plane for 
high current devices (relays, lamps, motors, and hard-drives) 
should be separate from the logic ground. This may be 
accomplished by partitioning the ground plane (see diagram 
1). If the ground plane is fragmented, every effort should be 
made to keep the separations between the planes as narrow 
as possible. Locate any ground plane separations away from 
underlaying signal lines to minimize coupling. Fragmented 
planes can also cause discontinuities in the characteristic 
impedance of a transmission line (diagram- 1 b is an example 
of a typical printed circuit card configuration). Also keep in mind 
that through-holes and vias take away from the effective area 
of the plane. 

1I1Ih-
DI~ --. 0 ....... - PI ... Gnound 

PI-. 

Diagram 1: Fragmented Ground Plane 

SIGNAL 

SIGNAL I 
11'U1Y~ 1 

GROUND 1 "-
SIGNAL I "- SIGNAL 

'--

'-

'--

Diagram 1b: Typical Multilayer Printed Circuit Board 

POWER PLANE_ 
Without going into great detail, a power plane is also standard 
design procedure. 
Note: Even though the power plane is at a different potential 
the concepts are the same as with a ground plane. 
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SYSTEM GROUND 
A good clean (low noise) system ground is also requirEid for 
reliable systemlboard performance. It is recommended that at 
least 10% of the connections on the PC card be connected to 
the backplane ground to reduce card-to-backplane imped
ance. A separate ground conductor should be routed for the 
various sections of the system. For example, all relays,lamps, 
hard disk and other noise generating devices should have a 
separate ground path. The system's mechanical package 
(chassis, panels and cabinet doors) should also have a dedi
cated ground as well as the logic sections of the system. The 
three separate grounds then star to a central system ground 
point usually next to the power supply (see diagram 2). 
The center point grounding technique cari also be very effec
tive in reducing EMI (Electromagnetic Intelierence) and RFI 
(Radio Frequency Interference). 

circuit 
ground 

logic 
circuits 

hard driva 

grounding system 

herdware ground 

DIAGRAM 2: Common Point Near Power Supply 

BOARD LAYOUT 

Board layout design is now an important aspect of the design 
process. The actual logic design may be flawless, but improper 
implementation (i.e. board layout) can cause the board to be 
non-functional. 
With the high slew rates of todays logic devices, board layout 
techniques must now be carefully analyzed before they are im
plemented on to the PCB. 

CROSSTALK 
High slew rate means high coupling of signals. Crosstalk is the 
undesirable coupling of a signal on one conductor to a nearby 
conductor. This signal coupling is made worse if the second 
trace has a high impedance or if the traces run parallel to one 
another for more than a few inches and are less than 150 milS 
apart. 
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Crosstalk can be catastrophic to a logic design. For example, 
if there are two traces that run paranel to each ,other for more 
than several inches (one of the traqes being a clock line and the 
other being a data line) and if the data line cross couples or 
super imposes its signal onto the clock line the device the clock 
is driving may detect a illegal level transition. 
The remedies to reduce crosstalk are straight forward, al
thc~gh not particular~i sJagaiit. Attenuating the coupling carl 
be achieved by separating the adjacent traces as much as 
possible. This can become a very difficult task if the design 
engineer is constrained by the board real estate. Ground 
stripping or shielding is an effective means of reducing 
crosstalk. With ground stripping a ground trace is run between 
the two parallel traces to act as ,a shield. If ground stripping is 
used, through holes to the ground plane should be placed at 
least every 1.0" to 1.5" along the ground strip to eliminate the 
chance of creating a stub or high frequency antenna. Another 
method of reducing crosstalk is to effectively lower the imped
ance of the second trace. 

DECOUPLING CAPACITORS 
Even with the use of power and ground planes on the PC board 
decoupling capacitors must be used on every high speed 
device. The nearly instantaneous change in current require
ments caused when a device switches states can cause noise 
on the Vee plane (especially if a large load is being driven). The 
high speed logic device requires a nearby current source to 
prevent any possible lags or noise on theV cc plane. The power 
plane is unable to supply such a demand therefore a high 
qualitydecoupling capacitor is required. A 0.1 J1F MLC capaci
tor or RF quality capacitor (low inductance) should be placed 
on every fast slew rate device and as close to the V cc pin as 
possible. Dip sockets with built-in decoupling capacitors also 
work very well in this application. 

CIRCUIT LOADING CONSIDERAnONS 
When designing with high speed logic, input and output AC 
loading becomes an important factor of the design. DC load
ing, previously referred to as Fan-out and Fan-in, is rarely 
considered with today's state-of-the-art logic devices. 
The input capacitive loading of a device is an important 
parameter that needs to be looked at very closely before 
choosing a particular device for a design. The input capaci
tance can greatly effect the overall performance of the logic 
circuit. To assure proper data sheelperformance the total load 
capacitance that a device drives should not exceed the de
vices specified capacitive load; most high speed devices maxi
mumloading is SOpF (Cicad = Cout+ Cln1 + CII12+".+ Cln'") (see 
diagram 3). This does not take into account the distributed 
capacitance of the line, which is usually negligible for most 



designs. As rule of thumb 4 to 6 devices should be the 
maximum loads per device output for the best speedl10ad 
performance. Note that there are devices on the market that 
have higher output drive capabilities. 

BOARD LAYOUT 
The single largest offender of iinproper board layout is the 
autorouter. Autorouters do aVery good job of what they were 
designed for: trace placement and efficient management of 
the PC board real estate. However most autorouters do not 
have the capability to determine which devices are considered 
high speed and which devices are not. This is where the logic 
designer must step in and hand layout the devices or islands 
of high speed logic that must conform to the high speed design 
techniques that have been discussed to this point. 

TRANSMISSION LINE THEORY 

To be successful in designing with high speed logic, a basic 
understanding of transmission lines and proper termination 
techniques is recruired. Any connection between tWo deviceS 
within a high speed design should be cofisidered as Ii trans
mission line. Because of the high ratio of riselime to propaga
tion delay time of the line, signal lines for slow speed logic 
circuits may be several feet long withput signal distortion. 
However, as edge rates increaSe with faster fortns of logic 

. devices, the line lengths (propagation delays) must be shorter, 
or proper termination must be incorporated in order to retain 
signal purity (free of under-shoot and over-shoot). 

For diagram 4 the rise time, (t,), is less than the line propaga
tion delay (To)' ·In other words, a complete m level transition 
will occur before the pulse is received at the receiving end of 
the line; therefore reflections (ringing) will occur. The voltage 
change afpoint A on the line can be expressed by equation 1 
below. 

DIAGRAM 3: Capacitive Loading 
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I!.V" = I!.V1n,· (l.' (R. + Z.» 

Where: Viol" internal voltage on the output of the driver. 
Ro .. output impedance of the driving gate. 
RL - load impedance. 
Zg - the characteristic line impedance. 
VA .. the source voltage at the sending end of the 

line 

Note that the equation result is expressed as I!. VA' It is the dV, 
dt that introduces the transmission line effects on to the line. 
Since R. is so small when compared to the line impedance (10) 
the change in voltage at point A (I!. VA) will be approximately 
equal to the change in internal voltage (I!.Vin,). This voltage 
transition (I!.V A) propagates down the line and is seen at point 
B after the line propagation delay , To' If the rise time, t" is less 
then the line delay, To' the line will become reflective. At a 
closer look, I!. VA arrives at point B, at To later; but unless RL .. 
Zo, a portion of the wave will be reflected back towards point 
A. This voltage reflection is dependent on two variables, RL and 
Z •. 

equation 2 

Where the voltage reflection coefficient, p (rho), is defined by 
equation 3 

equation 3 

p - V REFLECTED' VINCIDENT 

It shOUld be evident after examining equation 2, 
that -1 S ps 1. 

Voc 

[>~_r---_ZO -------,~ 

~TD4 
A B 

DIAGRAM 4: Transmission Line Model 



Therefore equation 3 demonstrates that the reflected voltage 
can be as large as the incident voltage and of either positive or 
negative polarity. The above explanation will also hold true for 
the sending end of the line as shown in equation 4. 

aquatlon 4 

The instances where ringing will not occur is when the printed 
circuit board trace is impedance matched (properly terminated 
line, Z. - AL). The second case is where the line is sufficientlly 
short enough that the level tansistion can not be completed 
within the time that is required for the pulse to reach the 
recieving end on the line. It should also be noted that both the 
sending end and the receiving end ofthe transmission line may 
reflect. 

UNTERMINATED LINES 

Diagram 5 shows a transmission line referred to as an "open 
line, "a "stub" or ·unterminated line". The unterminated line has 
no load impedance (AL) and is therefore a impedance mis
matched line. The behavior of this line (if connected to a fast 
slew rate device) is as follows. At time zero an initial TIL 
voltage transition occurs at point A (2.5Vdc to 0.5Vdc). Time 
To later, the signal reaches point B and is reflected by PL. 
The input impedance is very high with respect to Z. therefore 
AL is approximately equal to infinity (AL '" 00), 

aquation 5 

Solving for the reflected voltage from equation 3, it is discov
ered that the reflected voltage is equal to the incident voltage. 

20 

[>--c::::::=:::::::::J------1f> 

A B 

DIAGRAM 5: Untermlnated Transrill$$lon Una 
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B 

DIAGRAM 10: 1= 2 TD+ 



Repeating the above calculations for the sending end of the 
line (point A), where Ro .. 0 then 

ps .. (0 - Zo )/ (0 + Zo) 
ps" -1 

At point A there is also a' reflection but it is negative in 
magnitude (reflected voltage (V REFLECTED) '" -1 • incident 
voltage (VINCIDENT)' The voltage transistion scenario can be 
discribed as (refer to diagram 6): . 

1) At t .. 0 the gate at point A makes a level transition from 
a logic 1 to a Iog~ 0 (refer to, diagram 7), then 

AVA" Voltage low - Voltage high 
0.5Vdc - 2.5Vdc = -2.0Vdc. 

2) The -2V voltage step or pulse travels down the line until 
it reaches point B in time (To)' At time T D a reflected pulse of 
-2V now travels back towards point A. creating a -2.0V 
reflection toward the sending end (refer to diagram 8 and 9). 

3) At t .. 2T D. the pulse hits the sending end of the line and 
reflects back according to the reflection coefficient Ps' Note the 
incident voltage VINCIDENT = -2V, the reflected voltage VRE. 
FLECTED can be found by manipulating equation 3 to produce 
equation 7, don't forget that the 0.5V is a DC offset (refer to 
;diagram 10). . 

equation 6 

V REFLECTED" Ps • VINCIDENT 

equation '1 

AV" = VINCIDENT+ VREFLECTED 
-2V +2 = OV 

3To 
2.5 

0.5 

.. 
-1.5 

To 

~ 

DIAGRAM 11: Load Vonage Waveform 
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4) At 3TD another reflection Q9Curs at point, B with. the 
VINCIDENT equal to 2V. The V REFLECTED is equal to 2V. therefore, 
AV" is equal to 4V. 

If point B was observed instead of the entire line the waveform 
would appear as in diagram 11. Diagram12 is a lattice diagram 
for the reflection that would be observed. 

A B 

DIAGRAM 12: Typical Reflection Example. 

The assumptions throughout this ,discussion have been ideal 
conditions and first approximations. If output impedance, finite 
input impedance, and various other conditions relating to the 
transmission line were considered then p~ will in reality have 
a value less than that of 1.Similarly, Ps will be greater than .1 
under these conditions. Thus the reflections will become 
successively smaller, causing the condition that is known as 
ringing (refer to diagram 13). If the ringing effect is large 
enough in amplitude it can cause the receiving device to see 
an illegal level transition, which could have catastrophic effects 
01). the logic design. Or in some cases if. the amplitude of the 
ringing is large enough that it actually damages the input ofthe 
recieving device. 

DIAGRAM 13; Ringing Diagram 
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DIAGRAM 14: Parallel Termination 

PARALLEL TERMINATION 

Parallel termination refers to a line which is ·terminated at the 
receiving end of the transmission line with a resistor that is 
chosen to match the characteristic line impedance, Zoo 

In the configuration in diagram 14, RL = Zo and RL is pulled up 
to 3V DC (in theory RL could be tied to ground but TTL 
compatable devices could not supply the necessary drive). 
The drawback to diagram 14 is that a 3V supply is required. 
Solving for PL from equation 2 it can be found that PL = O. This 
indicates that there are no reflections or distortions on the line. 
When a voltage transition is propagated from point A to point 
B, it stops at the receiving device side. Other than the time 
delay To' the line will act as if it werea DC circuit. It is important 
to note that even though devices or gates may be placed at any 
location on the line, the terminating resistor should be placed 
at the virtual end of the line. 

VDC 

DIAGRAM 15: Correct Terminating 

The 3.0V power source of diagram 14 is a major draw back but 
RL can be theveninized. Diagram 16 shows the electrically 
equiliaient circuli ihai is easiiy impiemented into the board 
design. However, the circuit in diagram 16 will dissipate 
additional power. 
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VDC 

I~Z'c> I 

5/2Zo 

-l-
-

DIAGRAM 16: Thevenin Termination 

There exists a third type of parallel termination as shown in 
diagram 17. A capacitor is placed between the DC power 
source and the terminating resistor. The recommend value is 
a 0.1 ~F MLC type. In this configuration the circuit will dissipate 
only AC power as opposed to the pull-up pull-down circuit 
which burns DC power. Several manufactures produce both 
the capacitor/resistor and pull-up/pull-down termination 
packs. The pull-up/pull-down packs usually come in a SIP 
(Single Inline Package) with 0.1 centers, while the capacitor/ 
resistor combination come in a DIP (Dual In line Package) 16-
pin package. The most common SIP pUIl-up-pulidown resistor 
values are 2200l330n, 330nt470n combinations. Dale Elec
tronics and Murata, to name a few, are vendors that supply the 
above pack~ges. 

VDC 

1-

t>_c:::==zo ::=J~f_ZO----jt> 

DIAGRAM 17: AC Equivalent 



SERIES TERMINATION 

A less widely used method of terminating a line in logic design 
is to serially terminate the line at the sending end of the line. 

The idea in serially terminating a transmission line is to make 
Ps - 0 and PL • 1. In doing so sets the RL '" 00. With this type 
of termination no load termination is required only source load 
termination. Adding Rs then causes Rs + Ra = Zoo Therefore 
adding Rs changes AVA. 

AVA - A VINCIDE~~ (Zo' (Ro+Rs+Zo)) 

AVA = AVI~IDENT· 112 

Notice in diagram 18 that AVA is now half of L\Vin,. 

Rs Zo 

~L..-.;.... __ ~ 

kTO~ 
A B 

DIAGRAM 18: Series Termination 

Because of the voltage divider of Rs and Zo' AVA is one half a 
transition. This pulse travels down the line, and at time T D ' is 
reflected by PL - 1. Since the receiving end is unterminated, 
AVA -2 AVB• This means that half a pulse was sent down the 
line and half a pulse is sent back. At the receiving end the only 
thing seen is a full size pulse because of the instant doubling 
effect of PL - 1. 

This may seem a little unusual, but the reflected voltage is 
expected to double the voltage on the transmission liile (see 
diagram 19). 

The major disadvantage of series termination is that the 
receiving gate or gates must be at the end ofthe line i.e. no dis
tributed loading. The obvious advantage that series termina
tion has over parallel termination is there is no need for an 
additional supply (the +3v) and the savings in power. 

117 

DESIGNING WITH 
HIGH SPEED LOGIC 

AVInt \",. _________ I AVInt 

AVA 

----. 112A Vlnt I 
'-------____ '..112A_V_lnt_ AVlnt 

2TD 

AV. \'-____ I AVlnt 

TIl 

DIAGRAM 19: Transmission Line Voltage 

PROPAQATlON DI;LAY 
Rise time of agate is tr, and To is the propagation delay from 
point A to point B. For most of the state of the art, high speed 
logic devices a typical. tr may be 2ns for a good clean TIL 
voltage transition. For a printed circuit board with a continuous 
ground plane and a signal trace on the adjacent layer, the 
propagation delay is dependent on only one variable, the 
dielectric constant of the board material. 

equation B 

\pd- 1.017-.J 0.475 er + 0.67 nslft 

Wheretpd is the propagation delay of the transmission line in 
nslft For a typical board constructed of FR4 material, e 
(dielectric constant) is 4.7 to 4.9 If an average er of 4.8 is used 
in equation 8, then the tpd '" 1.75 nslft. If a signal run is 12 
inches long, it will take 1.75 ns for a voltage transition to travel 
from point A to point B, therefetre, To '" 1.75 ns. As a rule of 
thumb, any line that is over 7" long should be suspected of 
being a transmission line and delt with accordingly. 
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TEN RULES TO FOLLOW 

1) When using high speed logic, signal interconnections 
should be kept as short as possible, 

2) A multilayer printed circuit board is required. 

3) Ground and power planes are required. 

4) A separate ground for the high current switching devices 
should be ,provided; 

5) Decouplirg ~apacitors are required on every high speed 
logic device (0.1I1F MLC type) located as close to the Vee pin 
as possible. 

6) Provide maximum possible spacing among all high speed 
para"el signal leads. 

7) Terminate high speed signal lines where tr < To' 

8) Beware of AC loading conditions within the design. Exceed
ing the manufacturers recommended operating conditions, 
particularly capacitance, can cause problems. Also, create is
lands of high speed devices on the PC board. This simplifies 
board layout and "ropes off" the high speed areas. 

9) When using para"el termination serpentine a" high speed 
signal runs that go to more than one load. Use a termination 
load at the absolute end of the line (refer to diagram 21). 

1 0) Sharp bends in the transmission line and discontinuities in 
the ground plane should be avoided because reflections can 
occur from abrupt chanl/es i,n the characteristic impedance. 
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DIAGRAM 20: Not Recommended .Termlnatlng 

VDC 

DIAGRAM 21: Correct Terminating 

END 



INTRODUCTION 

The dictionary definition of metastability is Ua situation that is 
characterized by a slight margin of stability.' When applied 10 
bi-stable (digital) logic, the. term Jefers to an undesirable 
marginally stable output state between VIL max and VIH min. 

Metastability can occur in bi-stable storage elements (regis
ters,latches, memories, etc.) when setup andlor hold times 
are violated. Since setup and hold times vary with tempera
ture and operating voltage, among other factors, the times 
referred to here are not the minImax 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 employ
ing 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 (1 a), decreased 
output slew rate (lb), output oscillation (tc), and increased 
clock-to-output time (1 d). 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 oftheir 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 g~ant, 
chip select, etc.) for other circuitry, faults such as runt pllises 
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 sys
tems. 

DERIVATION OF CONSTANTS 

The basic premise of all metastability models is.that a device's 
output is more likely to have settled 10 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. . 
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It is accepted [11 that metastable failures can be accurately 
modeled by the equation: 

log Failure .. log MAX-b(A • 00) (1 ) 

In this equation, MAX represents the maximum failure rate for 
a particular environment, A is the time delayed before sam· 
piing the DUT(Device Under Test) output, and A 0 is thetime 
at which the numberoflailures starts to decrease. On a failure 
frequency plot (such as the one in Figure 2), 00 represents the 
knee of the .curve. The constant b is rate at which the 
frequency of failures decreases after the knee is reai:hed. 

Recall that: 

log X '!' a In (X), where a = log (e) 

Substituting this into (1): 

a 0 In Failure .. a 0 In MAX ~ b(A - Ao) (2) 

MAX isr~lated to IheCloCk frequency (fCLOCK) and data fre~ 
quency (fDATA).Thatis, . 

MAX .. (kl 0 fCLOCK 0 fDATA) (3) 

Substituting (3) into (2) and applying some algebra: 

a oln Failure .. a' In (kl 0 fCLOCI.'; • fDAT,A) - b(A - Ao) 

In Failure· In (kl 0 fCLOCK 0 fDATA) .. -b/a(A - Ao) 

Setting k2 .. bla and rearranging\he equation yields: 

Failure .. (kl 0 fCLOCK 0 fDATA)e.J.2 (A- Ao) (4) 

When used with equation (4), the constants kl, k2, and 00, 
completely describe a particular devise's metastable.charac
teristics;lhey 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 10 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 cloc;ked. likewise, it is true that a metastable 
failure cannot occur unless data has changed. So, if fDAIA 
dCLOCK, then MAX = fDATA. This was the case in the test 
fixture .Lattice used (fCLOCK .. 10MHZ, fDATA .. 2.5MHz). 
Substituting MAX = fDATA back into equation (3) yields: kl =' 
1/1CLOCK, so k1 = lOOns for our tests. 
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TESTBXTUBE 

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 metas
table state. This is done by intentionally violating setup andl 
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 testfixture similarto that shown in Figure 3a. 
In such a fixture, data to the device includes a "jitter band" so 
that the device sees changing data as it is clocked. The OUT 
output is fed to a window comparator to determine when it is 
in the metastable region (between VIL max and VIH min). The 
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comparator output can be sampled periodically and used to 
increment an event counter. 

This method of testing, though it directly yields MTBF num
bers, has some drawbacks. The first is that it does not 
distinguish between the different types of metastable behav
ior (runt pulse, oscillation, slow riselfall time, delayed transi
tion), and it may have difficulty detectIng every type. Also, the 
iegistimj used if! the oeiecior circuii itseif 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 
with respect to data. This arrangement allowed exact worst 

y 

VIH 

VIL 

clock Teo 
1 b. Decreased Slew Rate 

v output 

"\. 
VIH 

V1L 

clock Teo 
1d.lncreased Teo 

j 

,10'\ Ao 

40 50 60 70 60 

Attme (ns) 

Figure 2. Typical Failure Frequency Plot 
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case placement olthe clock, so as to induce metastability with 
nearly every clock pulse. , 

Using a digital oscilloscope (Tektronix 11402) in point accu
mulate mode, metastable failures were recorded over a 
lengthy period of time.~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 L\o values from the hardcopies is not straightforward. Be
cause each point on the hardcopy can represent any number 
of actual samples (between one and 1.5 million), one cannot 
simply count the points at time(t) for the MTBF at that time 
(although, in the case of the scatteredpoints~. the pl'()bability 

VARIABLE DELAY 

VIL 

Figure 3a. Traditional Metastability Test Circuit 

Figure 3b. LaHlce Mestablllty Test ClrcuH 

121 

GAL METASTABILITY 
'REPORT 

is low that a single isolated point represents more than one 
sample). 

To generate values for k2 and 00, 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 00 
represents the time from the leading edge of the output until 
the "dot density" starts to decrease measurably. It should be 
noted that 00 in previous studies included device propagation 
delays, whereas in our test it does not. 

The time from 00 until the dot density equals zero was defined 
to be the '1ime 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. Recallthat MAX-2.5x1 OAS and 
a-Iog(e). ' 

k2 -log(MAX) I (time(r)o a) = 14.73/1ime(r) (5) 
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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 de
vices were of recent vintage and were acquired blindly 
through distributors; muniple 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 4 on the following pages are some of the os
cilloscope plots generated for this study. The top waveform in 
each plot is the clock signal and the middle trace is the data 
input. The horizontal scale is 1 Ons per diviSion, so the exact 
data setup time that caused the metastable condition can be 
read directly. The vertical scale is 2V per division for the top 
two traces, and 1 V per division for the bottom trace. Only the 
bottom trace is aligned with the voltage scale on the left 
margin of the plot. .. 

The bottom waveform in each plot is the device output (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. 

Plot 1 shows the response of a bipolar PAL16R8B (15ns). 
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Notice the very well defined runt pulse (this correlates with 
previous data gathered on similar devices by the manufac
turer [1). The absence of a secondary trace along ground in
dicates that the output always starts to transition to a high 
level, even when it finally settles to a low le\lel. This charac
teristic makes the device unsuitable for use in control path 
applications (when metastability is possible). All olthe bipolar 
parts examined showed simiiar resuits. 

Plot 2 is from a UV-EPLD. This CMOS device, as did all 
CMOS PLDs lattice tested, exhibited characteristics far 
superior to bipolar parts. This can bEl attributed, in part, to the 
higher switching speed of CMOS logic. GAL devices, for 
example, have output slew rates approaching 5V/ns, com
pared to about 1 V/ns for bipolar devices. 

Plot 3 is from a GAL 16V8-15 and Plot 4 is from a GAl6001. 
Aside from the fact that setup time violations may cause teo 
to increase by a small (but random) amount, the outputs are 
very clean and well behaved. The fact that there are no runt 
pulses or other anomalies is extremely significant, as the 
GAl6001 not only allows asynchronous clocking, but encour
ages that activity. Compare Plots 3 & 4 with Plot 2. Just as the 
characteristics of CMOS PlDs (in general) are superior to 
those of bipolar PlDs, the metastable response of GAL 
devices is noticeably better than that of UV-CMOS EPlDs. 

For reference purposes, Plots 5 through 7 are included. Plot 
6 shows a normal (ie. non-metastable) GAl16V8-15 transi
tion, and Plot 7 a normal PAl16R8B transition. Plot 5 is from 
a TIL flip-flop (TI 7474). For consistency, only rising edges 
have been shown. Ourtests also covered falling edges which, 
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in general, were interesting but did not provide ~(ly additional 
information. . 

For a more quantitative look at the phenomenon of metasta
bility, refertothe table beneath each plot. These tables list the 
measured values of the. constants Ao and k2 for the device 
whose plot is shown, and far similar devices. Recan thatla~e 
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 d'evices possess very similar register 
and output buffer circuitry, and all are fabricated using the 
same basic process, the data shown irr Table 1 far the. 
GAL 16V8 is considered applicable to all devices and speed 

· grades in the GAL family. 

USING THE RESULI§ 

H a register enters the metastable state in a system, then data 
was obviously unstable as the register was beinIil91(jc!<ed. 
The argument over which data should have been captured 
(old or new) is academic as the.registerwill randomly pick one 
or the. other. Signals in, most asynchronous systems are 
active for more than one clock cycle, so ,if.1hey are missed 
initially, they could be captured on a subsequent clock cycle. 

It is 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 b'1t 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~ 
no us or asynchronous) can failfor reasons other than metas
tability. 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. H insufficient setup time has passed, different 
"versions· of the same data may be present at the inputs of 
· different registers as they are clocked. A good example of this 
is: 

Output_Pin19:= Input_Pin2; 
OutpuCPin15: .. !lnpuCPin2; 
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H clocked at precisely the right moment after an input transi
tion, one registerwill capture old data while the other captures 
new data, resulting in a system failure. This condition, though 
also the result of a setup time violation, should not be 
confused with metastability (the "incorrect" data that is cap
tured .has n!)rmal output characteristics); it is, pure and 
simply, the result of a violation of specifications. Incidentally, 
there is less than 1.5ns of skew between the various paths 
through a 15ns GAL device. 

Example .,. 
To determine the maximum clock rate (given an .acceptable 
error rate) that a particular device will allow 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 - [(1 x1 O~ 7)(11(A+49»(9600)]e·I8(6.211 

Solving for A yields A=2.796ns, or about 3ns, for a cycle time 
of 52ns. Referring back to Plot 2,~t~ead!:litional delay of 3ns 
intuitively makes sense. Remember, iii terms of setup and 
hold time violations, the oscilloscope plots were made under 
worst case failure conditions; the scattered dots could repre
sent MTBFs of days, years, or even millenniums in a typical 
asynchronous environment,. 

Due to the extremely quick rrieta~able settling times of GAL 
devices, a relatively small increase in the cycle time will 
produce a dramatic improvement in reliability. 
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SEQUENTIAL STATE ORDERING 

Figure 5. 

If metastability occurs 
while transitioning from 
01, every state is a 
possible next state. 

GAL16V8 

DATA 

tCO=12ns 

CLOCK 

Figure 6. 

MODULE metastable 

TITLE 'Metastable Test 
Pattern' 

uOO Device 'P16R8'; 

d PIN 2; 
q1,q2 PIN 1,2,19; 

EQUATIONS 
q1 := d; 
q2 := d; 

End metastable 

Listing 1a. Source equations 
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GRAY CODE STATE ORDERING 

GAL16V8 

tSU=12ns 

If metastability occurs 
while transitioning 
from 01, the possible 
next states are 01 
and 11. 

L---r---... OUTPUT 

JEDEC file for: P16R8 
Metastability Test Pattern* 
QP20* QF2048* FO* 
LOOOO 101111111111111111111111111111* 
L1792 101111111111111111111111111111* 
C07F4* 

Listing 1b. JEDEC file 
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... :. .., .... /\.I~lI\"~II'ti1i,i .. ;..r,...:,,:.,~w;.:rM-,,;~:""M;~"""'''''~ .. : 

I. : \, ~ .... : ......... : .......................... 
CLOCK . ~ : 

/: .' \ 
...••..........•...•....•..•..• 't 

2V/dlv 
DATA--I~ 

....... 

I,,,, .......... ·• .... · ........ · .. ·, ........ · ............ ,,,,· .. ,, .. · ...... · ...... ,, ................ ' ..... ' ......... , ................ ' .... ,', .. . 

.... ; ..... : ........... : .............. , .... : .. 

1V/dl~ OUTPUT---1.~ .... .............. . ....... . 

, . 
. . . . '.' , , . ; . , ',.~ .. " .. ; . , ....... : ....... "': ... . ., ............... " ........ . 

· . . . · . . . · . . . .. . · . · . 

10nSldiv 

Plot 1. PAL 16R8B 

Pan # Date Code 1:::.0 (ns) k2/ns-2 

PAL16R8A ,8721 11 2.0 
PAL16R8B 8722 6 3.0 
AmPAL16R8A 8631 8 1.9 
TIBPAL 16R8-15 8723 5 1.25 
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1 ..... ·.,..·iM·I',i'"',..~'4"'I .. l~'\t'r,..·· .. ~ ..... ~·i'¥ ... ~ : 
.; 1 ' 
i: . . . : ,: 

"" .. "',,., .. ,. CLOCK • '/:"" '''''''''':''.'''''':''.''''.''''.,,;'' 

.........•........•.........•.........•... j .•......... ..........•...................•...... \\ 
,~I"~~~ . ..,.~ ........... ....,;;..... ~ _"'.;, : ". __ ,,;,,~,~~ \.. 
,..: : .: . : F~~""'" "'4041 ,~,~~ .. ~ : : \...I"' 

: : : :/"-': ' : :' : : 
• . "'/ ... ".".;" ... c, •. ;,. : : . : DATA • I : :': ..... ': ......... :': ...... :' ....... : 

( ... . I . . . 

: . : l 
" ."~?~~~~/ "'"'''''''' 

· , · . · . · . · . · . . . 
...... H .......... ' ................................... M .................................................. " ............................... . 

........... "" .... ' OUTPUT---1.~ 

1V/dlv ................................. 
, . 
· . · . · . , , 

. . . . , . . . . . . " ..... . 

tOnsJdlv 

Plot 2. CVPALC16R8-25 

Part # Date Code 

CVPALC16R8-25 8622 
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2V/dlv 

1V/dlv 

CLOCK 
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. . . ....................................... , ...... . 

. . 
r-: ..... ""' ........ ~-~_.; ...... ~ : ......... : ......... : ......... : ......... : ........ . 

· . . '. . · . 

. . . . ..................................................... 
DATA 

· . . . . 
" .......................................................... . 

OUTPUT---t.~ ... . .................................... . · . . 
~ ; . · . . · . . · . . · . . \ · . . · . . · . . ......... : ............................. : ................ . . ..................................... . · . . 

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

tOnsldlv 

Plot 3. lattice GAL16V8-15L 

Part#. DaJ.e~e .lI.O (ns) k2/ns-2 ." 

GAl16V8-15 8731 2 8 
GAl16V6-25 8730 2 8 
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n···················································· ... ~ ................... -'-'-'~' ........... . : : : : . " ~-r--~; . . . . . . . . . . . . . . . . . . . . . · . . . . · . . . . 
..... ... ......... ........ CLOCK .. : ........ ~ ......... ~ ......... ~ ......... ~ 

· . . . . . .. _.' 

. . . . 
:~~::::=:-...,.~-.~ ......... ~ ......... : ......... : ....... ": 

· . . . . · . . . . · . . . . · . . . . · . . . . · ....... . ................................................................................................... 

: DATA 

.... "" ............ "": .......... " .. " ....... ~ ....................... :-.. """ ............. : .... " ....... " ..... -~" ................ " ... : ........................ : ........ ,.-. I-..~ .............. ~ ............. ~ .......... . 

......... : ......... : ......... :....... OUTPUT-~"~ . : ....... : ......... : ......... : 
· . . · . . • ! • · . . · . . · . . · . . · . . · . . · . . · . . "," : : : 

· . .................................................................... 

'-! ...... : ......... : ......... . 
. . ........... ................................................... . . . . . . . . . . . .. .. .. .. .. .. .. .. .... 

.. '.' .. . 

10nsldlv 

Plot 4. lattice GAL6001 ES 

Part # ~O( .. ) ., :: 
GAL6001ES 
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2V/dlv 

1V/dlv 

PlotS. 7474 

GAL METASTABILITY 
REPORT 

............................ """,;..,' ~~""",~,~";,,,:,,~ ................ ,\ 

CLOCK ~ ..... "'''''''''''''''''' 

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

...................................... . . . .......... --
DATA ~ 

1'"'''''''''''''''''''''''''''''''''''-'''''''''''''"'''='''''''''';''''''''''''''''''' .......................... " ............................. . 

:OUTPUT~ 

.......... ; .................. : ......... : ....... , ........ . 
. .. . .. 

10nsldlv 

Part. Date Code 1::.0 (ns) k2/ns4 

SN7474N 7615 6 1.3 
9N1417474 7341 7 1.25 
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2V/dlv 

1V/dlv 

GAL METASTABILITY 
REPORT 

......... ········T···· .. ·!····· .... ! .. · .. T· .. ": .:.;~ .. ..:.:.;.~I·r .. ~~ .. ;i·il .. \ ... : 

............... ClOCK - .... 0." ...... , .... , .. , 
~: : : : t 

........ _ .. '",," '":,,,"-"'-"-" '""," ............ " .... " .""",'; '-"~"":""'" .,.: ........ : ......... : ......... ': .... , .. '\ 
. . ................................ 

" . . ........ :--- ...... : ......... ( ..... : ...... ··~ ........ T .. · ........... ·T .. ··· .. r .... · .. l 
. . 

~~~~ .. ~ ............. ~.".~ ..... ~ ...... ~ ..... ~ .. ........................ ; ........................ ; ........................ ; ...................... ": ....................... :........... '" · .. . · .. . · .. . · .. . · .. . .. . .. . · .. . ......................................... · . . 
: OUTPUT--' 

. . . ......... : ......... ; ......... : ......... : ........ : .. . 
., .. ., . .. . · . · . 

' ...................................... . · . . . · . . . · . . . · . . . .. . 

1 _____ . ___ · _____ ..... __ . ___ ~ __ ._ ... _._. ____ :.._ ______ ~ 

10nsldlv 

Plot 6. Normal lattice GAL 16VB-15L Transition 
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2V/dlv 

1V/dlv 

.... _ ... _-... __ . ---

GAL METASTABILITY 
REPORT 

q ClOCK __ .• 7~·~9 
--:" -"'~----';. . :, 

. . . . . . .. . 

qq~~~ qq~qr~~~=5 

~~;:C~l·····················.·······.·······.········· •.......• 
••••••••••••••••• H ..................... ; ••••••••••••• M •••••••• : ••••••••••••••• ~ ................. _ ...... : ••••••••••••• ". • .................. . 

. . ~~~ 

. . 
., ....•.... ,;.". ,., : .. , .. :.,0" ... :. ,_ 

OUTPUT~ 

. . .. ........ , ................... . 

10nsldlv 

Plot 7. Nonnal PAL16R8B Transition 

END 
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COPYING PAL PATTERNS 
INTO GAL DEVICES 

INTRODUCTION 

The generic architecture of the GAL family offers the 
user many different device configurations. For example, 
the GAL 16V8/16V8A has the ability to emulate 21 of the 
most popular 20-pin PAL devices. To put it simply, the 
GAL16V8/16V8A is functionally, parametrically, and 
fuse map compatible with all common 20-pin PAL de
vices. Table 1 lists the PAL devices that the GAL 16V8/ 
16V8A can replace. Table 2 shows the 21 different 24-
pin PAL devices that the GAL20V8/20V8A can fully 
replace. This technical brief addresses the procedure of 
copying a PAL pattern - either a PAL master or a PAL 
JEDEC file - into a GAL device. 

The technique of copying a PAL into a GAL device is 
straightforward, since existing JEDEC files or PAL 
masters can be used without modification. Other de
vices that only emulate PAL architectures may require 
access to source equations and/or design modifica
tions. The Lattice approach has been to allow custom
ers the ability to "cross program" a PAL pattern without 
having to change the programming procedure, master 
device, or JEDEC file. 

Lattice GAL devices configured as PAL architectures 
are referred to as RAL devices. There is a one-to-one 
correspondence between PAL architectures and RAL 
architectures (see figure 1 and 2). 

COPYING A PAL MASTER INTO A GAL DEVICE 

If a programmed PAL is available, and is one of the 
devices listed in Table 10r Table 2, all that is needed to 
copy a PAL pattern into a GAL device is a qualified GAL 
programmer. 

1) Place the PAL device into the programmer 
and read the PAL using the normal procedure; 

2) Select the appropriate RAL family/pinout code 
for the PAL being emulated. Note: the RAL code 
is requ ired for PAL device copying in 'order to con 
figure the architecture properly. Do not use the 
GAL device code for copying PAL devices. 
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GAL 16V8/16V8A PAL Architecture 
Emulation 

16L8 
16H8 
16R8 
16R6 
16R4 
16P8 

16RP8 
16RP6 
16RP4 
10L8 
12L6 
14L4 
16L2 
10H8 
12H6 
14H4 
16H2 
10P8 
12P6 
14P4 
16P2 

TABLE 1: PAL Architectures Emulated by the 
GAL 16V8I16V8A 

GAL20V8/20V8A PAL Architecture 
Emulation 

20L8 
20H8 
20R8 
20R6 
20R4 
20P8 

20RP8 
20RP6 
20RP4 
14L8 
1SL6 
18L4 
20L2 
14H8 
16H6 
18H4 
20H2 
14P8 
16P6 
18P4 

TABLE 2: PAL Architectures Emulated by the 
GAL20V8I20V8A . 



3) Place the GAL device into the programmer 
and program the GAL device using theapproprl 
ate RAL family/pinout code. The copy procedure 
is complete and the resulting GAL device is 100% 
compatible with the PAL device it copied. 

COPYING A PAL JEDEC FILE INTO A GAL DEVICE 

If a JEDEC file for one ofthe PAL devices listed in Table 
1 or Table 2 is available. again all that is needed is a 
qualified GAL programmer. 

1) Select the appropriate RAL family/pinout code for the 
PALJEDEC file that is to be downloaded to the program
mer. Note: the RAL code is required for the programmer 
to configure the architecture properly. Do not use the 
GAL device code when downloading a PAL JEDEC file. 

2) Download the PAL JEDEC file from a computer to the 
programmer using the normal procedure. 

3) Place the GAL device into the programmer and 
program the GAL device without changing the family/ 
pinout code. The programming procedure is complete 
and the resuHing GAL device is 100% compatible with· 
the PAL device being emulated. 

NOTES 

·Some programmers use different names for "family/ 
pinout code." 'Select codes.· "algorithm" or menu selec
tions are interchangeable. 

·Programming PAL patterns into GAL devices is not 
unlike copying a PAL pattern from PAL vendor A to PAL 
vendor B. The difference is that you must have a generic 
GAL device in the socket with a specific RAL architec
ture code selected. 

·JEDEC files compiled with GAL16V8 or GAL20V8 
target devices should be programmed with GAL device 
codes selected . 

• The GAL22V10 code emulates PAL22V10 devices 
directly (no RAL code is required). 

·After programming, the GAL device stm retains its fu!! 
erasability feature. The device can be reused with 
different ~rray patterns and architeCture configuratio.ns. 
as selected by the designer. 
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GAL DEVELOPMENT, 
TOOLS 

Introduction 
The Tools Engineering Group at Lattice Semiconductor 
works closely with hardware and software vendors to insur.e 
programming support for GAL devices is available in a timely 
manner. 

Lattice works with a variety of programming vendorsto satisfy 
your needs, whether you need a low-cost programmer, an en
gineering programmer, or a production programmer. 

For a current list of Lattice qualified GAL programmers, 
please contact Lattice's Applications Engineering Depart
ment (Tel: 503-681-0118, or FAX: 503-681-3037). 

PROGRAMMER MANUFACTURERS 

BP-Mlcrosystems 
10681 Haddington 
Suite 190 
Houston, TX 77043 
Phone: (713) 461-9430 

Data 110 Corp. 
10525 Willows Road N.E. 
P.O. Box 97046 
Redmond, WA 98073-9746 
Phone: (206) 881-6444 
FAX: (206) 882-1043 

In lab, Inc. 
2150-1 W. 6th Ave. 
Broomfield, 00 80020 
Phone: (303) 460-0103 

Japan ~cnlcs Corp. 
516lmaiminami-Cho, 
Nakahara-ku 
Kawasaki-City,211 Japan 
Phone: 044-711-0022 

Kontron 
630 Clyde Ave. 
Mountain View, CA 94039 
Phone: (415) 361-1012 
FAX: (415) 965-3505 

Logical Devices 
1321 N.W. 65th Place. 
Fort Lauderdale, FL 33309 
Phone: (305) 974-0967 
FAX: (305) 974-8531 

Micropross 
Parc d'Activite des Pres 
5 rue Denis-Papin 
59650 Villeneuvue d'Ascq 
France 

SOFTWARE DEVELOPERS 

Cap llano Computing 
P.O. Box 86971 
North Vancouver, BC 
V7L 4P6 Canada 
Phone: (604) 669-6343 

Data 110 I FutureNet 
10515 Willows Road N.E. 
P.O. Box 97046 
Redmond, WA 98073 
Phone: (206) 881-6444 
FAX: (206) 882-1043 

ISDATAGmbH 
HansastraBe 29A 
0-7500 Karlsruhe 21 
West Germany 
Phone: 0721-57-9509 

Logical Devices 
1321 N.W. 65th Place. 
Fort Lauderdale, FL 33309 
Phone: (305) 974-0967 
FAX: (305) 974·8531 

Benefits of Using lattice Approved Programmers 
Lattice provides one of the most extensive review and quali
fication procedures in the industry. When Lattice approves a 
programmer, you are insured that it conforms to all program
ming procedures and specifications. In addition, program
mers qualified by Lattice adhere to the latest JEDEC commu
nication standards. 

The use of unapproved equipment will void all warranties, in
cluding quality, reliability and data retention. 

Below are lists of programmer manufacturers and software 
developers that provide Lattice qualified GAL development 
tools. 

One-D/Advln systems 
1050 East Duane Ave. 
Suite L 
Sunnyvale, CA 94086 
Phone: (415) 969-9900 

Programmable Logic Tech. 
P.O. Box 1567 
Longmont,OO 80501 
Phone: (303) 772-9059 
FAX: (303) 772-5617 

Qwerty Inc. 
5346 Bragg Street 
San Diego, CA 92122 
Phone: (619) 455-0500 
FAX: (619) 453-4648 

Mlnc Incorporated 
.1575 York Rd. 
Colorado Springs, CO 80918 
Phone: (719) 590-1155 
FAX: (719) 594-4708 

Pistohl Electronics 
22560 Alcalde Rd. 
Cupertino. CA 95014 
Phone: (408) 255,2422 
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SMS Micro Systems 
1 M Morgenthal 
0-8994 Hergatz 
Scwarzenberg 
W.Germany 

Stag Mlcrosystems 
1600 Wyatt Dr. 
Santa Clara, CA 95054 
Phone: (408) 988-1118 
FAX: (408) 988-1232 

System General 
3Ft, No.6, Lane 4 
Tun Hwa N. Rd. 
P.O. Box: 53-591 
Taipei, Taiwan R.O.C. 
Phone: 886-2-7212613 
FAX: 886-2-7212615 

Programmable Logic Tech. 
. P.O. Box 1567 
Longmont, 00 80501 
Phone: (303) 772-9059 
FAX: (303) 772-5617 

Qwerty Inc. 
5346 Bragg Street 
San ~iego, CA 92122 
Phone: (619) 455-0500 
FAX: (619) 453-4648 
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20-Pin Plastic DIP 
Dimensions In Inches MIN. I MAX . 

• 0551 .oeO .090 1.010 

24-Pin Plastic DIP 
Dimensions In Inches MIN. I MAX . 

• 0551.090 .090 I .010 

138 



·IllLattlce 
·,LbtJ=~ 

._1.485 

·.20~Pih· PlCCpackage 
Dlmerit!lons Inlnche. MIN.I MAX. 

28-Pin PLCC Package 
Dimensions In Inches MIN. I MAX. 

.G421 .0.48 X 45° 

Top View 

Package Diagrams 

.310 I_ 

~j~ I----_,_~ .. ·· .• I 
1----- ._/.485 ==:!.f I 11 ~:/:: 

.1&5/.180 -1l ., ~ 
139 
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Package Diagrams 

20-pin (300 Mill Sidebrazed DIP 
Dimensions In Inches MIN. I MAX. 

24-pin (300 MIL) Sidebrazed DIP 
Dimensions In Inches MIN. I MAX. 

1.2111 MAX 

-1i----===--
~, , ~_ .200MAX , 

'OOI~ :. :: ~ .0111.010 , " .1UI._ 

~ -J ~ -111 A311.08S 

I I I I -if- 00141.D23 

_MAX .000 1.110 
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Package Diagrams 

20-Pin (300 MIL) CERPIP 
Dimensions In Inches MIN. I MAX. 

.oaa'.G1' 0.11" 

.oeo MAX .010 1.110 

24-Pin (300 MIL) CeRQIP 
Dimensions In Inches MIN. I MAX. 

II 

_/.1111 0011" 

._MAX .oeo/.ll0, 
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ORDERING 
INFORMATION 
PART NUMBER DESCRIPTION 

xxxxxxx x -~ x x x x x 

-1,-,I,T , MIL,ProceSS:::C,k 
" Bum In: Blank 

, , B 
, 'TemPerature: BI,ank 

I 
M 

'-------- Package: 0 
C 
P 
R 
J 
S 
U 

'---,------- Power: L 
Q 

Blank 
'----------Speed (ns) 

L,---_________ Devlce Revision Level 

'---___________ DevIce Name GAL 16V8 
GAL20V8 
GAL22V10 

No Mil Process 
883C Process 

No Bum In 
Burned In 
O. to 75°C 
-40° to 85° C 
-55° to 125° C 

CERDIP 
Slde·Brazed DIP 
Plastic DIP 
lCC 
PlCC 
SOIC 
Die 
low Power 
1/4 Power 
Standard Power 

GAl6001 
IspGAll6Z8 

GAL 16V8 / 20V8 CROSS REFERENCE FACTORY PATTERNING 

SPEED POWER GAL 
DEVICE 

lOns l15mA A·l0L 
IOns l80mA use A·l0L 

12ns 115mA A·12L 
12ns 200inA use A·l2L 

15ns 45mA M5Q 
15ns 115mA A-15L 
15ns l80mA use A-15L 
15ns" l30mA A-15LM 
15ns" 220mA ' use A·l5LM 

20ns 55mA ·200 
20110 115mA A·2OL 
2Ona" 1SOinA A·2OLM 
2Ons" 210mA use A·2OLM 

25ns 45mA -250 
25ns ,9OmA A·25[, 
25ns HlOmA use A·25L 

3Ono" 55mA' ·300M 
3Ons" l25mA -SOLM 

35ns 45mA use ·350 
35ns 9CiinA use A·25l 
35no l80mA use A·25l 

" Mililary Temperature Range 

BIPOLAR 
PAL DEVICE 

.. 
Dcr·1OC 

.. 
-12C 

_. 
.-
Bor·l5C .. 
·15M 

_. 
.. _. 
BMll 

-
B·2 
A 

.. 

.-
8-4 
A·2, 
STD 
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The additional service of having GAL devices custom pro
grammed and permanently ,ink marked with customer specific 
indentification codes is available from Lattice. 

Due to Lattice's stringent test philosophy and 100% AC/DC 
testing, the quality of pre-patterned GAL devices will be higher 
than pre-patterned bipolar or UVCMOS devices. 

For more information on pre-patterned and custom marked 
GAL devices please contact: 

Ll!ttice Semiconductor Corp. 
attn: Customer Service Dept. 
5555 N.E. Moore Ct. 
HillsbOro. OR 97124 U.S.A. 

Tel: (503) 681-0,118 
FAX: (503)681-3037 
Telex: 277338LSC UR 



SALES OFFICES 
DIRECT SALES OFFICES 

NO. CAUFORNIA 
San Jose . 
(408) 452-0290 

SO. CALIFORNIA 
San Diego 
(619) 931-4751 

. MASSACHUSETTS 
Boston' . 
(617) 229-5819 

NEW JERSEY 
Upper Montclair 
(201)744-5908 

..... ~. 
. DaHas 
(214) 717-6813 

GEORGIA 
Norcross 
(404) 446-2930 

NORTH AMERICAN SALES REPRESENTATIVES 

ALAUMA VG Sales MINNESQIA ~ 
Navus Group 608 E. Altamonte Dr_ Mel FOSler Tech Sales Makin AssoCiates 
21!05 Westcorp 6lvd. Altarrionte Springs, Fl32701 7611 Washington Ave. S . 3165 Lynwood Rct 
Huntsville. AL 35805 (407) 831:8688 Edina, !<IN 55435 Cinncinati, OH 45208 
(205) 534-0044 (612) 941-9790 (513) 87H42~ 

VG Sales 
ABJZQHA 12360 66th 51. North II§lIQ.!,I8l Makin AssoCiates 
Summit Sales SuiteF·l West AsSOCiates 6161 Bush Blvd. 
7802 E. Gray Rd. Largo. FL 33543 111 Westport Plaza ColumbUs, OH,43229 
Scottsdale, AZ 85260 (813) 536-7787 51. Louis, MO 63146 (614) 848-5424 
(602) 998-4850 (314) 542-0460 

~ Makin AssoCiates: 
CALIFORNIA Novus Group NEWJEBSEX 32915 Aurora Ave. 
Bager Electronics 611SA Oakbrook Pkwy. T ehnicai Mktg. Group Soton, OH 44139 
17220 Newhope St. Norcross, GA 30247 17S.3C Fairfield Rd. (216) 248-7370 
Suite209 (404) 263-0320 West CaldweK, NJ 07006 
Fountain Valley, CA 92708 (201) 226-3300 OKLAHOMA 
(714) 957-3367 JHalA& West AssoCiates 

Devoe NEWMEXIIOO 9717 E. 42nd Sl 
Bager Electronics 4371 E. 82nd SI. Summit Sales Suite #125 
63.12 Variel St. Indianapolis, IN 46250 2659-B Pan American. Tulsa, OK 74146 
Suite204 (317) 842-3245 Albuquerque, NM 87107 (918) 665-3465 
Woodland Hills, CA 91367 (50S) 345;5003 
(818):7,2-0011 JLLItIQIi 

. NEWYOSK 
.~ 

Omni Northwesl Marketing 
Criterion Sales 328 E. Main Technical Mktg. Group 6975 SW Sandburg Rd. 
3350.Scott Blvd. Barrington, IL 60008 2O'Broad Hollow Rd. Suite #330 
Bldg; #44 (312) 381-9087 Melville, NY 11747 Portland, OR 97223 
Santa Clara, CA 95054 .. (516)351-8833 (503) 6,20:0441 
(408) 988-6300 

KAI§AIl Tri Tech Electronics E!IiHH!iXL¥AHIA 
Earle Associates West Associates 

.. 
300 MainS!. Deltatronics 

7585 Ronson Rd. 35 Corporate Woods E .. Bochester, NY 1444S 9425 StenIOn 
Suite200 9101 W. 110th SI. 11222 (716} 385-6500 Chestnut Hill, PA 19118 
San Oiligo, CA· 92111 Overland Park, KS 66210 (215)248-0294 
(619) 278-5441 (913) 345-1248 Tn Tech Electronics 

'14 Westview pro . IIiX§ 
COLOBADO MABXLAHQ Fishkill, NY 12524 West Associates 
Waugaman Associates Dellatronics (914) 897-5611 4615 Southwest Fwy . 
4800 Van Gordon 24048 Sugar yane Ln, #720 .' 
Wheat Ridge, CO 80033 Gaithersburg, Me 20662 Tn Tech Electronics .. . Houston, TX n027 
(303) 4:13-1020. (301) 253-0615 .' 6836 E. Genesee 51. (713) 621-5983 

Fayetteville, NY 13066 
~HHIi!llI!:;L!I MASSACHUSETTS (315) 446-2881 West Associates 
Camp Rep Camp Rep 8000 Centre Park. Dr. 
9Ca~tori SI. 100 Everett St.. Tri Tech ,ElectroniCs S.u.ite #250 
WaHingford, CT Wllstwood, MA0209Q 3215 E. Main St. AUstin, TX 78754' 
(203) 269-1145 {617} 329-34$4 Endwell, NY 13760 (512) 33!}.681J6 

(607) 754-1094 
ELQBmA. ~ West Associates 
VG Sales Greiner & ASsoCiates HQilIH !:;~QIJHA 801 E. Campjlell Rd. 
2500 NW 16th Lane 15324 E. Jefferson Ave. H&A Suite #350 
Pampano Beach,FL 33064 Grosse Pointe Park, MI 6636-1 Lake Hili Dr. Richardson, TX 75081 
(305) 971-0900 48230 Raleigh, He 27609 (214) 680-2iIOO 

(313) 499-0188 (91 g) 846-0082 
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WASHINGTON 
VancOuver 
(206) 254-4595 

INTERNATIONAL 
Hillsboro, Oregon 
(503) 681-0118 

mti-
Waugaman 
5258 Pinemont Dr • 
Suite 6-250 
Salt lake City, UT 84123 
(801)261-0802 . 

nBSiIlfIA 
Deltatronlcs 
1439 Glls Rd. 
Powhalan, VA 23139 
(804) 492-9027 

WA!i'iINGTON 
Northwest Markedng 
12835 Bel-Red Rd. 
#33ON 
Bellevue, WA 98005 
(208) 455-5846 

~NADA 

IBlIllitl g:U.UUIIA 
Dynasty Coni'ponenlS 
12618-55A Ave. 
Surtey,B.d. 
Canada, V3W lC3 
(604) 888-2010 

ml.I.AIIK2 
Dynasty Components 
174COlonade Rd. S. 
Unit21· 
Nepean, Onlario 
Canac!a, K2E 7J6 . 
(613) 723-0671 

Dynasty Components 
83 Gaiaxy Blvd • 
Unitt;! 
Etobicoke, Ontario 
Canade;M9W 5)(6 
(416) 674-8Q60 

~ . 
Dynasty Components 
1870 BouLDesSources 
Suiie304 
Pointe Claire, Quebec 
Canada, H9R 581 

.. (S14) 694-0275 

III 



flJ· Lattice 
Semironductor 

. CorporaUOllTN 
Sales· Offices 

NORTH AMERICAN DISTRIBUTORS 

ArrowlKleruiU 
1-800-777-ARROW 

Bell Indystrles 
(213) 826-6778 

GRS Electronics 
(609) 964-8560 

Image electronics 
(714) 259-0900 

Insight Electronics 
(619) 587-9757 

Interface Electronics 
(617) 435-9521 

Marshall Indystrles 
1-800-522-0084 . 

Merit Electronics 
(408) 434-0800 

Micro Genesis 
(408) 727-5050 

QyaiIty ComClonQnt, 
(214) 733-4300 

Vantage 
(201) 777-4100 

INTERNATIONAL REPRESENTATIVES 

AUSTRALIA ~ IliBAEL mBEA mGEti RAE Industrial Elect. Ply. Aquitech Unltec Ellen & Company Pelcon Electronics 
62 Moore Street 2 rue Alexis De TocqueYilie Rechoy Maskit 1 Suite 11302 llbok Bldg. Fager Slagatan 6-8 
Austinmer, NSW 2514 92138 Antony Cedex Herzlla B, PO Box 2123 1602~ Seocho-Dong 16308 Spanga 
Australia France Israel 46120 Seocho-ku, Seoul Sweden 
TEL: (61) 22 326 933 TEL: (33) 1 40969494 TEL: (972) 52 576006 Republic of South Korea TEL: (46) 8795 8870 
FAX: (61) 42 674 791 FAX: (33) 1 40969300 FAX: (972) 52 576790 TEL: (82) 02 587 5724 FAX: (46) 8 760 7685 
TLX: 84729125 TLX: 922341990 FAX: (82) 02 595 1519 

Franelec Iiiltlln:EBLAliIlJ 
AWI.IBlA ZI LesGlalse IIALX. liIEII::IEBLAliIIJIii DimoaAG 
CEBOS &-8 Rue A. Groizant Comprel Rep Alcorn Electronics B.V. BedenerstraBe 701 
Tichtelgasse 10 91120 PaJaiseau Vlale F. Testi,11S Esse Bean 1-2908 CH-B048 ZOrich 
A-112OWien France 20092 Cinisello B.(Mi) W Capelle ad I Jssel Switzerland 
Austria TEL: (33) 16 9202002 Italy The Netherlands TEL: (41) 1626140 
TEL: (43) 222-834101 FAX: (33) 169207469 TEL: (39) 2-6120641 TEL: (31) 104519533 FAX: (41) 1626 044 
FAX: (43) 222-872007 TLX: 842250067 FAX: (39) 2-6128158 FAX: (31) 10 45B6482 TLX: 845622659 

TLX: 26160 
.IIWiWM Tekelec Airtronics .IAf!Att !AIltl.AtI 
Alcom Electronics Cite Des Bruyeres Ado Electronic Indust. Co. IIHIltlAI Taiwan Ute-On Inc. 
Plat Nenlaan 88 Rue Carle Vernet 7th Aoor, Sasage Building HenacoAiS 9FN03 
2610 Wilrljk 92310 Sevres No. 4-8 Sotokande Trondheimsveien 436 Tunghua South Rd: 
Belgium France 2-Chorne, Chiyoda-ku Kaldbakken N-0902 Taipei, Taiwan, ROC-
TEL: (32) 03 828 3880 TEL: (33) 1453 47535 Tokyo 101 Oslo 9 Norway TEL: , (888) 2-7769950 
FAX: (32) 03 830 5186 FAX: (33) 1450 72191 Japan TEL: (47) 2162110 FAX: (888) 2-7712344 

TLX: 842204552 TEL: (81) 3 257 2630 FAX: (47) 2257780 TLX: 785-15283 
§.BAZlL FAX: (81) 3 2~ 1579 TLX: 76716 
International Trade Dey. ltl GEBMAliIY TLX: 7812224754 LlWIEIJ ISlliI!iiIJgy 
450 San Antonio Road Alfatron Gmbh. 1ii1lilQAPOBE Macro Marketing 
Suite 302 SchleiBheimer Str. 87 Chem~Con Sales Co., Ltd. Westech Elec!iOoics BumhamLane 
Palo Alto, cA 94306 D-B047 Garching 7-8 Yutaka-dlo 2-chome 3 Loron" Bilka( Be!U Slough SL 161N 
TEL: (415) 85&-6886 West Germany Shinagawa-ku, Tokyo 142 05-02 BrighlWay Bldg. England 
FAX: (415) 856-0619 TEL: (49) 69 3290990 Japan Singapore. 1334 TEL: (44) 62B 604383 
TLX: 6502829742 FAX: (49) 8932909959 TEL: (!ll)37887541 TEL: (65) 7436355 FAX: (44) 628 666873 

~ 
TLX: 8425216935 FAX: (81) 31'88 7n9 FAX:> (65) 7461396 TLX: 851847945 

Ditz Schweitzer Becher Gmbh. Japan Macnics Corp. IiiQUIU AEBI" Micro Can 
ValiensbaekveJ 41 Impler Str. 25 516 Imaiminami-cho Multikomponent 17 Thame Park Rd. 
Postboks 5, 2600 Glostrup 8000 Muchen 70 Nakahara-ku, Cn;. Vanacht & Gewel St Thame,Oxon OX93XD 
Denmark West Germany Kawasaki-City 211 laando 1600 England 
TEL: (45) 42 45 30 44 TEL: (49) 89 773081 Japan F\epublic of South Africa TEL: (44) 84 421 5405 
FAX: (45) 42 45 92 06 FAX: (49) 89 772683 TEL: (81) 44 711 0022 TEL: (27) 119741525 FAX: (44) 84 421 4267 
TLX: 85533257 FAX: (81) 44 7112214 FAX: (27) 11 392 2483 

HOlil!ii ISQt,I!ii TLX: 78128968 Tue: 960426905 Silicon Concepts 
ElI:tI.A/:m. CETltd. PEC Lynchborough Rd. 
Yleiselektronikka OY 221F Chuang's Finance Hoei Denki lI!AIK Passfield 
Luomanriotko 6 81-85 Lockhart Rd. 1-11-13 Uchlkanda Unitronics Hampshire GU30 7SB 
Espoo02201 Wanchai, Hong Kong Chiyod&-Ku. Tom! De Madrid United Kingdom 
Finland TEL: (852) 5-200 922 Tokyo, Japan Piazza De Espana 18 TEL: (44) 428 77617 
TEL: (35) B04 521255 FAX: (852) 5-865 0839 TEL: (81) 3 293 2401 28008 Madrid FAX: (44) 42877603 
FAX: /35} B04 28932 TLX: 85146 FAX: (B1) 9 2911029 Spai!'! 
TLX: 857123212 TEL: (34) 1242 5204 

FAX: (34) 1248-4228 
TLX: 83122596 
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In order to'receive'the latest product information, 
please complete the following form. For immediate 
response dial 1-800-FASTGAL. 

-I" - - - ~ - - - -. -- ~ - -- - - _. - - - -- .- -:"~:' 

I 

I High Speed GALli Devices 

o GAL16V8A 
o GAL16V8 
o GAL20V8A 
o GAl20V8 
o GAl22V10 o GAL6001 

PRODUCT INTEREST 

1-800-FASTGAL 
(503) 681-0118 

Illn-system-Programmable Devices II883C Qualified GAL Devices I 

o ispGAl16Z8 0 MIL-STO-883C Rowand 
o ISP Programmer's Guide Test Information 

Name ________________ _ 

Title _________________ _ 

Company _______________ _ 

Address ________________ _ 

City ___________ State ___ _ 

Country --__ --- Zip-------

Phone ________________ _ 

GAL and IspGAL are registered trademarks 01 lattice Semiconductor Corp. DC-4 

I High Speed GALli Devices 

o GAL16V8A 
o GAL16V8 
o GAl20V8A 
o GAL20V8 o GAL22V10 
o GAL6001 

PRODUCT INTEREST 

1-800-FASTGAL 
(503) 681-0118 

Illn-System-programmable DeVicesll883C Qualified GAL Devices I 

o ispGAL 16Z8 0 MIL-STO-883C Flow and 
o ISP Programmer's Guide Test Information 

Name ________________ _ 

Title _________________ _ 

Company _______________ _ 

Address ________________ _ 

City ___________ State ___ _ 

Country ---------'- Zip-------

Phone ________________ _ 

GAL and IspGAL are registered trademarks 01 Lattice Semiconductor Corp. 
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