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GAL Product Index 

GAL PRODUCT INDEX 

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

GAL16V8A 20 10,15,25 55,115 PCMOS Generic PLD 9 

GAL18V10 20 15,20 115 PCMOS Universal PLD 45 

GAL20V8A 24 10,15,25 55,115 PCMOS Generic PLD 9 

GAL20RA10 24 15,20 115 PCMOS Universal PLD 71 

GAL22V10 24 15,20,25 130 E2CMOS Universal PLD 45 

GAL26CV12 28 15,20 130 E2CMOS Universal PLD 45 

GAL6001 24 30,35 150 E2CMOS FPLA 85 

ispGAL16Z8 24 20,25 90 E2CMOS In-System-Programmable PLD 97 

Note: Specifications (tpo and Icc) listed above are for Commercial temperature range devices. See datasheets for Military 
and Industrial temperature range device specifications. 
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INTRODUCTION 

Lattice Semiconductor, located in Hillsboro, Oregon, 
was founded in 1983 to design, develop and manufac­
ture high-performance semiconductor components. It is 
a firm belief at Lattice that technological evolution can be 
accelerated through the continued development of 
higher-speed and architecturally superior products. 
This belief led to a decision to enter the programmable 
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 (PCMOS), which offers the 
highest degree of testability and quality of any process 
technology, as well as instant erasability, making GAL 
devices ideal for prototyping and manufacturing. 

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 simplified 
system design. 
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Introduction to 
Generic Array Logic 
THE GAL CONCEPT 

E2CMOS - The Idea! Technology 
Of the three major technology approaches available 
E2CMOS,UVCMOS, and bipolar, the technology of 
choice is clearly PCM08-for many reasons, includ­
ing: testability, quality, high speed, low power, and 
instant erasure for prototyping and error recovery. 

Testability 
The biggest advantage of PCMOS over competing 
technologies is its inherent testability. Capitalizing on 
very fast (50ms) 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. Com­
peting 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 of CMOS also permits circuit designs of 
much higher functional density, because 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 - the 
speeds available are comparable to bipolar, and faster 
than other CMOS processes. 

Prototyping 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 accidenc 

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. 
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A LOOK AT OTHER TECHNOLOGIES 
>" , • 

Here, the technologies that compete with I?CMO~i­
polar andUVCM05-are compared and contrasted 
with theE2CMOS approach. 

lWHlIII 
Bipolar fuse-link technology was the first available for 
prqgratllti1ab1el()gic devices .. Although it offers. high' 
Spee~, itissaddledwith highpowerdissipation. This not . 
only significantly increases system power supply and 
cooling requirements it also limits the ability of high 
functional density. 

Another we.akness 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 pe'rformance, since the fuse array cannot 
be tested priorto programming. The result is program­
ming failures at the customer location, due to incomplete 
testing. Also, because these devices can only be 
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 althe 
expense Of slower speeds. 

Testability is increased over bipolar since the ''fuse'' 
array can be programmed and tested by the manufac­
turer. The problem here is the long (20 minutes) erase 
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 and 
erasing is performed only once-a compromised, rather 
than complete functional test. 

Additionally, the devices must be housed in expenSive 
windowed packages to allow users. to erlise them. 
Again, this erase is coupled with the time-consuming 
and cumbersome task of shining ultraviolet light on the 
parts to erasettiem. 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. 
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THE GAL ADVANTAGE 

GAL devices are ideal programmabl~ logic devices be­
cause,liSthe name implies, theyarellrchitecturallyge­
neric. Lattice has employed the' rnacrocell approach, 
which allows users to define the architecture and func­
tionality of each output. The key behefit to the user is the 
freedom from being tied to any specific architecture. 
This Is. advantageous aUhe manufacturing level, as well 
as the design level. . 

peslgn Advantage!{ 
Early programmable logic devices gave the user the 
ability to specify a function, but limited them to specific, 
predetermined output architectures. Comparing the 
GAL device with fixed-architecture programmable logic 
devices is much like comparing these same fixed PLDs 
with SSI/MSI devices. The GAL family is the next gen­
eration 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. 

Manufacturing 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 device also reduces the risk of 
running out of inventory and halting production, which 
can be a very expensive nightmare. Reduced chance of 
obsolete inventory and also easierQA 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 
ide'al products. It was on this premise that GAL devices 
were invented. The ideal device-with a generic archi­
tecture-,-fabricated with the ideal process technology, 
I?CMOS. 

Lattice will continue to develop and expand its line of 
I?CMOS programmable logic devices, bringing higher 
speeds, more flexibility, and exciting hew capabilities 
such as in-system programmability with our ispGAL QD 

family. This is the Lattice Commitment to programmable 
logic and to you, our customer. 
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Definition ofOatasheet Levels 

DEFINITION OF DATASHEET LEVELS 

pilta.lteet Identlflcaflon ' PrOduct Status Definition :' .:': . 
'·a'M".; In Design This datasheet contains advance information Ip1d specifications 

which are subject to change witho4tnotice. 

I •. U';;'",' Sampling or This datasheet contains preliminary data ahd supplementary data 
Pre-Production will be published at a later date;.tattice reserves the right to make 

changes at any time without notice. ' , 

No Identification Full Production This datasheet contains final specifications. Lattice reserves the 
right to make changes at any time without notice. 
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• HIGH PERFORMANCE E2CMOS TECHNOLOGY 
-10 ns Maximum Propagation Delay 
- Fmax = 62.5 MHz 
- 7 ns Maximum from Clock Input to Data Output 
- TTL Compatible 24 rnA Outputs 
- UltraMOS'"m Advanced CMOS Technology 

• 50% REDUCTION IN POWER 
- 7SmA Typ Icc 

• E2 CELL TECHNOLOGY 
- Reconflgurable 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 
- GAL16V8A Emulates 20-pin 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 Testability 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL 16V8A and GAL20V8A, at 10 ns maximum propagation 
delay time, combine a high performance CMOS process with 
Electrically Erasable (E") 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 
75mA typical Icc which represents a 50% savings in power when 
compared to their bipolar counterparts. The E" technology offers 
high speed (50ms) erase times, providing the abil~y to reprogram 
or reconfigure the devices quickly and efficiently. 

The generic architecture provides maximum design flexibility by 
allowing the Output Logic Macrocell (OLMC) to be configured by 
the user. The 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 
function/fuse map/parametric compatibility. The GAL20V8A is 
capable of emulating standard 24-pin PAL architectures with full 
functionlfuse map/parametric compatibility. On the right is a table 
listing the PAL architectures that the GAL 16V8A and GAL20V8A 
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 all GAL prQducts. Lattice also guarantees 100 erase/rewrite 
cycles and that data retention exceeds 20 years. 

GAL 16V8A 
GAL20V8A 
High Performance E2CMOS® 

Generic Array Logic™ 
GAL16V8A/ GAL20V8A BLOCK DIAGRAM 

OCLJ( 0---1.>---------, 

, I 

BAl.2OV8A ONLY I 

j GAl,2OV8A QNlY 

GAL 16VSA / GAL20V8A ARCHITECTURE EMULATION 

GAL20V8A GAL1SV8A 
PAL Architecture PAL Architecture 

Emulation Emulation 

20L8 1SL8 
20H8 16H8 
20R8 1SR8 
20RS 1SRS 
20R4 1SR4 
20P8 1SP8 

20RP8 16RP8 
20RPS 16RP6 
20RP4 16RP4 
14L8 10L8 
1SLS 12LS 
18L4 14L4 
20L2 1SL2 
14H8 10H8 
16HS 12HS 
18H4 14H4 
20H2 1sH2 
14P8 10P8 
1SPS 12PS 
18P4 14P4 
20P2 1SP2 

Copyright e1990 Lattice Semiconductor Corp. GAL. PCMOS and UltraMOS are registered trademar~ of Lattice Ser,rtlconductor Corp. Generic Array logic Is a trademarK of Lattice Serriconduc­
tor Corp. PAL is a registered trademark of Advanced Micro Devices, Inc. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A. April 1990 
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ABSOLUTE MAXIMUM RATINGS(1) 

Supply voltage Vee ..................................................................... -.5 to +7V 
Input voltage applied ........................... -2.5to Vee +1.0V 
Off-state output voltage applied .......... -2.5 to Vee + 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 Levels 1.5V 

Output Timing Reference Levels 1.5V 

Output Load ~QO i=inllro --_ . . ~-.-
Tri-state levels are measured 0.5V from steady-state active 
level. 

COMMERCIAL INDUSTRIAL MILITARY 

R, R2 R, R2 R, R2 

200 390 200 390 390 750 

AC Test Conditions: 
Cond. 1) R, per table; CL = 50pF; R2 per above table 

. Cond.2){\c;ive High R, = 00; ActivHow R, pertable; 

CL .. 5OpF; R2 per above table 

Cond.3) "Active High R, = 00; Active Low R, per table; 

CL .. 5pF; R2 per above table 

CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Specifications GAL 16V8A 
GAL20V8A 

FROM OUTPUT (010) 
UNDER TEST 

R2 

+5V 

TEST POINT 

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

SYMBOL PARAMETER MAXIMUM' UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF Vee = 5.0V, VI = 2.0V 

CIiOiO VOIO Capacitance 10 pF Vee = 5.0V, Vl1010 = 2.0V 

"Guaranteed but not 100% tested. 
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Specifications GAL16V,PA 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16 i 20V8A-10L Commercial 

Over Recommended Operating cOnditions (Un Ie .. OtharwlseSpac:lflad) 

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 ItA 
111010 

. 
Bidirectional Pin Leakage Current - - ±10 ItA 

los' Output Short Circuit Current Vcc=5V VOUT=0.5V -30 - -150 rnA 

Icc Operating Power Supply Current VIL" 0.5V VIH =3.0V ftoggli .. 25MHz - 75 115 rnA 

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

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

SYMBOL PARAMETER MIN. I MAX. I UNITS I 
T .A A.-.... I .... n+ T .... __ ...... _ ......... 0 75 ·C ".IIUIGlIIt.IVIIIt''O'IQLUIII:f 

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 rnA 

IOH .. High Level Output Current, - -3.2 rnA 

14 
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Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A·10L Commercial 
OVer Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

COND.1 MIN. MAX. UNITS 

tpd 1 1,110 0 Combinational Propagation Delay 1 3 10 ns 

tco 2 ClK Q Clock to Output Delay 1 2 7 ns 

ten 
3 1,110 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 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 
TEST 

MIN. MAX. CONDo 

fclk 
7 Clock Frequency without Feedback1 = 1 I (tWh + ~I) 1 0 62.5 

8 Clock Frequency with Feedback1 = 1 I (tsu + teo) 1 0 58.8 

tsu 9 Setup lime, .Input or Feedback, before ClK t - 10 -
th 10 Hold lime, Input or Feedback, after ClK t - 0 -

11 Clock Pulse Duration, High2 - 8 -
tw 

12 Clock Pulse Duration, lo~ 8 - -
1) fclk is for reference only and is not 100"k tested. Various paths and ar.chitecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEDBACK 

CLK 

REGISTERED 
OllTPUTS 

ANYINPlIT 
PBOGRAMMED 

FOR OE CONTROL 

COMmN~~~ ~~----------------------------~--

15 

UNITS 

MHz 

MHz 

ns 

ns 

ns 

ns 
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Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-15L 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. hH Input Leakage Current - - ±10 I-\A 

111010 Bidirectional Pin Leakage Current - - ±10 I-\A 
los' Output Sho.rt Circuit Current Vcc=5V VOUT= 0.5V -30 - -150 mA 

Icc Operating Power Supply Current VIL. 0.5V VIH = 3.0V ftoggle = 25MHz - 75 t15 mA 

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

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

SYMBOL PARAMETER MIN. MAX. I UNITS I 
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 



Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A·15L Commercial 

OVer,Rec:ommended Operating Conditions 

PARAMETER #I FROM TO DESCRIPTlON 
TEST 

MIN. MAX. UNITS COND.1 

tpd 1 1,110 0 Combinational Propagation Delay 1 3 15 ns 

teo 2 ClK a Clock to Output Delay 1 2 10 ns 

ten 3 1,1/0 0 Output Enable, Z -+ 0 2 - 15 ns 
I . 

4 OE a Output Register Enable, Z -+ a 2 - 15 . ns 

tdis 5 1,110 0 Output Disable, 0 -+ Z 3 - 15 ns 

6 OE a Output Register Disable, a -+ Z· 3 - 15 ns 

1) Refer to Switching Te .. Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-15L Commercial ... '"1.', . 

" 
:,: 

',' 

TEST PARAMETER #I DESCRIPTlON 
CONDo 

MIN. MAX. 

felk 
7 Clock Frequency without Feedbaek1 = 1 I (~h + ~I) 1 0 62.5 

8 Clock Frequency with Feedback1 = 1 I (tau + \:0) 1 0 45.5 

tsu 9 setup lime, Input or Feedback, before, ClK t - 12 -
th 10 Hold lime, Input or, Feedback, after ClK t - 0 -

11 Clock Pulse Duration, High2 - 8 -
tw 

" 

12 Clock Pulse Duration, lor - 8 -
1) fclK is for reference only and is not 100% testeQ. Various paths and architecture configurations will result in differing lclk specifications. 
2) Clock pulses of widths less, than the specification may be de~d as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
ItO,REG. 

FEEDBACK 

CLK 

REGISTERED 
OUTPUTS 

ANY INPUT 
I!IIOGRAMMED 

FOR OE CONTROL 

COMBlNAnoNAL 
OUTPUTS 
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Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20VSA-1SQ Commercial 

Over Recommended Operating Conditions (Unle88 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 I1A 

111010 Bidirectional Pin Leakage Current - - ±10 I1A 

los1 Output Short Circuit Current Vcc=5V VOUT= 0.5V -30 - -150 mA 

Icc Operating Power Supply Current VIL" 0.5V VIH .. 3.0V ftoggie = 15MHz - 45 55 mA 

1) One output at a time for a maximum duration of one second. VOUT = 0.5V was selected to avoid test problems caused by tester 
ground degradation. Guaranteed but not 100010 tested. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20VSA-1SQ Commercial 

SYMBOL PARAMETER MIN. MAX. I UNITS I 
IA 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+l V 

10L Low Level Output Current - 24 mA 

10H High Level Output Current - -3.2 mA 
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rT7. .. Lattice 
~rmironductor Cof'porationN 

Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20VaA-15Q Commercial 

Over Recommended Operating Conditions ... 

PARAMETER # FROM TO DESCRIPTION 
TEST 

MIN. COND.1 MAX. UNITS 

tpd 1 1,1/0 0 Combinational Propagation Delay 1 3 15 ns 

tco 2 ClK a Clock to Output Delay 1 2 10 ns 

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

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

telis 
5 1,1/0 0 Output Disable, O->Z 3 - 15 ns 

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

1) Refer to Switching Tea' Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20VaA-15Q Commercial 
, 

'";'.,- ,. .. TEST MAX. PARAMETER # DESCRIPTION 
CONDo 

MIN. 

7 Clock Frequency without Feedback1 a 1 I (twh + 'wi) .' 1 0 62.5 
fclk 

8 Clock Frequency with Feedback1 • 1 I (tsu + teo) 1 0 45.5 

tsu 9 Setup Time, Input or Feedback, before ClK 't - 12 -
th 10 Hold Time, Input or Feedback, after ClK 't - 0 -

11 Clock Pulse Duration, High2 - 8 -
tw 

12 Clock Pulse Duration, low2 8 - -
1) fclk is for reference only and is not 100% tested. Various paths and architecbJre configurations will result in differing felk specifications .. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

IIIPUTII 
I/O,REO. 

FEEDBACK 

a.K 

REQISTERED 
OUTPUlS 

ANYIII'UT 
P..BI)GRAMMED 

FOR OE CONTROL 

COMBINATIONAL ~-------------.......:.--'-<x~1 
OUTPUlS 

~---------------~ 
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Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL16/20V8A-25L 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. I!H Input Leakage Current - - ±10 j.tA 

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

los1 Output Short Circuit Current Vcc=5V VOUT= 0.5V -30 - -150 mA 

Icc Operating Power Supply Current Vil = 0.5V VIH = 3.0V ftoggle = 15MHz - 75 115 mA 

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

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

SYMBOL PARAMETER MIN. MAX. 1 UNITS I 
- --

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 
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OJLattioo 
Semkxmductor 
Corporation™ 

Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16 1 20V8A-25L Commercial 
OVer Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

COND.1 MIN. MAX. UNITS 

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

tco 2 ClK Q Clock to Output Delay 1 2 12 ns 

ten 
3 1,1/0 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 GAL 161 20V8A-25L Commercial 

PARAMETER # DESCRIPTION 
TEST 

MIN. MAX. 
CONDo 

fclk 
7 Clock Frequency without Feedback1 = 1 I (twh + twll 1 0 41.7 

8 Clock Frequency with Feedback1 = 1 / (tsu + teol 1 0 37 

tsu 9 Setup Time, Input or Feedback, before ClK i - 15 -
th 10 Hold Time, Input or Feedback, after ClK i - 0 -

11 Clock Pulse Duration, High2 -' 12 -
tw 

Clock Pulse Duration, low 12 12 - -
1) fclk is for reference only and is not 100"k tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
I/O,REG. 

FEEDBACK 

CLK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P1lOGRAMMED 

FOR OE CONTROL 

COMBINATIONAL 
OUTPUTS 
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Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20VSA-2SQ Commercial 

Over Racorhmandad 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 

hL.IIH· Input Leakage Current - - ±10 !LA 
111010 Bidirectional Pin Leakage Current - - ±10 !LA 
10sl Output Short Circuit Current Vcc=5V VOUT= 0.5V -30 - -150 mA 

Icc Operating Power Supply Current VlL .. 0.5V VIH .. 3.0V f10991o .. 15MHz - 45 55 mA 

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

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20VSA-2SQ Commercial 

SYMBOL PARAMETER MIN. 

. "T". 
IA AmOlem lemperalure u 10 "I,; 

Vce 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 
. 

22 



Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A·2S0 Commercial 

Over Recommended Operating CondHlons 

PARAMETER , FROM TO DESCRIPTION 
TEST 

COND.1 MIN. MAX. UNITS 

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

teo 2 CLK a Clock to Output Delay 1 2 12 ns 

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

4 OE a Output Register Enable, Z -> a 2 - 20 ris 

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

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

1) Refer to SWitching Tee. Conditione section. 

AC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A·2S0 Commercial 

PARAMETER , DESCRIPTION TEST MIN. MAX. COND; 

fclk 
7 Clock Frequency without Feedback1 = 1 I (twh + ~I) 1 0 41.7 

8 Clock Frequency with Feedback1 = 1 I (tsu + teol 1 0 37 

tau 9 Setup Time, Input or Feedback, before CLK t - 15 -
th 10 Hold Time, Input or Feedback, after CLK t - 0 -

11 Clock Pulse Duration, Hight - 12 -
tw 

12 Clock Pulse Duration, Low2 - 12 -
1) !elk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Cloekpulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
I/O,REG. 

FEEDBACK 

QJ( 

REGISTERED 
OUTPUTS 

ANY INPUT 
PJIOORAMMED 

FOR OE COHTROL 

COMBiNAllONAL 
OUTPUTS 
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Corporation™ 

Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-15L Industrial 

OVer Recommended Operating Conditions (Unleaa 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 J.1A 

11/010 Bidirectional Pin Leakage Current - - ±10 J.1A 

10sl Output Short Circuit Current Vcc=5V VOUT" 0.5V -30 - -150 mA 

Icc Operating Power Supply Current VIL .. 0.5V VIH = 3.0V ftoggle = 25M Hz - 75 130 mA 

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

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

SYMBOL PARAMETER MIN. MAX. /UNITS / 

TA Ambient Temperature -40 85 ·C 

Vec 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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Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-15L Industrial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

COND.1 MIN. MAX. UNITS 

tpd 1 1,110 0 Combinational Propagation Delay 1 3 15 ns 

tco 2 ClK Q Clock to Output Delay 1 2 12 ns 

ten 
3 1,110 0 Output Enable, Z .... 0 2 - 15 ns 

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

tdis 
5 1,110 0 Output Disable, O· . 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 I 20V8A-15L Industrial 

PARAMETER # DESCRIPTION 
TEST MIN. MAX. 

CONDo 

fclk 
7 Clock Frequency without Feedback1 = 11 (twh + twl ) 1 0 50 

8 Clock Frequency with Feedback1 = 1 1 (tsu + teo) 1 0 41.6 

tsu 9 Setup Time, Input or Feedback, before ClK t - 12 -
th 10 Hold Time, Input or Feedback, after ClK t - 0 -

11 Clock Pulse Duration, High2 - 10 -
tw 

12 Clock Pulse Duration, low2 10 - -
1) fclkis for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
I/O,REG. 

FEEDBACK 

ClK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.BOGRAMMED 

FOR OE CONTROL 

COMBINATIONAL 
OUTPUTS 
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Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-20L 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 

IIIOIQ Bidirectional Pin Leakage Current - - ±10 ILA 

10s1 Output Short Circuit Current Vet; .. 5V VOOT- 0.5V -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. VOUT - 0.5V was selected to avoid test problems caused by tester 
ground degradation. GUaranteed but not 100"10 tested. 

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

SYMBOL PARAMETER 

IA 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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[JJ'LBttice ~ Semiconductor 
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Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-20L Industrial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

COND.' MIN. MAX. UNITS 

tpd 1 1,110 0 Combinational Propagation Delay 1 3 20 ns 

teo 2 ClK Q Clock to Output Delay 1 2 15 ns 

ten 
3 1,110 0 Output Enable, Z -> 0 2 - 20 ns 

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

tdis 
5 1,110 0 Output Disable, 0 -> Z 3 - 20 ns 

-
6 OE Q Output Register Disable, Q -> Z 3 - 18 ns 

1) Refer 10 Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL16 / 20V8A-20L Industrial 

PARAMETER # DESCRIPTION 
TEST L. 

MIN. MAX. 
CONDo 

fclk 
7 Clock Frequency without Feedback' = 1 I (tWh + 'wI) 1 0 41.7 

8 Clock Frequency with Feedback' = 1 I (tsu + tco) 1 0 33.3 

tsu 9 Setup Time, Input or Feedback, before ClK t - 15 -
th 10 Hold Time, Input or Feedback, after ClK t - 0 -

11 Clock Pulse Duration, High2 - 12 -
tw 

12 Clock Pulse Duration, low2 12 - -
1) fclk is for reference only and is not 1000k tested. Various paths and architecture configurations will result in differing Iclkspecifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEDBACK 

CLK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.JI!)GRAMMED 

FOR OE CONTROL 

COMBINATIONAL 
OUTPUTS 
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Specifications GAL16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/20V8A-20Q 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 itA 

111010 Bidirectional Pin Leakage Current - - ±10 itA 

los' Output Short Circuit Current Vcc=5V VOUT .. 0.5V -30 - -150 mA 

Icc Operating Power Supply Current VIL .. 0.5V VIH = 3.0V ftoggle = 15MHz - 45 65 mA 

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

DC RECOMMENDED OPERATING CONDITIONS GAL 16 I 20V8A-20Q Industrial 

SYMBOL PARAMETER MIN . MAX. UNITS 

..... 
Ambient Temperature ~ 40 or ·C 11'1 Uw 

Vce 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 - 24 mA 

IOH High Level Output Current - -3.2 mA 
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Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-20Q Industrial 

OVer Recommanjfad 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 

leo 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 Register Disable, Q -+ Z 3 - 18 . ns 

1) Refer to Switching Test Conditione section. 

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

-':_-,'-",., '. , TEST . ;". . 
PARAMETER # DESCRIPTION 

CONDo 
MIN. MAX. 

felk 
7 Clock Frequency without Feedback1 = 1 I (twh + twl) 1 0 41.7 

8 Clock Frequency with Feedback1 • 1 I (tsu + teo) 1 0 33.3 

tsu 9 Setup lime, Input or Feedback, before ClK t - 15 -
th 10 Hold lime, Input or Feedback, after ClK t ...- 0 -

11 Clock Pulse Duration, High2 - 12 -
tw 

12 Clock Pulse Duration, lor - 12 -
1) felk is for reference only and is not 100% tested. Various paths and architecture configuratiOns will result in differing f~11< specificatiqns. 
2) Clock pulses of widths less than the specification may be. detected as valid clock signals. .. 

SWITCHING WAVEFORMS 

INPIITS 
I/O,REG. 

FEEDBACK 

ClK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.BOGRAMMED 

FOR DE CONTROL 

COMBINATIONAL 
OUTPUTS 
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Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-25L 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 ~A 

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

los' Output Short Circuit Current Vcc=5V VOUT .. 0.5V -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. VOUT = 0.5V was selected to avoid test problems caused by tester 
ground degradation. Guaranteed but not 100% tested. 

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

SYMBOL PARAMETER MIN. MAX. I UNITS I 
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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Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16/ 20V8A-25L 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 25 ns 

teo 2 ClK Q Clock to Output Delay 1 2 15 ns 

ten 
3 1,1/0 0 Output Enable, Z -+ 0 2 - 25 ns 

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

tdis 
5 1,1/0 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 GAL16 / 20V8A-25L Industrial 

PARAMETER # DESCRIPTION TEST MIN. MAX. 
CONDo 

fclk 
7 Clock Frequency without Feedback1 = 1 I (tWh + twl) 1 0 33.3 

8 Clock Frequency with Feedback1 = 1 I (tsu + teo) 1 0 28.5 

tsu 9 Setup lime, Input or Feedback, before ClK f - 20 -
th 10 Hold lime, Input or Feedback, after ClK f - 0 -

11 Clock Pulse Duration, High2 - 15 -
tw 

Clock Pulse Duration, low2 12 - 15 -
1) fclk is for reference only and is not 1 00% tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
ItO,REG. 

FEEDBACK 

ClK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.BOGRAMMED 

FOR DE CONTROL 

COMBINATIONAL 
OUTPUTS 
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Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL 16/ 20V8A-15L Military 

Over Recommended Operating CondHlona (Unle .. Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - 0.5 V 

VOH Output High Voltage 2.4 . - - V 
" 

IlL, hH Input Leakage Current - - ±10 IIA 
Ivo/Q Bidirectional Pjn Leakage Current , - - ±10 IIA 
los1 Output Short Circuit Current Vcc-5V Voor-0.5V -30, - -150 mA 

Icc Operating Power Supply Current VIL • 0.5V VIH .. 3.0V f1ogg1e .. 25MHz - 75 130 mA 

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

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

SYMBOL PARAMETER 

IC Case lemperatul'e, "" .,," .,.. 
-iJ~ '''' .. V 

Vee Supply Voltage 4.5 5.5 V 

VIL Input Low VGltage Vss-O.5 0.8 V 

VIH Input High Voltage 2.0 Vpc.i.1 V 

10L Low Level Output Current , - 12 mA 

10H High Level Output Current - -2.0 mA 
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Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16 I 20V8A-15L Military 

Over Recommended Operating ConciRlon. 

PARAMETER # F~OM TO DESCRIPTION 
TEST 

COND.1 MIN. MAX. UNITS 

" tpd 1 1,110 0 Combinational Propagation Delay 1 3 15 ns 

teo 2 ClK Q Clock to Output Delay 1 2 12 ns 

ten 
3 1,110 0 Output Enable, Z .... 0 2 - 15 ns 

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

tdis 
5 I, IJO 0 QulputDisable, () .... z 3 - 15 ns 

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

1) Refer to Switching Teat C9ndldona section. 

AC RECOMMENDED OPERATING CONDITIONS GAL16/20V8A-15L Military 

TEST 
, 

PARAMETER # DESCRIPTION 
CONDo 

MIN. MAX. UNITS 

fclk 
7 Clock Frequency without Feedback1 - 11 ('wi, +~) 1 0 50 MHz 

8 Clock Frequency with Feedback1 - 1 I (tau + teo> 1 0 41.6 MHz 

tsu 9 Setup lime, Input or Feedback, before ClK t - 12 - ns 

th 10 Hold lime, Input or Fe9dback, after ClK t - 0 - ns 

11 Clock Pulse Duration, High2 - 10 - ns 
tw 

12 Clock Pulse Duration, Low2 10 - - ns 

1) Iclk is for ret'e~ only and is not 1,000/0 tested. Various paths and architecture bOnligurations will resUlt in differing fclk specifications: 
2) CloCk pulses of widths less than llie specificstion may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

eLK 

~NYINPUT 
PJIOGRAMMED 

FOIl OE CONTROL 

~T10IlAL 
OUTPUTS 
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Specifications GAL 16V8A 
GAL20V8A 

ELECTRICAL CHARACTERISTICS GAL16/ 20V8A-20L 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 itA 

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

10s1 Output Short Circuit Current Vrx-5V Voor= 0.5V -30 - -150 mA 

Icc Operating Power Supply Current VIL .. 0.5V VIH = 3.0V flO99I8 = 25MHz - 75 130 mA 

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

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

SYMBOL PARAMETER MIN. MAX. UNITS 

To Case Temperature -55 125 ·C 

Vce 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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Specifications GAL 16V8A 
GAL20V8A 

SWITCHING CHARACTERISTICS GAL 16 / 20V8A-20L Military 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

CON D.' MIN. MAX. UNITS 

tpd 1 1,1/0 0 Combinational Propagation Delay 1 3 20 ns 

tco 2 ClK a Clock to Output Delay 1 2 15 ns 

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

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

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

6 OE a Output Register Disable, a --.. Z 3 - 18 ns 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL 16 / 20V8A-20L Military 
.. 

TEST 
PARAMETER # DESCRIPTION 

CONDo 
MIN. MAX. 

fclk 
7 Clock Frequency without Feedback' = 1 I (twh + \vI) 1 0 41.7 

8 Clock Frequency with Feedback' = 11 (tsu + teo) 1 0 33.3 

tsu 9 Setup lime, Input or Feedback, before ClK t - 15 -

th 10 Hold lime, Input or Feedback, after ClK t - 0 -
11 Clock Pulse Duration, High2 - 12 -

tw 
12 Clock Pulse Duration, low2 12 - -

1) fclk is for reference only and is not 100010 tested. Various paths and architecture configurations will result in differing felk specifications. 
2)Cloek pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
I/O,REG. 

FEEDBACK 

ClK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.JK)GRAMMED 

FOR DE CONTROL 

COMBINATIONAL 
OUTPUTS 
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ELECTRICAL CHARACTERISTICS GAL 16 / 20V8A-20Q Military 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONOInON MIN. TYP. MAX. UNITS 

VOL Output Low Voltage - - O.S V 

VOH Output High Voltage 2.4 - - V 

IIL,IIH Input Leakage Current - - ±10 ~A 

111010 Bidirectional Pin Leakage Current - - ±10 ~A 

1051 Output Short Circuit Current Vcc-SV VOUT- O.SV -30 - -1S0 mA 

Icc Operating Power Supply Current VIL - O.SV VIH = 3.0V ftoggle - 1SMHz - 45 65 mA 

1) One output at a time for a maximum duration of one second. VOUT = O.SV was selected to avoid test problems caused by tester 
ground degradation. Guaranteed but not 100% tested. 

DC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-20Q Military 

SYMBOL PARAMETER MIN. MAX. UNITS 

Tc Case Temperature -55 125 °C 

VCC Supply Voltage 4.S 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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SWITCHING CHARACTERISTICS GAL 16 / 20V8A-20Q Military 

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 

teo 2 ClK a Clock to Output Delay 1 2 15 ns 

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

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

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

6 OE a Output Register Disable, a -> Z 3 - 18 ns 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL 16/ 20V8A-20Q Military 

PARAMETER # DESCRIPTION TEST 
MIN. MAX. UNits 

CONDo 

fclk 
7 Clock Frequency without Feedback1 = 1 I (twh + ~I) 1 0 41.7 MHz 

8 Clock Frequency with Feedback1 = 1 I (tsu + teo) 1 0 33.3 MHz 

tsu 9 Setup lime, Input or Feedback, before ClK r - 15 - ns 

th 10 Hold lime, Input or Feedback, after ClK r - 0 - ns 

11 Clock Pulse Duration, High2 - 12 - ns 
tw 

12 Clock Pulse Duration, low2 12 - - ns 

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
I/O,REG. 

FEEDBACK 

a.K 

REGISTERED 
OUTPUTS 

ANY INPUT 
PBOGRAMMED 

FOR OE CONTROL 

COMBINATIONAL 
OUTPUTS 
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OUTPUT LOGIC MACROCELL (OLMC) 

The following discussiOn pertains to. configuring the output logic 
macrocell..ltshould be noted that actual implementation is 
accomplished by development softwarelhardware 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, eRher 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) 

Specifications GAL 16V8A 
GAL20V8A 

configurations. A common output en.able is connected to all 
registered outputs; or a product term can be used to provide 
individual output enable control for eombinati.onal 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 macrecell 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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REGISTERED MODE 

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

Architecture configurajions available in this mode are similar to 
the cornmon 16R8, 20R6 and 16RP4 devices with various 
permutations of polarity, I/O and register placement. 

a.K 

Specifications GAL 16V8A 
GAL20V8A 

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

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

NOTES' 
• All macrocells can be individually configured to this 

fundion. 
• Polarity of the register Input is programmable on a 

macrocell by maaocell basis. 
• Feedback into the AND array Is from the a signal of 

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

• Registered macrocells have common clock (pin 1) and 
commanDE (16V8pin II, 2OV8pin 131 

CombinationallnputlOutput with 
Programmable OE and Polarity 

~ 
• .AII macroc:ells can be individually configured to this 

function. 
• The polarity of each macroceilis programmable on 

a macrocell by macroc:ell basis. 
• All macrocells have active high and active low 

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

• When allS macrocells~ configured into the 110 
function the eLK and OE pins serve no valid logic 
function. 

Note: The development software configures all of the architecture control bits and chacks for proper pin usage automatically, 
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COMPLEX MODE 
In the Complex architecturemOd~ macroC~ils ar~tbnfigured as 
output only or IJOfunctions. . 

Architecture configurations available in this mode are similar to 
the common 1618, 20L8 arid 16P8 devices with programmable 
polarity in each macrocell. 

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

Specifications GAL 16V8A 
GAL20V8A 

. ~utS can beiinpi~m9nted as lIl!b-sets ofthiil·vOfunctiOn:ThetWb 
"outboard" macrocells do not have input~pabllity, Designs 
requiting 811O's·can be implemented InthEiRegistered mode. 

All macrocells have 7 data product terms per output. One prOd­
uct term· is used for programmable OE cOntrol. Pins 1 and 11 on 
a GAL 16V8A, and pins 1· an(N 3 on a GAL20V8A, are always 
available as data inputs into the AND array. 

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

\ .----------------------------

---------------------------_. 

, 
'"""r~ 
~L: 

\ 

., 
\ 

. \ , \ 
1- _______ _ . ___________________ , 

ComblnationallnputiOutput with 
Programmable OE and Polarity 

.tIQI5l 
o The outer mootmacrocel. (16V8pin812& 19. 

20VS pins 15 & 22) cannot pertor", this function. 
o The polarity of esch mocraceilis programmable on 

a rnacroooII by macrocell basi •. 
o Each maaoceIl has active high and active low 

feedback of the oulput buffer and/or device pin data 
Into the ANO array. 

Combinational Output with Program­
mable OE and Polarity 

.tIQI5l 
o Thetwoouterrnoetmacroooils (16V8pinoI2& 19. 

20VS pins 15 & 22) are psrrranontly oonflgured to 
this function when in the COn1>Iex. made. 

• The other 6 macrocells can emulate this mode by 
not uolng tho feedback data as a data Input to tho 
array. 

o The polarily of each macraceR Is programmable on 
a macrocefl by macrocel basis • 

Note: ThE! development softw8,l"e 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 mod.e are similar to 
the common 10L8, 18H4 and 16P6 devices with many permuta­
tions of generic polarity output or input choices. 

I--------------------~ 

~~3(~------------------------------~ 

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

Pins 1 and 11 on a GAL16V8A, and pins 1 and 13 on a GAL20V8, 
are always available as data inputs into the AND array. The 
"center" two macrocells (GAL 16V8A pins 15 & 16, GAL20V8A pins 
18 & 19) cannot be used in the input configuration. 

Dedicated Input Mode 

~ 
• Tho "center'" two macrocells (16VBA pins 15 & 16. 

20VSApins 18 & 19) cannot be configured to this 
function. 

Dedicated Combinational Output with 
Feedback and Programmable Polarity 

~ 
• The-center· two macrocells (16VSA pins 15& 16. 

20VSA pins 18 & 19) cannot be configured to this 
fundion. 

• The polarity of each macrocell is programmable on a 
macrocoll by macrocoll basis • 

Dedicated Combinational Output with 
Programmable Polarity 

~ 
• The "center· two macrocells (16VSA pins 15 & 16, 

20VBAplns 1 B & 19) are permanenlly configured to 
this function when in the Sir1l>1e mode. 

• The polarity of each rnacrocell is programmable on 
a macrocell 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 e.lectronicsignature (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 ID codes., revisionnumbers, or inventory control. Thesig­
nature 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 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 16V8Aand GAL20V8A devices are designed with TTL level 
compatibl~ input buffers. These buffers, with their characteris­
tically high impedance, load driving logic much less than trad~ional 
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 resu~, 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 Icc for the device. 

POWER-UP RESET 

Vee 
OV-_-J 

Specifications GAL 16V8A 
GAL20V8A 

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, linevo~age glitches,brown-outs, etc.). To 
test a design for proper treatment of these conditions, a way must 
be provided to break the feedback paths, and force any desired 
(i.e., illegal) state into the registers. Then the machine can be 
sequenced and the outputs tested for correct next state conditions. 

GAL 16V8A and GAL20V8A devices include circuitry that allows 
each registered output to be synchronously set e~her high or low. 
Thus,any present state condition can be forced for test sequenc­
ing. If necessary, approved GAL programmers capable of exe­
cuting test vectors perform output register preload automatically. 

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~channe,1 pull-up instead of th~ tr~diticnal p-cnan­
nel 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'H '7'<'""7"<:""7"<:""*"7'<'"7'<--,..,1/"'-----------

INTERNAL 
REG. 0 

FEEDBACK/EXTERNAL 
REG. 0 

OUTPUT 

Circuitrywithin the GAL 16V8A and GAL20V8A provides a reset 
signal to all registers during power-up. All internal registers will 
have their Qoutputs set low after a specified time (1 RESET ' 45~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. ThiSfeature 
can greatly simplify state machine design by providing. a known 
state on power-up. 

42 

INTERNAL REGISTER 
RESET TO lOGIC a 

EXTERNAL REGISTER 
OUTPUT _ lOGIC 1 

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 wittlin the specified 
time (tpR' lOOns MAX). The registers will reset within a m~imum 
of tRESET 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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• HIGH PERFORMANCE E'CMOS-TECHNOLOGY 
-15 ns Maximum Propagation Delay 
- Fmax = 50 MHz . 
- TTL Compatible 8 -16 mA Outputs 
- UltraMOS-1II Advanced CMOS Technology 
- Internal Pull-Up Resistor on all Pins 

• 50% REDUCTION IN POWER 
- 75 - 90mA Typ Icc 

• E2 CELL TECHNOLOGY 
- Reconflgurable logic 
- Reprogrammable Cells 
-100% Tested/Guaranteed 100% Yields 
- High Speed Electrical Erasure (cSOms) 
- 20 Year Data Retention 

• OUTPUT LOGIC MACROCELLS 
- Maximum Flexibility for Complex logic Designs 
- Uses the Standard 22V10 OLMC Architecture 

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

• APPLICATIONS INCLUDE: 
- DMA Control 
- State Machine Control 
- High Speed Graphics Procssslng 
- Standard Logic Speed Upgrade 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

BLOCK DIAGRAM: GAL 18V1 0, 22V10, and 26CV12 

GAL22V10 Family 

DESCRIPTION 

GAL18V10 
GAL22V10 

GAL26CV12 
High-Pe.rformance E2CMOS~ 

The GAL22V10 Family of devices are high-speed, PCMOS­
PLDs built using the familiar 22V1 0 architecture. Three devices 
are offered in the GAL22V1 0 Family. They are the GAL 18V1 0 (20- E 
pin), GAL22V10 (24-pin), and the GAL26CV12 (28-pin). Each .. 
of these devices uses the industry standard 22V10 universal 
architecture which provides maximum design flexibility by allow-
ing the Output Logic Macrocell (OLMC) to be configured by the 
user. The devices differ in the number of I/Os, Pins, and Prod-
uct Terms offered. 

The GAL22V1 0 is a 24-pin device which contains twelve (12) 
dedicated input pins and ten (10) input/output pins. The device 
has a variable number of product terms per OLMC, ranging from 
eight (8) to sixteen (16) per output. 

The GAL 18V1 0 is a 20-pin version of the popular 22V1 0 device. 
The GAL 18V1 0 provides design engineers with a smaller foot­
print and lower cost alternative to the 24-pin 22V1 0 device. The 
GAL 18V1 0 contains eight (8) dedicated input pins and ten (10) 
input/output pins. 

The GAL26CV12 is a 28-pin version of the 22V1 0 device. The 
GA126CV12 features more inputs and outputs in order to provide 
greater functionality and increased YO. The GAL26CV12 con­
tains fourteen (14) dedicated input pins and twelve (12) input/out­
put pins. 

Electrically reprogrammable CMOS technology allows complete 
AC,. DC, and functional testing of every GAL device. Therefore, 
LATTICE guarantees 100% field programmability and function­
ality of all GAL products. LATTICE also guarantees 100 erasel 
rewrite cycles and that data retention exceeds 20 years. 
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GAL22V10 BLOCK DIAGRAM 
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GAL26CV12 BLOCK DIAGRAM 
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PRODUCT SELECTOR GUIDE 

COMMERCIAL TEMP. 

GAL18V10 GAL22V10 GAL26CV12 

Pins 20 24 28 

Tpd (Max.) 15ns 15ns 15ns II 
Icc (Typ.) 75mA 90mA 90mA 

Dedicated 8 12 14 
Inputs 

Inputsl 10 " 10 12 
Outputs 

Product Term5 8-12 8-16 8-10 
per macrocell 

Technology E2CMOS E2CMOS E2CMOS 

SPEED/GRADE SELECTOR GUIDE 

GRADE 

Commercial Industrial Millta 

GAL18V10 15,20n5 15,20n5 15,20ns 

GAL22V10 15,20,25ns 15,20,25ns 15,20,30n5 

GAL26CV12 15,20n5 15,20n5 15,20n5 
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GAL 18V10 LOGIC DIAGRAM 

GAL18V10 

AR --tHt----tttt--tttt---tttt--ttH----ttH--+H+-----I+H--+H+---o-----I--- ASYNCHRONOUS RESET 

":~IIIIIIIIIIIIIIIF~=J=j(TOALLREGISTERS) !<.. ~r- J 
7 ~ OLMC I-W-£><-'--- 19 

~=O=E~t~~*=mF~~=$~~~~~'---r 

'~ •• I ••• II •••• I~J=8~!L,---'+- 1 18 7 ~ ~ OLMC I-,-£>< ~>-t--1--
2~=====m~tW=~~F=~~~~~~==~~~~ 

o~·==r~IiIl~lillil~II~~II~~I;;=~::J=] ~ ~ 8 ~ J 
7 ~ OLMC I-I---J::>< ~-.-1-- 17 

3~===OE==ffiF~~~,~~=*~*=~=ffi~~==~~'---r~ 

4 ---c===:~~"'i\.~~~\I~cci\I-~ci~!.-~.ci .. \I~~=i\I~~=i\I~~=i\I~~=i\I~~~I~~,.;:} __ 8 ::1-_=-:::><l~J--- 16 

OE!IIIIIIIIIIIIIII ~ , ~~~~J>-t----15 
" B=J OLMC , - I 

5~=====ffi~m=~~F=~rr=~~~~~==~~L--~ 

O:~IIIIIIIIIIIIII~f~'~o ~:--v-~ I:J::;..J>-t-. __ 14 ,,~ ~ OLMCU 

6~====~~F=mF~~~~~~~~~==~~~ 

O~ •••••••• f§,F8 [,l-~l 
7 ---c==O=: =t=l#===OO==l=l#===#ll==l#F==#ll===iHt==#I:!===I*==~=S:::I--~1 O~C I-U----P<>-t---- 13 
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GAL22V10 LOGIC DIAGRAM 
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Specifications GAL22V10 Family 

GAL22VtO 

ASYNCHRONOUS ero ALL REGISTERS) 
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Specifications GAL22V10 Family 

GAL26CV12 
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ABSOLUTE MAXIMUM RATINGS(1) 

Supply voltage Vec ..................................................................... -.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 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. 

COMMERCIAL INDUSTRIAL MILITARY 

R, R2 R, R2 R, R2 

GAL18V10 300Q 390Q 300Q 390Q 390Q 750Q 

GAL22V10 300Q 390Q 300Q 390Q 390Q 750Q 

GAL26CV12 470Q 390Q 470Q 390Q 470Q 390Q 

AC Test Conditions: 

Condo 1) R, per table; CL ; SOpF; R2 per above table 

Condo 2) Active High R, ;~; Active Low R, per table; 

CL ; 50pF; R2 per above table 

Condo 3) Active High R, = ~; Active Low R, per table; 

CL = SpF; R2 per above table 

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

Specifications GAL22V10 Family 

FROM OUTPUT (0/0) 
UNDER TEST 

+5V 

TEST POINT 

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

SYMBOL PARAMETER MAXIMUM' UNITS TEST CONDITIONS 

C1 Input Capacitance 8 pF Vee = S.OV, VI = 2.0V 

CI/o/O 1/010 Capacitance 10 pF Vee = 5.0V, VI/o/O ; 2.0V 

'Guaranteed but not 100% tested. 
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Specifications GAL22V10 Family 

ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-15L Commercial 

OVer Recommended Operating Conditions (Unle .. Otherwise Specified) 

SYMBOL PARAMETER CONDInON MIN. TYp. MAX. UNITS 

VOL Output Low Voltage Iot..-Max. - - 0.5 V 

VOH Output High Voltage loll = Max. 2.4 - - V 

IlL, litO/aLl Leakage Current Low VIL=OV 
GAL26CV12 & 18V10 - - -100 I1A 
GAL22V10 - - -150 I1A 

IIH, IVOIOH . Leakage Current High VIH~3.5V - - 10 !LA 

los2 Output Short Circuit Current Vcc-5V Voor- 0.5V T-25"C -50 - -135 mA 

VIL - 0.5V VIH = 3.0V GAL18V10 - 75 115 mA 
Icc Operating Power. Supply Current 

ftoggle - 15MHz GAL22V10 & 26CV12 - 90 130 rnA 

1) The leakage. current is due to the internal pull-up resistor on all pins. See Input Buffer section for more information. 
2) One output at a time for a maximum duration of one second. VOUT - 0.5V was selected to avoid test problems caused by 
tester ground degradation. Guaranteed but not 100% tested. 

DC RECOMMENDED OPERATING CONDITIONS 18V10, 22V10, 26CV12-15L 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 

GAL18V10 & 22V10 - 16 mA 
IOL Low Level Output Current 

GAL26CV12 - 8. mA 

IOH High Level Output Current - -3.2 mA 
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Specifications GAL22V10 Family 

SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-15L Commercial 
Over Recommended Operating Conditions 

.. 

PARAMETER # FROM TO DESCRIPTION 
TEST 

CON D.' MIN. MAX. UNITS 

tpd 1 1,1/0 0 Input or Feedback to Combinational Output 1 - 15 ns 

GAL22V10 1 - 8 ns 
teo 2 Clk l' a Clock to Register Output 

GAL 18V1 0 & 26CV12 1 - 10 ns 

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

tdis 4 1,1/0 0,0 Output Disable, 0, a --> Z 3 - 15 ns 

tres 5 1,1/0 a Asynchronous Register Reset 1 - 20 ns 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 18V10, 22V10, 26CV12-15L Commercial 

PARAMETER # DESCRIPTION TEST MIN. MAX. 
CONDo 

fclk 
6 Clock Frequency without Feedback' = 11 (~h+ ~I) - 0 62,5 

7 Clock Frequency with Feedback' = 1 I (tsu+ teo) - 0 50 

GAL22V10 - 12 -
tsu 8 Setup Time, Input, Feedback, or SP before Clk l' 

GAL 18V1 0 & 26CV12 - 10 -
th 9 Hold Time, Input or Feedback, after Clk l' - 0 -

twh 10 Clock Pulse Duration, High2 - 8 -
twl 11 Clock Pulse Duration, LoW" - 8 -

GAL22V10 - 15 -
trw 12 Asynchronous Reset Pulse Duration 

GAL18V10 & 26CV12 - 10 -
trec 13 Asynchronous Reset to Clk l' Recovery Time - 15 -

1) fclk is for reference only and isnot 100% tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
&to,REO. 

FEEDBACK 
SVNCHRONOUS PRESET 

cut 

REGISTEfED 
OUTPUJS 

...... -.. ..... 
1M'rN'UT 

PROGRAMMED 
FOR oe CONTROL. 

COMBl'CAl1OtML 
OUTPUJS 
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UNITS 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Specifications GAL22V10 Family 

ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-20L Commercial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage 10L = Max. - - 0.5 V 

VOH Output High Voltage IOH = Max. 2.4 - - V 

IlL. II/O/QL1 Leakage Current Low V,L= OV 
GAL26CV12 & 18V1 0 - - -100 ~A 

GAL22V10 - - -150 ~A 

IIH,lvOIOH Leakage Current High VIH<::3.5V - - 10 ~A 

los2 Output Short Circuit Current Vcc=5V VOUT= 0.5V T=25'C -50 - -135 mA 

VIL = 0.5V V,H = 3.0V GAL18V10 - 75 115 mA 
Icc Operating Power Supply Current 

ftoggie = 15MHz GAL22V10 & 26CV12 - 90 130 mA 

1) The leakage current is due to the internal pull-up resistor on ali pins. See Input Buffer section for more information. 
2) One output at a time for a maximum duration of one second. VOUT = 0.5V WjlS selected to avoid test problems caused by 
tester ground degradation. Guaranteed but not 100% tested. 

SYMBOL PARAMETER 

TA Ambient Temperature 

VCC Supply Voltage 

VIL Input Low Voltilge 

VIH Input High Voltage 

10L Low Level Output Current 

10H High Level Output Current 

SWITCHING WAVEFORMS 

INPUTS 
"o,REe. 

FEEDBACk 
SYNCHRONOUS PRESET 

ClJ( 

AEGISTEFED 
0U1PUT1I 

"'YINPUT 
PROGRAMMED 

FOR OE CONTROl. 

COMBINATIONAl.. 
0U1PUT1I 

54 

MIN. MAX. UNITS 

0 75 'C 

4.75 5.25 V 

Vss-O.S 0.8 V .. 

2.0 VCC+1 V 

GAL18V10 - 16 mA 

GAL22V10 & 26CV12 - 8 mA 

- -3.2 mA 
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Specifications GAL22V10 Family 

SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-20L Commercial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

COND.1 MIN. MAX. UNITS 

tpd 1 1,1/0 0 Input or Feedback to Combinational Output 1 - 20 ns 

GAL22V10 1 - 10 ns 
teo 2 Clk t a Clock to Register Output 

GAL 18V1 0 & 26CV12 1 - 12 ns 

ten 3 1,1/0 0,0 Output Enable, Z ~ 0, a 2 - 20 ns 

tdis 4 1,1/0 0,0 Output Disable, 0, a ~ Z 3 - 20 ns 

GAL22V10 1 - 25 ns 
tres 5 1,1/0 a Asynch. Register Reset 

GAL 18V1 0 & 26CV12 1 - 20 ns 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 18V10, 22V10, 26CV12-20L Commercial 

PARAMETER # DESCRIPTION 
TEST 

MIN. MAX. UNITS 
CONDo 

GAL22V10 - 0 50.0 MHz 
6 Clk Frequency without Feedback1 = 1 I (tWh + twl) 

fclk 
GAL 18V1 0 & 26CV12 - 0 62.5 MHz 

GAL22V10 - 0 40.0 MHz 
7 Clk Frequency with Feedback1 = 1 I (tsu + teol 

GAL 18V1 0 & 26CV12 - 0 41.6 MHz 

GAL22V10 - 15 - ns 
tsu 8 Setup Time, Input, Feedback, or SP before Clk i 

GAL 18V1 0 & 26CV12 - 12 - ns 

th 9 Hold Time, Input or Feedback, after Clk t - 0 - ns 

GAL22V10 - 10 - ns 
twh 10 Clock Pulse Duration, High2 

GAL 18V1 0 & 26CV12 - 8 - ns 

GAL22V10 - 10 - ns 
twl 11 Clock Pulse Duration, Lov 

GAL 18V10 & 26CV12 - 8 - ns 

GAL22V10 - 20 - ns 
trw 12 Asynchronous Reset Pulse Duration 

GAL 18V1 0 & 26CV12 - 15 - ns 

GAL22V10 - 20 - ns 
trec 13 Asynchronous Reset to Clk i Recovery Time 

GAL18V10 & 26CV12 - 15 - ns 

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 
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Specifications GAL22V10 Family 

ELECTRICAL CHARACTERISTICS GAL22V10-25L Commercial 

OVer Recommended Operating Conditions (Un Is .. Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYp. MAX. UNITS 

VOL Output low Voltage 101.- Max. - - 0.5 

VOH Output High Voltage IOH-Max. 2.4 - -
Ill. IltOlOll ~sakage Current Low VIL- OV - - -150 

IIH. IIIOIOH leakage Current High VIH~3.5V '- - 10 

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

Icc Operating Power Supply Current VIL = 0.5V VIH .. 3.0V fIogg," - 15MHz - 90 130 

1) The leakage current IS due to the internal pull-up resistor on all pins. See Input Buffer sectIOn for more Information. 
2) One output at a time for a maximum duration of one second. VOUT = 0.5V was selected to avoid test problems caused by 
tester ground degradation. GUaranteed but not 100% tested. 

V 

V 

!LA 
!LA 
rnA 

rnA 

DC RECOMMENDED OPERATING CONDITIONS GAL22V10-25L Commercial 

" 

I SYMBOL PARAMETER MIN. MAx. I UNITS I 
TA Ambient Temperature 0 75 °C 

Vee 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 - 16 mA 

10H ' Hig~ level Output Current - -3.2 rnA 
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Specifications GAL22V10 Family 

SWITCHING CHARACTERISTICS GAL22V10-25L Commercial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

COND.1 MIN. MAX. UNITS 

tpd 1 1,1/0 0 Input or Feedback to Combinational Output 1 - 25 ns 

tco 2 Clk t a Clock to Register Output 1 - 15 ns 

ten 3 1,110 o,a Output Enable, Z --> 0, a 2 - 25 ns 

tdis 4 1,1/0 o,a Output Disable, 0, a --> Z 3 - 25 ns 

tres 5 1,1/0 a Asynchronous Register Reset 1 - 25 ns 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL22V10-25L Commercial 

PARAMETER # DESCRIPTION TEST MIN. MAX. 
CONDo 

fclk 
6 Clock Frequency without Feedback1 = 1 1 (~ + ~Il - 0 33.3 

7 Clock Frequency with Feedback1 - 11 (tsu + teol - 0 33.3 

tsu 8 Setup Time, Input, Feedback, or SP before Clk t - 15 -
th 9 Hold Time, Input or Feedback, after Clk t - 0 -

twh 10 Clock Pulse Duration, High2 - 15 -
twl 11 Clock Pulse Duration, Low2 - 15 -
trw 12 Asynchronous Reset Pulse Duration - 25 -
tree 13 Asynchronous Reset to Clk t Recovery Time - 25 -

.. 
1) fclk IS for reference only and IS not 100"k tested. Various paths and architecture configurations will result In differing fclk speclflcauons . 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
110, REO. 

FEEDBACK 
SYNCHRONOUS PRESET 

CLK 

REGISTERED 
OUTPUTS 

ASYNCHRONOUS 
RESET 

ANY INPUT 
PROGRAMMED 

FOR OE CONTROL 

COMBlNA110NAL 
OUTPUTS 
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UNITS 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 
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Specifications GAL22V10 Family 

ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-15L Industrial 

Over Recommended Operating cOnditions (Un Ie .. Otherwlaa Specified) 

SYMBOL' PARAMETER 

lac 

1) The leakage current is due to the internal pull-up 
2) One output at a time fora maximum duration of 
tester ground degradation. Guaranteed but not 

SYMBOL 

TA 
Vee 

VIL 

VIH 

IOL 

IOH 

CONDInON 

Vss-o.s 

2.0 
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0.8 V 

VCC+1 V 

16 mA 



U~l~ Specifications GAL22V10 Family 
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SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-15L Industrial 

Over Recommended Operating Conditions 

# FROM TO DESCRIPTION 

tpd 1,1/0 0 Input or Feedback to 

teo 2 Clk i a Clock to Register Output 

ten 3 1,1/0 0,0 Enable, Z -+ 0, a 15 

tdis 4 1,1/0 0,0 15 

tres 5 1,1/0 a 20 

fclk 

12 
tsu 

GAL 18V1 0 & 26CV12 10 

0 

twh 8 

twl 8 

GAl22V10 15 
trw 

GAL 18V1 0 & 26CV12 10 

tree 13 15 

1) felk is lor reference only and is not 100% tested. Various paths and architecture configurations will result in differingfclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
1I0,REQ. 

FEED"""" SYNCHRONOUS PRESET 

CUt 

REGISTERED 
OUTPUrS 

ASYNCHRONOUS 
RESET 

AHYIAIT 
PROGRAMMED 

FOR OE CONTROl 

COMBINATIONAL 
OUFPUI"S 
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UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

os 

ns 

ns 
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Specifications GAL22V10Family 

ELECTRICAL CHARACTERISTICS 18V1 0, 22V1 0, 26CV12-20L Industrial 

OVer Recommended Operating CondHlon8 (Unle .. Otherwl .. Specified) 

SYMBOL PARAMETER CONDInON MIN. TYp. MAX. UNITS 

VOL Output Low Voltage IoL-Max. - - 0.5 V 

VOH Output High Voltage 1oH- Max. 2.4 - - V 

IlL, IJIOIOL' Leakage Current Low VIL .. OV 
GAL26CV12 & 18V10 - - -100 I1A 
GAL22V10 - - -150 I1A 

IIH,lvOIOH Leakage Current High VIH~3.5V - - 10 IIA 
los2 Output Short Circuit Current Voo.5V Voor- 0.5V T-25°C -50 - -135 mA 

Icc 
VIL - 0,5V . VIH - 3.0V GAL18V10 .- 75 125 mA 

Operating Power Supply Current 
flOggla • 15MHz GAL22V10 & 26CV12 - 90 150 mA 

1) The leakage current is .due to the internal pull-up resistor on all pins. See Inp!Jt Buffer section for more information. 
2) One output at a time for a maximum duration of one second. VaJT --0.5V was selected to avoid test problems caused by 
tester ground degradation. Guaranteed but not 100% tested. 

DC RECOMMENDED OPERATING CONDITIONS 18V10, 22V10, 26CV12-20L 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.S 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

GAL18V10 & 22V10 - 16 mA 
10L Low Level Output Current 

GAL26CV12 - 8 mA 

10H High Level Output Current - -3.2 mA 

SWITCHING WAVEFORMS 

--.. ---FORGE CONTROl. 
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Specifications GAL22V10 Family 

SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-20L Industrial 

OVer Recommended Operating Conditions 

FROM TO DESCRIPTION 
TEST 

MIN. MAX. UNITS PARAMETER # COND.1 

tpd 1 1,110 0 Input or Feedback to Combinational Output 1 - 20 ns 

GAL22V10 1 - 10 ns 
teo 2 Clk f a Clock to Register Output 

GAL 18V1 0 & 26CV12 1 - 12 ns 

ten 3 1,1/0 o,a Output Enable, Z -+ 0, a 2 - 20 ns 

tdis 4 1,1/0 o,a Output Disable, 0, a -+ z 3 - 20 ns 

tres 5 1,1/0 a Asynch. Register Reset 1 - 25 ns 

t) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS 18V10, 22V10, 26CV12-20L Industrial 

PARAMETER # DESCRIPTION 
TEST 

MIN. MAX. UNITS 
CONDo 

GAL22V10 - 0 50.0 MHz 
6 Clk Frequency without Feedback1 = 1 I (tWh + ~I) 

fclk 
GAL 18V1 0 & 26CV12 - 0 62.5 MHz 

GAL22V10 - 0 40.0 MHz 
7 Clk Frequency with Feedback1 - 1 I (tsu + teol 

GAL 18V1 0 & 26CV12 - 0 41.6 MHz 

GAL22V10 - 15 - ns 
tsu 8 Setup Time, Input, Feedback, or SP before Clk f 

GAL18V10 & 26CV12 - 12 - ns 

th 9 Hold Time, Input or Feedback, after Clk f - 0 - ns 

GAL22V10 - 10 - ns 
twh 10 Clock Pulse Duration, High2 

GAL 18V10 & 26CV12 - 8 - ns 

GAL22V10 - 10 - ns 
twl 11 Clock Pulse Duration, Low" 

GAL 18V1 0 & 26CV12 - 8 - ns 

GAL22V10 - 20 - ns 
trw 12 Asynchronous Reset Pulse Duration 

GAL 18V1 0 & 26CV12 - 15 - ns 

GAL22V10 - 20 - ns 
trec 13 Asynchronous Reset to Clk f Recovery Time 

GAL 18V1 0 & 26CV12 - 15 - ns 

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 
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ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-15L Military 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER 

Leakage Current Low 

IIH, 1I/0lOH Leakage Current High 

1052 Output Short Circuit Current 

Icc Operating Power Supply Current 

1) The leakage current is due to the 
2) One output at a time for a maximum 
tester ground degradation. Guaranteed but 

SYMBOL 

Tc 

VCC 

VIL 

VIH 

10L 

10H High Level Output Current 

CONDITION 

MIN. 

·55 

4.5 

Vss-O.5 

2.0 

GAL 18V10 & 22V1 0 

62 

MAX. UNITS 

125 °C 

5.5 V 

0.8 V 

Vcc+1 V 

12 mA 

-2.0 mA 



Specifications GAL22V10 Family 

SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-15L Military 

Over Recommended Operating Conditions 

FROM TO DESCRIPTlON 

1,1/0 0 

teo elk t 0 Clock to Register Output 

ten 1,1/0 0,0 

tdis 4 1,1/0 0,0 

tres 5 1,110 0 

twl 

trW 
tree 13 RacDvarv Time 

1) fclk is for reference only and is not 100% paths and architecture configurations will result in differing 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPIITI 
L'O,REO. 

FEEDBACK 
S'IICIflIOIIOUSPII&8ET 

CLK , _ITI_ 
OIII'PUTS 

63 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 
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Specifications GAL22V10 Family 

ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-20L Military 

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

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage IoL .. Max. - - 0.5 

VOH .. Output High Voltage 10H = Max. 2.4 - -

IlL. IitOtaL1 VIL-OV 
GAL26CV12 & 18V1 0 - - -100 

Leakage Current Low 
GAL22V10 - - -150 

IIH, 1I/0taH Leakage Current High VIH~3.5V - - 10 

los· Output Short Circuit Current Vee = 5V Vour- 0.5V T=25·C -50 - -135 

VIL" 0.5V VIH = 3.0V GAL18V10 - 75 135 
Icc Operating Power Supply Current 

ftoggle .. 15MHz GAL22V10 & 26CV12 - 90 150 

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. Vour .. 0.5V was selected to avoid test problems caused by 
tester ground degradation. Guaranteed but not 100% tested. 

DC RECOMMENDED OPERATING CONDITIONS 18V10, 22V10, 26CV12-20L Military 
, , I I I 

V 

V 

I1A 

I!A 
I1A 

mA 

mA 

mA 

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 

GAL 18V10 & 22V10 - 12 mA 
10L Low Level Output Current 

GAL26CV12 - 8 mA 

10H High Level Output Current - -2.0 mA 
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SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-20L Military 

Over Recommended Oper.lng ~Itlon. 

PARAMETER #I FROM TO DESCRIPTION 
TEST 

MIN. MAX. UNITS COND.' 

tpd 1 1,110 0 Input or Feedback to Combinational Output , 1 - 20 ns 

GAl22V10 t - 15 ns 
leo 2 Clk t Q Clock to Register OUtput 

GAl18V10 & 26CV12 1 - 15 ns 

ten 3 1,110 0,0 Oulput Enable, Z -> 0, a 2 - 20 ns 

tdis 4 1,110 0,0 Output Disable, 0, Q -> Z 3 - 20 ns 

I'c ,tres ,,5 1,110 Q Asy~i ,Register ,Reset 1 - 25 ns 

1) Refer to Switching Te.t Conditio ... section. 

AC RECOMMENDED OPERATING CONDITIONS 18V10, 22V1 0, 26CV12-20L Military 

TEST PARAMETER # DESCRIPTION 
CONDo 

MIN. MAX. 

I 6 Clock Frequency without Feedback~ "'.11 (twh + ~I) - 0 33.3 
fclk 

7 Clock Frequency with Feedback' .. 11 (tau + teol - 0 31.2 

tSi! 8 Setup Time, Input, Feedback, or SP bef.ore Clk t - 17 -
th 9 Hold Time, Input or Feedback, after CIk t - 0 -

twh 10 Clock Pulse Duration, High2 - 15 -
twl 11 Clock Pulse Duration, lor - 15 -
trw 12 Asynchronous Reset Pulse Duration - 20 -
tree 13 Asynchronous Rese~ to Clk t Recovery Time - 20 -

1) !elk is for reference only end is not 1 00% tested. various' paths end architecture conliguratidns win result in differing felk specifications. 
2) Clock pulses of widths less then the $pacification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. m_ 

SYNCHRONOUS PRESEF 

CLK 

AIrtINPUT 
JIROGRAiIIIIED 

lOR 011 COIITIIOL 

COIlIINA'11ONAL 
our ...... 
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OUTPUT LOGIC MACROCELl ARCHITECTURE 

The GAL 18V10, 22V10, and 26CV12 each have a variable num­
ber of product terms per OlMC. 

Of the ten OlMCs available in the GAL 18V1 0, eight OlMCs have 
access to eight product terms and two have'ten pr9duct terms 
(refer to GAL 18V1 0 logic Diagram). . 

Of the ten OlMCs available in the GAl22V1 0, two OLMCs have 
access to eight produCt terms, two havet~n product terms, two 

. have twelve product terms, two have fourteen,er9duct t~rms'l!nd 
two OlMCs have sixteen product terms (refer to GAL22V1 0 Logic 
Diagram). 

Of the twelveOlMCs available in the GAL26CV12, eight OlMCs 
. have access to eight product terms, two have ten product terms, 

and two have twelve product terms (refer to GAl26CV12 logic 
Diagram). 

The output polarity of each OlMC can be individually programmed 
to be true onhverting, in-e,~her combinatfo'i'1al ornJgistered mode~ 
This alloWl! the userto reduce the overaU nunibet of product terms 
required in a design and/or to invert the output signal. 

GAL22V1~1=~i1y'JeVices hav~'~ prOdu'ctterm fOr AR (Asynchro­
nous Reset) and a product tEirm for sF;> (SynchronQus Preset), 
These two product terms are Common to all registered OlMCs~ 

;..:' ).j ,. 

NOTE: Output polarityselecti~m does NOT affect the behavior of 
the OlMC's integral "0" flip-flop but does affect the value (0 or 1) 
of the output. The AR and SP product terms will force the flip-flop 
into the same state regardless of the polarity of the output. 

GAL 18V~0,~2V1 0, and 26CY12 OUTPUT LOGIC MACROCELL (OLMCh. 

OUTPUT LOGIC MACROCELL CONFIGURATIONS 

The GAL 18V1 O,22V1 0, and 26c\'12h~ve~ Pri~~ry fu~~onal 
modes which may be selected when compiling source equations 
(registered and combinational! input). 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 invert 
(active low). Output tri-state control is available and can be indi­
vidually selected as either ''on", "off", or dynamically "product-term 
driven. "The "0" flip-flop's "/0" 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. 

COMBINATIONAl/INPUT 
In combinational mode the pin ~iated w~h an individual OLMC 
is driven by the output of the sum term gate. Logic polarity of the 
output signal at the pin m.ay bft sel~C\ed by specifying that the 
output buffer drive either true (active'hlgh) or invert (active low); 
Output tri-state contr<» is available and maybe indivldually se: 
lected as either 'on" (dedicated output), "off" (dedicated input), 
or ·product-term driven" (dynamic 110). Feed back into the "AND" 
array is from the device pin, via the "AND" array buffer. Both po­
larities (true and invert) of the pin are fed back into the "AND" ar­
ray. 
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REGISTERED MODE 

• • cv! • 

ClK 

AR 

0 

SP 

ACTIVE LOW 

COMBINATIONAL MODE 

ACTIVE lOW 

Q 

a-
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AR 

• • 0 Q 

• 

ClK a-
SP 

ACTIVE HIGH 

ACTIVE HIGH 
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ELECTRONIC SIGNATURE 

An electronic signature (ES) is provided wnh every GAL 18Vl 0, 
22Vl0, and 26CVI2 device. It contains 64 bns of reprogrammable 
memory that can contain user defined data. Some uses indude 
user 10 codes, revision numbers, or inventory control. The sig­
nature 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 18Vl 0, 22Vl 0, and 
26CV12 device as a deterrent to unauthorized copying of the array 
patterns. 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 Signa­
ture 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. 

- R TECTION 

GAL 18Vl 0, 22Vl 0, and 26CV12 devices are designed with an 
on-board charge pump to negatively bias the substrate. The 
negative bias is of sufficient magnitude to prevent input under­
shoots from causing the circuitry to latch. Addnionally, outputs 
are designed with n-channel pullup instead of the traditional p­
channel pullups to eliminate any possibility of SCR induced latch-

ing. 

POWER-UP RESET 

Vee 
OV---/ 

Specifications GAL22V10 Family 

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 glnches, brown-outs, etc.). To 
test a design for proper treatment of these conditions, a way must 
be provided to break the feedback paths, and force any desired 
(i.e., illegal) state into the registers. Then the machine can be 
sequenced and the outputs tested for correct next state conditions. 

GAL 18Vl 0, 22Vl0, and 26CV12 devices include circunry 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 automati­
cally. 

INPUT BUFFERS 

0.0 1.0 2.0 3.0 4.0 5.0 

Input VoHage (V) 

ClK V,H ~..,...-,..rl.....,.......,.....-:" '--V-A-U-O-Cl-OC-K-S-IGN-AL-----

INTERNAL 
REG.Q 

Vll~E;~~===-
7"r7' INTERNAL REGISTER 

FEEOBACK/EXTERNAl 
REG.Q 

OLrrPLrr 

Circuitry wnhin GAL 18Vl 0, 22Vl 0, and 26CV12 devices provides 
a reset signal to all registers during power-up. All internal regis­
ters will have their a outputs set low after a specified time (t RESET 

, 45I1S 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 of the 
asynchronous nature of system power-up, some condnions must 
be met to guarantee a valid power-up reset of the device. First, 

68 

RESET TO lOGIC 0 

the Vee rise must be monotonic. Second, the clock input must 
become a proper TTL level within the specified time (tpR' lOOns 
MAX). The registers will reset within a maximum of tRESET time. 
As in normal system operation, avoid docking the device until all 
input and feedback path setup times have been mel. 

Note that the internal register powers-up to a logic 0. The device 
pin state is determined by the user-defined polarity control bit on 
each macrocell (refer to OLMC. description). 
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FEATURES 

Lattice 
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Corporation ™ 

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

• 50% REDUCTION IN POWER 
-100 mA MAX Icc 

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

• TEN OUTPUT LOGIC MACROCELLS 
- Maximum Flexibility for Complex Logic Designs 

Registered or Combinational with Polarity 
- Individually Programmable Macrocell Functions: 

Product Term Clock 
Asynchronous Reset 
Asynchronous Preset 
Output Enable 

- Common Output Enable & Preload Functions 

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

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL "20RA 1 0, at 15 ns maximum propagation delay time, 
combines a high performance CMOS process with Electrically 
Erasable (E2j floating gate technology to provide the highest per­
formance available of any 20RA 10 device on the market. CMOS 
circuitry allows the GAL20RA 10 to consume just 100 mA maxi­
mum Icc which represents a 50% savings in power when com­
pared to its 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 Output Logic Macrocell (OLMC) to be configured by 
the user. The GAL20RA 10 is fully functionlfuse map/paramet­
ric compatible with bipolar and CMOS 20RA 10 devices. 

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

GAL20RA·10 
High PerformaneeE2CMOS® 

Generic Array Logic™ 
FUNCTIONAL BLOCK DIAGRAM 

IPL 

INPUT VO/Q 

INPUT VOIO 

INPUT VO/O 

INPUT VO/Q 

INPUT VO/Q 

INPUT VO/Q 

INPUT VOIO 

INPUT VOIO 

INPUT VO/Q 

INPUT VOIO 

IOE 

PIN DIAGRAMS 

Chip Carrier DIP 

" " 
Vee 

.... ~ ~ g g VOIO I!: 
28 1/0/0 

Il0l0 

1/010 
1/0/0 

Il0l0 110/0 

NC GAL20RA10 NC 110/0 

TOp View 1/0/0 VOIO 

Il0l0 11010 

Il0l0 VOIO 

- - ~ 11 w 

~ " VOIO Q g 
110/0 

GND 10E 

Copyright C>1990 lattice Semiconductor Ccrp. GAL. E'CMOS and U~raMOS are regis1ered trademarks of Lattice Semiconductor Corp. Generic Array Logic is a trademark of Lattice Serriconduc· 
tor Corp. PAL Is a registered trademarl< of Advanced Micro Devlcee, Inc. The specifications and information herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A. April 1990 
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ABSOLUTE MAXIMUM RATINGS(1) 

Supply voltage Vee ......... _ ........... _ ..... _ .................. _ ... _ ............. -.5 to +7V 
Input voltage appliecl .................. , ........ -2.5to Vee +1.0V 
Off-state output voltage applied .... ,; .... -2.5 to Vee + 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 
~ 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 

Inpllt Rise and Fall Times 3ns 100/0 - 90% 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 

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

COMMERCIAL INDUSTRIAL MILITARY 

R1 J F\ R, 1 R2 R1 1 F\ 
470 1 390 ·470 1390 470 1 390 

AC Test Conditions: 
Cond. 1 )R1per table; CL =. 50pF; f\ Per above table 

Cond. 2) Active High R1 a 00; Active Low Rl per table; 

CL - SOpF; R2 per above table 

Cond. 3) Active High R1 .. 00; Active Low f\ per table; 

CL ,. 5pF; R2 per above table 

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

Specifications GAL20RA10 

FROM OUTPUT (010) 
UNDER TEST 

R2 

TEST POINT 

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDtTlONS 

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

CIIO/Q 11010 Capacitance 10 pF V cc ,. S.OV, VI/OJO" 2.0V 

·~uaranteed !lut not 100% tested. 
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GAL20RA10 LOGIC DIAGRAM 
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ELECTRICAL CHARACTERISTICS GAL20RA10-15L Commercial 

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

'" 
~\,MBOL" PARANlET!=R CONDITION MIN. TYP. MAX. UNITS 

VOL 
'" 

' Output LowVoltage 101.= Max. 0.5 V 

VOH Output High Voltage IOH - Max. 2.4 - V 

1iL:.lvOIOLl Leakage Current Low VIL-OV -100 IlA 

IiH. IVOIClHl Leakage Current High 
, 

VIH~3.5V " 10 1lA' 

los2 Output Shol'tCircuit Current Vee _ 5V VOUT = 0.5V T = 25° C -50 , -135 mA 

75 100 mA 
~. ' ',' J'.< :l.. . ." ,"',' ~ .' ' . ~' ... ",'" , .. " /,' . • '. . .,: ~ .' , " 

1) The leaKage current is due'to the internal pullcup resistOr on all pins. See Input.Buffer seCtion for more information. 
2) One output at a time for a maximum duration of one second. VOUT = 0.5V was seleCted to avoid test problems caused by 
tester ground degradation. Guaranteed but not 100% tested. 

DC RECOMMENDED OPERATING CONDITIONS GAL20RA10-15L Commercial 

~,,".ft". 
,~', .... g", ... PARAmETER 

',." 
MIN. MAX. UNITS 

lA' 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 " - 8 mA 
" , ',' "" ,",' ',< 

10H High Level Output Current 
, 

~.2 mA -
"};';J': ' ;':,1,; '"x';,'' ,< , ",::,,~,,;:O' >: '3:¢j!"Lit' ,,0, ':, 

",,',' 
, ' , 
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SWITCHING CHARACTERISTICS GAL20RA10-15L Commercial 

OVer Recommended Operating Conditions 

FROM TO DESCRIPTION 
TEST 

MIN. MAX. UNITS PARAMETER # COND.' 

tpd 1 1,1/0 0 Input or Feedback to Combinational Out"ut 1 - 15 ns 

tco 2 1,1/0 a Input Clock to Registered Output 1 - 15 ns 

ten/dis 3 1,110 0,0 Input to Output Enable/Disable 2,3 - 15 ns 

ten/dis 4 I 0,0 Pin 13 to Output EnablelDisable 2,3 - 12 ns 

tar/ap 5 1,1/0 a Asynchronous Register ResetlPreset 1 - 15 ns 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL20RA10-15L Commercial 

PARAMETER # DESCRIPTION TEST MIN. MAX. 
CONDo 

fclk 
6 Clock Frequency wJthout Feedback' = 1/(twh+twl) - 0 50.0 

7 Clock Frequency with Feedback' =1/(t",+too) - 0 45.0 

tsu 8 Setup lime, Input or Feedback, before Clk i - 7 -
th 9 Hold lime, Input or Feedback, after Clk i - 0 -

10 Clock Pulse Duration, High2 - 10 -
tw 

11 Clock Pulse Duration, Low2 10 - -
trpw 12 Asynchronous Reset/Preset Pulse Duration - 15 -
trec 13 Asynchronous Reset/Preset to Clk i Recovery lime - 10 -

.. 
1) fclk IS for reference only and IS not 100% tested. Vanous paths and architecture configurauons will result In differing fclk specifications . 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS,ro. 
REGISTERED FEEDBACK 

ANY INPUT 
PROGRAMMED FOR 

CLOCK CONTROL 

REGISTERED 
OUTPUTS 

ANY INPUT PROGRAMMED 
FOR ASYNCHRONOUS 

PRESET/RESET CONTROL 

ANY INPUT 
PROGRAMMED 

FOR OE CONTROL 

tOE 

CO!lllINATIONAL 
OUTPUTS 
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ELECTRICAL CHARACTERISTICS GAL20RA10-20L Commercial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage 101. = Max. - - 0.5 V 

VOH Output High Voltage IOH = Max. 2.4 - - V 

IIL.lvotOL' Leakage Current Low VIL-OV - - -100 I1A 

IIH. Il/OtOH' Leakage Current High VIH~3.5V - - 10 ItA 
los2 Output Short Circuit Current Vcc-5V VOUT_ 0.5V T=25·C -50 - -135 rnA 

Icc Operating Power Supply Current VIL", 0.5V VIH'" 3.0V f'09gle '" 15MHz - 75 100 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. Guaranteed but not 100% tested. 

DC RECOMMENDED OPERATING CONDITIONS GAL20RA10-20L 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.S 0.8 V 

VIH Input High Voltage 2.0 Vcc+1 V 

IOL Low Level Output Current - 8 mA 

IOH High Level Output Current - -3.2 mA 
.. 
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SWITCHING CHARACTERISTICS GAL20RA 1 O·20L Commercial 

OVer Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

COND.1 MIN. MAX, UNITS 

tpd 1 1,1/0 0 Input or Feedback to Combinational Output 1 - 20 ns 

tco 2 1,1/0 a Input Clock to Registered Output 1 - 20 ns 

ten/dis 3 1,1/0 0,0 Input to Output Enable/Disable 2,3 - 20 ns 

ten/dis 4 I 0,0 Pin 13 to Output EnablelOisable 2,3 - 15 ns 

tar/ap 5 1,110 Q Asynchronous Register ReseVPreset 1 - 20 ns 

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL20RA 1 O·20L Commercial 

PARAMETER # DESCRIPTION TEST MIN. MAX. 
CONDo 

6 Clock Frequency~ithout Feedback1 = l/(twh+twJ - 0 41.7 
fclk 

< 7 Clock Frequencywfih Feedback1 = 11(t",+tco) - 0 33.3 

tsu 8 Setup Time, Input or Feedback, before Clk l' - 10 -
th 9 Hold Time, Input or Feedback, after Clk i - 0 -

10 Clock Pulse Duration, High2 . - 12 -
tw 

11 Clock Pulse Duration, Low 12 - -
trpw 12 Asynchronous ReseVPreset Pulse Duration - 20 -

trec 13 Asynchronous ResetlPreset to Clk l' Recovery Time - 12 -
1) fclk is for reference only and is not 1 00"10 tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS. ItO. 
REGISTERED FEEDBACK 

ANY INPUT 
PROGRAMMED FOR 

CLOCK CONTROL 

REGISTERED 
OUTPUTS 

ANY INPUT PROGRAMMED 
FOR ASYNCHRONOUS 

PRESET/RESET CONTROL 

ANY INPUT 
PROGRAMMED 

FOR DE CONTROL 

JOE 

COMBINATIONAL 
OUTPUTS 
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ELECTRICAL CHARACTERISTICS GAL20RA10-20L Industrial 
Over Recommended Operating Conditions (Unle88 Otherwl88 Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Voltage IoL. Max. - - 0.5 V 

VOH Output High Voltage IoH = Max. 2.4 - - V 

IIL,II/OIOL' Leakage Current Low VIL= OV - - -100 iJ.A 

IIH, 1I/0/0H' Leakage Current High VIH~3.5V - - 10 jJ.A 

IOS2 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 - 75 120 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. Guaranteed but not 100% tested. 

DC RECOMMENDED OPERATING CONDITIONS GAL20RA10-20L 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-0.5 0.8 V 

VIH Input High Voltage 2.0 Vcc+l V 

10L Low Level Output Current - 8 mA 

10H High Level Output Current - -3.2 mA 
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AC RECOMMENDED OPERATING CONDITIONS GAL20RA10·20L Industrial 

PARAMETER #" 

6 Clock Frequency without Feedback1 .. 1/(t..h+tJ 
; ~ "'."". -" .,,' L '", .. ",.'> :1' v9 ,I'." " .,,.. . " .'. " ~.: 

tsu 8 Setup time, Input or Feedback, before Clk i 

Hold Tl!1le, Input or Feedback, aft~r ~Iki 

Clock Pulse Duration, High2 

11 Clock Pulse Duration, low2 

trpw; 12 . 'Asy;nl:hronous Reset/Preset Pulse Duration 

tree 13 AsYnChronous ResetlPreset to Clk t Re~v~ry TiI1l~ 

·''rEST 
CONDo MIN.' ',MAX. 

0 41.7 
"'\';c~y;,r,(.~ 

,.·,iJ .. ~ .•• ;.arb 
10 

0 

12 ,., ., 

"12 
. " .... 

20 
"12 

1 ) fQll\.~ for reference only, and is not 1 00% tested. Various paths and architecture configurations Willresulf111 ilifleril1g fclk'specifications. 
2) Clock pulses of widths less. than lhespeGifioatioo may be detected as valid clock signals. .. . 

SWITCHING WAVEFORMS 

INPUTS,I/O, 
REGISTERED FEEDBACK 

ANY INPUT 
PIIOCIRAWED FOR 

CLOCK CONTROL 

REciiSTERED 
OUTPUTS 

ANY INPUT PROQRAWED 
FOR ASYNCHRONOUS 

PRESET/RESET CONTROL 

ANY INPUT 
PIIOCIRAMMED 

FOR DE CONTROL 

IOE 

COMBINATIONAL 
OUTPUTS 

:(,'7:' 1 '.';-

UNITS' 

.. ,t1.~~, .. 
,;MW~; 

n,s 

ns .. 

ns 

ns 

ns 
'. 

ns 
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ELECTRICAL CHARACTERISTICS GAL20RA10-20L Military 

Ovar RecOmmended Operating Condltlon8(UnleSS otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNITS 

VOL Output Low Vo~age lot. - Max. - - 0.5 V 

VOH Output High Voltage loH. Max. 2.4 - - V 

IlL. IVO/oLl Leakage Current Low VIL_OV - - -100 ~ 

IIH. h/OlOHl Leakage Current High VIH~3.5V - - 10 I1A 

1052 Output Short Circuit Current Vcc-5V Vour- 0.5V T-25°C -50 - -135 mA 

Icc Operating Power Supply Current VIL - 0.5Y VIH'!' 3.0V ftoggle. 15MHz - 75 120 mA 
-"- ." ••• H 

".M ",: 
1) The leakage current is due to the lnternar 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. Vour", 0.5V was selected to avoid test problems caused by 
tester ground degradation. Guaranteed but not 100% tested. 

DC RECOMMENDED OPERATING CONDITIONS GAL20RA10-20l Military 

Sy, .. eOL .... a ................ 
r'M"MIVIC I ~n 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 Vcct1 V 

10L LoW Level Output Current - 8 inA 

10H High Level Output Current - -3.2 mA 
.', 
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SWITCHING CHARACTERISTICS GAL20RA10-20L Military 

OVer Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

MIN. COND.1 MAX. UNITS 

tpd 1 1,1/0 0 Input or Feedback to Combinational Output 1 - 20 ns 

tco 2 1,110 a Input Clock to Registered Output 1 - 20 ns 

ten/dis 3 1,1/0 o,a Input to Output Enable/Disable 2,3 - 20 ns 

ten/dis 4 I o,a Pin 13 to Output EnableiDisable 2,3 - 15 ns 

tar/ap 5 1,1/0 a Asynchronous Register ResetlPreset 1 - 20 ns 

1) Refer to SWitching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL20RA 1 0-20L Military 

PARAMETER # DESCRIPTION 
TEST MIN. MAX. UNITS 

CONDo 

6 ClockFrequency with\2~t Feedbackl=.l/(twh+tw') - 0 41.7 MHz 
fclk 

Clock Frequency with Feedback1 = 17(t ... +1.0) 7 - 0 33.3 ·MHz 

tsu 8 Setup Time, Input or Feedback, before Clk l' - 10 - ns 

th 9 Hold Time, Input or Feedback, after elk l' - 0 - ns 

10 Clock Pulse Duration, High2 - 12 - ns 
tw 

11 Clock Pulse Duration, Low2 12 - - ns 

trpw 12 Asynchronous Reset/Preset Pulse Duration - 20 - ns 

trec 13 ASynchronous Reset/Preset to Clk l' Recovery Time - 12 - ns 

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing felk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS.~. 
REGISTERED FEEDBACK 

ANY INPUT 
PROGRAMMED FOR 

CLOCK CONTROL 

REGISTERED 
OUTPUTS 

ANY INPUT PROGRAMMED 
FOR ASYNCHRONOUS 

PRESET/RESET CONTROL 

ANY INPUT 
PROGRAMMED 

FOR OE CONTROL 

fOE 

COMBINATIONAL 
OUTPUTS 
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OUTPUT LOGIC MACROCELL ARCHITECTURE 

The GAL20RA 10 has eight product terms for each of the ten avail­
able OLMCs. Four of the product terms are used for generating 
the logic fundion. The remaining four product terms control asyn­
chronous reset, asynchronous preset, clock and output enable 
individually for every OLMC. Each OLMC can also be individu­
ally configured as registered or combinational. 

All of the 20 input and 110 pins have a unique array input path 
assigned to them. This allows input functions of up to 19 inputs 
(assuming at least one output function is used) using any com­
bination of 10 dedicated and 9 of the 10 programmable 110 pins. 
All macrocells are controlled by the same configuration of data 
and control pins allowing the design engineer to exchange pin 
assignments for VO f.unctions without restriction. 

OUTPUT ENABLE 
The output enable, functiOn of eaeh:macrocellis controlled by a 
dynamic • AND" function of a product term in each macrocell and 
a common, active low tOE device pin: If product term control is 
selected then all macrocells must be product term controlled as 
the tOE device pin must be tied to a logic "0" for product term con­
trol to be effective. 

REGISTER I COMBINAnONAL CONTROL 
Register control in each macrocell is dynamic through the used 
the individual Clock, Reset and Preset product terms. Macrocells 
with both the Reset and Preset product terms held logic "1" 
simultarieously will haveregistet-bypass enabled for asynchro­
nous operation. Selection of, the registered operating mode is 
accomplished by not allowing both the Reset & Preset prOduct 
terms to be logic "1" simultaneously. Preset and Reset affect the 
register on the rising edge .of a logic "1" level of the appropriate 
product term. Similarly, the data is Clocked into the register on 
the rising edge of the Clock product term. The GAL20RA 10 has 
a common register prelOad function controlled by the PL pin. 

OUTPUT POLARITY 
The output polaritY caM be individually programmed to be true or 
irlVerting without ~ny pe,rformance degradation,in either combi­
mitiorlalciq~istered mode; This all9ws the user to reduce the 
over~lInumberofproduct terms req'uired in a design and to invert 
the output signal. 
NOTE: Output polarity selection does NOT affect the behavior 

of the OLMC's integral "0" flip-flop: The AR and AP prod­
uct terms will force the flip-flop to Reset/Preset regard­
less of the ~Iarity of the output. 

GAL20RA10 OUTPUT LOGIC MACROCELL (OLMC). 
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OUTPUT LOGIC MACROCELL CONFIGURATIONS 

REGISTERED, WITH POLARITY. 

RESET/PRESET FUNCTIONALITY 
The AR and AP product terms are sensed on the rising edge. In 
addition, these pins control the selection of regi!!tered or combi­
national operating mode. 

RESET PRESET FUNCTION 
0 0 Registered function of data product terms 
i 0 Reset register to "0" (device pin = "1 ') 
0 i Preset regi51er to "1" (device pin. "0') 
0 t Register~bypass (combinational output) 

ELECTRONIC SIGNATURE 
Anelectronic$ignature (ES) is provided with eV9lYGAL ~ORA 10 
device. It contains 80 bits'of repiogrammable memory that can 
cOntain user defined data. Some uses include user IDcode!!, 
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 *20RA 10 device as a 
deterrent to unauthorized copying olthe array patterns. Once pr0-
grammed, this cell prevents furtheuead acce,ssto the ANOartay. 
This cell can be erased only during a bulk erase cycle, so 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 mustfirst be erased. This erasure is done auto­
matically by the programming hardware as part of ~he program­
ming cycle and takes only 50 milliseconds. ' 

COMBINATIONAL WITH POLARITY 

ASYNCRHONOUSCLOCK 0 

A separate dock control product term is provided' for' each 
,.;rGAL20RA 10 macrocell. The data is clocked into the register on 
tl" the rising edge of the clock product term. The use of individual 

clock control product terms allows up to ten seperateclocks or 
clock pins for a highly asynchrounous system, or through the use 
of a common AND function driving several clock product terms 
groups of registers can be clocked together. 
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LATCH-UP PROTECTION 
GAL 1B20RA 10 devices are designed with a.n gn-tioard charge 
pump to negatively bias the substrate. Thenegative bias is of sUf­
ficient magnitude to prevent input undershoots from causing the 

.. circuitry to latch. 'Additibnally, • outputs are designiid with .n-channel 
pullup lftsteadofthetraditional p-<:hannel pullupsto eliminate any 
possibility of SeR induced latching. 

INPUT BUFFERS 
GAL 1B20RA1 0 devices are designed with m ~vel compatible in­
put buffers. "fhes'e buf1ers, with their characteristically high 
impedance, load driving.logic much les,s than, traditional bipolar 
logic. ' ' . 

The buffers also possess active pull-ups within theirinput struc­
ture. As a resolt; unused inpUts and VO'swill float to a TTL "high" 
(Iogfcal "1 "), however, Lattice't9commends that all unused inputs 
and tri-stated 110 pins be connected 10 an adjacent active input, 
V ce' or GND.Ooing this will tend to iinprove noise immunity and 
reduce Icc for the device •. 

0 
" ./ 

on L 

""" " _i"""" 
~ 

6 
0.0 1.0 2.0 3.0 4.0 5.0 

Input Vol~e (y> 
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~: <XXX~--i:K"'--)/ ~> 
____________________ ~~~_1~------____________ __ 

IPl 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION MIN. MAX. UNITS 

ten/dis 4 IOEi 0 Pin 13 to Output EnablelDisable * -- ns 

tsup 14 VO IPL i Setup lime, Apply Preload Data before IPL i 15 -- ns 

thp 15 IPL i no data Hold lime, after IPL i -- 15 ns 

twp 16 IPLJ. IPLi Preload Pulse Duration -- 15 ns 

The registers of the GAL20RA 10 can be pre loaded from the va 
pins to facilitate board-level (TTL-level) control for initialization and 
testing of state machine designs. This capability can be used to 
force the device into a particular state without lengthy sequenc-

POWER·UP RESET 

Vee 
ov--_./ 

ing operations. Non-valid (illegal) states for a given design can 
also be entered to assure that the state machine recovers prop­
erly. This function is used by qualified device programmers to ap­
ply test vector sequences during functional testing. 

CLK V,H ..,....:-7'"....-:;~~"7"::'" r--~V~Al:-:-:::ID~C~L-=-OC~K-:-S~IG-=-N~Al:-:------

INTERNAl 
REG. a 
vIL~E~~-====-~ INTERNAl REGISTER 

FEEDBACKlEXTERNAl 
REG. a 

OUTPUT 

Circuitry within the GAL20RA 10 provides a reset signal to all reg­
isters during power-up. All internal registers will have their Q 

outputs set-Iow after a specified time (t RESET' 451!S 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 of the 
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RESET TO LOGIC a 

EXTERNAL REGISTER 
OUTPUT 

asynchronous nature of system power-up, some conditions must 
be met to guarantee a valid power-up reset of the GAL20RA 10. 
First, the Vee rise must be monotonic. Second, the clock input 
must become a proper TIL level within the specified time (tpR ' 

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

• HIGH PERFORMANCE E2CMOS~ TECHNOLOGY 
- Low Power: 90mA Typical 
- High Speed: 12ns Max. Clock to Output Deiay 

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

• UNPRECENTED FUNCTIONAL DENSITY 
- 78 x 64 x 36 FPLA Architecture 
-10 Output Logic Macrocells 
- 8 Buried Logic Macrocells 
- 20 Input and I/O Logic Macrocells 

• HIGH·LEVEL DESIGN FLEXIBiLITY 
- Asynchronous or Synchronous Clocking 
- Separate State Register and Input Clock Pins 
- Functionally Supersets Existing 24-pin PAL" 

and IFL~ Devices 

• TTL COMPATIBLE INPUTS AND OUTPUTS 

• SPACE SAVING 24-PIN, 300·MIL DIP 

• HIGH SPEED PROGRAMMING ALGORITHM 

• 20·YEAR DATA RETENTION 

DESCRIPTION 

Using a high performance E"CMOS 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 degree of functional integration, flexibility, and speed 
currently available 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 II 
o Logic Macrocells (IOLMC). Two clock inputs are provided for 
independent control of the input and output macrocells. 

Advanced features that simplify programming and reduce test 
time, coupled with E2CMOS reprogrammable cells, enable 100% 
AC, DC, programmability, and functionality testing of each 
GAL6001 during manufacture. This allows Lattice to guarantee 
100% performance to specifications. In addition, data retention 
of 20 years and a minimum of 100 eraselwrite cycles are guar­
anteed. 

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

GAL6001 
High Performance E2CMOS® 

Generic Array Logic™ 

FUNCTIONAL BLOCK DIAGRAM 

L-________________ ~~----___ ~ 

MACROCELL NAMES 

ILMC INPUT LOGIC MACROCELL 

10LMC 1/0 LOGIC MACROCELL 

BLMC BURIED LOGIC MACROCELL 

OLMC OUTPUT LOGIC MACROCELL 

PIN NAMES 

10 - 1'0 INPUT 1/0/0 BIDIRECTIONAL 

ICLK INPUT CLOCK Vee POWER (+5) 

OCLK OUTPUT CLOCK GND GROUND 

PIN DIAGRAM 

Chip Carrier DIP 

'" .. g ~ 
Vee .... ... !i s ~ :;;;; vOla 

2B vOla 
1/0/0 

1/0/0 
vOla 

GAL6001 
1/0/0 vOla 

Me Top View Me vOla 

1/0/0 vOla 

1/0/0 vOla 

1/0/0 VOIO 

vOla 
- - 0 !i ~ ~ ~ z vOla 

" g 
GND OCLK 

Copyright e>1990 Lattic. Semiconductor Corp. GAL. E'CMOS and UhraMOS are regist.r.d trademarks ., Lattice S.miconductor Corp. Gen.rlc Array Logic is a trad.mark of Lattice S .... conduc· 
tor Corp. PAl is a registered trademark of Advanced Micro Devices, Inc. IFl is a trademark of Signetics. The specHications and information herein are subject to change without notice. 

LATIICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 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 V cc ..................................................................... -.5 to +7V 

Input voltage applied ........................... -2.5 to Vcc +1.0V 

Off-state output voltage applied .......... -2.5 to Vcc +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 O.SV from steady-state active 
level. 

COMMERCIAL INDUSTRIAL MILITARY 

R, I R2 R, I R2 R, I R2 

300 I 390 300 I 390 390 I 750 

AC Test Conditions: 

Cond. 1) R, per table; CL = 50pF; R2 per above table 

Cond.2) Active High R, = 00; Active Low R, per table; 

CL = 50pF; R2 per above table 

Cond.3) Active High R, = 00; Active Low R, per table; 

CL = 5pF; R2 per above table 

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

Specifications GAL6001 

FROM OUTPUT (010) 
UNDER TEST TEST POINT 

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF Vee = 5.0V. VI = 2.0V 

C I/0IQ 110/0 Capacitance 10 pF Vee = 5.0V. VI/OIQ = 2.0V 

'Guaranteed but not 100% tested. 
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GAL6001 LOGIC DIAGRAM 

lelK 

10 
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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 

ilL. IIH Input Leakage Current - - ±10 j.tA 

1110/0 Bidirectional Pin Leakage Current - - ±10 j!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 - 90 150 mA 

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

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 

I/O 

---

MIN. MAX. UNITS 

0 75 ·C 

4.75 5.25 V 

Vss -0.5 0.8 V 

2.0 Vcc+1 V 

- 16 mA 

- -3.2 mA 

ASYNCHRONOUS 
OUTPUT 

_1,2,3_ -9~ __ 8~ 

IClK 

INPUT 
or 

I/O 

OClK 

REGISTERED 
OUTPUT 

SUM TERM 
CLOCK 

p- _13_ 
22 ~"' 23 / 

_ 14 20 _ 

/ "" r------ B 

-£--.15 

7-

88 

12 

.J1a-: 19 

"' 
/_26_ 

27~ r-----1B~ ~ 22 

"' 
23 

11 

-10--7 

I--- 1,7 ---:-- 28 

25~ ~24 "" "-
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SWITCHING CHARACTERISTICS GAL6001-30 Commercial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

MIN. COND.' MAX. UNITS 

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

tpd 2 0,0 0 Feedback -> 0, OlMC = Combinational 1 - 30 ns 

3 I 0 IlMC = latch, OlMC = Combinational 1 - 35 ns 

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

tco 
5 IClKi 0 IlMC = latch, OlMC = Combinational 1 - 35 ns 

6 OClKi a OlMC = DIE Reg 1 - 12 ns 

7 STClK i 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, O,O->Z 3 - 25 ns 

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

1) Refer to Switching Test Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL6001-30 Commercial 

PARAMETER # DESCRIPTION 
TEST 

CONDo MIN. MAX. UNITS 

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

12 Input Setup Time before IClK .j, , IlMC = latch - 2.5 - ns 

13 Input Setup Time before IClK i , IlMC = Reg - 2.5 - ns 

tsu 
14 Setup Time, input or feedback, before OClK i , OlMC. DIE Reg - 25 - ns 

I····. 15 Setup Time, input or feedback, before STClK t , OlMC = DReg STClK - 7.5 - ns 

16 Setup Time, fClK i, before OClK i , OlMC = DIE Reg - 30 - ns 

17 Setup Time, IClK i , before STClK i , OlMC = DReg STClK - 15 - ns 

18 Hold Time after IClK.j, , IlMC = 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 t, OlMC = DReg STClK - 10 - 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 

trec 
27 Reset to OClK Recovery Time - 20 - ns 

28 Resetto STClK Recovery Time - 10 - ns 
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ELECTRICAL CHARACTERISTICS GAL6001-35 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 ~A 

11/0/0 Bidirectional Pin Leakage Current - - ±10 ~A 

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

Icc Operating Power Supply Current VIL _ O.SV VIH = 3.0V ftoggle = 15MHz - 90 150 mA 

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

DC RECOMMENDED OPERATING CONDITIONS GAL6001-35 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 

I/O / /~ 

MIN. MAX. UNITS 

0 75 'C 

4.75 5.25 V 

Vss-O.5 0.8 V 

2.0 Vcc+1 V 

- 16 mA 

- -3.2 mA 

ASYNCHRONOUS 
OUTPUT 

-1,2,3- -~ f-- 8i., 

IClK 

INPUT 
or 

I/O 

OClK 

REGISTERED 
OUTPUT 

SUM TERM 
CLOCK 

F-22 "- 23 _13_ 

_ 14 20 _ 

/V '" ~6 

3=--15 
7_ 

90 

/ " 12 

J1s'" 19 

" 
-26-27;;r-~16~ "-22 

" 
23 

11 

-10----/ 

i--·17 - 28 

/f'---24 "- 25--, V--
" 11 
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SWITCHING CHARACTERISTICS GAL6001-35 Commercial 
Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

MIN. MAX. UNITS COND.' 

1 I 0 IlMC = Async, OlMC = Combinational 1 - 35 ns 

tpd 2 0,0 0 Feedback -> 0, OlMC = Combinational 1 - 35 ns E 
3 I 0 IlMC = latch, OlMC 0= Combinational 1 - 40 ns 

4 IClKt 0 IlMC. Reg, OlMC = Combinational 1 - 40 ns 

tco 
5 IClKt 0 IlMC = latch, OlMC = Combinational 1 - 40 ns 

6 OClKt a OlMC = DIE Reg 1 - 13.5 ns 

7 STClKt a OlMC = DReg STClK 1 - 40 ns 

ten 8 1,1/0 0,0 Output Enable, Z -> 0, a 2 - 30 ns 

tdis 9 1,1/0 0,0 Output Disable, O,O->Z 3 - 30 ns 

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

1) Refer to Switching Tesl Conditions section. 

AC RECOMMENDED OPERATING CONDITIONS GAL6001-35 Commercial 

PARAMETER # DESCRIPTION 
TEST 

CONDo MIN. MAX. UNITS 

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

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

13 Input Setup Time before IClK t , IlMC = Reg - 3.5 - ns 

tsu 
14 Setup Time, input or feedback, before OClK t , OlMC = D/E Reg - 30 - ns 

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

16 Setup Time, IClK t, before OClK t ,OlMC = D/E Reg - 35 - ns 

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

18 Hold Time after IClK J. , ILMC = latch - 5 - ns 

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

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

21 Hold Time after STClK t, OlMC = DReg STClK - 12.5 - 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 

trec 
27 Reset to OClK Recovery Time - 20 - ns 

28 Reset to STClK Recovery Time - 10 - ns 
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INPUT LOGIC MACROCELL (lLMC) AND 1/0 LOGIC MACROCELL (IOLMC) 

The GAl6001 features two configurable input sections. The IlMC 
section corresponds to the dedicated input pins (2-11) and the 
10lMC to the 1/0 pins (14-23). Each input section is configurable 
as a block for asynchronous, latched, or registered inputs. Pin 
1 (IClK) is used as an enable input for latched macrocells or as 
a clock input for registered macrocells. Configurable input blocks 
provide systems designers with unparalled design flexibil~y. W~h 

the GAl6001, external registers and latches are not necessary. 

Both the IlMC and the 10lMC are block configurable. However, 
the IlMC can be configured independently of the 10lMC. 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, 
"D-type register with sum term (asynchronous) clock", or "D/E­
type register." Output macrocells always have 1/0 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 OClK and the register clock 
enable input is controlled by the associated "E" sum term. This 
configuration is useful for building counters and state-machines 
with state hold functions. 
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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. If 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 10lMC. 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 u~i­
mate in flexibility and utility. The DIE register architecture can 
emulate RS-, JK-, and T-type 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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ARRAY DESCRIPTION 

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

AND ARRAY 
The AND array is organized as 78 inputs by 75 product term 
outputs. The 10 ILMCs, 10 10LMCs, 8 BLMC feedbacks, 10 
OLMC feedbacks, and ICLK comprise 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 ("0") terms 
and 18 are enable/clock ("E") terms. These terms feed into the 
1 0 OLMCs and 8 BLMCs, one "0" term and one "E" term to each. 

The programmable OR array offers unparalleled versatility in 
product term usage. This programmability allows from 1 to 64 
product terms to be connected to a single sum term. A program­
mabie 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 contains 72 bits of reprogram mabie memory that can 
contain user defined data. Some uses include user 10 codes, re­
vision 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. 

SECURITY CELL 

A security cell is provided with every GAL6001 device as a de­
terrent to unauthorized copying 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 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. 

95 

Specifications GAL6001 

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 milliseconds. 

REGISTER PRELOAD 
When testing state machine designs, all possible states and state 
transitions must be verified, not just those required during normal 
operations. This is because in system operation, certain events 
may occur that cause the logic to assume an illegal state: power­
up, brown out, line voltage glitches, etc. To test a design for proper 
treatment of these conditions, a method must be provided to break 
the feedback paths and force any desired state (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 preload ed, 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 
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 I/O pins be connected to another active in­
put, V ceo or GNO. Doing this will tend to improve noise immunity 
and reduce Icc for the device. 
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Vee 
OV--_.../ 

ICLK VIH --,.,........,~...,.,.--.I.--__ ....... --..... 
OCLK VALID CLOCK SIGNAL 

STCLK ~L~~~~~~~~V 

INTERNAL 
REG. 0 

FEEDBACK/EXTERNAL 
REG. 0 

OUTPUT 

Circu~ry within the GAL6001 provides a reset signal to all registers 
during power-up. All internal registers will have their Q outputs 
set low after a specified time (tAESEr ' 45l-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 conditions must 
be met to guarantee a valid power-up reset of the GAL6001. First, 
the Vcc rise must be monotonic. Second, the clock inputs must 
become a proper TTL level within the specified time (\oR' 1001lS). 
The registers will reset within a maximum of tRESEr 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 (DPTS ) 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 LO to a Logical HI within a 
5ns period. After subtracting take the absolute value. 

DPTS = I (P-Terms)LH - (P-Terms)HL I 
DPTS 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. 

A software util~ is available from Lattice Applications Engineering 
that will perform this calculation on any GAL6001 JEDEC file. This 
program, DPTS, and additional information may be obtained from 
your local Lattice representative or by contacting Lattice 
Applications Engineering (Tel: 503-681-0118 or 800-FASTGAL; 
FAX: 681-3037). 
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• IN-SYSTEM-PROGRAMMABLE -- 5-VOLT ONLY 
- Change Logic "On the Fly" (in milliseconds) 
- Nonvolatile E2 Technology 

• DIAGNOSTICS MODE FOR CONTROLLABILITY AND 
OBSERVABIUTY OF SYSTEM LOGIC 

• HIGH PERFORMANCE E2CMOS~TECHNOLOGY 
- 20 ns Maximum Propagation Delay 
- Fmax = 41.6 MHz 
- 90mA MAX Icc 

• EIGHT OUTPUT LOGIC MACROCELLS 
- Maximum Flexibility for Complex Logic Designs 
- Programmable Output Polarity 
- Also Emulates 20-plnPAL ~ Devices with Full Func-

t1on/Fuse Map/Parametric Compatibility 

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

• 24-PIN 300-MIL DIP, AND 28-LEAD PLCC PACKAGING 

• MINIMUM 10,000 ERASElWRITE CYCLES 

• DATA RETENTION EXCEEDS 10 YEARS 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

• APPLICATIONS INCLUDE: 
-'- Reconfigurable Interfaces and Decoders 
- Copy Protection and Security Schemes 
- "Soft" Hardware (Generic Systems) 
- RfTI'M (Reconflguratlon For Test) 
- Proprietary Hardware/Software Interlocks 

DESCRIPTION 

The Lattice ispGAL~16Z8 is a revolutionary programmable logic 
device featuring 5-volt only in-system programmablitiy and real 
time, in-system diagnostic capabilities. This is made possible by 
on-chip circuitry which generates and shapes the necessary high 
voltage internal programming control signals. Using Lattice's 
proprietary UltraMOS~technology. this device provides true bi­
polar performance at significantly reduced power levels. 

The 24-pin ispGAl16Z8 is architecturally and parametrically 
identical to the 2D-pin GAL ~16V8. but includes 4 extra pins to 
control in-system programming. These extra pins are: data clock 
(DCLK). serial data in (501), serial data out (500). 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 10 be cascaded to form a serial programming and di­
agnostics loop. 

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

ispGAL16Z8 
In-System Programmable 

Generic Array Logic™ 

FUNCTIONAL BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS(1) 

Supply voltage Vcc ......... _ .................. _ ...................................... -.5 to +7V 
Input voltage 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. 

COMMERCIAL INDUSTRIAL MILITARY 

R, I R2 R, I R2 R, I R2 

200 I 390 200 I 390 390 I 750 

AC Test Conditions: 
Cond. 1) R, per table; Cl = 50pF; R2 per above table 

Cond. 2) Active High R, =~; Active Low R, per table; 

Cl - 50pF; R2 per above table 

Cond.3) Active High R, =~; Active Low R, per table; 

Cl = 5pF; R2 per above table 

CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Specifications ispGAL 16Z8 

FROM OUTPUT (010) 
UNDER TEST 

R2 

TEST POINT 

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF Vee = 5.0V, VI = 2.0V 

CI1OlO 1/010 Capacitance 10 pF Vee = 5.0V, VjlO/Q = 2.0V 

<Guaranteed but not 100% tested. 
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ELECTRICAL CHARACTERISTICS ispGAL 16Z8-20L Commercial 

Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. 

VOL Output Low Voltage - - 0.5 

VOH Output High Voltage 2.4 - -
IIL,IIH Input Leakage Current - - ±10 

111010 Bidirectional Pin Leakage Current - - ±10 

10sl Output Short Circuit Current Vee = 5V VOUT = 0.5V T = 25° C -30 - -150 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V f10ggle - 15MHz - 75 90 

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

UNITS 

V 

V 

IlA 

IlA 

rnA 

rnA 

DC RECOMMENDED OPERATING CONDITIONS ispGAL 16Z8-20L Commercial 

SYMBOL PARAMETER MIN. MAX. UNITS 

TA Amhi.o.r'lt To.ml"\.o.t'!!lItllr.o. 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 rnA 

10H High Level Output Current - -3.2 rnA 
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SWITCHING CHARACTERISTICS ispGAL 16Z8-20L Commercial 

Over Recommended Operating Conditions 

PARAMETER # FROM TO DESCRIPTION 
TEST 

MIN. MAX. CONDo UNITS 

tpd 1 1,1/0 0 Combinational Propagation Delay 1 3 20 ns 

tco 2 ClK a Clock to Output Delay 1 2 15 ns 

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

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

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

6 OE a Output Register Disable, a -> Z 3 - 18 ns 

AC RECOMMENDED OPERATING CONDITIONS ispGAL 16Z8-20L Commercial 

PARAMETER # DESCRIPTION TEST 
MIN. MAX. UNITS 

CONDo 

fclk 
7 Clock Frequency without Feedback1 z 1 I (twh + 'wI) 1 0 41.6 MHz 

8 Clock Frequency with Feedback1 = 1 I (tsu + teo) 1 0 33.3 MHz 

tsu 9 Setup Time, Input or Feedback, before ClK t - 15 - ns 

th 10 Hold Time, Input or Feedback, alter ClK t - 0 - ns 

11 Clock Pulse Duration, High" - 12 - ns 
tw 

Clock Pulse Duration, low" 12 - 12 - ns 

1) fclkis for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
I/O, REG. 

FEEDBACK 

elK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.BOORAMMED 

FOR OE CONTROL 

COMBINATIONAL 
OUTPUTS 
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ELECTRICAL CHARACTERISTICS ispGAL 16Z8-25L Commercial 

aver Recommended Operating CondHlons (Un .... Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYp. MAX. UNITS 

VOL Output Low Voltage - - 0.5 

VOH Output High Voltage 2.4 - -
IIL.IIH Input Leakage Current - - ±10 

111010 Bidirectional Pin Leakage Current - - ±10 

10s1 Output Short Circuit Current Vci;- 5V VOUT - 0.5V T K 25° C -30 - -150 

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

1:) One output at a time for a maximumdurll.tiOn of.PIl8 second. VOUT '= O.5V was selected to avoid test problem!; caused by tester ground 
degradation. Guaranteed but not 100% tested. 

V 

V 

J.LA 

J.LA 

mA 

mA 

DC RECOMMENDED OPERATING CONDITIONS ispGAL 16Z8-25L Commercial 

SYMBOL PARAMETER MIN. MAX. I UNITS I 
A_L.: __ & T ______ ..... __ 

0 75 "C .... 1'\111UIt:l11I. I till I ItJtff i:lLurtt 

Vee 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 
TEST 

MIN. MAX. UNITS CONDo 

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

tco 2 ClK Q Clock to Output Delay 1 2 15 ns 

ten 
3 1,1/0 0 Output Enable, Z .... 0 2 - 25 ns 

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

5 1,1/0 0 Output Disable, 0 .... Z 3 - 25 ns 
tdis -

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

AC RECOMMENDED OPERATING CONDITIONS ispGAL 16Z8-25L Commercial 

PARAMETER # DESCRIPTION 
TEST 

MIN. MAX. UNITS 
c' . ,.: CONDo ....... 

fclk 
7 Clock Frequency without Feedback1 = 1 I (twh + ~Il 1 0 33.3 MHz 

8 Clock Frequency with Feedback1 = 1 I (tsu + teol 1 0 28.5 MHz 

tsu 9 Setup Time, Input or Feedback, before ClK i - 20 - ns 

th 10 Hold Time, Input or Feedback, after ClK i - 0 - ns 

11 Clock Pulse Duration, High2 - 15 - ns 
tw 

12 Clock Pulse Duration, low2 15 - - ns 

1) felk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing felk specifications. 
2) Clock pulses of widths less than the specification may be detected as valid clock signals. 

SWITCHING WAVEFORMS 

INPUTS 
110, REG. 

FEEOBACK 

ClK 

REGISTERED 
OUTPUTS 

ANY INPUT 
P.BOGRAMMED 

FOR OE CONTROL 

COMBINA lIONAl 
OUTPUTS 
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OUTPUT LOGIC MACROCELL (OLMC) 

The following discussion pertains to configuring the output logic 
macrocell. It should be noted that actua. implementation is 
accomplished by development softwarelhardware and is com­
pletely transparent to the user. 

NOTE: See jspGAl16Z8 Programmer's Gujde for additional in­
formation on in-system OLMC reconfiguration. 

There are three OLMC conf~uratk>n modes pOssible: registered, 
complex, and simple. The~e 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). . 

I 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

~l' AY 

\ 

FA 
A 

AAR 

FEED 
8ACK 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 

-L -

L-

1 Vcc-
-

PTMUX ~ 

r . , 
./ J) )--

I 
XOA(n) 

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

Specifications ispGAL 1628 

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 
registered outputs; or a product term can be used to provide 
individual output enable control for combinational output~ 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 diag~ams. 

, iIIIM\a~ 

TSMUX , , , , , , , , 
t 

OMUX I/O(n) 
""'--D Q r-- I" 

~ 

Qr-

- r-

FMUX 
, 

1 
FROM· 

- ADJACENT 
STAGE 

OUTPUT(m) 

-------------------- -eLK OE 

IspGAL *16Z8 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 
thecommon 16R8 and 16RP4 devices with various permutations 
of polarity, VO and register placement. 

,------, 

, 
1- ____________ _ 

• 
I 

Specifications ispGAL 16Z8 

All registered macroc:ells share common clock and OE control 
pins; Any macroceR can be configured as registered orVO. Up 
to 8 registers or up to 81.O's are possible in this mode. Dedicated 
inwt or output functions can be implemented as sub-sets of the 
VO function. 

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

Registered Output with Programmable 
Polarity 

Q(n) lIQIESl 
• All macroceliB can be Individually conflgured to this 

fundlon. 
o Polarity of the register Input is programmable on a 

matrocel by macrocell basis. :.... 
o _'nto the AND array Is from the Q signal of 

!he register with active low and active high feedback 
palhB provided. 

o Reglste~macrooslls ha"" common clock (pin I) and 
common OE (pin 1~) 

ComblnatlonallnputlOutput with 
Programmable OE and Polarity 

.IIQIEi; 
o AI macrocells can be indlvldlJ!lllyconflgured to this 

fundlon. 
• The polarity of each ",.."....1110 programmable on 

a macrocell by macrocel basis. ' 
• AI macrocella have active high and active low' 

feedback of the output buffer and/or _ pin data 
Into !he AND array. , 

o When all 8 macroceIB..!!." C9"flgursd into !he LO 
fundlon the elK and DE pins Berve no valid logic 
function. 

I , 

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

Note: The developmentspftware configures all of thearchitecturll conJrolblt$ ~f1d ch~cks for proper pin usage automatically. 



COMPLEX MODE 

In the Complex architecture mode macrocells are configured as 
output only or I/O functions. 

Architecture corifigurations available in this mode are similar to 
the common 1618 and 16P8 devices with programmable polar­
ity in each macrocell. 

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

Specifications ispGAL1 f3Z8 

puts can be implemented as sub-sets of the I/O function. The two 
"outboard" macrocells do not have input capability. Designs 
requiring 8 l,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 contrbl. Pins 1 and 13 are 
always available as data inputs into the AND array. 

----------------------------~ I ~ 

I ~ 
I ~ 

I 

I ~ 

I ~ ComblnatlonallnputlOutput with 
I ~ Programmable OE and Polarity 
I ~ 

I ~ 

I ~.~ ;; t!QIIiI;. 
I ~> ~ • The outor most macrocolls (pins 15 & 22) cannot 
I perform this function. 
I ~ • The polarity '" each maclOCO" Is programmable on 

,,=[: ~?D 
~ 

a macrocoll by macrocell basis. 
• Each macrocell has adlve hlgh and ao1lve low 

~ feedback of the output buffer and/or device pln data -.of ~ Into tho AND array. 

FEED .... ' -In! ~ - ..... ; 
~ 

I ~ 

I ~ -----------------------------

----------------------------~ I 
~ 

I ~ 
I 

~ 
I 

'I 
~ 

I ~ 
Combinational Output with Program-

I 
~ mabie OE and Polarity 

I 
~ 

I 
~ 

I 
~ 0InI 

I ".>o-~ ~ 
I • Tho two outer most macrocells (pIns 15 & 22) are 

~ permanently configured to this function when in tho I 
~ Complex mode. 

~J:[:- !? 
~ • The other 6 maclOCOns can emulate this mode by 
~ not using tho feedback data III a data Input to tho 

ARRAY ....... , a","I. 
I 

~ • The polarity "'oach ri1acrocetlls programmable on 
I 

~ a macroceIl by macrocoIl basis. 
I 

~ 
I 

~ 
I 

~ 

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

Note: The development software configures all of the<arcshitecturecontml bits and checks for proper pin I:Jsageautomatically. 



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 1 OLa and 16P6 devices with many permutations of 
generic polarity output or input choices. 

, , , , , , , , , , , , , , , , 
:-4' , , , 

Specifications ispGAL 16Z8 

All ouputs are associated with a datCi 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. ~ 

I 
I 
I 
I 
I 

~~ I 
I 
I 
I 
I 
I 

Dedicated Input Mode 

t:!QIR. 
• The "cen'a" IwO macrocells (18 & 19) canno' be 

configured to this function. 

----------------------------, I 
I , 
I 
I , 
I 
I 
I , 
I 
I , 

.:.;[t5 
I 
I , 

I !~~ *M,. 

T I 
I 

I 
I 
I 
I 
I 
I 

, ~>-
I .... 

I 
I 
I 
I 
I 
I 
I 

I I 
I I 

~--------------------- ______ ' 

;; 

Dedicated Combinational Output 
with Programmable Polarity 

HQIEl!: 
• AU MaaoceUs can be configured to this function. 

The "center" macroceUs (pins 18 & 19) can only 
be configured to this function when in the SilT1lie 
mode. 

• The polarity of each macrocell is programnable 
on a macrocell by macroceU basis. 

• The outputs can also be permanently 
programmed 1rl-stated. 

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 ispGAl16Z8 
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) cell 
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 tn-state upon 
entering the programming/diagnostic mode. 

NOTE: Refer to the ;soGAL16Z8 Programmers Gu;de for addi­
tional information on TC cell programming and function­
ality. 

SECURITY CELL 

A security cell is provided with every ispGAL 16Z8 device as a de­
terrent to unauthorized copying of the array patterns. Once pro­
grammed, this cell prevents further read access to theAND 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: Refer to the ;s~Al16Z8 Programmers Guide for addi­
tional information on the Bulk Erase procedure. 

108 

Specifications ispGAL 16Z8 

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 vottage glitches, brown-outs, etc.). To 
test a design for proper treatment of these conditions, a way 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 ispGAl16Z8 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: Refer to the isoGAL16Z8 Programmers Guide for addi­
tional information on registered oriented diagnostic 
preload. 

LATCH-UP PROTECTION 

ispGAL 16Z8 devices are designed with an on-board charge pump 
!c negatively bias ~he substrate. Thtt negative bias is oj sufficieni 
magnitude to prevent input undershoots from causing the circuitry 
to latch. Additionally, outputs are designed with n-channel pul­
lups 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. 

ispGAl16Z8 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 in­
put, V cc' or GND. Doing this will tend to improve noise immu­
nityand reduce Icc for the device. 
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POWER-UP RESET 

ov---­

ClK VIH ~~-""'~'"7'<'"7'<"""'I.r---V-Al-I-O-C-lOC-K-SI-G-NAL----

INTERNAl 
REG. 0 

VIL~:::J~~~~~~~;j--::::::-7 INTERNAl REGISTER 

FEEDBACKlEXTERNAl 
REG. 0 

OUTPUT 

Circuitry within the iSpGAL16Z8 provides a reset signal to all 
registers during power-up. All internal registers will have their Q 
outputs set low after a spElCified time (t RESET' 45l.1.s MAX). As a 
result, the state on the registered output pins (if they are enabled 
through OEl 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 16Z8 devices. 
These devices.have been "daisy d'li1ined·tog~herto form a serial 
programming/diagnQstic loop. In this, configuration, the Q!i!ta b~ 
rate and.the DCLK clock frequency are the same. A programming 
and/or diagnostic bit stream may be shifted through all three ·(3) 
devices at the maximum DCLK clock frequency. The ispGAL 16Z8 
d~~~Usare n~t dynamic. In other words, there is no minimum 
DCI.l(dOCkfl"equeilc:y: •. . 

In this configuration, only four (4) wires are required to access and 
control an unUmited number of devices. All the functions associ­
ated with reprogrammable logic devices are available via this 4-
wire interface. An important benefit offered by. the ispGAL 16Z8 
is RFT (Reconfiguration For Test) capabnity. RFT is a concept pio­
neered anddevelopedby.LatticeSemiconductor. RFT, in brief, 
is the process of reprogramming 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 the4-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 16Z8 to serve as a micro-control state-machine. 

ispGAL16Z8 PROGRAMMERS GUIDE 

The ispGAL 16Z8 Programmers Guide contains complete infor­
mation on the use of the serial programming and diagnostic 
capability of the ispGAL 16Z8 device. The information provided 
in this datasheet js insufficient to properly design circuitry to control 
the device. The information is presented here only for reference 
and conceptual design evaluation. The guide can be requested 
from the Applications Engineering department at the factory. 
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RESET TO lOGIC 0 

The timi(1g diagram for P9Wer-upis shown above. Because of the 
asynchronOus nature of system power-up, some conditions must 
be met to guarantee a valid power-up reset of the ispGAL 16Z8. 
First, the Vee rise must be monotonic. Second, the clock input 
must become a proper TIL level within the specified time (tpR ' 

100ns MAX). The registers will reset within a maximum of ~SET 
time. As in normal system operation, avoid clocking the device 
until all input and feedback path setup times have been met. 

Diagnostic 
Clock 

Mode Control 

Serial Da18 
Loop 

ispGAL16Z8 

"'-+--~DCLK soo 

. Mode 501 

ispGAL16Z8 

.... -+-..,....~DCLK 500 

SOl 

ispGAL16Z8 

'------~IDCLK 

lYplcallspGAL 16Z8 Daisy Chain 

E 
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Military ProdLJctlnd~x, 

MILITARY PRODUCT INDEX 

" " 

F~!IJIILY tpd fmax Icc MIL-8TD-883C STAND~RD MlLIT~RY DRAWING PACKAGI; '." 
PAGE 

(ns) (MHz) (rnA) QllALlFIE~ NU!IJIB,ER " # 

GAL16V8A 15 50 130 YES 5962-8983903RA 20-Pin CerOIP 32 
20 41.7 130 YES 5962-8983902RA 34 
20 41.7 65 · TBA 36 
30 33.3 130 · 5962-8983901 RA · 

GAL20V8A 15 50 130 YES 5962-8984003LA '24-Pin CerDIP 32 
20 41.7 130 YES 5962-8984002LA 34 
20 41.7 65 • TBA 36 
30 33.3 130 · 5962-8984001 LA • 

GAL18V10 15 62.5 135 " • • 24-Pin CerDIP 62 
20 33.3 135 · · 64 

GAL22V10 15 62.5 150 YES 5962-8984103LA 24-Pin CerDIP 62 
20 33.3 150 YES 5962-8984102LA 64 
30 25 150 · 5962-8984101 LA · 

GAL26CV12 15 62.5 150 • · 28-Pin CerDIP 62 
20 33.3 150 • • 64 

GAL20RA10 20 41.7 120 · · 24-Pin CerDIP 80 

• Contact lattice (1-800 FASTGAL) for additional information. 
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CORPORATE PHILOSOPHY 

Lattice Semiconductor is committed to leadership in per­
formance and quality. Our family of military GAL devices 
is consistant with this philosophy. Lattice manufactures all 
devices under strict Quality Assurance guidelines. All 
grades, Commercial thru Military 883C are monitored under 
a Quality program conformant to MIL-M-3851 0 Appendix A 
with inspections conformant to MIL-I-4520SA. 

Lattice Semiconductor has manufactured millions of GAL 
devices over the last half decade. The engineering analy­
sis and characterization during this time has been focused 
into our current design, process and manufacturing test pro­
cedures to assure superior product meeting all datasheet 
and quality goals. 

Complete review of the procedures and technical data can 
be arranged at our facility near Portland, Oregon. Factory 
audits of our documentation and processes are also wel­
comed. 

QUALITY AND TESTABILITY 

Lattice Semiconductor processes its GAL devices to strict 
conformance with MIL-STD-883C Class B. The inherent 
testability and quality advantages o.f E2CMOS~ technology 
used in the deSign and manufacture of GAL devices allow 
Lattice to achieve superior levels of screening. 

All GAL devices are patterned dozens of times throughout 
the manufacturing flow to test for device performance under 
worst case configurations using the same E2 cell array that 
willi::)e used for your final patterning of the devices. This 
"100% actual test" philosophy does away with the corre­
lated and simulated testing that is necessary with bipolar 
and UV (EPROM) based PLD devices. 

Complete details of th.e methodologies used, the quality 
gains, and the cost savings obtained with this test philoso­
phy can be found in the GAL Handbook, available from your 
local Lattice Sales Representative. 

RELIABILITY 

Lattice Semiconductor performs extensive reliability.test­
ing prior to product release. This testing continues in the 
form of Reliability Monitors that are run on an ongoing basis 
to assure continued process integrity. A formal, written 
report of these test results is updated regularly and can be 
obtained from your local Lattice Sales Representative. 
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The reliability testing performed includes extensive analy­
sis of fundamental design and process integrity. The 
reprogrammable nature of GAL devices allows for an 
inherently more thorough reliability evaluation than other 
programmable alternatives. 

MIL-STD-883C 

MIL-STD-883C is a procedure defined by RADC speci­
fying a series of environmental, mechanical and electrical 
test methods that (ire aimed at providing uniform manufac­
turing screening and outgoing test requirements for mili­
tary microcircuits. Lattice devices are processed to 
Class B. Table I summarizes the MIL-STD-883C, Class 
Bilow. 

MIL-M-38S10 

MIL-M-38510, when used in conjunction with 
MIL-STD-883C, defines design, packaging, material, 
marking, sampling,.qualification and Quality System re­
quirements for non-JAN devices. Table II summarizes the 
conformance testing required by MIL-STD-883C, Method 
5005 for qualify conformance testing of Lattice military mi­
crOCircuits. 

GROUP DATA 

Group A and B data is taken on every inspection lot per the 
MIL-STD-883C, Class B requirements. This data, along 
with GeneriC Group C and D data, can be supplied, upon 
written request, for each shipment. Your Lattice Sales Rep­
resentative can advise you of charges and leadtime nec­
essary for this data coUection. 

STANDARD MILITARY DRAWINGS 

Lattice actively supports the Standard Military Drawing 
(SMD) Program. The SMD Program offers a cost effective 
alternative to source control drawings. The Program 
provides a standardization of MIL-STD-883C productspeci­
fications. SMDs are available from participating manufac­
turers. 

Standard Military Drawings are available for most of Lat­
tice's MIL-STD-883Cqualified GAL devices. Your local Lat­
tice Sales Representative can advise you on the status of 
these drawings. 
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MILITARY SCREENING FLOW 
(TABLE I) 

Screen Method 
Internal Visual 2010 Condo B 
Temp. Cycling 1010 COhd. C 
Constant Acceleration 2001 Condo E 
Hermeticity 1014 

Fine Condo A or B 
Gross Condo C 

Endurance Test 1033 
Retention Test Unbiased Bake 

48 HRS. 
TA = 150°C 

Pre Burn-In Electrical Applicable Device 
Specification 
Tc = 25°C 

Dynamic Burn-In 1015 Condo D 
Post Burn-In Electrical Applicable Device 

Specification 
Tc = 25°C 
PDA =5% 

Final Electrical Test Applicable Device 
Specification 
Tc = 125°C 

Final Electrical Test Applicable Device 
Specification 
Tc = - 55°C 

External Visual 2009 
CCI Sample Selection MIL-M-38510H 

Sec: 4.5 and 
MIL-STD-883C 

Sec. 1.2 

Requirement 
100% 
100% 
100% 
100% 

100% 
100% 

100% 

100% 
100% 

100% 

100% 

100% 
Sample 

:. 
...... 
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MIL-STD-883C 
Class B Conformance 

MILIT ARY QUALITY CONFORMANCE 
INSPECTIONS (TABLE II) 

Subgroup Method Sample 
GROUP A: Electrical Tests 

Subgroups " 7, 9 Applicable Device Spec. 116(0) 
Electrical Test 25°C 

Subgroups 2, SA, 10 Applicable Device Spec. 116(0) 
Electrical Test Max. Operating Temp. 

Subgroups 3, S8, 11 Applicable Device Spec. 116(0) 
Electrical Test Min. Operating Temp. 

GROUP B: Mechanical Tests 
SUbgroup 2 4(0) 

Solvent Resistance 2015 
SUbgroup 3 LTPD=10 

Solderability 2003 
SUbgroup S LTPD=15 

Bond Strength 2011 
GROUP C: Chip Integrity Tests 
Subgroup 1 

Dynamic Ute Test lOD5, 1,000 HRS. 125°C LTPD = 5 
End Point Electrical Applicable Device Spec. 

SUbgroup 2 
Uhbiased Retention 1 ,ODO HRS. 150°C LTPD = 5 
End Point Electrical Applicable Device Spec. 

GROUP 0: Environmental Integrity 
SUbgroup 1 LTPD= 15 

Physical Dimensions 2016 

Subgroup 2 LTPD=15 
Lead Integrity 2004, Condo B 
Hermeticity 1014 

Subgroup 3 LTPD = 15 
Thermal Shock 1011, Condo B, 15 Cycles 
Temp. Cycle 1010, Condo C, 100 Cycles 
Moisture Resistance 1004 
Hermeticity 1014 
Visual Examination 1004, 1010 
Endpoint Electrical Applicable Device Spec. 

Subgroup 4 LTPD = 15 
I .. Mechanical Shock 2002, Condo B 

Vibration 2007, Cond.A 
Constant Acceleration 2001, Condo E 
Hermeticity 1014 
Visual Examination 1010, 1011 
Endpoint· Electrical Applicable Device Spec. 

SubgroupS LTPD = 15 
Salt Atmoshpere 1009, Condo A 
Hermeticity 1014 
Visual Examination 1009 

Subgroup 6 3(0) 
Internal Water Vapor 1018 < 5,000 PPM, 100°C 

SUbgroup 7 LTPD = 15 
Lead Finish Adhesion 2025 

SubgroupS 5(0) 
Ud Torque 2024 
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There are many considerations to be made when choosing a 
PLD. Issues such as technology, quality, reliability and yields 
must be considered in addition to the device architecture and 
cost. The growing acceptance of the high performance CMOS 
processes such as the UltraMOS·-1II E2CMOS· technology 
used in GAL· devices show dramatic gains over previous 
bipolar and UV EPROM devices. 

The three sections of this chapter will help build a foundation 
upon which these decisions can be made. First will be an 
overview of the testing needs of PLDs and their impact on a 
technology choice. Second will be a technology and reliability 
overview to provide some background on Lattice's application 
of testability to the GAL device family. And finally, a brief look 
at a concept know as ·System Cost" where the actual cost of 
design and manufacturing implementation for various tech­
nologies wilt be compared. 

TESTABILITY 

ACTUAL TEST VS. SIMULATED TEST 
Why is "actual test" so significant? PLDs, unlike most other 
semiconductor devices, have a programmable element that 
determines the final device functionality and AC/DC perform­
ance. These programmable elements can be fabricated from 
metal link fuses, programmable diodes or transistors, volatile 
static RAM cells, UV EPROM cells or electrically erasable 
EEPROM cells,' Each of these technologies carries a different 
variability of programming success and a variance in the 
impact of the programming success on the performance and 
reliability of the device. 

The most common programmable elements are the metal 
fuse, EPROM cell and EEPROM cell. Of these element types, 
only the EEPROM cell can be thoroughly tested by the manu­
facturer prior to shipment to an end user OEM. 

EEPROM ALLOWS ACTUAL TEST 
Each of the methods identified above can b6 programmed. In 
this manner they are all the same. The differences become 
apparent when the eraSe times are analyzed. Metal link and 
One-Time Programmable (OTP) devices cannot be erased. 
UV E-PROM devices can be erased,however the time re­
quired is 20-30 minutes (and an expensive windowed pack­
age). EEPROM devices,' on the other hand, offer instant 
erasability on the order of 50 mS (thousandth's of a second). 
The advantage of this instant erase for manufacturing test is 
significant. Instant erase allows instant re-patterning for 
additional testing. 

EEPROM technology has been used for PLD manufacturing 
by Lattice for more than half a decade. Lattice refers to their 
high performance EEPROM technology as PCMOS 
technology. Extensive reliability studies of the technology 
have been performed with industry-wide acceptance, includ­
ing the military. 
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OTHER METHODS ARE IMPRECISE 
All PLD devices must be tested to some degree to validate 
functionality and performance. TeChnologies that are not 
erasable or offer lengthy erase times severely constrain the 
test flexibility. Since the normal "user" programmable ele­
ments cannot be programmed during manufacture (all ele­
ments must be available for end-user programming) the 
manufacturers resort to using simulated and correlated per­
formance of test rows, test columns and phantom or dummy­
test arrays. At best, this is a statistical measure of the actual 
device performance. One needs only to look at the "normal" 
programming yield fallout of 0.5"'" 3%orthe "acceptable" post­
programming test vector & board yield fallout of 0.5 .... 2% to 
knowthatthiscorrelation is weak. The quality systems of today 
are measuring defects in the parts per million (PPM):, A six 
sigma program requires less than 3.4 PPM; fQw:. orders of 
magnitude less than that achievable with non-testable PLDs. 

ACTUAL MATRIX PATTERNING 
The unique capability of E2CMOS devices to be instantly 
electrically erased allows these devices to be patterned mUl­
tiple times during Lattice's manufacturing test. Normal array 
cells in the programmable matrix are patterned, erased & 
tested again and again. The test rows or columns, phantom 
arrays, etc., that are used with other technologies are not nec­
essary with E2CMOS devices. Programmability of every cell is 
checked dozens of times. 

Historically the checking of a successful programming opera­
tion consisted of no more thana pass/fail verification step. 
This digital, blacklwhite style check is not adequate to assure 
that the cell programmedproper\y with sufficient margin to 
guarantee long-term reliable performance of the device. 
PCMOS devices have an additional cell verification step that 
consists of an analog measure (to millivolt accuracy) of the 
actual charge stored on the cell. This data is used for exten­
siye reliabiUty and quality measurements and testing. 

WORST CASE ACIDC TES'nNG 
A PLD does not have a defined function until the engineer 
patterns the device with his custom pattern. The manufac­
turer, when considering the testing of a PLD, mustconsiderthe 
hundreds of different architecture and functional variations 
that can be created by the end user. Each configuration of 
architecture brings on a different set of worst case pattern and 
stimulus conditions. Quick application of a series of worst case 
patterns that cover all of the permutations of input combina­
tions, array load & switching, and output configuration is 
required. ' 

E2CMOS devices, offer instant erasability to address this 
reconfiguration & test problem. Testing each additional worst 
case configuration takes fractions of a second, allowing doz­
ens of patterns to be checked to assure performance to rated 
speeds even under the most grueling AC pattern. The final 
result is a device with defects reduced from PP.!:I. (parts per 
hundred) to PPM (parts per lIlillion). 
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TECHNOLOGY & RELIABILITY 

Lattice maintains a cQmprehensive reliabilitY qualification 
program to assure that each product achieves its reliability 
goals. After initial qualification, data is continuously accumu­
lated through monitor programs so as to further drive failure 
rates down. Each product's qualification pian is generated in 
confOrmance to Lattice's Qualification Policy with failure analy­
sisin conformance to Lattice's Failure Analysis Procedures. 
Both documents are contained in Lattice'S Quality Assurance 
Manual, which can be obtained upon request. Failure rates in 
this reliability summary are expressed in FITS. Duetothevery 
low failure rate of integrateQcircuits, it is convenient to refer to 
failures in a population during a period of 1 oe device hours; one 
failure in 10& device hours is defined as one FIT. 

PROCESS OVERVIEW 
Lattice Semiconductor is using the third generation of its 
advanced UltraMOS· process for most of its current manufac­
turing (Figure 1). Ourfourttlgeneration process is in develop­
ment with products expected to be sampling on this process in 
the near future. The primary difference between UltraMOS III 
and its predecessor, UltraMOS II, is the addition of a second 
layer of metalization. The second level of metalization is used 
to improve signal routing density in the logic circuitry as well as 
improve speed by Strapping tha poly "-Jord lines in the program-
mable array. . 
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BASIC THEORY OF OPERATION 
An E2CMOS cell is built around a MOS transistor with a floating 
gate which Is externally charged or discharged by a small 
programming current. II the floating gate is charged up to a 
positive potential by removing electrons from the flo1lting gate, 
the ce.ll transistor is turned on, storing a binary zero in the cell. 
II the floating gate is charged to a negative potential by placing 
electrons on the floating gate, the transistor is kept in the non­
conducting or off state, which writes a binary one into the cell. 
In addition to the floating gate or sense device, an additional 
select transistor, or pass gate, is added in series with the cell 
to isolate it from the array during read and write operations. A 
schematic representation of this cell is shown in Figure 2. 

The small halos in the source/drain regions ofthe sense device 
are used to indicate that this device does not have the 
conventional self aligned source/drain regions of a typical 
MOS device (see process technology, below). In addition to 
the conventional bit line and word line, the E2CMOS cell also 
has an additional line for the control gate, or top gate, which 
controls the potential of the floating gate. 

The cell is programmed by applying a programming pulse to 
either the control gate or the bit line of a cell which has been 
selected by an applied high voltage on the word line. Program­
ming takes place when electrons tunnel through the thin 
tunneling dielectric shown in the schematic by the sma.!! notch 
in the floating gate over the drain of the sense device. Before 
describing the detailed operation of the E2CMOScell, the 
requirements and tradeoffs of the process technology will be 
reviewed. 
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E2CMOS PROCESS TECHNOLOGY 

Substrate 

Lattice's E2CMOS technology is based upon a highly success­
ful combination of CMOS and NMOS technologies. The 
requirements for both on-chip high voltage and high speed 
devices put severe restrictions on the process technology. By 
incorporating both pumped substrate techniques and deple­
tion devices from NMOS technology wnh low power CMOS 
devices, Lattice's E2CMOS technology maintains high per­
formance while meeting the high vo~age requirements of pro­
gramming. 

In addition to combining the techniques of both NMOS and 
CMOS, Lattice's PCMOS technology incorporates an addi­
tional level of polysilicon to form the floating gate, as well as an 
u~ra-clean, u~ra-thin tunneling oxide approximately 100 Ang­
stroms thick. A cross section of a typical PCMOS cell is shown 
in Figure 3. Note that the sense transistor channel length is 
defined by a masking layer and not by the polysilicon gate as 
in the case of the select, or pass, transistor. This technique 
minimizes the size of the cell while maintaining a high coupling 
ratio between the floating gate and the control gate. As in the 
case of an EPROM cell, the PCMOS cell requires a very low 

EEPROM CELL CROSS SECTION 

C(».jTRlL GATE 

FLOATIf'l3 GA T£ 

P-PUMPED SUBSTRATE 

Figure 3 
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leakage, high quality oxide between the two levels of polysili­
con, in order to assure good data retention characteristics. 
The requirements placed on these oxides will be much more 
apparent after the programming characteristics of the cell are 
examined. 

SINGLE CELL PROGRAMMING 
The PCMOS cell is programmed by placing a high voltage 
across the thin tunnel dielectric. The resulting tunneling 
current will tunnel electrons onto the floating gate turning off 
the sense transistor or, with adifferent applied potential, tunnel 
electrons off of the floating gate, turning on the sense transis­
tor. Once the charge has been placed on the floating gate, the 
actual floating gate potential can be modulated by the voltage 
on the control gate through capacitive coupling. It is this 
capacitive coupling that is used to generate the high voltage 
across the tunnel dielectric at the beginning of a programming 
pulse. 

During a programming cycle, the cell is first erased into the 
one, or non-conducting state and then selectively written to a 
zero, or conducting state by a write cycle. This prevents the 
sense device from conducting current during the write opera­
tion when voltage is applied to the drain of the device. There­
fore, the programming characteristics will be explored by first 
examining the cell during an erase. 

ERASE CYCLE PROGRAMMING 
During an erase cycle, a high vo~age is applied to the control 
gate of the cell to be programmed, as shown in Figure 4. If all 
current through the tunnel oxide is neglected, the floating gate 
will simply track the applied voltage following the relationship 
of a capacitive divider, 

1 2 3 
V fg = Cup * V cg + V fg (O~ 

1 floating gate voltage; 2 Control gate vohage; 3 Initial floating gate voltage 

where CUP is the coupling ratio of the cell, and is typically 
between 0.6 and 0.7. Althe end of the erase pulse, the floating 
gate would again couple negatively by the same amount, and 
end up back at the initial floating gate vo~age Vfg(O). 

However, the high voltage applied across the tunnel dielectric 
causes tunneling current to flow, which will discharge the 
floating gate during the erase pulse, as shown in Figure 4. At 
the end of the erase pulse, the floating gate will end up at a 
potential that is lower than the initial floating gate voltage by the 
amount that the floating gate has decayed during the pulse. 
This negative vo~age is sufficient to turn off the sense transis­
tor during a read operation. The magnitude of the control gate 
vo~age which is required to couple. this negative floating gate 
vo~age up to the threshold of the sense device and actually 
turn it on after the erase pulse is defined as the programmed 
high threshold VtH;9h. 

III 
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WRITE CYCLE PROGRAMMING 
During the write cycle, a high voltage is applied to the bit line 
of the cell to be program med as shown in Figure 5. If all current 
through the tunnel oxide is again neglected, the floating gate 
will track the applied drain voltage following the relationship of 
a capacitive divider: . 1 

Vjg = Cd* V drain + Vjg (O~ 
1. Drain voltage applied during a wrhe 

Cd is the drain coupling ratio of the cell and is typically much 
lower than the coupling ratio to the control gate, ranging 
between 0.2 and 0.3. As in the erase case, the floating gate 
would again couple neg!ltively by this same amount, and end 
up back atthe initial floating gate voltage Vfg(O) atthe end ofthe 
write pulse. Also note that the pass transistor may have a 
voltage drop across it, lowering the voltage on the drain below 
the applied programming voltage Vpp. 

However, instead of no current flowing through the tunnel 
oxide, the low coupling ratio keeps the floating gate at a low 
potential, which forces a high negative voltage to appear 
across the tunnel oxide. This high voltage causes tunneling 
current to flow which will charge the floating gate during the 
write pulse as shown in Figure 5. At the end of the write pulse, 
the floating gate will end up at a potential that is higher than the 
initial floating gate voltage by the amount that the floating gate 
has charged during the pulse. This positive voltage is sufficient 
to turn on the sense transistor during a read operation. The 
magnitude of the control gate voltage which is required to 
couple this positive floating gate voltage down to the threshold 
of the sense device and actually turn it off is defined as the 
programmed low threshold VtLow• 
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WIlITE PROGRAMMING WAVEFORM 
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READING THE CELL 
Atteran erase cycle the charge on the floating gate has left the 
sense transistor in the off, or non-conducting "1" state. If the 
erase cycle is followed by a write cycle, then the floating gate 
charge leaves the sense device in the on or conducting "0" 
state. Therefore, the data in the cell can be read by simply 
sensing the cell current when biased with the control gate 
centered between the on and off states. This is shown 
schematically in Figure 6. The bit line and control gate voltages 
are selected to minimize the potential across the tunnel dielec­
tric during a read in order to maximize the retention of the 
floating gate charge. The actual magnitude of the pro­
grammed thresholds, and thus the margins of the cell, a:re 
controlled by the programming voltage, the physical cell lay­
out, and the tunnel oxide electrical characteristics. The key 

Icell 
Bit Line 

Word Line 

+5.0 (if selected) Vbit = 1 Volt 

Control Gate H r 
Vcg = 2.5 Volts I 

+0 ---<1--- Cell Ground 

Figure 6 



gJtattice 
1-J Semiconductor 
.. CorporationTN 

electrical properties of the tunnel oxide will be examined since 
they are critical in determining both the programming proper­
ties and the reliability of the E"CMOS cell. 

TUNNEL OXIDE ELECTRICAL CHARACTERISTICS 
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TUNNEL OXIDE I-V CHARACTERISTICS 

The E2CMOS cell is programmed by placing a high voltage 
across the thin tunnel dielectric. The tunnel oxide is sufficiently 
thin, typically with a thickness between 90 and 120 Angstroms, 
that electrons will tunnel through the dielectric and program the I .. 
cell. The exact nature of the tunneling mechanism is important 
because in addition to determining the amount of voltage j. 
required to get sufficient current through the oxide to program 
the cell, the tunnel characteristic also must be a very strong 
function of voltage to prevent the charge from leaking off of the 
floating gate during the low voltage, normal read, operation. 

In addition to the electrical current voltage characteristics, thin 
tunneling dielectrics must also be characterized by the amount 
of charge that can pass through the oxide without altering its 
electrical properties. Electron traps located in the oxide will 
capture some of the electrons passing through the dielectric. 
As this trapped charge builds up in the oxide, the electrical 
properties change, and eventually the oxide wears out and 
ruptures. Thus, in addition to controlling the erase and write 
characteristics of an E"CMOS cell, the tunnel oxide, and oxide 
quality, playa major role in the reliability of the technology. 

I-V CHARACTERISTICS OF THIN TUNNEL DIELECTRICS 
A typical. I-V characteristic of a thin tunnel oxide is shown. in 
Figure 7. Since the current must flow through this oxide in both 
directions, the characteristic of the oxide is shown for both 
positive and negative polarities. Note that a higher negative 
voltage is required to get the same current as in the positive 
voltage case because of an additional voltage drop that occurs 
across a depletion region formed in the silicon for negative 
applied voltage. For a tunnel oxide of approximately 100 
Angstroms in thickness, the maximum voltage developed dur­
ing programming is roughly 10 volts, or a field strength of 10 
MV/Cm. This very high applied field stress, needed for the 
tunneling process requires very high quality oxides and very 
clean processing conditions. Optimizing the thickness of the 
tunneling dielectric and trading off between the programming 
characteristics and the oxide reliability is a requirement of the 
E2CMOS technology. 

The I-V characteristic is a very strong function of oxide thick­
ness and follows the relationship of the FowlercNordheim 
tunneling equation, 

Ito.x!vl = A * Area * ( V
2

2 ) * Exp (-B *vTOX ) 

Tox 

where A and B are the Fowler-Nordheim coefficients. This 
equation can be rewritten in terms of the field across the oxide 
as: 

ltox(£~ =A * Area * £2 * Exp (-: ) 

which is independent of oxide thickness. 
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CHARGE-TO-BREAKDOWN OF THIN TUNNEL OXIDES 
The I-V characteristic shown in the previous section was 
measured at sufficiently low current densities such that no 
charge trapping occurred during the measurements. If, how­
ever, a large amount of charge is passed through the oxide, the 
trapped charge in the oxide will alter the electrical I-V charac­
teristic. The increase in voltage required to get the same 
tunneling current after a large amount of charge passes 
through the oxide will reduce the amountof charge transferred 
into the cell during a programming cycle and therefore reduce 
the cell programming margins with continued cycling. The 
magnitude of the charge required to shift the I-V characteristic 
depends on the quality and the number of traps in the oxide. 

In addition to this shift in the electrical properties of the tunnel 
dielectric, defects in the oxide, whose properties change as the 
charge passes through the oxide, will actually cause the oxide 
to rupture after a finite amount of charge has passed through 
the dielectric. The maximum charge that can be passed 
through the oxide prior to oxide. breakdown, or the oxide 
fluence expressed in Coulombs/Cm2, can be determined by 
passing current through a tunnel dielectric until it ruptures. 
This physical limitation on the current that can be passed 
through the tunnel oxide places a limit on the number of 
programming cycles that can be performed on any E2 device. 
This cycling limit, or endurance, is dependent on the quality of 
the tunnel dielectric and its associated defect density as well 
as the exact programming stress on the oxide. Lattice's 
technology maximizes the endurance of the devices through 
careful control of the requirements on the oxide as well as by 
optimizing the quality of the dielectric. 

• 



SYSTEM COST 

DEFINITION 
System cost differs from the cost (or "price") of components. 
Component cost is the acquisition cost of the unit. This cost 
can be readily observed and is quite measurable. Unfortu­
nately, the cost of ownership of a component can be much 
higher than the unit cost. This is dueto the hidden cost adders 
that relate to handling, quality, throughput and overhead 
necessary to tal<e a "raw" unit and get it to a functional state in 
aboard. 

The system Cost of a component is the sum of all of these 
hidden costs and represents the true cost of ownership fora 
given component. This cost can be difficult to define duetothe 
multiplicity of potential overhead and cost added. departments 
and locations. 

APPUCAll0N 
System cost is a real cost; however, the two groups most likely 
to influence a device technology decision are the least likely to 
be in a position to observe this cost. Purchasing and engineer­
ing, in most compani,es, are responsible for the parts list 
definition and component acquisition. These two departments 
are usually responsible for reducing the absolute unit cost 
while achieving the board-level performance criteria. 

This situation is unfortunate since corporate and product line 
profitability are function of the system cost of a device, not its 
acquisition cost. A formula will be developed in the subse­
quent paragraphs that will help to define the system cost for 
using a given PLD type, vendor and technology. Each of the 
subsequent paragraphs relate to Figure gas contributors to 
total system cost. . 

PURCHASING OVERHEAD 
The cost adders associated with purchasing can add 2% to the 
actual device cost. Themore inventory line items to maintain, 
the more overhead. This is true in the maintenance of 
engineering as well as manufacturing environments. The 
minimization of device inventories without compromising flexi­
bility is easily achieved by using generic architecture devices. 
Fewer line items reduces the purchasing overhead of main­
taining sufficient stock. 

INVENTORY MANAGEMENT 
Inventory management ~)Verhead can add as much as , 0% to 
the actual del/ice cost. The costs of inventory management 
include shelf space, depreciation, count management, obso­
lete write-offs and safety stock. Again, the reduction of inven­
tory line items simplifies the management overhead and 
reduces cost adders. 

PROTOTYPE INVENTORY 
Engineering labs are stocked with devices to assure proper 
supplies for prototype build and debug. At many companies, 
the engineering lab shortages are supplied from manufactur­
ing stock. This results in a shrinkage of manufacturing inven­
tories that contributes to a higher cost of the remaining units. 
This increase in cost can be as high as , % --- if engineering in-
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ventories are maintained separately. 

'~CTUAL TEST EUMINATES INCOMING QA 
Extensive correlation has been performed by manufacturers 
and users of various types of semiconductor devices. Logic, 
memory, microprocessor and interface devices are seldom 
processed through an incoming electrical OA step. This is due 
to the consistent high quality of these devices guaranteed by 
the manufacturer. 

Why then are PLDs subjected to a complete electrical incom­
ing OA process? The lower quality and lack of performance of 
device to datasheet performance historically associated with 
these devices resulted in this OA step. 

HIGH YIELDS CAN OBSOLETE QA TESllNG 
The costly step of incoming test can be eliminated with 
confidence when using E2CMOS PLDs due to the extensive 
"'00% actual test" performed by the manufacturer. The 
elimination of this step brings several efficiencies to the user. 

PROGRAMMING ERASE 
ELEMENT llME TESTABIUTY 

Fuse nla simulated 

UV(OTP) nla correlated 

UV'window\ ''In ..... ; .... limited .c.VTlllllh 

E2CMOS 50mS 100% 

REUSABLE PLDS EASE QA 

Some companies have extensive incoming OA operations that 
cannot be eliminated. Use of the reusable E2CMOS devices 
is ideal for these operations as the devices can be returned to 
manufacturing inventory after OA test where they can be in­
stantly erased and used in production boards. This flexibility 
also allows OA to be performed at any step in the process. . 

OA testing, when required, is further simplified by utilizing the 
devices with generic architectures. Generic devices can be 
tested using one common test program and then configured in 
a variety of patterns during the programming operation. Thus, 
the generation and maintenance of multipletest programs and 
fixtures (one per architecture) are no longer required. 

LESS HANDUNG REDUCES DEFECTS 
Semiconductor devices are inherently susceptible to mechani­
cal and electrical defects induced during handling. In most 
cases this damage shows up as a bent pin ( a real problem for 
automated pick & place machinery) or as an ESD failure. 
Whenever handling can be minimized, such as elimination of 
electrical incoming test, the quality of the devices will be 
maximized. 

7% PARTS COST SAVINGS 
The incoming OA handling and test of devices typically adds 
7% to the device cost. This cost adder is based on resources, 
yield, and equipment utilization. This 7% can be saved by 
using PCMOS devices and eliminating the OA operation with 
no degradation in device quality. 



REDUCED DEFECTS FOR JIT/CERTIFIED INVENTORY 
Today's manufacturing environments are moving toward 
minimizing inventories and maximizing throughput. These 
types of environments allow no room for defects that would 
cause the shut-down of a production line or compOnent short­
ages. The use of higher quality devices is mandated in these 
environments. 

BOARD & SYSTEM LEVEL SCREENS ARE EXPENSIVE 
It is critical that devices with defects be screened as soon as 
possible in the manufacturing process. A common guideline 
used to.determine the costs associated with the detection and 
screening of defective PLDs at various points in the manufac­
turing process is the "Factor of Ten" rule. 

"FACTOR OF TEN" RULE 
This r!lle is summarized in Table 1. The rule basically states 
that the cost of detecting and repairing a defective PLD grows 
bY. lOx at each subsequent manufacturing operation. The 
reason for this dramatic growth has to do with the fact that the 
device becomes increasingly "buried" within the system at 
each subsequent manufacturing step, allowin!!1fatiltyfunction-
ality to be masked by. other symptoms. . 

The "Factor of Ten Rule" implies that the efforts should be 
made as early as possible. in the manufacturing process to 
keep the cost adder as low as possible. PCMOS devices, with 
100% factory testing, eliminate these defects altogether by 
detecting any defects prior to shipment to the end user. 
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Factor of Ten Rule 

Cost' Multiplier Operation 

$5 fx Raw (incoming) oost of a device 

$50 lOx Cost of detecting & repairing a board level 
!ailure 

$500 l00x Cost of detecting and repairing a system 
level !ailure 

$5,000+ l,OOOx Cost of detecting and repairing Ii field fail-
ure (excludes customer goodwill, etc.) 

• Asaumed a $5.00 cost 

Table 1 

FAUL TV PLDS INCREASE SYSTEM ERRORS 
It should be noted that a very small yield loss can be greatly 
magnified by the quantity of devices on a board or in a system. 
It is quite common for enthusiasm to be generated for yield 
"improvements" from 97% to 99% or 98.5% to 99.5%. Figure 
8 shows that even a yield loss as small as 0.5% can result in 
system failures of 5% with only 5 PLDspersystem. This is due 
to the fact that 0.5% is a defect rate of 0.5 PPH which equates 
to 5,000 PPM, a very high defect rate. 

E2CMOS technology offers a dramatic improvement to this 
sensitivity by bringing the board and system-level failure rate 
down to less than 100 PPM. 

Board Fallout vs. Defective PLD Rate 
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of Using 
Devices 

Manufacturing Operation 

Figure 9 

COST REDUCTION FORMULA 
The preceding cost adders can be reduced to a formula that 
allows you to analyze the actual system cost of using a 
particular PLD. The formula is generic in nature, allowing you 
to tailor the factors to your specific environment. The formula 
is based on a very simple approach of assuming a percentage 
cost adder and yield factor for each operation. 

Costn = Costn., + (Costn.,lYleldn) 

The example in Figure 9 is based on actual data taken from a 
100,000 piece-per-year user of traditional bipolar PLDs and 
the resulting savings possible with E"CMOS GAL devices. The 
technology advantage of E2CMOS shows very clearly in the 
graph as a savings of 34% over bipolar. The cost adder of the 
E"CMOS device is 9%, while the bipolar adder is 66% ... more 
than 7x higher! 
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CHOOSING AN EE·PROM BASED PLD VENDOR 
The semiconductor industry cost & quality curves can be 
accurately modeled using statistics based on unit shipments. 
In short, the efficiencies and growth in expertise of asemicon· 
ductor manufacturer is a linear function of the doubling of units 
shipments. This theory concludes that the unit shipment 
leader in a given product technology will have the quality and 
efficiency advantage for that device technology. 

EE-PROM technology has been used for programmable 
memory elements for over 10 years. During the last 5 years 
Lattice Semiconductor has used these elements forthe manu· 
facture of its E2CMOS GAL devices. Lattice has gathered hun­
dreds of millions of hours of cell reliability data and shipped 
tens of millions of units (more than all other CMOS PLD 
vendors combined). Lattice's experience with manufacturing 
E2CMOS GAL devices allows the Company to provide custom­
ers with the highest quality levels available from any PLD 
manufacturer. 0 



INTRODUCTION 

The dictionary definition of metastability is "a situation that is 
characterized by a slight margin of stability." When applied to 
bi-stable (digital) logic, the. term refers to an undesirable 
marginally stable output state between VIL max and VIH min. 

Metastability can occur in bi-stable storage elements (regis­
ters, latches, memories, etc.) ~hen 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 wh(m~ 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): runtpulse (ia); decr~asl!d 
output slew rate (1 b), output oscillation (I c), and increased 
clock-to-output time (ld). By definition, the phenomenon of 
metastability is statistical in nature. Not only is entry into the 
state uncertain, but the time spent there is also variable. 

Because PLDs are commonplace in today's designs, a thor­
ough understanding of their metastable behavior is cruciaL In 
some applications, output anomalies shorter than one clock 
cycl~ may be acceptable, but in applic~i()ns where the 
register output is used as a control signal (clock, bus grant, 
chip select, etc.) for other circuitry, faults such as runt pulses 
and oscillation cannot be tolerated. 

This report will not study the causes or characteristics of 
metastability in great detail; excellent material has already 
been prepared on this subject [1-5]. Rather, thi.s report will 
introduce. a mathernatical model for the metastable phe­
nomenon, disc.uss potential test methodologies,wesent 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. 

PERIVATION OF CONSTANTS 

The basic premise of aU metastability models is that adeviCe's 
outpu.t is .more likely to have settled to a valid state in time(t) 
than In tlme(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 [I] that metastable failures can be accurately 
modeled by the equation: 

log Failure .. log MAX-b(A - Ao) (1 ) 

In this equation, MAX represents themaximum failure rate for 
a particular environment, A is the time delayed before sam­
pling the OUT (Device Under Test) output, and A 0 is the time 
at which the number of failures starts to decrease. On a failure 
frequency plot (such as the one in Fig ure 2), Ao represents the 
knee of the curve. The constant b is rate at which the 
frequency of failures decreases after the knee is reached. 

RecaUthat: 

log X = a In (X), where a = log (e) 

Substituting this into (1): 

a 0 In Failure .. a 0 In MAX - brA - Ao) (2) 

MAX is related to the clock frequency (fCLOGK) and data fre­
quency (fDATA). That is, 

MAX = (kl 0 fCLOCK 0 !DATA) (3) 

Substituting (3) into (2) and applying some algebra: 

a oln Failure = aoln (kl 0 fCLOCK 0 fDATA) -brA - Ao) 

In Failure -In(~lo fCLOCKo!DATA)'= -b/a(A - Ao) 

Setti~g k2 = bla and rearranging the equ~ti~!!yields: 

Failure = (kl 0 fCLOCK 0 !DATA)e-k2(A - Ao) (4) 

When used with equation (4), the constants kl, k2, and Ao, 
completely describe a particular device's metastable charac­
teristics; they indicate how quickly a device can resolve the 
metastable condition. Devices which transition out of the 
metastable region quickly are characterized bya .small Ao 
and a large k2. 

The constant kl is peCUIi!lf to the test apparatu~ (it can be 
thought of as a "scaling factorj. The maximum metastable 
failure rate (MAX) is limited byfCLOCK; a faihJre cannot occur 
if the device isn't clocked. Likewise,it is true that a metastable 
failure cannot Occur unless data has changed. So, if !DATA 
< fCLOCK, then MAX = !DATA. .This was the case in the test 
fixture Lattice used (fCLOCK=10MHZ, fDATA=2.5MHz). 
Substituting MAX .. !DATA back into equation (3) yields: kl .. 
1JfCLOCK, so kl = lOOns for our tests. 

III 
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. TeST FIXTUBE 

The goal of testing a particular device's metastable charac­
teristics is to generate r,!al numbers for the constant!! k2 and 
.<\0. To do this, the devic.e 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 charl;lcterizing a device's metastable be­
havioremploys a testfixture similartothatshown in Figure 3a. 
In such.a fixture, datato 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 m~ 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 ris.elfall time, delayed transi­
tion), and it may have difficulty detecting every type. Also, the 
registers used in the detector circuit itself may become 
metastable, which would adversely' affect the results. 

A New Approach .. 
The test method used to gather data for thisreport'used the 
circuit shown in Figure 3b. The tester employed an "infin~e 
precision" variaple delay circuit to control clock placement 
with respect to data. This arrangement allowed exact worst 
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Figure 2 •. Typical Failure Frequency Plot 
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case placement of the clock, so as to induce metastabilitywith 
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. A hardcopy was then made and the 
constants empirically obtained (details below). 

The oscilloscope approach, being visual in nature, enables 
the designer to make educated decisions regarding maxi­
mum clock and data rates, as well as the suitability of using 
the output to drive other circuitry. The five ininute sample 
period used in our tests contained approximately 750 million 
failures. Much longer sample periods were evaluated, but 
they provided no perceptible gain in usableinformafion. 

A slight disadvantage of this approach is that extracting k2 
and ~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 attime(t) for the MTBF at that time 
(although, in the case of the scattere.d points, the probability 

VARIABLE DELAY 

1----1D Q 

DUT 

VIL 

Figure .3a. Traditional Metastability Test Circuit 

Figure 3b. Lattice Mestabilit.y Test Circuit 
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is low that a single isolated point represents more than one 
sample). 

To generate values for k2 and ~o, it was necessary to refer to 
previous metastability studies (1). By studying the output 
plots of devices with known constants, certain relationships 
were eslablished. For example, it was determined that t.o 
represents the time from the leading edge of the output until 
the "dot densky' starts to decrease measurably. It should be 
noted that~o in previous studies included device propagation 
delays, whereas in our test it does not. 

The time from ~o until the dot density equals zero was defined 
to be the ''time to metastable release" or simply time(r). The 
relationship between k2 and time(r) is given below in (5), and 
shown graphically in Figure 4. Recallthat MAX=2.5x1 0"6 and 
a=log(e) .. 

k2 = log (MAX) I (time(r)· a) = 14.73/1ime(r) (5) 

TO 
COUNTER III 
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INTERPRETING THE RESULTS 

In addition to examining E2CMOS GAL devices, this stuqy 
also tested several bipolar PAL devices as well as ath",r 
CMOS PLDs. To insure thatthe results of this study would be 
relevant, all necessary precautions were obs,erved: the de­
vices were of recent vintage and were acquired blindly 
through distributors; multiple samples of each device were 
tested and the results combined; all devices had either fixed 
16R8 architectures or were configured to emUlate th",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 IOns 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 resuil of ihe "j(ldecisioii" caused by 
metastability; on some cycles the output settled to a high 
level, while on others it settled, tp,~ low !evel. 

Plot 1 shows the response of a bf~Olar'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 J). The absence of a secondary .trace along ground in­
dicates 1hat the output always starts to transition to a high 
level, even when it finally settles to a low level. This charac­
teristic makes the device unsuitable for use in control path 
applications (when metastability is possible). All of the bipolar 
parts examined showed similar results. 

Plot 2 is from aUV-EPLD. This CMOS device, as did all 
CMOS PLDs Lattice tested, exhibited characteristics far 
superior to bipolar parts. This can.be 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. 

FOi iefaience pUiposas, Plots 5 through 7 arc included. Plot 
6 shows a normal (ie. non-metastable) GAL 16V8-15transi­
tion, and Plot 7 a normal PAL 16ReB transition. Plot 5 is from 
a TTL flip-flop (T1:7474). For consistency; only rising edges 
have beenshowrt Ourtests also covered falling edges which, 
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in general,were interesting but did not provide any additional 
information. 

For a more. quantitative look at the phenomenon of metasta­
bility, referto the table beneath each plot. These tables listthe 
measured values of the constants ~o and k2 for the device 
whose plot is shown, and for similar devices. Recall that large 
k2 and small ~o values are desirable. The numbers in the 
tables correlate closely with the results of earlier tests [1,5], 
confirming the validity of our test method. 

Since all current GAL devices possess very similar register 
and output buffer circuitry, and all are fabricated using the 
same basic process, the data shown in Table 1 for the 
GAL 16V8 is considered applicable to all devices and speed 
grades in the GAL family. 

USING THE RESULTS 

If a register enters the metastable state in a system, then data 
was obviously unstable as the register was being clocked. 
The argument over which data should have been captured 
(old or new) is academic as the register will randomly pick one 
or the other. Signals in most asynchronous systems are 
active for more than one clock cycle, so if they 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 bit were allowed to change, 
the outcome would be purely random, and probably illegal. 
Figure 5 shows examples of both cases. 

Other solutions are to externally (or internally) synchronize 
the asynchronous signals, or to increase cycle times to allow 
time for metastable outputs to settle. An example of the latter 
solution is given below. 

It is worth noting at this point that state machines (synchro­
nous or asynchronous) can fail for reasons other than 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 condition.s, and gate delays. Stated another 
way, each input to output path has its own set of actual AC 
specifications. If insufficient setup time has passed, different 
"versions· of the same data may be present at the inputs of 
different registers as they are clocked. A good example of this 
is: 

Output_Pin 19 := InpuCPin2; 
Output_Pin15 := !lnput_Pin2; 
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If clocked at precisely the right moment after an input transi­
tion, one register will 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 normal 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+~. For one failure per year: 

3.2x1 0-8 = [(1 x1 0-7)(1/(~+49»)(9600)]e·[8(A-2)] 

Solving for ~ yields ~=2. 796ns, or about 3ns, for a cycle time 
of 52ns. Referring back to Plot 2, the additional delay of 3ns 
intuitively makes sense. Remember, in terms of setup and 
hold time violations, the oscilloscope plots were made under 
worst case failure conditions; the scattered dots could repre­
sent. MTBFs of days, years, or even millenniums in a typical 
asynchronous environment. 

Due to the extremely quick metastable settling times of GAL 
devices, a relatively small increase in the cycle time will 
produce a dramatic improvement in reliability. 
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SEQUENTIAL STATE ORDERING 

Figure 5. 

II metastability occurs 
while transitioning Irom 
01, every state is a 
possible next state. 
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GRAY CODE STATE ORDERING 

If metastability occurs 
while transitioning 
Irom 01, the possible 
next states are 01 
and 11. 

DATA ~ ItPO= I I GAL1.va l 
I tCO=12n,1 t------ftjt------fl t$U=12n, r Vi,,;>U, 

CLOCK CJ--------j'~----~------------~----~j[ 
Figure 6. 

MODULE metastable 

TITLE 'Metastable Test 
Pattern' 

uOO Device 'P16R8'; 

d PIN 2; 
ql,q2 PIN 12,19; 

EQUATIONS 
ql .= d; 
q2 . = d; 

End metastable 

Listing 1a. Source equations 
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JEDEC file for: P16R8 
Metastability Test Pattern* 
QP20* QF2048* FO* 
LOOOD 101111111111111111111111111111* 
L1792 101111111111111111111111111111* 
CQ7F4* 

listing 1 b. JEDEC file 
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DESIGN APPLICATIONS 

MAKE SURE THAT YOUR TURBO-CHARGED LOGIC 
SYSTEM WORKS By PAYING As MUCH ATTENTION 

To PRINTED-CIRCUIT BOARD LAYOUT TECHNIQUES 
As To LOGIC DESIGN CONSIDERATIONS. 

AVOID THE PITFALLS OF 
HIGH-SPEED LOGIC DESIGN 

odern high-speed systems demand modern high­
speed logic families. Consequently, semiconduc­
tor houses have developed such product lines as 
ACT, FACT, and AS. But these systems also de­
mand that the lay-out of their boards confornl 
with the results of distributed-element theory, 

otherwise ringing, crosstalk, and other transmission-line phenomena render 
those systems inoperative. Meeting this second requirement necessitates some­
thing more than a new product introduction-:-;-it insists op a change in the way 
logic boards are engineered. The logic-systems designer and the board-layout 
designer must work hand-in-hand if a viable high-speed board or system is to be 
produced. 

In the past, logic design and board layout were usually regarded as separate 
parts of the design process. First the system designer configured the logic, then 
the board engineer laid it out. That approach worked because slew rates were so 
low (0.3 to 0.5 V Ins) that crosstalk wasn't much of a problem; rise times were so 
long (4 to 6 ns) that ringing 
could settle down before a logic 
element could change state; 
and in general, the assump­
tions of lumped-element circuit 
theory usually worked out 
pretty well. 

High-current 
switching device 

ground plane 

LogiccircuH 
ground plane 

1\ 
\.. Glip",1/Bin. 

For systems designed with 
today's high-speed logic cir­
cuitry,those underlying as­
sumptions no longer hold true. 
Today's slew rates are on the 11. TO MINIMIZE NOISE, THE ground 
order of 2 to 3 V Ins, rise times plane should be fragmented into separate areas for 
are below 2 ns (frequently, be- noisy high'Current devices and for sensitive logic 
low 1 ns), and transmission-line circuits. For best results, the number of signal lines 
phenomena, such as ringing, that cross the gap between the fragments should be 
can be a problem for trace minimized. 

JOCK TOMLINSON 
Lattice Semiconductor Corp., P.O. Box 2500, Portland, OR 97208; (503) 681-0118. 

Reprinted with permission from ELECTRONIC DESIGN - November 9. 1989 
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lengths as short as 7 in. As a result, 
logic designers must take certain 
steps: 

.Use ground and power planes. 
• Control conductor spacings to elim­
inatecrosstalk. 
• Make extensive use of decoupling 
capacitors. 
• Pay attention to ac loading. 
• Terminate lines properly to mini­
mize reflections. 

PLANE ADVICE 
For high-speed logic, ground 

planes aren't simply suggested for 
reliable board performance-they 
are absolutely necessary. It's essen­
tial that one layer of the board be as­
signed for a ground plane and that it 
cover as large an area as possible. A 
solid ground plane lowers the 
ground-return-path impedance as 
well as the device-to-device ground 
pin impedance. 

But a common ground plane for all 
of the circuitry in a system can cause 
problems by coupling noise from 
high-current switching devices into 
sensitive logic inputs. Therefore, the 
ground plane for such high-current 

It!fila:'''Qijlle,UIII!~1 
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Central system ground 

Hardware ground 

Noisy ground 

Hard drives, 
relays, 

lamps, etc. 

Chassis 

grounds should be supplied for the logic 
circuitry. noisy high-current devices. and 
the chassis. The three should come 
together at one point. the central system 
ground. which is usually located near the 
power supply. 

devices as relays, lamps, motors, and 
hard drives should be separated 
from' the logic ground. This can be 
accomplished by fragmenting the 
ground plane into discrete areas 
(Fig. i). 

But fragmentation causes prob­
lems of its own-it creates discontin­
uities in the characteristic imped-

ance of any transmission line that 
crosses the separation between frag­
ments. Therefore, for best results, 
boards should be laid out so that only 
two fragments are needed. The gap 
between those fragments should be 
kept as narrow as possible (an eighth 
of an inch works well in most applica­
tions), and the number of signal lines 
that cross the gap should be mini­
mized. Designers should also bear in 
mind that through-holes and vias 
subtract from the effective area of 
the plane, increasing its effective im­
pedance. 

As with grounding, an entire layer 
of the board should be designated as 
a power plane. Even though it is at a 
different potential, the power plane 
should be implemented in accor­
dance with the same concepts as the 
ground plane. Therefore, it should be 
fragmented when necessary to iso­
late noisy components from delicate 
logic circuits. 

A WELL-GROUNDED SYSTEM 
In addition to properly designed 

power and ground planes, high­
speed logic systems require the es­
tablishment of a good, clean (low-

SIGNAL LINES BECOME TRANSMISSION LINES 

For the transmission line 
. model illustrated. in the di­

agram, the rise time (trJ is 
less than the line propaga­

tion delay (T D)' In other words, a 
complete TTL level transition will 
occur before the pulse is received 
at the receiving end of the line and 
reflection.s (ringing) will result. 
The voltage change at point A on 
the line is expressed in Eq. 1: 

I::.V A = I::. V int (Zo / (Ro + Zo» 

Where: Vinl = internal voltage on 
the output of the driver; 

Ro = output impedance of the 
driving gate; 

RL = load impedance; 

Zo = the characteristic line 
impedance; 

and V A = the source voltage at the 
sending end of the line. 

Because Ro is so small when 
compared to the line impedance, 
the change in voltage at point A 
(I::. V A) will approximately equal 
the change in internal voltage 
(I::. V inl). This voltage transition 
propagates down the line and is 
seen at point B after the line proP'" 
agation delay, TD• 

At point B, a portion of the 
wave will be reflected back to­
wards point A in accordance with 
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the formula (Eq. 2): 
Eq.2 

PL = (RL - Zo) I (RL+ Zo) 
wherepu called the voltage re­
flection coefficient (rho), isthe ra­
tio of the reflected voltage to the 
incident voltage. 

After examining Eq. 2, it shOuld 
be evident that -1 :s; P :s; +1. It 
should also be evident that there 
will be no reflected wave if RL = 
Zo-if the line is terminated in its 
characteristic impedance. Note 
that the reflected wave can, in 
principle, be as large as the inci­
dent voltage and of either positive 
or negative polarity. 

This analysis holds true for the 
sending end of the line, as well as 
the receiving end. That is, 

Eq.3 

Ps = (Ro - Zo) / (Ro + Zo) 



noise) system ground for reliable 
performance. A clean system 
ground ensures less noise within the 
system, and thus ensures good, 
strong transistor margins. At least 
lOre .of the ground connections on the 
pc card should be connected to the 
system ground to reduce card-to­
ground impedance. 

Like the ground and power planes 
of the individual boards, the overall 
grounding· scheme 'should 
be fragmented withsepa-
rate conductors provided 
for the various sections of 
the system. For example, 
all relays,lamps, hard (a) 
drives, and other noise­
generating devices shOUld 
have their own separate 
ground path. The system's 
mechanical package (chas- (b) 
sis, .panels, and cabinet 
doors) should have a dedi­
cated ground. And, of 
course, the logic circuitry (e) 
should have a ground of its 
own. 

(d) 

A 

+2 

-2 

+2 

+2 

1,IM!H··,jQW!I+iiilI:f'j 
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data line cross-couples orsuperim­
poses its signal onto th,eelock line, 
the device that the clock is driving 
may detect an illegal level transition. 

Meth.ods to reduce crosstalk are 
straightforward, though not partic­
ularly elegant. The coupling can be 
attenuated by separating the adja­
cent traces as much as possible. The 
trouble with this '. approach is that 
available board real estate often lim-

I<D 

I=TD+ 

1= 1.5TD 
-2 

creating a stub or a high-frequency 
antenna. 

Another step that can be taken to 
reduce crosstalk is to lower the im­
pedance of those traces into which 
crosstalk is especially to be avoided. 
The lower the impedance that a trace 
presents, the harder it will be to 
cross-couple a signal into it. 

Even with the use of power and 
ground planes on a pc board, decou­

piing capacitors must be 
used on the Vee pins of ev­
ery high-speed device. 
Those devices demand a 
nearly instantaneous 
change in current whenev­
er they switch states. Be­
cause the power plane 
can't meet that demand, a 
high-quality decoupling 
capacitor is required, oth­
erwise the switching will 
cause noise on the Vee 
plane. 

A O.l-/LF multilayer ce­
ramic (MLC) or other RF 
quality (low"inductance) 
capacitor should be placed 
on every fast-slew-rate de­
vice as close to the Vee pin 
as possible. The commer­
cially. avail~ble DIP sock­
ets with built-in decou-
piing capacitors also work 
well in this application. 

Most designers,when 
they thinkof loading at all, 

Those three grounds 
should then c.ome together 
at the central system 
ground point, which will 
usuaUype l.ocated near the 
power supply (Fig. 2). This 
common-point grounding 
technique can als.o be very 
effective in reducing radi­
ated interference (~MI 
andRFI), WAVE PROPAGATION along;!, transmission line 

think in terms of dc load­
ing-traditionally re-

TAMING CROSSTALK occurs as follows: Prior to tiine zero, there is asteady-state voltage ferred to as fan-out and 
Crosstalk-the undesir- of 2.5 V de on the line (a). At t = 0, the voltage at point A drops to fan-in. But that type of 

0.5 V, sending a negative pulse of -2 V toward point B (b). At t= loadl·n. g. rarely. pr.esents a able coupling ofa signal on 
one conductor to one on a TD, that negative pulse is reflected from pointB. It adds problem with. today's 
nearby conductor-be- algebraic~llyto theO.S Vonth~ line and sen~s a-L5:V pulse back state,of-the-art logic de-
comes an increasingly seri- toward pomt A (c). The reflectIOns thencontmue as m (d) and (e). vices. Much more signifi-
ous problem as slew rates gol)cp. This its the possible separation to an inad- cant when designing. with high­
signal coupling is made worse if the equateamoullt. speed logic are input and output ac 
second trace has a high impedance or Groundstdping, or shielding, is an loading. 
if the traces run parallel to one an, effective way to reduce crosstalk 
other for more than a few inches and and it makes better use.of available INPUT CAPACITANCE 
are spaced less than 100 to 150 mils board area.' With, ground striping, a 
apart. ground trace (the stripe) is run be-

Crosstalk can be catastrophic to ,a tween the two parallel traces to act 
logic board, sab.otaging a c.onceptu- as a shield. If ground striping is 
ally flawless piece of logic design. used, through holes to the ground 
For example, if a clock line and a data plane should be placed every 1 to 1.5 
line run parallel to each other f.or inches along the ground strip to elim­
more than several inches, and if the inate the possibility of inadvertently 
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Because the input capacitance of a 
device impacts the overallperfor­
manceof the logic circuit, it should 
be examined before a particular de­
vice is selected for a design. To en­
sure specified performance, thetotal 
load capacitance that a device 
drives-includingthe distributed ca-

E 



+2.5 

u-r----~--1_~~­

-1.5 

(a) 
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(b) 

.4. IDEALLY, THE VOLTAGE at point B oscillates forever between +2.5 V and-

.1.5 V (a). In reality, it will be a damped ringing (b). . 

pacitance of the trace-shouldn't ex­
ceed the device's specified capacitive 
load. Most high-speed logic devices 
have a maximum loading of 50 pF. As 
a rule of thumb, the maximum load 
on any logic element should be no 
more than four to six devices for best 
speed/load performance. However, 
there are SOme high-slew-rate de­
vices on the market that have higher 
output drive capabilities. 

BEWARE OF AUTOROUTER 
The most common reason for not 

following the board-layout princi­
ples mentioned so far is having an 
autorouter do the layout. Autor­
outers do what they were designed 
to do very well: They place traces so 
as to make the most efficient use of 
the pc-board real estate. But most 
autorouters don't have the capability 
to determine which devices are high­
speed and which are not. This is 
where the logic designer must step in 

.T.. . he following ten .. rules summarize everything 
the logic designer needs 
to know when designing 

with high-speed CMOS. 

1) Keep signalinterconnections as 
short as possible. 

2) Use a.multilayer PCB. 

.3) P:!'ovideground . and power 
plane$. Discontinuities in the 
planes should be avoided because 
·~flections can occui:' from abrupt 
ehanges in the characteristic im­
. pedance. 

and layout sections, or islands, of 
high-speed logic by hand in order to 
avoid the pitfalls of designing with 
high-speed logic. 

TRANSMISSION LINES 
In addition to the common-sense 

layout considerations discussed so 
far, designers of high-speed systems 
must have at least a basic under­
standing of transmission lines and 
proper termination techniques (see 
"Signal Lines Become Transmis­
sion Lines, "p. 76). The reason: As 
frequencies go up, wavelengths 
corne down to the point where they 
are of the same order as circuit­
board dimensions. Once that hap­
pens, any connection between de­
vices should be considered a trans­
mission line. The lumped-element as­
sumption is simply invalid above that 
point. 

The most common consequence of 
failing to consider the distributed na-

RULES TO REMEMBER 

4) Fragment the ground and pow­
er planes to supply separate sec­
tions for high-current switching 
devices. 

5) Use decoupling capacitors on 
everymgh-speed logic device (0.1 
J.l.F MLC type) located as close to 
theVcc pin as possible. 

6).Proyide the maximum possible 
spacing among all high-speed par­
allel signal leads. 

7) Terminate . bigh-speedsignal 
lineswheretR < 2TD• 
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ture of a high-speed logic board is 
ringing, which is caused by mUltiple 
reflections from the ends of unter­
minated transmission lines. An un­
terminated line has no load imped­
ance (RL = 00) and is therefore an im­
pedance-mismatched line. The be­
havior·of this line when connected to 
a device with a fast slew rate can be 
understood from the following ex­
ample: Prior to time zero, there's a 
steady-state voltage of 2.5 V dc at all 
points on the line (Fig. 3a). At t = 0, 
an initial TTL voltage transition 
from 2.5 V to 0.5 V occurs at point A 
(Fig. 3b). Time T D later, the signal 
reaches point B and is reflected by 
the load reflection coefficient, PL' 

The input impedance of the device 
at point B is very high with respect to 
Zo; RL can be approximated by infin­
ity. By plugging into Eq. 2 from the 
box (p. 76), the reflection coefficient 
approximately equals +1. In other 
words, the voltage reflected by the 
load is equal to the incident voltage 
(Fig. 3c) . The reflected wave passes 
back along the signal path toward 
point A (Fig. 3d). 

Repeating the calculations for the 
sending end of the line (point A), 
where Ro z 0, you get a value for the 
source reflection· coefficient, Ps, of 
-1. In other words, there are reflec­
tions from the source as well as the 
load" but the source reflects the in­
version of the wave that is incident 
upon it (Fig. 3e). 

Looking just at the behavior of the 
signal at point B, the single-step volt-

8) Beware of ac loading conditions 
within the design. Exceeding the 
manufacturer's recommended op­
erating conditions, especially for 
capacitance, can cause problems. 

9) When using parallel. termina­
tion, put bends in all high-speed 
signal runs that go to more than 
one load. Use a termination load 
at the absolute end of the line. 

10) Create islands of high-speed 
devices on the pc board. This sim­
plifies board layout and ropes-off 
the high-speed areas . 



~. 
(a) 

Zo 5/3Zo 

5. THE BASIC PARALLEL 
terJpiDation scheme works well but 

Separate 3-V supply (a). The 
Tne'veDlneqlwvlllent eI~mlDlates the need 

extr'aPlilwerfrom the regular 5-V supply 
(b) •. The use of a capacitor cuts de 
disSipation altogether while supplyulg IC 

tertBiDlation (c). . 

age transition at t = 0 leads to an end­
lessly oscillating signal with a total 
voltage swing of 4.0 V-twice the 
original level transition. The voltage 
doubling comes about because the 
voltage at point Bis the sum ofthe in­
cident and reflected waves at that 
point (Fig.4aj. Actually, because of 
the non-ideal nature of a reai circuit 
board (finite input and output imped­
ances, losses in the transmissioh 
lines, and so forth), PL will be less 
than + 1, and Ps will be greater than -
1. As a result, the reflections Will be­
come successively smaller, causing 
the familiar damped ringing condi­
ti9n'(Fig,4b).. ., 

Utheringing amplitude is large 
enough, it can cause the receiving de­
vice to see an illegal level transition 
and possibly result in spurious logic 
states occupying the logic design. In 
some cases, the amplitude of the 
ringing can actually be large enough 
to damage the input of the receiving 
device. 

TERMINATE YOUR TROUBLES 
The way to eliminate ringing on a 

transmission line is to terminate the 
line in its characteristic impedance at 
either the sending or receiving end. 
The most common way to terminate 
a line is. with a parallel termination at 
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the receiving end (Fig. 5). 
In the configuration (Fig. 5a), RL 

= Zo and RL is puiled up to 3 V dc. In 
principle, RL could be tied to ground, 
but TTL-compatible devices could 
not then supply the necessary drive. 

Solving for PL (Eq. 2), it can be seen 
that PL = O. Terminating a line in its 
characteristic impedance results in a 
reflection coefficient of zero, which 
means that there will be no reflec­
tions or distortions on the line. Other 
than.the time delay, Tn, the line will 
act as if it were a dc circuit: It's im­
portant to note that even though de­
vices or gates may be placed at any 
location onthe line, the terminating' 
resistor should be placed at the end 
of the line. In no case should the line 
be split like a Tee to feed several de­
vices in parallel (Fig. RaJ: Instead, it· 
should be serpeI1tiried to feed them 
sequentially (Fig. db). < , 

The 3-V power source shown (Fig. 
5a) appears at first to be a rruijor 
drawback, but RL and the power sup­
ply can be expressed as a Thevenin 
equivalent running off the system 
power supply of 5 V dc (Fig. 5b). This 
variant works well, but the designer 
should bear in mind that it dissipates 
additional power. • 

REDUCING DISSIPATION 
J.. solution that dissIpate's less 

power than either of the others uses 
a capacitor to cut the dc dissipation 
to zero (Fig. 5c). The recommended 
capacitor is aO.l-/iF MLC type. Sev­
eral manufacturers produce bath ca­
pacitor-resistor and pull-up/pull­
down; termination packs. The p~W. 
up/pull-down packs usuallycom~in' 
a single in-line package (SIP) with 
pins on O:l~in. centers, while the ca­
pacitor-resistor combiriation comes, 
in a standard 1S-pin DIP. The most 
common SIP pull-up/pull-down re­
sistor valuesar~ 220.0/330.0, 33001 
470n combinations. 

An alternative 1;0, a.. parallel terrni" 
nation at the rece.iYing,end isa series 
termination at the sending end (Fig; 
7). The idea behind serial termination 
is to make Ps c= {)and PL =+1. To do 
so, RL is made equal to infinity (left 
unterminated) and a series resistor is 
added at the source to make the over­
all source impedance equal to the 
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characteristic impedance of the 
line-that is, Rs + Ro = ZOL' 

Making Rs + Ro equal to ZOL, of 
course, creates a voltage divider, 
which puts half of the signal ampli­
tude across the line and half across 
the series combination of Rs and Ro. 
Therefore, with the series termina­
tion, the amplitude of the transmit­
ted wave is half of what it would be 
without the termination. 

Interestingly enough, the unter­
minated receiving end of the line pre- . 
cisely compensates for this halving 

, of the amplitude~ The reason is as fol~ 
lows: At the receiving end, the half­
amplitude Wave is received and· a 
half-amplitude wave is reflected. 
But bear in mind that those are two 
separate waves whose amplitudes 
add at the point of reflection. As a 
result of this addition, the only thing 
seEm at the receiving end of the'line is 
a full~size pulse. 

'l'he main disadvantage of a series 
termination is that the receiving 
gate or gates must be at the end of 
the line-no distributed loading is 
possible. The obvious advant;a;ge of a 
series termination over a parallel one 
is that a seri~s termination doesn't 

(b) 

16. SERPENTINING IS essential 
WheD. termiDa. tiog a line. N. ever split the 
tine to feed parallel devices (a). Rather. 
feed them sequentially with a serpentined 
tine (b). 

E 



require any connection to a power 
supply. 

Transmission-line effects must be 
taken into consideration whenever 
line propagation delays get up totl).e 
point where a signal transil$bn ~n 
be completed before that sig!ialllari". 
travel down a line, be reflected, and 
travel back to its starting point. In 
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\' 0 

other wOrds; Unesrnum: be terrpinat­
edwhen, 

2TD=TR• 

CALCUtATING·DELAY 
'nlking ins as a typical I:il:\e t,Uhe for a 
state-of~.the"art.:tligh-speedJogicde­
iice, hOw'1ongcan a boatdtrace get 
before its propagation delay gets to 
be 1-ns long? For a pc board with a 

I I continuous ground plane and a sig-

~Rs {> nal trace on the adjacent layer, the 
.1..--=-_';'" ,. propagation delay depends 'on only 

Zo :. one variable, the dielectric constant 
1.-__ .,... ----------' of the board material. That delay 17. THE SERIES termination needs time is given by: 

no pnlhip supply. Its main disadvaniage 1/2 

is tbat it can't handle distributed loads. tpD = 1.017 (0.475 eR+ 0.67) ns/ft .' ,",' ..... ':' ,.,." '. , ' '. 
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,. For~typicall>oard constructed of 
FR4 material, eR (the dielectric con­
stant) is 4.7 to 4.9. If an average eR of 
4.8 is used in, the equation, then tpD 

turns out to.,be 1.75 ns/ft, which 
works'out tolt86 in.lns. As a rule of 
thumb;ti!tm, an~Jinethat is over 7 in. 
long should be 'considered a trans­
mission line and approached accord­
ingly.D 

Jock Tomlinson, senior applica­
tions engineer at Lattice, holds a 
BSEE from Colorado State Uni­
versity. 
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T he 22VlO device architeCture is now one of the· indUstry' standardS in 

programmable logic devices. The 22VlO owes its popularity to a number of 

architectural features that bring versatility and flexibility to system design. The 

Output Logic Macro~Cell (OLMe) 'is perhaps the most revolutionary feature of the 

22VIO architecture. OLMes eliminate such architectural constraints as insufficient 

product-term access, fixed output polarity, limited three-state control, and poor 

control of registered outputs. The OLMe at any device I/O pin is functionally identical 

to any other. Additionally ,:any I/O 
can be used as a feedback path into 
the AND array. 

Asynchronous reset is another 
attractive feature of the 22VI0. 
One reset signal is common to all 
registered OLMCs and operates in­
dependently of the dedicated clock 
input. This signal is taken from 
the AND array and may be generat­
ed via a pr<x\uct term. Registered 
OLMCs respond' immediately to a 
reset signal. In addition, one pre­
set signal is common to all regis­
tered OLMCs and operates on the 
arrival of a valid clock input. This 
signal is taken from the AND array 
and may be generared by a product 
term. Registered OLMCs respond 
only on the arrival of a valid clock 
input. 

Along with a minimum of eight 

product terms per OLMC in all 
modes, two outputs have access to 
10 product terms per OLMC in all 
modes, another two have aCcess to 
14 product terms, and the center 
two outputs have access to 16 
product terms. Each OLMC's out" 
put driver has Ii unique enable/dis­
able signal that is taken from the 
AND array and that may be gener­
ared via a product term. AlloLMcs 
respond i~iately to the arrival 
of a valid enable signal generated 
externally or internally. ' 

The three, members of Lattice's 
GAL22VIO serieS---the GALI8VI0, 
GAL22VlO, aod GAL26CV12---i1re 
high-speed, EECMOS PwS. Each is 
based on the standard 22V 10 archi­
tecture; their di1ferences involve the 
number Of I/OS, pins, and product 
terms offered. The GAL18VIO is a 

20-pin version of the 24-pin 
GAL22VI0. It contains eight dedi­
cated input pins (rour less ~ the 
22VI0) and 10 I/O (the same as the 
22ViO). The 28-pin GAL26CVI2 
has two more dedicated input pins 
and two more I/O pins than the 
GAL22VlO. The GAL26CV12 in a 
PI.CC package requires no more 
space than many lower-density 
PLDs. . 

The _ EECMOS GALl8ViO and 
GAL2OCV12 cons~e Just 75 rnA 
and 90 rnA typical Icc, resPective­
ly-50 percent less power than 
bipolar alrematives. The program­
mable AND arrays ate proporti9fial 
to the pin cowit of eaCh device. The 
arrays are % X 36, 132 X 44, aod 
122 X 52 fur the GAL18VI0, 
GAL22VI0, and GAL26CVI2, 
respettively. 

Reprinted from the 1990 PLD Design Guide - with permission from CMP Publications. 
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The first job that a designer has in 
selecting the right 22V 10 device for a 
system is, to evaluate the size and complex­
ity of the design as well as system speed 
and power requirements, PLOs excel in 
applications that have a number of SSI 

parts with low gate counes and combin­
ational logic that optimally fit ineo a sin­
gle device. 

The GAL18VlO features an equivalent 
gate coune of 450 to 550 gates, along 
with eight to 18 inputs and one to 10 
outputs. The GAL22V lO's equivalent 
gate coune is 550 to 750 gates; it offers 
12 to 22 inputs and one to 10 outputs. 
The GAL26CV12 has an equivalene gate 
count of 650 to 850, 14 to 26 inputs, 
and one to 12 outputs. If a design has a 
fairly low gate count and relatively small 
110 requiremenes, the GAL18VlO is the 
best choice .. Should additional inputs be 
required without any additional output 
requirements, the best place to start is 
the GAL22V 10. If gate count, input, and 
output requirements are large, the 
GAL26CV12 is recommended. For de­
signs with larger requirements, some 
combination of the three devices will 
meet design needs. 

The final stages of the evaluation cycle 
often reveal problems with a design. 
Typically, such problems include the 
omission of a critical input signal or a 
need for more output signals_ Such ad­
justments are best accomplished by re­
patterning the fuse map of the PLO. This 
type of design fix is limited by the num­
ber of unused PLO pins available and by 
the flexibility of the PLO's ineernal fuse­
map array. If the PLO has not been fully 
used, a new fuse-map pattern can often 
be implemented withourany board-level 
redesign. If additional I/O is necessary, 
however, additional partS\lsually are 
needed. . .. ' 

The GAL22V 10 family is well suited for 
situations in wlIich weater overallc?rn­
plexity and lower.·powercot>sumption 
must be achieved without a corresponding 
increase in clevicec()';nr or real estate lise. 
With an extendable family, gate and I/O 

CO\lilt canbeboosteci., without major 
changes in' board layout. 

When designers are under pressure to 
produce a deSign quickly, the design 
cycle is niuch more~haoticMany times, 
a designer will simply grab .theCiosest 
part and use either singieparts or multi, 
pie parts to build the ~itcuit. Whenrhe . 
final pr~ducr has been inp~od\lqion f~r 
a few months,the manufaCturing-engi­
neering groupthenm~stcome to grips 
with the challenge of cost reduction. In 
some cases, these cost-reduction efforts 
can also 'result in reliability gains 

PROGRAMMABLE LOGIC 

RAw DATA 16 
INPUT -+--.. 

(2 BYTES) 

MULTIPLEXEO lNTI!RMIIOIATE 
CONTROLSlGN1\LS 

, MUL TlPLEXED 2 
CONTROL ~-t-..,..'" 

INPUTS 

2 8 PROCESSED DATA t-....,,,.... .... ~ OUTPUT (I BYTE) 

Figure I. In this elample, two 22YIO devices are needed to provide enoup inputs and outputs for a state machine. 

and performance enhancements. 
For example, suppose a designer, in a 

rush to build a state machine for control 
in a pipeline application, used two 
22VlOs to implement the function (Fig­
ure 1). The objective of the design is to 
take 16 data-input bits and two control 
bits to generate eight data-output bits. 
In the first device, 16 data inputs and 
two control inputs were used to generate 
four encoded outputs. Since the first 
device was output-bound, only four of 
the eight required data bits could be 
generated. The second device was used 
to take the four encoded outputs from 
the first device and the two control in­
puts to generate the required eight data 
output bits. 

The above design can be implemented 
in a single 26-pin device (Figure 2). The 
16 data-input bits and the two control 
bits are fed directly into the 
GAL26CV 12, and the remaining two 
pins can be used for the required eight 
data-output bits. Not only does this ap­
proach offer the obvious advantage of 
reduced board space, it also saves more 
than 0.5 w of power and removes an 
entire package delay. Enough power re­
duction can mean power-supply cost sav­
ings and an indirect increase in board 
reliability. Performance enhancement re­
sults in an extension of the life of an 
already mature system. 

-A lO-BIT COUNTER DESIGN 

.A second design example involves a 
standard lO-bit counter. A lO-bit counter 
can be used co provide location-by-Ioca­
[jon access of up to 1,024 addresses or to 

provide divide-by-two to divide-by-l,024 
clock frequency reduction and distribu­
tion.· A lO-bit counter can also be used to 

ideneify up to.l ,.024 sequeneial edge-iden­
tified evenes. 

These counters generally are imple­
mented in one of two ways-with multi­
ple 20V8 devices or with a single 22V 10 
device. If a 22VlO is used, enough in­
herent flexibility remains for the imple­
mentation of asynchronous reset and 
synchronous preset functions. For a 10-
bit counter built with a 22VlO that 
generates an output for every clock 
phase, which is appropriate for the im­
plementation of a "watchdog" timer 
function for real-time activities, eight 
dedicated inputs remain unused. If that 
same· couneer were built with a 20-pin 
GAL18VlO, four pins of real estate could 
be saved and power use cut by O. 5 w. 

Suppose that same lO-bit counter is 
used to signal the "half-full" and "three­
quarter full" poines of a 1,024-location 
circular buffer. Two independent \;vcnt 
codes will be needed to decode and gener­
ate single clock-width pulses at these two 
points in the buffer. 

Such a part requires 12 outputs. Pre­
viously, multiple 22VlO devices or the 
combination of a 22VlO component and 
another PLO have been used for the task. 
Now, the part can be built with a single 
28-pin GAL26CVI2, yielding a power 
savings of about 1 wand eliminating one 
package delay. • 
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Fipre 2. Here, a single 26CYI2 replaces two 22YIOs and reduces delays and power-supply requirements. 
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DESIGN ENTRY 

ELECTRONIC DESIGN EXCLUSIVE 

In-circuit logic device can be 
reprogrammed on the fly 

Of the. multitude of ways available for recon­
figuring logic systems on circuit boards, none has 
ever proved entirely satisfactory. Changing dozens 
of DIP switches or jumper settings manually can be 
a nightmare. Electrically erasable or battery­
backed memory can do the job at least in part, but 
the use of memory bits is limited in most cases to 
controlling signal flow in the parts of a system 
where speed is not critical. 

Memory bits do have their place in controlling 

Compatible with 5-V 
systems, an EEPROM­
based chip allows 
designers to update 
systems In situ, 
with 100% testing 
and observablllty. 

such tasks as decoding 
I/O ports, enabling and 
disabling features, and 
selecting a memory 
bank, but those jobs are 
mutually exclusive: De­
signers have to decide 
which one they want to 
control through the use 
of memory. 

The few logic devices 
now using UV EPROM 

cells cannot be reprogrammed without being re­
moved from the system. Nor, if sealed in window~ 
less plastic packages, are such chips 100% testable. 
Even with windows, they usually have to be 
removed from the board for erasing and repro­
gramming, because the 12-to 21-V programming 
voltage risks damage to other compoqents on the 
board. Other difficulties can arise too with these 
techniques, such as mechanical switch failures, wire 
breaks or shorts, dead batteries, and mishaps that 
occur when technically unskilled Users try their 
hand at reconfiguring or fIXing circuitry; 

A new 24-pin chip does away with all those pit- .. 
falls. By combining programmable logic circuits, 
with 57 V electrically erasable CMOS memory; 'it' . 
opens up aU kinds of options in reconfiguring a sys­
tem. The ispGAL16Z8 not only is reprogrammable 
in circuit but also is 100% testable-a big plus. 
Propagation delays of a mere 25 to 35 ns mean that 
the reprogrammabledevice clln be used in data 
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paths where speed is critical, so that even the sys~ 
tern's basic logic flow can be altered in an instant. 

The chip is the first in a planned family of in­
system reprogrammable devices, and its flexibility 
is limited only by the designer's imagination. Logic 
designers need not be restricted to that last etch on 
the board, and final testing no longer presents so 
many problems. 

Because the new chip combines CMOS with elec­
trically erasable floating-gate and high-speed logic, 
it runs at speeds associated with bipolar chips, but 
consumes significantly less power-450 mW max~ 
imum and 350 m Won standby-than do most bi­
polar chips. The 16Z8 is similar to the company's 
earlier programmable logic device, the 20-pin 
GAL16V8. Four additional pins in the 16Z8 con­
trolin-system programming and diagnostic testing 
(Fig. 1). A proprietary state-machine-based inter­
face controller on the chip handles all programming 
and testing. Itaiso makes possible, through the four 
pins, thein-system observability and controllability 



that are such powerful diagnostic aids. 
Like the 16V8, the new chip has a core consisting of a 

standard AND array plane and eight programmable out­
put logic macrocells; it adds 5-V E2CMOS programming 
circuitry. Each programmable output macrocell gives the 
designer five configuration options, among them output 
polarity (active high or active low), feedback, combina­
toriallogic, registered outputs and input selection. Either 
all the outputs are connected to one Output Enable signal, 
or separate product terms provide individual enabling 
controls. 

The new chip also emulates all common 20-pin archi­
tectures similar to Monolithic Memories' programmable 
array logic. Its programming software and hardware sup­
port come through the standard PLD development pack­
ages. Because its fuse map is compatible with that of the 
older chip, the new chip accommodates the latter'S soft­
ware. (Data I/O is the first third-party vendor to offer up­
dated programming; other companies are expected to fol­
low suit shortly.) 

SERIAL PORT SIMPLIFIES INTERFACE 

The new chip can be programmed over a - 55°C to 
- 125 0 C operating range and can undergo at least 10,000 
erase-write cycles. Given its 100% reprogrammability, 
yields of 100% in ac and dc parameters are guaranteed, as 
is a programming time of less than I second. The 5-V pro­
gramming circuitry generates the necessary higher volt­
ages internally and also shapes waveforms so that the de­
vice can be programmed through the four-pin interface 
without high-cost, high-voltage external hardware. 

The four-pin interface con­
trolling programming and diag­
nostics is compatible with 
Monolithic Memories' JEDEC­
standard "diagnostics on chip." 
By eliminating multiplexed 
data paths, the interface opti­
mizes data propagation. It has 
four basicfunctious: diagnostic 
preload, program shift, pro-
gram read, and program write. 
The chip's state machine con­
trols the sequence with infor­
mation ftom three of the four 
signal pins: Serial Data In 
(SDI) for· programming; Mode 
for loading; and Diagnostic 
Clock (DCLK) for diagnostics. 
The fourth pin, Serial Data Out 
(SDO), for data shifting, comes 
into play when the serial scan 
data has to be expanded into a 
loop (Fig. 2). 

Internal connection 
from SOl pin 

9 

• 

Internat connection 
from DCLK input pin 

state to prevent unwanted writes at power-up. A user­
controlled Reset signal makes the state machine move to 
the normal state from any state when the Mode pin is a 
logic I, SDI is a logic 0, and DCLK has a rising edge. 

The four interface signals are relatively simple to gen-

Typical write programming sequence 
Enter prograrrming states from the normal state 

Slep 1 Mode is TTL high; SOl is TIL high; DCLK is clock 
Diagnostic: Prek:Jad state Oust passng through) 

Slep 2 Mode is TTL high; SOl is TTL high; DCLK is clock 
Program: Shift state 

Slep 3 Mode is TTL low; SOl is addess and data bits; 
DCLK is clock 
Progam: SrJIt state 
(Load shift register latch with 82 data bits 
and 6 address bits) 
(Nate: SOO data fieki is 'don·t care') 

St'!P 4 Mode is TIL high; SOl is TIL ~gh; DCLK is clock 
Program: Read state (just pas~ng through) 

Step 5 Mode is TTL high; SOl is TTL ~; DCLK is clock 
Program: Write state 
(Write begins mmedlotely upon entering 
Program: write state) 
(Time-out write pulse) 

Step 6 Mode is TTL low; SOl is TTL high; DCLK is clock 
Program: Read state 
(End write) 

Step 7 Mode is TTL low; SDI is 'cion't care'; clock is DCLK 
Program: Shift state 
(Read address; execution of verify; ~ft register Iotch 
is k:Jaded) 

Sisp 6 Mode is TIL iow; SDi is next 88-00 word: ciock is DCLK. 
Program: Shift state 
(Shift out 82 data b~s and 6 address b~s; observe SOO) 

Step 9 Repeat steps 4-6 for each raw address of verification 

E'CMOS 
64 by 32 programmable 

AND array 
(ispGAL 16Z8j 

22 

15 

When the chip receives a 
Power on Reset signal, the state 
machine resets to the normal 

1. The 24-pin ispGAL16Z8 starts with an E2CMOS programmable AND array 
at its core and eight output macrocells, Then It adds a serial diagnostic 
and programming port and 5-V programming circuitry, 
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erate, needing only the output ports of a standard singie­
chip microprocessor and a little support software. Atypi­
cal serial scan programming-and-diagnostic control loop 
can take on a system with several devices (Fig. 3). In its 
normal state, the 16Z8 works like a standardPLD, re­
membering the last update to the E2CMOS logic and 
functioning in the system as programmed. In the diagnos 
tic preload state, the chip latches the macrocells' presen 
condition and, with DCLK, lets diagnostic test informa 
tion move from SOl to SDO. SOl is loaded into the least 
significant output regIster on DCLK's rising edge. Most 
significant register data is shifted out through SDO. 
When the chip returns to normal, its outputs resume their 
preload state. ' 

SHIFT. READ. AND WRITE 

In the program shift state, one row of data in the array 
is shifted into SOl, with the appropriate array data mov­

. ing first, followed by the row address field. To configure a 
device completely, each array location must be filled with 
the appropriate data. Any data already in the serial shift 
register is shifted out through SDQ for cascading or for 
verifying a device. .,' , 

Inthe program read state, one row bfllie array is trans­
ferred in parallel into the serial shift register,whose con­
tents are transferred out of the selected row. in the array. 
Returning the chip to the program shift state loads the 
shift register and lets the user verify the deVice' fIowever; 
if the chip goes to the program write state, the register's 
data is programmed to the selected row in the array and 
its contents remain unchanged. 

In the program write state, one row of the array is proc 
grammedwith data from the serial shift register. Pro" 
grammillg begins on one leading edge oftlieDCLK signal 

MOdel:mJ 

SOl tl&I 
SDO'W SOl 

DCLK 

\ r;..J 
~' Valfddata :8 
\X'lXlX'tIXtlJ 

1 Normal < 

2 Diagnostic: Preload 
aa Program: Shill 
3b Shill In 82 data and 6 row address bits 
4 Prograni: Read -, 

and,ends,on the next; the user must maintain the correct 
lO-ms programming timing (see the programming se­
quence,p.,95). 

The chip's in-circuit reprogrammability makes poSsi­
ble the design and progral)1miQg of generic hardware for 
specific applications. Small-volume system manufactur­
ers can blend several lines of hardware into one, simply by 
updating the firmware. The fast system upgrades can 
even be predesigned into a system and enabled I.ater by re­
programming. 

ACHIEVING FLEXIBILITY 

On-the-spot reprogramming mairitains the integrity of 
'It system's hardware, eliminating the need for field service 
or for returning the chip to the maker for upgrading or re­
placement. Upgrading can be done in the fiel4 by soft­
ware delivered electronically or by mail, whichever is 
mote convenient. Furthermore, the chip is programmed 
through the serial scan path, so that system diagnostics 
are easy to do, either loca11yor from a remote host system. 
Repair timeand.costs can be cut without significant im­
pact on the system's cost or complexity. Since tbe chip's 
serial scan path is Compatible with the ports in other com­
mercial ICs, a complete system, including logie, can use 
these powerful and. flexible diagnostic tecpniques. 
, Two design examples-a programl)1able two-output, 
16-bit input selection decoder and a programmabJequt­
put port-show off the 16Z8 chip's best pOiri,ts. Normally 

\ ----....-----lf~ 
\ Valid data '---------j:~ 

SOl 
"-¥...¥..¥ ....... ___ ... ;:rSDI Valid data 

, Progr~m: Wrlte (time-out write pulse) 
Program: Read 

7a Program: Shift (parallel shift register loads on 
read-to-shill transition) 

7b Shift In 88 bits; verity 88 bits 

IV 

2. During chip programming. just f9ut' 1I!'1~s rrbi1Sfer all data and perform ~iagnostICs. ensuring t.l1atbit 
patterns are properlytoaded. ' .. " ..... , . ., .. , . 
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a decoder's circuitry includes such standard logic as ad­
dress comparators, DIP switches, and pull-up resistors. 
The pull-up resistors guarantee noise immunity at the 
comparator when a switch is off. 

The decoder compares a 16-bit address from a micro­
processor with a preset address held in the set of DIP 
switches. Decoding the two outputs requires four com~ 
parators, four octal DIP switches, and four octal resistor 
packs. In addition, the circuit needs 104 solder connec­
tions and 32 switch contacts, all subject to mechanical 
wear and tear. 

A single 16Z8 can implement the same decoder. 
Switches controlling the address selection functions are 
internal and, in fact, are the product terms in the AND 
array. All programming occurs through the four-pin 
serial interfac!;:, and address selection updates are handled 
through. reliable interactive software, rather than through 
a production-line assembler that uses a factory-standard 
DIP-switch programming pencil. Moreover, there are 
only 24 solder connections and no switch contacts, which 
substantially improves reliability and calls for a much 
smaller board area. 

WORKING TOGETHER 

The second application, a reconfigurable output port, 
gives systems wide flexibility and can be put together eas­
ily. In this setup, two chips work together, one for the out­
put data path and the other for the microprocessor bus 
and output-port control paths (Fig. 4). The data path can 
be configured for registered, combinatorial, or latched 
outputs, and each output bit can be either active high or 
active low. Other Boolean logic ~anipulatjonsa:repossi-
ble with the logic ill the chip's AND array. . 

The control-path device handles the other chip's Clock 
and Output Enable signals, and its inherent logic can im­
plement virtutllly any microprocessor or output port inter­
face protocol. Interfaces may be synchronous .or asyn­
chronous, and each signal set up individually as a 
registered or combinatorial output, active high or active 
low. The interface can be programmed through the serial 
scan programming interface ICs. Thus a single interface 
is all that is necessary to tie .into many different kinds of 
peripherals. 0 

' .. : 
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Diagnostic 
controller 

Serial Data In 

Mode 1 
Single-chip SOl 

microco~puter 
f-:.-- Mode 

I--
IspGal teZ8 

OCLK 

500 

1 
501 

'- Mode 
ispGal16Z8 

OCLK 
SOO 

1 
501 

---- Mode 
ispGAL teZ8 

Diagnostic Clock-~ OCLK 
500 

Serial control loop Serial Data Out (500). '1 

3. Through the four-line serial port, several logic 
chips can tie Into one diagnostic controller for 
board-level troubleshooting. Preloading the out­
put registers affords rapid testing of program­
mable devices, since the logic-based circuit can 
be made to start at any desired state. 

SOt 
I Mode 

1 OCLK 

l 
Data bus 0 OCLK 501 Mode 

oUTutO 

pataObuS7 
ispGAL leZ8 

Output 7 

/\ SOO DE -
---1 

1 
OCLK 501 Mode I--

(',. Bus controlQutputs 

A, 2 
2 

WR 
IspGAL l6Z8 

Bus control Inputs 

Interrupt 
AcknoWledge 

500 ~ 

Interrupt 
State Control 

i 

-.; 

elock 1 500' ' 

4. A Rrograrnmable output port can be readily 
formed using two IspGAL16Z8s. The top one sets 
up the data path, the bottom one handles Inter­
face contrQI and external handshaking. The out­
put !;ituatlon is very flexible; data can be conflg­
uredln several ways. 



INTEGRATED CIRCUITS 

Multiple factors define 
true cost of PLDs 

ByDEANSUHR 

Designers using PLDs (programmable 10. gic de­
vices) for system design and manufacturing 
traditionally think of piece price as the key 
consideration in the PLD selection process. 

Thanks to recent advances in technology, however, 
the system cost of using PLDs is influenced by fac­
tors such as fabrication technology, device quality, 
relia bility and yield. 

System cost is quite different from the sum of the 
component costs. The price paid for a device or 
component represents only one part of the system 
cost of a PLD; the systems team also has to consider 
the costs hidden in the programming, handling, 
quality control, throughput and overhead that's 
necessary to get a "raw" PLD to a functional state 
on a board. 

Because the true system cost ofa PLD. is the sum 
of the piece price and all of these hidden costs, and 
is spread over several functions and departments, 
it's often difficult to define and measure. In most 
companies, for example, purchasing and engineer" 
ing define the parts list and acquire the parts. 
These departments are often under pressure to re­
duce absolute unit cost and to purchase the least­
expensive part available. 

But the profitability of both the product line and 
the company is based not on device acquisition cost 
but on total system cost. Buying the least-expensive 
part may not provide the lowest total system cost. 

Programmability can playa significant role in the total cost of PlDs. The 
example above was taken from a system that used 100,000 bipolar PlDs per 
year. Moving to E'CMOS GAls can reduce total cost by up to 34 percent. 

Hidden cost factors 
To calculate the system cost of using a particular 

PLD type, vendor and technology, managers must 
also take into consideration the additional costs of 
purchasing overhead, inventory management, proto­
type inventory and quality assurance (QA). Purchas­
ing overhead can add 2 percent to the actual device 
cost. As the number of inventory line items rises, 
the overhead needed to purchase those items in­
creases. PLDs with generic architectures can mini­
mize the number of different devices a company 
must purchase, and therefore reduce purchasing 
costs. 

As much as 10 percent of a device's cost can be 
attributed to inventory management overhead, in­
cluding shelf space, depreciation, count manage­
ment, obsolete write-offs, and safety stock. Reduc­
ing inventory line items simplifies the management 
overhead, in turn cutting costs. 

BY ELIMINATING YIELD AND HANDLING LOSS, 
IMPROVING QUALITY, AND SIMPLIFYING INVENTORY 
MANAGEMENT, DESIGNERS CAN CUT THE TRUE 
COST OF USING PLDS 

PLDs are particularly adaptable to just-in-time • 
(JIT) inventory management systems, which mini-
mize inventory by increasing throughput. Using a 
JIT system constrains a company's flexibility be-
cause the company must carry fewer items. But 
adding PLDs to the inventory will let the same 
narrow range of products provide a wide variety of 
functions. 

Macrocell-based PLDs also have increased the 
flexibility of companies that use them and reduced 
stocking requirements. In the past, designers using 
fixed-architecture PLDs had to keep in stock every 
PLD architecture required for a design. Macrocell­
based devices,. on the other hand, can be configured 
to emulate dozens of old architectures and many 
new configurations. 

The macrocell used in E2CMOS generic array 
logic (GAL) devices goes one step further. These 
devices also offer 100 percent socket compatibility 
with older programmable array logic (PAL) ar­
chitectures, so designers can simply substitute the 
GAL device for the old PLD architecture. No re­
design is necessary. Existing JEDEC files and mas­
ter devices can be used, reducing system cost. 
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"INTEGRATED CIRCUITS 

No longer a simple c~lcuJl!Mo~"the system cost of using 
programmable logicdevlces Js affected by their fabrication 

technology, testability and impact on inventory management. 

The cosf of the prototype inventory also influ­
ences total system, cost. Altho.ugh ~ngineeJ;"ing labs 
are stocked with devices for building and debug­
ging prototypes, many companies meet engineering 
lab shortages by borrowing from manufacturing 
stock. This policy can shrink manufacturing inven­
tories and, by doing so, can increase the system cost 
'of the remaining manufacturing units by as much as 
'I percent when units are ordered to restock the 
shelves.' 

All PLDs, have a programmable element that de­
termines their functionality and ac/dc performance. 
These programmable elements can be fabricated 
from metal-link fuses, programmable diodes or 
transistors, ,volatile static RAM cells, UV EPROM 
cells or EEPROM cells. Each of these technologies 

Ivaries in programmability and has a different im-
pact on device performance and reliability. 

Each programmable element also offers a differ­
ent erase capability. Metal-link and one-time-pro­
grammable devices, for instance, can't be erased. 
UV EPROM devices can be erased, but this process 
requires an expensive windowed package and takes 
20 to 30 minutes. EEPROM devices offer instant 
erasability in as little as 50 ms. Technologies that 
aren't erasable or that have lengthy erase times 
constrain test flexibility and may add to the total 
system cost. 

Finally, PLDs are usually subjected toa com­
plete, electrical QA test upon receipt, which typi­
cally adds:~" percent to the device cost. This addi­
tional cost' is based on test engineering and manu­
facturing. resources, yield and equipment., utiliza. 
tion. Manufacturers can avoid this additional ex­
. pense without .degrading device quality, by, using 
E'CMOS devices. These devices are 100 percent pr,e: 
tested by the: manufacturer, and require no incotnl 
ing test. And their instant erasability lets IC manu­
facturers perform extensive tests at the. manufactur-
ing stage, prior to shipment to end-users. ' 

Some companies, however, have extensive incom­
ing QA operations that can't be eliminated. Reus-

. ' ,able E2CM0Sd.evices lire ideal for these operations 
because the~~anbere.turne~tto manufacturillgin-' 
ventorY . af'ier'QA testing, ihstantly reprogrammed, 
and reused in production boards. This flexibility 
also lets QAengineers perform their inspection at 
any step in'the process. 

QA engineers can also simplify their testing by 
using gen~#c-architecture, macrocell-based de-

vices. These .. devices can' be tested with one com­
montest program and then configure in many ways 
during the programming operation. This step elimi­
nates the generation and maintenance of multiple 
test programs and fixtures, one for each fixed 
architecture. 

Analyzing the system cost 
Managers can reduce these overhead costs to a 

formula based on a simple ,approach that assumes a 
percentage cost adder and yield factor for each 

The Fa~tor 
of Ten rule 

It's crucial that managers keep in mind the cost of 
detecting and repairing defective PLDs during manufac­
turing - and the importance of early detection. A com­
mon guideline for determining this cost is the Factor of 
Ten rule. 

This rule states that the cost of detecting and repairing 
a defective PLD grows by a factor of ten at each subse­
quent stage in the manufacturing process. This dramatic 
growth rate is possible because other symptoms mask 
the PLD's faulty functionality as the device is buried 
deeper in the system, 

The Factor of Ten rule implies that the earlier defective 
deVices are caught, the lower the repair cost. If defects 
aren't found early, a very small yield loss can be greatly 
magnified by the quantity of devices. on a board or in a 
system. Even ayield loss as small as 0.5 percent can 
result in a.s percent system failure rate with only five 
PLOs per sYstem. A loss of 0.5 percent translates to a 
defect ra~'o(5;000 ppm, 'a high defect rate . 

operation: C~st,,=Costn-l+(Costn_/Yieldn)' This for­
mula is generic,so managers can tailor the (actors 
to th~ir' specific environment and then analyze the 
actual systel)l cost of using a particular PLD. 
. E'CMOS ptDs offer performance, quality, reliabil­
ity and, 1ll0sUl)lportant, cost adv,antages over alter • 
nfitive'·s&luthlns. By eliminatiilgyield and handling 
loss, ,improving • quality; and simplifYing inventory 
management, designers can significantly reduce the 
true: cost of uSing PLDs. 

Dean Suhr is product' marketing manager at Lattice 
Semiconductor, Hillsboro, OR. 
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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 16V8A has the ability to emulate 21 of the most 
popular 20-pin PAL devices. To put it simply, the 
GAL 16V8A is functionally, parametrically, and fuse map 
compatible with all common 20-pin PAL devices. Table 
1 lists the PAL devices that the GAL 16V8A can replace. 
Table 2 shows the 21 different 24-pin PAL devices that 
the GAL20V8A can fully replace. This technical brief ad­
dresses 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 sOl,Jrce 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. 

A Lattice GAL 16V8A or GAL20V8A device configured 
to emulate a PAL architecture is referred to as a RAL 
device. There is a one-to-one correspondence between 
PAL architectures and RAL architectures (see figure 1 
and 2). GAL22V10 and GAL20RA 10 devices are 100% 
JEDEC map compatible with their UV and bipolar fuse 
counterparts. 

GAL 16V8A AND GAL20V8A 

COPYING A PAL MASTER INTO A GAL 16120V8A 
If a programmed PAL is available, and is one of the 
devices listed in Table 1 or 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 required 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 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 ArchHectures Emulated by the 
GAL16V8A 

GAL20V8A PAL Architecture 
Emulation 

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

20RP8 
20RP6 
20RP4 
14L8· .. 
16L6 
18L4 
20L2 . 
14H8· 
16H6 
18H4 
2OH2 
14P8 
16P6 
18P4 

TABLE 2: PAL ArchHectures Emulated by the 
GAL20V8A 
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3) Place the GAL device into the programmer 
and ptogramthe GAL device using the appropri 
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 inTable 
1 or Table 2 is available, again all that is needed is a 
qualified GAL programmer. 

1) Select the appropriate RAL family/pinout code 
forthe PAL JEDEC file that is to be downloaded to 
the programmer. 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 resulting GAL device is 100% 
compatible with the PAL device being emulated. 

GAL22V10 AND GAL20RA10 

The 100% JEDEC map compatibility of the GAL20RA 10 
and GAL22V1 0 devices allow existing PAL JEDEC files 
and master devices to be copied into the GAL device 
without modification. 

1) Place the PAL device into the programmer and 
read the PAL using the normal procedure. 

2) Select the appropriate GAL family/pinout code 
for the PAL being emulated (see Notes). 

3) Place the GAL device into the programmer and 
program the GAL device using the GAL family/ 
pinout code. The copy procedure is complete and 
the resulting GAL device is 100% compatible with 
the PAL device it copied. 
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NOTES 

Copying PAL Patterns 
Into GAL Devices 

·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 GAL 16V8A or GAL20V8A 
target devices should be programmed with GAL device 
codes selected. 

·The GAL22V10 code emulates PAL22V10 devices di­
rectly (no RAL code is required) . 

• The GAL20RA 10 code emulates PAL20RA 10 devices 
directly (no RAL code is required). 

·After programming, the GAL device still retains its full 
erasabi!ity feature. The device can be reused with 
different array pattems and architecture configurations, 
as selected by the designer. 



Introduction 
The Tools Engineering Group at Lattice Semiconductor 
works closely with hardware and software vendors to insure 
programming support for GAL devices is available in a timely 
manner. 

Lattice works with a variety of programming vendors 10 satisfy 
your needs; whelheryou need a low-cost programmer, an en­
gineering programmer, or a production programmer. 

For a current Jist of I,.attice qualified GAL programmers, 
please contact Lattice's Applications Engineering Depart­
ment (Tel: 503-681-0118, or FAX: 503-681-3037), 

PROGRAMMER MANUFACTURERS 
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 Europe contact: 
Data 110 Corp. 
Phone: +31 (0) 20-6622866 

In Japan contact: 
Data I/O Corp. 
Phone: (03) 432-6991 

Promac Data Systems 
516lmaiminami-Cho, 
Nakahara-ku 
Kawasaki-City, 211 Japan 
Phone: 044-711-0022 

In the U.S. contact: 
Adams· McDonald Corp. 
Phone: 1-800-777-1202 
FAX: (408) 373-3622 

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 

SMS Micro Systems 
1 M Morgenthal 
0-8994 Hergatz 
Scwarzenberg 
W. Germany 

In the U.S. contact: 
Adams· McDonald Corp. 
Phone: 1-800-777-1202 
FAX: (408) 373-3622 

SOFTWARE DEVELOPERS 
Accel Technologies 
6825 Flanders Dr. 
San Diego, CA 92121 
Phone: (619) 554-1000 
FAX: (619) 554-1019 

CapUano 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 
Haid-und-Neu-StraBe 7 
7500 Karlsruhe 1 
West Germany 
Phone: 0721-693092 
FAX: 0721-174263 
In the U.S. contact: 
ISDATA Inc. 
Phone: (408) 373-7359 
FAX: (408) 373-3622 

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 sp!!!Cifications. 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. 

Stag Microsystems 
Martinfield 
Welwyn Garden City 
Hertz. AL7 15T 
United Kingdom 
Phone: (0707)332148 
FAX: (0707) 371503 

In the U.S. contact: 
Stag Microsystems 
1600 Wyatt Dr. 
Santa Clara, CA 95054 
Phone: (408) 988-1118 
FAX: (408) 988-1232 

Logical Devices 
1321 N.W. 65th Place. 
Fort Lauderdale, FL 33309 
Phone: (305) 974-0967 
FAX: (305) 974-8531 

Minc Incorporated 
1575 York Rd. 
Colorado Springs, CO 80918 
Phone: (719) 590-1155 
FAX: (719) 594-4708 
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System General 
3F!., 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 

In the U.S. contact: 
System General 
510 South Park Victoria Dr. 
Milpitas, CA 95035 
Phone: (408) 263-6667 
FAX: (408) 262-9220 

. OrCAD Systems Corp. 
3175 N.w. Aloclek Dr. 
Hillsboro, OR 97124 
Phone: (503) 690-9881 
FAX: (503)690-9891 
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1.355 MAX 

.020 1 .030 .0lI0 1 .010 

28-Pjo Plastjc DIP 
Dimensions In Inches MIN.! MAX. 

20-Pio PLCC Package 
Dimensions In Inches MIN. I MAX • 

• 042/.048 X 45° 

Package Diagrams 

.0091.015 0-15° 

_013/.021 

.2901.330 

~)~ 
~:::;;1j IJ ~ ~::~::o 

.165/.180 --j r:= 
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Package Diagrams 

28-Pin PLCC Package 
Dimensions In Inches MIN.! MAX. 

A85/A85 
Top View 

I----~,-~ 
1- --ACi5i.495 I 

20-Pin (300 MIL) CERDIP 
Dimensions In Inches MIN.! MAX. 

.008/.015 0.15" 

.080 MAX .080 1.110 
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Package Diagrams 

24-Pin (300 Mill CERDIP 
Dimensions In Inches MIN. I MAX. 

.008/.015 0.15" 

.CIIIBMAX .GII0/.110 
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ORDERING 
INFORMATION 
PART NUMBER DESCRIPTION 

xxxxxxxx - xx x 2UU~ X 

II I MILPro_ ... 1883C 

Burn In: Blank 
B 

Temperature: Blank 
I 

L-______ Package: 

L..-_______ Power: 

'----------- Speed (ns) 

'-------------- Device N~mc: 

M 

P 
J 
D 

L 
a 

Blank 

No Mil Process 
883C Process 

No Burn In 
Burned In 

0° to 75° C 
-40° 1085° C 
_55° 10 125° C 

Plastic Dip 
PLCC 
CERDIP 

Low Power 
1/4 Power 
Standard Power 

Nole 1: All fields are adjacentwilh no imbed­
ded spaces. The Device Revision Level, Mil 
Process, Burn-In and Temperature fields 
are optional. All other fields musl be indi­
cated. 
Nole 2: When "883C" is indicated, "M" & "B" 
aro irnnli0t"4 anl'f ~h"'J 11....1 nnt h.o lic.-t.o.rl _. - •••• 1"" •• _- ...... - _ •• __ .- ..... ~ ............ ~ ... -. 

GAL16V8A GAL22Vl0 Nole 3: "B" refers to 160 hours of burn-in 
beyond the standard burn-in requirement 
for the commercial product reliability re­
quirements currently in affect. 

GAL18Vl0 GAL26CVI2 
GAL20RA10 GAL6001 
GAL20V8A ispGAL 16Z8 

SPEED/GRADE SELECTOR GUIDE 

tpD by GRADE 

Commercial Industrial Military 

GAL16VSA-xxL 10,15,25 ns 15,20,25 ns 15,20 ns Products listed in the adjacent table have complete da-

GAL 16VSA-xxO 15,25 ns 20ns 20ns 
tasheets in this data book and are recommended for new 
designs. Contact the factory for information on product 

GAL1SV10 15,20 ns 15,20 ns 15,20 ns and packaging options not listed in this table. 

GAL20RA10 15,20 ns 20ns 20ns 

GAL20VSA-xxL 
Complete guidelines for the ordering of Lattice products 

10,15,25 ns 15,20,25 ns 15,20 ns can be obtained from Customer Service. 
GAL20VSA-xxO 15,25 ns 20ns 20ns 

GAL22V10 15,20,25 ns 15,20 ns 15,20 ns 

GAL26CV12 15,20 ns 15,20 ns 15,20 ns 

GAL6001 30,35 ns - -

ispGAL16ZS 20,25 ns - -
Vee .. 5:00V±5% 5.00V±10% 5.00V±10% 

Temperature 0->75°C -4O->85°C -55->125·C 

Packaging Plastic DIP Plaslic DIP CERDIP 
PLCC •• PLCC 
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GAL 16V8A / 20V8A CROSS REFERENCE 

the GAL 16V8A and GAL20V8A devices are designed to 
be pin-for-pinifunctional and JEDEC map compatible with 
standard PAL devices. The following table should be of 
assistance in determining which GAL 16V8A or 
GAL20V8A device to use when replacing standard PAL 
devices. 

SPEED POWER 

10ns 115mA 
10ns 180mA 

12ns 115mA 
12ns 200mA 

15ns 55mA 
15ns 115mA 
15ns 180mA 
15ns* 130mA 
15ns* 220mA 

20ns 55mA 
20ns 115mA 
20ns* 130mA 
20ns* 210mA 

25ns 55mA 
25ns 90mA 
25ns 180mA 

30ns* 65mA 
30ns* 125mA 

35ns 45mA 
35ns 90mA 
35ns 180mA 

GAL 
DEVICE 

A-10L 
use A-10L 

use A-10L 
use A-lOL 

A-150 
A-15L 

use A-15L 
A-15LM 

use A-15LM 

use -150 
A-20L 
A-20LM 

use A-20LM 

-250 
A-25L 

use A-25L 

use -200M 
use -20LM 

use -250 
use A-25L 
use A-25L 

* Military Temperature Range 
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Ordering Information 

BIPOLAR 
PAL DEVICE 

--
D or -10C 

--
-12C 

--
--
B or -15C 
--
-15M 

--
--
--
BMIL 

--
B-2 
A 

--
--

B-4 
A·2 
STD 

4190 
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CUSTOM DEVICE PROGRAMMING SCD'S, SPECIFICATIONS & AUDITS 

The addltio~al service of having GALd~viCE;$'cust()m . "[attic8"eneourages our customers to audltour proc-
programmed and permanently ink marked with cus- esses, procedures, and specHications during factory 
tomer specific. identification codes is available from visits. Our specHicatiQn systems are compliant to the 
Lattice. Many of our distributors also offer programming requirements of MIL-38S1 0, where applicable. Specific 
and mark services. details of our control procedures will be explained in 

detail during these audits. 
Due to Lattice's stringent test philosophy and 100% ACt 
DC testing, the quality of pre-patterned GAL devices will 
be higher than pre-patterned devices from other tech­
nologies. In addition, a pattern change after initial 
programming can be accommodated as the GAL de­
vices can be instantly reprogrammed to the revised 
pattern. 

TAPE & REEL 
Pre-programmed PLCC devices can be supplied in tape 
& reel for automated assembly environments. Special 
leadtime and order quantities apply. Contact your local 
sales representative or factory Customer Service for 
additional details. 

ADDITIONAL BURN-IN 

All GAL devices are extensively tested during the I']ormal 
manufacturing flow, including a specHic reliability bake 
step of every GAL device to assure their reliability. This 
extensive testing, which is not possible with other tech­
nologies, alleviates many of the traditional motivations 
for purchasing burned-in devices. 

Our MIL-STD-883C and Standard Military Drawing 
devices meet all of the requirements of the military 
reliability testing and require no additional burn-in. 

Customers desiring additional burn-in of commercial 
devices should contact the factory to review their spe­
cific requirements and specHications. 

166 

Lattice has a sophisticated specification control system 
and QA audit procedure that assures compliance to the 
datasheet requi~ments. We also offer product manu­
factured in compliance to Standard Military Drawings. If 
a customer requirement is for non-standard product 
specifications or processes then customer Source 
Control Drawings or SpecHications can be reviewed. 

DIE SALES POLICY 

Lattices recommends the purchase of factory as­
sembled and tested devices wherever possible to as­
sure the highest quality and reliability. Lattice is continu­
aiiy evaiuating customer requirements ior new and 
dHferent packages. 

Lattice is concerned with the ultimate reliability and 
quality of devices assembled and tested by our custo m­
ers. We require a complete review of the systems, 
procedu res and flows that our customers are utilizing for 
the assembly of GAL devices into packages or hybrids. 
Die sales must be approved by the Reliability and 
Quality departments as well as the President of Lattice 
prior to the beginning of the customer design cycle. 
Contact Customer Service for further details. 



Lattice Semiconductor Corp. 
Sales Offices 

DIRECT SALES OFFICES 

CAUFORNIA GEORGIA NEW JERSEY GERMANY 
Lattice Semiconductor Lattice Semiconductor Upper Momclair Lattice Semiconductor 
1731 Technology Dr. 3105 Medlock Bridge Rd. (201) 744-5908 SchleiBheimer Str. 87 
Suite 590 Norcross, GAL 30071 0-8047 Garching 
San Jose, CA 95110 (404) 446-2930 OREGON West Gel1)1any 
(408) 441-0196 Lattice Semiconductor (49) 89329 09960 

MASSACI:IUSETTS 5555 N.E. Moore Cl. 
Lattice Semiconductor Lattice Semiconductor Hillsboro, OR 97124 JAfAti 
Carlsbad Pacifict Ctr. One 67 S. Bedford SI., # 400 W (503) 681-0118 Lattice Semiconductor 
701 Palomar Airport Rd. Burlington; MA 01803 Peony Kikuchi 201 
3rd Aoor (617) 229-5819 IWS 1-8-4, Botan 
carlsbad, CA 92009 Lattice Semiconductor Koto-ku, Tokyo 
(619) 931-4751 r.tJNNESOTA 100 Decker CI. Ste. 280 Japan 135 

Lattice Semiconductor Irving, TX 75062 813-642·0621 
7400 Metro Blvd. St£1. 116 (214) 650-1236 
Edina, MN 55435 
(612) 831-8248 

NORTH AMERICAN SALES REPRESENTATIVES 

ALABAMA Earle Associates GEORGIA MASSACtfUSETTS 
NovusGroup 7585 Ronson Rd. NovusGroup CompRep 
2905 Westcorp Blvd. #120 Suite 200 6115A Oakbrook .Pkwy; 100 Everett SI. 
. Huntsville, AL 35805 Sanpjego, CA 92111 NotcrosS,GA aOO93.'·· Westwood, MA 02090 
(205) 534-0044 (619) 278:5441 (404)263-0320 ...... (617) 329-3454 

ARIZONA COLORADO Jt!QlA& MICHIGAN 
Summit Sales Waugaman Associates Devoe Greiner & Associates 
7802 E. Gray Rd. #600 4800 Van Gordon 4371 E. 82nd SI. 15324 E. Jefferson Ave. 
Scottsdale,.AZ 85260 Wheat Ridge. CO 80033 Indianapolis, IN 46250 Grosse Pointe Park, MI48230 
(602) 998-4850 (303) 423~1020 (317) 8'42-3245 (313)499-0188 

CALIFORNIA CONNECDCUT IIJ.IHQJS MINNESOTA 
Bager Electronics CompRep Omni Stan Clothier Co. 
17220 Newhope SI. 117. Church SI. 328 E. Main' 10000 W. 76th Sl. 
SuHe209 Yatesville, CT 06492 . Barrington, IL60008' SuiteD 
Fountain Valley, CA 92708 (203) 269-1145 (708) 381-9087 Eden Prairie, MN 55344 
(714) 957-3367 (612-944-3456 

FLORIDA KANSAS. II Bager Electronics Sales Engineering Concepts West Associates NEW JERSEY 
6312 Variel Ave. 776 S. Military Trail 35 Corporate Woods Tehnical Mktg. Group 
SuHe204 Deerfield Beach, FL 33442 9101 W. 110th SI. #222 175·3C Fairfield Rd. 
Woodland Hills, CA 91~7 (305) 426-4601 Overland Park, KS66210 West Caldwell, NJ 07006 
(818) 712-0011 (913) 345-1248 (201) 226-3300 

Sales Engineering Concepts 
Criterion Sales 901 Douglas Ave. MARYLANP NEW MEXICO 
3350 Scott Blvd. Suite 200 Deltatronics Summit Sales 
Bldg. #44 Altamonte Springs, Fl32714 24048 Sugar Cane In. 7704 Ranchwood NW 
Santa Clara, CA 95054 (407) 682-4800 Gaithersburg, MD 20882 Albuquerque, NM 87120 
(408) 988-6300 (301) 253-0615 (505) 345-5003 
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fIJlJ8tt1ce North American 
. Semiconductor SaJes Representatives CorporationTN 

NEW YORK Makin Associates West Associates CAtWlA 
Technical Mktg. Group 6400 Riverside Dr. 8000 Centre Park Dr. 
20 Broad Hollow Rd. Bldg. A Suite #250 BBlIISH CQLUMBIA 
Melville, NY 11747 Dublin,OH 43017 Austin, TX 78754 Dynasty Components 
(516) 351-8833 (614) 793-9545 (512) 339-6886 12618-55A Ave. 

Surrey, B.C. 
Tri Tech Electronics Makin Associates West Associates Canada, V3W lC3 
300 MainSI. 32915 Aurora Ave. #270 801 E. Campbell Rd. (604) 597-0068 
E. Rochester, NY 14445 Solon, OH 44139 Suite #350 
(716) 385-6500 (216) 248-7370 Richardson, TX 75081 QNTARIQ 

(214) 680-2800 Dynasty Components 
Tri Tech Electronics QKLAHQMA 174 ColonadeHd. S. 
14 Westview Dr. West Associates .!.IIAI:i Unit 21 
Fishkill, NY 12524 9717 E. 42nd SI. Waugaman Associates Nepean, Ontario 
(914) 897-5611 Suite #125 5258 Pine mont Dr. Canada, K2E 7J5 

Tulsa, OK 74146 Suite B-250 (613) 723-0671 
Tri Tech Electronics (918) 665-3465 Salt Lake City, UT 84123 
6836 E. Genesee SI. (801) 261-0802 Dynasty Components 
Fayetteville, NY 13066 QREGON 6295 Northan Dr. 
(315) 446-2881 Northwest Marketing ~ Unit 1 

6975 SW Sandburg Rd. Deltatronics Mississauga, Ontario 
Tri Tech Electronics Suite #330 1439 Gils Rd. Canada, L4V lW8 
3215 E. Main SI. Portland, OR 97223 Powhatan, VA 23139 (416) 672-5977 
~nt!"",11 MV 1 ~7M Ir::n~\ ""n_nAA 1 lanA\ AO'l_onl)7 
.... n .... "" .. ', ....... ..,.., \VVV/ V"-V V-rT I \UV~I "ToJr..-Jvr-. 

(607) 754-1094 ~ 
~E~~SYLVA~IA WASHINGIQN Dynasty Components 

~QBIH CABQLI~A Deltatronics Northwest Marketing 1870 Boul. DesSources 
H&A 921 Penllyn Pike 12835 Bel-Red Rd. Suite 304 
6636-1 Lake Hill Dr. Blue Bell, PA 19422 #330N Pointe Claire, Quebec 
Raleigh, NC 27609 (215) 641-9930 Bellevue, WA 98005 Canada, H9R 5Bl 
(919) 846-0082 (206) 455-5846 (514) 694-0275 

IEXAS 
.QH!Q West Associates ~UERTQRICQ 
Makin Associates 4615 Southwest Fwy BDA 
3165 Lynwood Rd. #720 Baldoritz E-3 #5 
Cincinnati, OH 45208 Houston, TX 77027 Ponce, Puerto Rico 00731 
(513) 871-2424 (713) 621-5983 

INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 

AUSTBAlIA 
RAE Industrial Elect. Pty. 
62 Moore Street 
Austinmer, NSW 2514 
Australia 
TEL: (61) 22326933 
FAX: (61) 42 681075 
TLX: 84729125 

BELGIUM 
Alcorn Electronics 
Plat Nenlaan.88 
2610Wilrijk 
Belgium 
TEL: (32) 3 828 3880 
FAX: (32) 3 830 5186 

BBAZII. 
Intemational Trade Dev. 
450 San Antonio Road 
Suite 302 
Palo Alto, CA 94306 
TEL: (415) 856-6686 
FAX: (415) 856-0819 
TLX: 6502829742 
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DENMABK 
Ditz Schweitzer 
Vallensbaekvej 41 
Postboks 5, 2600 Glostrup 
Denmark 
TEL: (45) 42 453044 
FAX: (45) 42 459206 
TLX: 85533257 



[JJLattice International Sales Representatives 
Semiconductor 
Col'poration™ and Distributors 

fINLAtiIl ISBAEI. KQBfA SWIlZERLANP 
TelercasOY Unitec Ellen & Company DimosAG 
PL63 Rechov Maskit 1 Suite #302 llbok Bldg. BadenerstraBe 701 
02201 Espoo Herzlia B, PO Box 2123 1602-4 Seocho-Dong CH-8048 Zurich 
Finland Israel 46120 Seocho-ku, Seoul Switzertand 
TEL: (35) 804 521622 TEL: (972) 52 576006 Republic of South Korea TEL: (41) 1626140 
FAX: (35) 804 523337 FAX: (972) 52 576790 TEL: (82) 02 587 5724 FAX: (41) 1626044 
TLX: 857123212 TLX: 922341990 FAX: (82) 02 585 1519 TLX: 845822659 

EBAta IIAI.Y NETHERLANPS IAI.YlAH 
Aquitech Comprel Rep Alcorn Electronics B.V. Master Electronics (Rep.) 
2 Rue Alexis De Tocqueville Viale F. Testi, 115 Esse Baan 1-2908 5F,9 
92138 Antony Cedex 20092 Cinisello B.(Mi) W Capelle ad I Jssel Lane 6 Hsin-Chung SI. 
France Italy The Nethertands Taipei, Taiwan 
TEL: (33) 140969494 TEL: (39) 2-61200415 TEL: (31) 104519533 Republic of China 
FAX: (33) 140969300 FAX: (39) 2-61290526 FAX: (31) 104586482 TEL: (886) 2-766-8076 

TLX: 26160 FAX: (886) 2-766-8074 
Franelec JAfAN 
ZI LesGlaise Ado Electronic Indust. Co. NORWAY Lite-On lne. 
6-8 Rue A. Groizant 4th Floor, Fukui Building HenacoNS 9FN03 
91120 Palaiseau No. 2-12 Sotokanda Trondheimsveien 436 Tunghua South Rd. 
France 2-Chome, Chiyoda-ku Kaldbakken N.o902 Taipei, Taiwan 
TEL: (33) 169202002 Tokyo 101 Oslo 9 Norway Republic of China 
FAX: (33) 169207469 Japan TEL: (47) 2162110 TEL: (886) 2-7769950 
TLX: 842250067 TEL: (81) 3 2572630 FAX: (47) 2257780 FAX: (886) 2-7712344 

FAX: (81) 3 2571579 TLX: 76716 TLX: 785-15283 
Fast Silicon Service TLX: 7812224754 
12 Ave. Des Pres SINGAPORE I.INIIEP KlNGPOM 
78180 Montigny Chemi-Con Sales Co., Ltd. Technology Distributions Macro Marketing 
LeBretonneux France 7-8 Yutaka-cho 2-chome Singapore Pte. Ltd. Burnham Lane 

TEL: (33) 130575040 Shinagawa-ku, Tokyo 142 14 Sunghei Kadut Ave. #03.00 Slough SL16LN 
FAX: (33) 130571863 Japan Singapore 2572 England 

TEL: (81) 3 788 7541 TEL: (65) 368 6065 TEL: (44) 628 604383 
W·GEBMANY FAX: (81)37887779 FAX: (65) 368 0182 FAX: (44) 628 666873 
Alfatron Gmbh. TLX: 851847945 
SchleiBheimer Str. 87 Japan Macnics Corp. SOI.lIH AFRICA 
D-8047 Garching Hakusao High-Tech Park Multikomponent Micro Call 
West Germany 807 Hakusan-cho, Midori-ku Cnr. Vanacht & Gewel SI. 17 Thame Park Rd. 
TEt: (49) 89 3290990 Yokohama, 226 Isando 1600 Thame, Oxon OX9 3XD 
FAX: (49)8932909959 Japan Republic of South Africa England 
TLX: 8425216935 TEL: (81)459396140 TEL: (27) 11 9741525 TEL: (44) 84 426-1939 

FAX: (81) 45 939 6141 FAX: (27) 11 3922463 FAX: (44) 84 426-1678 III HONG KONG TLX: 78128988 TLX: 960426905 
RTllndustries Co. Ltd. Silicon Concepts (Rep.) 
A19, 10th Floor HoeiDenki mnEti PEC Lynchborough Rd. 
Proficient Ind. Centre 1-11-13 Uchikanda Pelcon Electronics Passfield, Liphook 
6, Wang Kwan Rd. Chiyoda-Ku, Fager Stagatan 6-8 Hampshire GU30 7SB 
Kowloon, Hong Kong Tokyo, Japan 16308 Spanga United Kingdom 
TEL: (852) 795 7421 TEL: (81) 3 2932401 Sweden TEL: (44) 428 77617 
FAX: (852) 795 7839 FAX: (81) 3 2911029 TEL: (46) 8 795 9870 FAX: (44) 428 77603 

FAX: (46) 8 760 7685 
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North American Distributors 

NORTH AMERICAN DISTRIBUTORS 

ALABAMA Bell Industries Bell Industries Marshall Industries 
Arrow Electronics 1161 N. Fairoaks Ave. 11812 San Vicente 9674 Telstar Ave. 
1015 Henderson Rd. Sunnyvale, CA 94089 Los Angeles, CA 90049 EI Monte, CA 91731 
Huntsville, AL35816 (408) 734-8570 (213) 826-6778 (818) 459-5500 
(205) 837-6955 

Marshall Industries Bell Industries Marshall Industries 
Marshall Industries 336 Los Coches SI. 11095 Knoll Ave. One Morgan 
3313 Memorial Pkwy S. Milpitas, CA 95035 SuiteE Irvine, CA 92718 
Huntsville, AL 35801 (408) 942-4600 Cypress, CA 90630 (714) 458-5301 
(205) 881-9235 (714) 895-7801 

Marshall Industries Marshall Industries 
ARIZONA 3039 Kilgore Ave. Sterling Electronics 10105 Carroll Canyon 
Arrow Electronics Suite 140 9948 Hibert #202 San Diego, CA 92131 
4134 E. Wood SI. Rancho Cordova, CA 95670 San Diego, CA 92131 (619) 578-9606 
Phoenix, AI. 85040 (916) 635-9700 (619) 271-6555 
(602) 437-0750 COLORAPO 

Merit Electronics Sterling Electronics Arrow Electronics 
Bell Industries 2070 Ringwood Ave. 1342 Bell Ave. 7060 S. Tucson Way 
140 S. Lindeon Ln. #102 San Jose, CA 95131 Tustin, CA 92680 Englewood, CO 80112 
Tempe, AI. 85281 (408) 434-0800 (714) 259-0900 (303) 790-4444 
(602) 267-7774 

.I~_~- '"' ____ ~_ l'J. ..... I: __ r-I ....... & .. __ : __ A\len 
1V1I\;IUI.:lt::Ilt::l>l:j \JlCIIIIIY ~ICvU VI 11\1;:) nVI-u 

Insight Electronics 2880 Lakeside Dr. 9410 Topanga Canyon 4090 Youngfield SI. 
1515 W. University Dr. Santa Clara, CA 95054 Suite 103 Wheat Ridge, CO 80033 
Suite #103 (408) 727-5050 Chatsworth, CA 91311 (303) 422-1701 
Tempe, AI. 85281 (818) 407-8850 
(602) 829-1800 SOUTHERN Bell Industries 

CALIFORNIA Insight Electronics 12421 W. 49th Ave. 
Marshall Industries Arrow Electronics 28038 Dorothy Dr. #2 Wheat Ridge, CO 80033 
9830 S. 51st SI. 19748 Dearbom SI. Aquora, CA 91301 (303) 424-1985 
Suite B121 Chatsworth, CA 91311 (818) 707· 2100 
Phoenix, AI. 85044 (818) 701-7500 Marshall Industries 
(602) 496-0290 Insight Electronics 12351 N. Grant 

Arrow Electronics 6885 Flanders Dr. Thomton, CO 80241 
NORTHERN 2961 Dow Ave. San Diego, CA 92121 (303) 451-8383 
CALIFORNIA Tustin, CA 92680 (619) 587-0471 
Arrow Electronics (714) 838-5422 CQ~~ECTIC!.!I 
521 Weddell Dr. Insight ElectroniCS Arrow Electronics 
Sunnyvale, CA 94089 Arrow Electronics 15635 Alton Pkwy. 20 Sterling Dr. 
(408) 745-6600 9511 Ridgehaven CI. Suite 120 Wallingford, CT 06492 

San Diego, CA 92123 Irvine, CA 92718 (203) 265-3822 
Arrow Electronics (619) 565-4800 (714) 727-2111 
Killing Services Division Marshall Industries 
1180 Murphy Ave. Bell Industries Marshall Industries 20 Sterling Dr. 
San Jose, CA 95131 30101 Agoura Ct 9710 De Soto Ave. PO Box 200 
(408) 452-3550 Agoura Hills, CA 91301 Chatsworth, CA 91311 Wallingford, CT 06492 

(818) 706-2608 (818) 407-4100 (203) 265-3822 
Bell Industries 
500 Guiseppe CI. #7 
Roseville, CA 95678 
(916) 969-3100 
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EJ.QBmA JACO Bell Industries Marshall Industries 
Arrow Electronics 6035 Atlantic Blvd. #J 3433 E. Washington 33 Upton Dr. 
400 Fairway Dr; Norcross, GA 30071 Fort Wayne, IN 46801 Wilmington, MA 01887 
Deerfield Beach, FL 33441 (404) 449-9508 (219) 423-3422 (508) 658-0810 
(305) 429-8200 

Marshall Industries Marshall Industries MICHIGAN 
Arrow Electronics 5300 Oakbrook Pkwy 6990 Corporate Dr. Arrow Electronics 
37 Skyline Dr. Suite 140 Indianapolis, IN 46278 19880 Haggerty Rd. 
Suite 3101 Norcross, GA 30093 (317) 297-0483 Livonia, M I 48152 
Lake Mary, FL 32746 (404) 923-5750 (313) 462-2290 
(407) 333-9300 WSAS 

JQWA Arrow Electronics Bell Industries 
Marshall Industries Arrow Electronics 8208 Melrose Dr. 814 Phoenix Dr. 
380 S. Northlake Rd. 375 Collins Rd. NE Suite 210 Ann Arbor, MI48104 
Suite 1024 Cedar Rapids, IA 52402 Lenexa, KS 66214 (313) 971-9093 
Altamonte Springs, FL (319) 395-7230 (913) 541-9542 
32701 Marshall Industries 
(407) 767-8585 Bell Industries Marshall Industries 31067 Schoolcraft 

1221 Park PI. 10413 W. 84th Terr. Livonia, MI48150 
Marshall Industries Cedar Rapids, IA 52402 Pine Ridge Business Park (313) 525-5850 
2700 Cypress Ck. Rd. (319) 395-0730 Lenexa, KS 66214 
Suite D114 (913) 492-3121 MINNESOTA 
FI. Lauderdale, FL 33309 lI.I.Itm!S Arrow Electronics 
(305) 977-4880 Arrow Electronics MARYLAND 5230 73rd SI. 

1140 W. Thorndale Arrow Electronics Eden Prairie, MN 65435 
Marshall Industries ltasca,IL 60143 8300 Guilford Dr. (612) 830-1800 
2840 Scherer Dr. (312) 250-0500 Columbia, MD 21046 
Suite 410 (301) 995-6002 Marshall Industries 
SI. Petersburg, FL33716 Bell Industries 3955 Annapolis Lane 
(813) 573-1399 515 Busse Ave. Marshall Industries Plymouth, MN 55447 

Chicago, IL 60007 2221 Broadbirch Dr. (612) 559-2211 
Vantage Components (312) 640-1910 Silver Springs, MD 20904 
1110 Douglas Ave. (301) 622-1118 MISSOURI 
Suite 2050 Marshall Industries Arrow Electronics 
Altamonte Sp., FL 32714 50 E. Commerce Dr. Vantage Components 2380 Schuetz Rd, 
(407) 682-1199 Unit 1 6925 Oakland Mills Rd. S!. Louis, MO 63146 

Schaunberg, IL 60173 Columbia, MD 21045 (314) 567-6888 
Vantage Components (312) 490-0155 (301) 720-5100 
1761 W. Hillsboro Marshall Industries 
Suite 318 JHmAMA MASSACH!.lSEIIS 3377 Hollenberg Dr. 
Deerfield Beach, FL Arrow Electronics Arrow Electronics SI. Louis, MO 63044 
33441 7108 Lakeview Pkwy. W. Dr. 33 Upton Dr. (314) 291-4650 • (305) 429-1001 Indianapolis, IN 46268 Wilmington, MA 01887 

(317) 299-2071 (508) 658-0900 ~EW I:IAMfSI:IIB~ 
GEOBGIA Arrow Electronics 
Arrow Electronics Bell Industries Interface Electronic Corp. 3 Perimeter Rd. 
3155 Northwoods Pkwy. 133 S. Pennsylvania 228 South SI. Manchester, NH 03103 
Suite A Indianapolis, IN 46204 Hopkinton, MA 01748 (603) 668-6968 
Norcross, GA 30071 (317) 634-8202 (508) 435-9521 
(404) 449-8252 
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NEW JERSEY Marshall Industries . Arrow Electronics E!E~SnAHIA 
Arrow Electronics 275 Oser Ave. 7620 McEwen Rd. Arrow Electronics, 
4 East Stow Rd. Hauppauge, NY 11788 Centerville, OH 45459' 650Seco Rd. ,., 

Unit 11 (516) 273-2424 (513) 4350-5563 Monroeville, PA 15416 
MarHon,NJ 08053 (412) 856-7000 
(609) 596-8000 Marshall Industries Bell Industries 

1250 Scottsville Rd. 444 Windsor Park Dr. Marshall Industries 
Arrow Electronics Rochester, NY 14624 Dayton, OH 45459 401 Parkway VieW Dr. 
6 Century Dr. (716) 235-7620 (513) 435-8660 Pittsburgh, PA 15205 
Parsippany-Trow Hills, NJ (412) 788-0441 
07054 Marshall Industries Marshall Industries 
(201) 538-0900 129 Brown SI. 3520 Park Center IEXAS 

Johnson City, NY 13790 Dayton, OH 45414 Arrow ElectroniCS 
Marshall Industries (607) 798-1611 (513) 898-4480 2227 West Braker lane 
101 Fairfield Rd. Austin, TX 78758 
Fairfield, NJ 07006 Micro Genesis Marshall Industries (512) 835-4180 
(201) 882-0320 90-10 Collin Dr. 30700 Bainbridge Rd. 

Holbrook, NY 11741 Unit A Arrow Electronics 
Marshall Industries (516) 472-6000 Solon, OH 44139 3220 Commander Dr. 
158 Gaither Dr. (216) 248-1788 Carrollton, TX 75006 
MI. laurel, NJ 08054 ~OBIt:I CABOLI~A (214) 380-6464 
(609) 234-9100 Arrow Electronics OKLAt:lOMA 

5240 Greens Dairy Rd. Arrow Electronics Arrow Electronics 
Vantage Components Raieigh, NC 27604 .. "u .... r"'_~l:' ..... &t".l 

• , I II I:Cl:tl;J I~l ~l. 1 0899 Kir.ghurst Or . 
23 Sebago SI. (919) 876-3132 Suite 101 Suite 100 
Clifton, NJ 07013 Tulsa, OK 74146 Houston, TX 77099 
(201) m-4100 Arrow Electronics (918) 252-7537 (713) 530-4700 

938 Burke SI. 
NEW MEXICXl Winston-Salem, NC 27101 JACO Insight Electronics 
Arrow Electronics (919) 725-8711 3158 S. 108th East Ave. 6034 W. Courtyard Dr. 
2460 Alamo Ave. SE Suite #274 Suite 305-49 
Albuquerque, NM 87106 Marshall Industries Tulsa, OK 74146 Austin, TX 78730 
(505) 243-4566 5224 Greens Dairy Rd. (918) 664-8812 (512) 467-0800 

Raleigh, NC 27604 
Bell Industries (919) 878-9882 ~ Insight Electronics 
11728Unn Arrow Electronics 1778 Plano Rd. 
Albuquerque, NM 87123 JACO 1800 NW 167th PI. Suite 320 
(505) 292-2700 3029-105 Stonybrook Suite 145 Richardson, TX 75081 

Raleigh, NC 27604 Beaverton, OR 97008 (214) 783-0800 
NEW,{()RK (919) 876-7767 (503) 645-6456 
Arrow ElectroniCS Marshall Industries 
20 Oser Ave. 0t:II0 Bell Industries 8504 Cross Park Dr. 
Hauppauge, NY 11788 Arrow Electronics 6024 S.W.Jean Rd. Austin, TX 78754 
(516) 231-1100 6238 Cochran Rd. lake Oswego, OR 97034 (512) 837-1991 

Solon, OH 44139 (503) 635-6500 
Arrow Electronics (216) 248-3990 Marshall Industries 
3375 Brighton-Henrietta Marshall Industries 2045 Chenault SI. 
Townline A.d. Arrow Electronics 9705 SW Gemini Dr. Carrolton, TX 75006 
Rochester, NY 14623 7461 Worthington Galena Beaverton, OR 97005 (214) 233-5200 
(716) 427-0300 Columbus, OH 43085 (503) 644-5050 

(614) 889-9347 
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Marshall Industries 
1220 Barranca 
Bldg. 5, Suite A 
EI Paso, TX 79935 
(915) 593-0706 

Marshall Industries 
2635 S. Hwy 77 
Harlingen, TX 78550 
(512) 542-4589 

Marshall Industries 
7250 Langtry 
Houston, TX 77040 
(713) 895-9200 

JACO 
2120 M Bracker Ln. 
Austin, TX 78758 
(512) 835-0220 

JACO 
1005 Industrial Blvd. 
Sugar Land,TX 77478 
(713) 240-2255 

TENNESSEE 
Arrow Electronics 
1505 Red Maple CI. 
Knoxville, TN 37931 

1lIAti 
Arrow Electronics 
1946 West Pkwy. Blvd. 
Salt Lake C~y, UTR 84119 
(801) 973-6913 

Bell Industries 
6912 S. 185th West 
Suite B 
Midvale, UT 84047 
(801) 255-9611 

Marshall Industries 
466 Lawndale Dr. 
SuiteC 
Salt Lake City, UT 84115 
(801) 485-1551 

WASHINGTON 
Arrow Electronics 
19450 68th Ave. 
South Kent, WA 98032 
(206) 575-4420 

Bell Industries 
8553 154th Ave. 
Redmond, WA 98052 
(206) 885-9963 

Insight ElectroniCS 
12002 115th Ave. NE 
Kirkland, WA 98034 
(206) 820-81 OOd 

North American Distributors 

WISCONSIN 
Arrow Electronics 
200 North Patrick Blvd. 
Brookfield, WI 53005 
(414) 792-0150 

Bell Industries 
W227 
N. 913 Westmound Dr. 
Waukesha, WI 53186 
(414) 547-8879 

Marshall Industries 
Crossroads Corp. Ctr.l 
20900 Swenson Dr. 
Suite 150 
Waukesha, WI 53186 
(414) 797-8400 
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CANADA 

Arrow Electronics 
36 Antares Dr. 
Unit 100 
Nepean, Ontario 
Canada K2E7WS 
(613) 226-6903 

Arrow Electronics 
1093 Meyerside Dr. 
Mississauga, Ontario 
Canada LSPl M4 
(416) 672-7769 

Arrow Electronics 
500 SI. Jean-Baptiste 
Suite 2 
Quebec 
Canada G2E SR9 
(418) 871-7500 

Future Electronics 
239 Hymus Blvd. 
Pointe Claire, Quebec 
Canada H9R SC7 

Marshall Industries 
4 Paget Rd. 
Bldg. 1112 
Brampton, Ontario 
Canada L6T SG3 
(416) 458-8046 

Marshall Industries 
148 Burnswick Blvd. 
Pointe Claire, Quebec 
Canada H9R SP9 
(514) 683-9440 










