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GAL PRODUCT INDEX 

Commercial Grade Devices 

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

GAL16V8A1B 20 7.5, 10, 15, 25 55, 90, 115 PCMOS 20-Pin PAL Superset 2-1 

GAL20V8A1B 24 7 .. 5, 10,15, 25 55,90,115 PCMOS 24-Pin PAL Superset 2-25 

GAL18V10 20 15, 20 115 E20~OS Universal PLD 2-49 

GAL22V10/B 24 7.5, 10, 15, 25 90, 130, 140 E2CMOS Universal PLD 2-63 

GAL26CV121B 28 10, 15, 20 130 E2CMOS Universal PLD 2-81 

GAL20XV10B 24 10, 15, 20 90 E2CMOS Exclusive-OR PLD 2-101 

GAL20RA10 24 12, 15, 20,30 100 PCMOS Asynchronous PLD 2-117 

GAL6002B 24 15, 20 135 PCMOS FPLA 2-131 

GAL6001 24 30, 35 150 PCMOS FPLA 2-147 

Industrial Grade Devices 

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

GAL16V8AIB 20 10, 15, 20, 25 65, 130 E2CMOS 20-Pin PAL Superset 2-1 

GAL20V8A1B 24 10, 15, 20,25 65, 130 E2CMOS 24-Pin PAL Superset 2-25 

GAL 18V10 20 20 125 PCMOS Universal PLD 2-49 

GAL22V10B 24 15, 20,25 150 PCMOS Universal PLD 2-63 

GAL26CV12IB 28 15, 20 150 PCMOS Universal PLD 2-81 

GAL20XV10B 24 15, 20 110 PCMOS Exclusive-OR PLD 2-101 

GAL20RA10 24 20 120 E2CMOS Asynchronous PLD 2-117 

MIL-STD-883 Grade Devices 

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

GAL16V8AIB 20 10, 15, 20, 25, 30 65, 130 PCMOS 20-Pin PAL Superset 3-5 . 
GAL20V8A 24 15, 20, 25, 30 65, 130 E2CMOS 24-Pin PAL Superset 3-13 

GAL22V101B 24 15, 20, 25, 30 150 PCMOS Universal PLD 3-19 

GAL26CV12 28 20, 25 160 PCMOS Universal,'PLD 3-27 

GAL20RA10 24 20, 25 120 PCMOS Asynchronous PLD 3-33 



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

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

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

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

Steven Lau 
Vice President and General Manager 
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Introduction to 
Generic Array Logic 

INTRODUCTION THE GAL CONCEPT 

Lattice Semiconductor, located in Hillsboro, Oregon, was . E2CMOS - THE IDEAL TECHNOLOGY I 
founded in 1983 to design, develop and manufacture Of the three major technologies available for producing 
high-performancesemiconductorcomponents. At Lattice, PLDs, the technology of choice is clearly E2CMOS. 
we believethaUechnological evolution can be accelerated E2CMOS offers 100% testability, high quality, high speed, 
through the continued development of higher-speed and low power, and instant erasure. 
architecturally superior products. 

GAL devices are ideal for four important reasons: 

1. GAL devices have Inherently superior quality and 
reliability. 

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

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

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

1-1 

TESTABILITY 
The biggest advantage of E2CMOS over competing 
technologies is its inherent testability. Capitalizing on 
very fast (1 ooms) erase times, Lattice repeatedly patterns 
and erases all devices during the manufacturing process. 
Lattice tests each GAL device for AC, DC, and functional 
characteristics. The result is guaranteed 100% 
programming and functional yields. 

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

HIGH SPEED 
Also advantageous is the very high speed attainable with 
Lattice's state-of-the-art E2CMOS process. Lattice GAL 
devices are as fast or faster than bipolar and UVCMOS 
PLDs. 

PROTOTYPING AND ERROR RECOVERY 
Finaily, E2CMOS gives the user instant erasabilitywith no 
additional handling or special packages necessary. This 
provides ideal products for prototyping because designs 
can be revised instantly, with no waste and nowaiting. On 
the manufacturing floor· instant erasability can also be a 
big advantage for dealing with pattern changes or error 
recovery. If a GAL device is accidentally programmed to 
the wrong pattem, simply reprogram the device • .No other 
technology offers this advantage. 
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A LOOK AT OTHER TECHNOLOGIES 

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

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

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

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

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

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

1-2 

THE GAL ADVANTAGE 

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

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

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

THE IDEAL PACKAGE 

Programmable logic devices are ideal fordesigningtoday's 
systems. Lattice Semiconductor believes that the ideal 
design approach should be supported with the ideal 
products. It was on this premise that GAL devices were 
invented. The ideal devic&-with a generic architectur&
fabricated with the ideal process technology, E2CMOS. 
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FEATURES 

• HIGH PERFORMANCE RMOS· TECHNOLOGY 
- 7.5 ns Maximum Propagation Delay 
- Fmax = 100 MHz 
- 5 ns Maximum from Clock Input to Data Output 
- TTL Coinpatlble 24 mA Outputs 
- UltraMOS· Advanced CMOS Technology 

.50% to 75% REDUCTION IN POWER FROM BIPOLAR 
- 75mA Typ Icc on Low Power DevIce 
- 45mA Typ Icc on Quarter Power Device 

• ACTIVE PULL-UPS ON ALL PINS (GAL 16V8B) 

• E2 CELL TECHNOLOGY 
- Reconflgurable logic 
- Reprogrammable Cells 
-100% TestedlGuaranteed 100% Yields 
- High Speed Electrlcel Erasure «1ooms) 
- 20 Year Data Retention 

• EIGHT OUTPUT LOGIC MACROCELLS 
- Maximum flexibility for Complex logic Daalgns 
- Programmable Output Polarity 
- Also Emulates 2D-pln PAL· Devices with Full Func-

tlonIFuae Map/Parametrlc Compatibility 

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

• APPUCATIONSINCLUDE: 
- DMA Control 
- State Machine Control 
- High Speed Graphics Processing 
- Standard Logic Speed Upgrade 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAl16V8B, at 7.5 ns maximum propagation delay time, 
combines a high performance CMOS process with Electrically 
Erasable (I:') floating gate tec/v1Ology to provide the higlest speed 
performance available in the PLD rn&Iket.' High speed erase limes 
«100ms) allow the devices to be reprogrammed quickJyand 
efflCienUy. 

Th" generiC,architecture provides maximum designflexibiUty by 
allowing the Output logic MacroceH (OlMC) to'beeo,mgured by 
the user. An important subset of the many architecture con
figurations possible with the GAl16V8AIB are the PAL archi
tectures listed in the table of the macrocell description sactlon. 
GAl16V8AIB clevicesare capable of emulating any of these. PAl 
architectures with full funclionlfuse map/pararnetric compatibility. 

Unique test circuitry and reprogrammable cells allow complete 
AC, DC, and functional testing during manufacture. As a result, 
LATTICE is able to guarantee 1 00% field programmability and 
functionality of aU GAle p~. LATTICE also guarantees 100 
erase/rewrite cycles and data retention in excess of 20 years. 

GAL16V8B 
GAL16V8A 

High Performance E2CMOS PLD 

FUNCTIONAL BLOCK DIAGRAM 
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GAL16V8A1B ORDERING INFORMATION 

Commercial Grade Specifications 

Tpd(ns) T8U (n8) Tco(n8) Icc (mA) Ordering' 

7.5 7 5 115 GAL 16V8B-7LP 

115 GAL 16V8B-7W 

10 10 7 115 GAL16V8B-10LP 

115 GAL16V8B-10W 

15 12 10 55 GAL16V8A-150P 

55 GAL 16V8A-150J 

115 GAL 16V8A-15LP 

115 GAL16V8A-15W 

25 15 12 55 GAL 16V8A-25QP 

55 GAL 16V8A-25QJ 

90 GAL 16V8A-25LP 

90 GAL 16V8A-25W 

Industrial Grade Specifications 

Tpd(ns) T8U (n8) Tco (n8) Icc (mA) Ordering' 

10 10 7 130 GAL 16V8B-1 OLPI 

130 GAL16V8B-10WI 

15 12 10 130 GAL 16V8B-15LPI 

130 GAL16V8B-15WI 

20 13 11 65 GAL 16V8A-2OQPI 

65 GAL16V8A-2OQJ1 

25 15 12 65 GAL 16V8A-250PI 

65 GAL 16V8A-25OJI 

130 GAL 16V8A-25LPI 

130 GAL 16V8A-25WI 

PART NUMBER DESCRIPTION 

xxxxxxxx - XX 

GAL16V8B 
GAL16V8A 

""'''N.me~ 
Speed (':'8) 

Specifications GAL 16V8B 
GAL 16V8A 

Package 

2G-Pin Plastic DIP 

2O-Lead PLCC 

2G-Pin Plastic DIP 

2G-Lead PLCC 

20-Pin Plastic DIP 

2G-Lead PLCC 

2O-Pin Plastic DIP 

20-Lead PLCC 

20-Pin Plastic DIP 

20-Lead PLCC 

20-Pin Plastic DIP 

20-Lead PLCC 

Package 

20-Pin Plastic DIP 

2G-Lead PLCC 

20-Pin Plastic DIP 

20-Lead PLCC 

20-Pin Plastic DIP 

2O-Lead PLCC 

20-Pin Plastic DIP 

20-Lead PLCC 

2G-Pin Plastic DIP 

20-Lead PLCC 

Blank = Commercial 
I = Industrial 

L = Low Power Power ________ ....1 1..-____ Package P = Plastic DIP 

Q = Quarter Power J = PLCC 

5192 
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OUTPUT LOGIC MACROCELL (OLMC) 

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

There are three global OLMC configuration modes possible: 
simple, complex, and registered. Details of each of these 
modes are illustrated in the following pages. Two global bits, SYN 
and ACO, control the mode configuration for all macrocells. The 
XOR bit of each macroceII controls the polarity of the output in any 
of the three modes, while the AC1 bit of each of the macrocells 
controls the input/output configuration. These two global and 16 
individual architecture bits define all possible configurations in a 
GAL 16V8A1B. The information given on these architecture bits 
is only to give a better understanding of the device. Compiler 
software will transparently set these architecture bits from the pin 
definitions, so the user should not need to directly manipulate 
these architecture bits. 

The following is a list of the PAL architectures that the GAL 16VSA 
and GAL 16V8B can emUlate. It also shows the OLMC mode 
under which the GAL 16V8AIB emulates the PAL architecture. 

COMPILER SUPPORT FOR OLMC 

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

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

Registered Complex 

ABEL P16V8R P16V8C 
CUPL G16V8MS G16VSMA 
LOGIIC GAL16V8 R GAL16V8 C7 
OrCAD-PLD ·Registered"' ·Complex·' 
PLDeslgner P16V8R2 P16V8C2 
TANGo-PLD G16V8R G16VSC 

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

2·3 

Specifications GAL 16VBB 
GAL 16VBA 

PAL Architectures GAL16V8AIB 
Emulated by GAL 16V8AIB Global OLMC Mode 

16R8 RegI8tered 
16R6 Registered 
16R4 Registered 

16RP8 Registered 
16RP6 Registered 
16RP4 Regi8tered 

16L8 Compisx 
16H8 Complex 
16P8 Compisx 

10L8 Slmpis 
12L6 Simple 
14L4 Simple 
16L2 Simple 
10H8 Simple 
12H6 Simple 
14H4 Simple 
16H2 Simple 
1OP8 Simple 
12P6 Simple 
14P4 Simple 
16P2 Simple 

In registered mode pin 1 and pin 11 are permanently configured 
as clock and output enable, respectively. These pins cannol be 
configured as dedicated inputs in the registered mode. 

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

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

Simple Auto Mode Select 

P16V8AS P16V8 
G16V8AS G16V8 

GAL16V8 C8 GAL16V8 
·Simple·' GAL16V8A 
P16VSC2 P16VSA 

G16VSAS' G16V8 

5192 
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REGISTERED MODE 

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

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

All registered macroceIls share common clock and output enable 
control pins. Any macrocell can be configured as registered or 
I/O. Up to eight registers or up to eight 1I0's are possible in this 

eLK 
• _______ o_ •••.••••••••. _._ .... ____ ._. ____ ._._, · . · . · . · . 

~_. _. _. _._ •••••••••••••• _. - ____ - _0' _ ••••••• _.' 

OE 

•............... __ . __ ........................ . 

~ •••• o •• _._ •• __ •• _. ___ •••• 0 _ •• _. _. __ ,.0. _ ••• .: 

Specifications GAL 16V8B 
GAL 16V8A 

mode. Dedicated input or output functions can be implemented 
as subsets of the 110 function. 

Registered outputs have eight product terms per output. 1I0's 
have seven product terms per output. 

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

Registered Configuration for Registered Mode 

-SYN=O. 
-AC0=1. 
- XOR=O defines Active low Output. 
- XOR=1 defines Active High Output. 
- AC1 =0 defines this output configuration. 
- Pin 1 controls common ClK for the registered outputs. 
- Pin 11 controls common OE for the registered outputs. 
- Pin 1 & Pin 11 are permanently configured as ClK & 
OE. 

Combinatorial Configuration for Registered Mode 

-SYN=O. 
-AC0=1. 
- XOR=O defines Active low Output. 
- XOR=1 defines Active High Output. 
- AC1=1 defines this output configuration. 
- Pin 1 & Pin 11 are permanently configured as ClK & 
OE. 

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

5/92 
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REGISTERED MODE LOGIC DIAGRAM 

Specifications GAL 16V8B 
GAL 16V8A 

DIP. PLCC Package Pinouts - ... - .. 
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OLMC 19 

XOR·2048 
ACI-2120 

OLMC 18 

XOR·2048 
ACl·2121 

OLMC 17 

XOR·2060 
AC1-2122 

OLMC 16 

X0fI.2051 
Acl·2123 

OLMC15 

XOR-2062 
ACI-2124 

OLUe 14 

XOR·2063 • 
ACI-2125 

OLMC 13 

XOR-2054 
ACl·2125 

OLMC 12 

SYN-2192 
02183 

XOR·_ 
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r1 -0-18 

r1 -0-18 

b -
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n -0-13 

tr 12 

.ACE_ ... '-' 11 
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COMPLEX MODE 

In the Complex mode, rnacrocells are configured as output only 
or VO functions. 

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

Up to six 1I0's are poasible in this mode. Dedicated inputs or 
outputs can be implemented as subsets of the VO function. The 
two outer most macrocells (pins 12 & 19) do not have input ca-

~R !~ ~ . . · . · . · . · . · . -.. ---.- .... -....... _-_ ... -_.- ...... __ .. 

:- .. _ ... --_. _. ~ -.... ---_ .. ------_. -----": 

! P17D ' 
i XOR 

L. ___ •.••.•••••.•.. __ • ____ . __ •.••. __ . __ : 

Specifications GAL 16V8B 
GAL 16V8A 

pability. Designs requiring eight VO's can be implemented in the 
Registered mode. 

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

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

Combinatorial 110 Configuration for Complex Mode 

- SYN=1. 
-ACO=1. 
- XOR=O defines Active Low Output. 
- XOR=1 defines Active High Output. 
-AC1=1. 
- Pin 13 through Pin 18 are configured to this function. 

Combinatorial Output Configuration for Complex Mode 

-SYN=1. 
-ACO=1. 
- XOR=O defines Active Low Output. 
- XOR=1 defines Active High Output. 
-AC1=1. 
- Pin 12 and Pin 19 are configured to this function. 

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

5192 
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COMPLEX MODE LOGIC DIAGRAM 

Specifications GAL 16V8B 
GAL 16V8A 
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SIMPLE MODE 
In !he Simple mode, macroceIIs are configured as dedicated i1puIs 
or as dedicated, always active, combinatorial outputs. 

Architecture configurations available in this mode are similar to 
the common 10L8 and 12P6 devices with many pennutations of 
generic output polarity or input choices. 

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

l·------·-------------··.··--·.····.·--··--·-: 
: Vee : : : 
: : 

----~: --~ . 

~ _. -_. _._ ...... -_. _ ............ -_. -......... : 

r------------------------------------~~----I 

-----+--\ 

: ............... _-_ ...... __ .... _--_ ... _-_ .... : 

' ___ 0_. ____ -------------------_._-----------, , , 

, , ... _0_.-0 .............. __ ... -...............• 

Specifications GAL 16V8B 
GAL 16V8A 

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

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

Combinatorial Output with Feedback Configuration 
for Simple Mode 

- SYN=1. 
-ACO=O. 
- XOR=O defines Active Low Output. 
- XOR=1 defines Active High Output. 
- AC1 =0 defines this configuration. 
- All OLMC except pins 15 & 16 can be configured to 
this function. 

Combinatorial Output Configuration for Simple Mode 

- SYN=1. 
-ACQ--O. 
- XOR=O defines Active Low Output. 
- XOR=1 defines Active High Output. 
- AC1 =0 defines this configuration. 
- Pins 15 & 16 are permanently configured to this 
function. 

Dedicated Input Configuration for Simple Mode 

- SYN=1. 
-ACO=O. 
- XOR=O defines Active Low Output. 
- XOR=1 defines Active High Output. 
- AC1 =1 defines this configuration. 
- All OLMC except pins 15 & 16 can be configured to 
this function. 

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

5192 
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Specifications GAL 16V8B 
GAL 16V8A 

SIMPLE MODE LOGIC DIAGRAM 
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Specifications GAL 16VBB 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Commercial Devices: Supply voltage V Cc ....................................... -0.5 to + 7V 
Input voltage applied ........................... -2.5 to V cc + 1.0V Ambient Temperature (TA) ................................ 0 to 75°C 

Off-state output voltage applied .......... -2.5 to V 00 + 1.0V Supply voltage (V 00) 

Storage Temperature ................................. -65 to 150°C with Respect to Ground ...................... +4.75 to +5.25V 

Ambiem Temperature with 
Power Applied ........................................ -55 to 125°C 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating CondlUons (Unle .. Otherwise SpecHled) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low VoHage Vss-O.5 

VIH Input High VoHage 2.0 

ilL' Input or 110 Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or 110 High Leakage Current 3.5V S VIN S Voo -

VOL Output Low VoHage IoL = MAX. Yin = VIL or VIH -
VOH Output High VoHage IoH = MAX. Vin = Vil or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los' Output Short Circuit Current Voo=5V VOUT=0.5V TA=25·C -30 

Icc Operating Power Supply Current VIL=0.5V VIH = 3.0V ftoggie = 25MHz -
Outputs Open (no load) 

TYP.s MAX. 

- 0.8 

- Vcc.t1 

- -100 

- 10 

- 0.5 

- -
- 24 

- -3.2 

- -150 

75 115 

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

UNITS 

V 

V 

IIA 

IIA. 
V 

V 

mA 

mA 

mA 

rnA 

2) One output at a time for a maximum duration of one second. Vout = 0.5V was sslected to avoid test problems caussd by tester 
ground degradation. Guaranteed but not 100% tested. 
3) Typical values are at Vee = 5V and TA= 25·C 

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

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

q Input Capacitance 8 pF V c;c = 5.0V, VI = 2.0V 

ClIO I/O Capacitance 8 pF Vc;c= 5.0V, Vvo=2.0V 

"Guaranteed but not 100% tested. 

5192 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL 16V8B 
Commercial 

Over Recommended Operating Conditions 

TEST 
PARAMETER DESCRIPTION 

CONDI. 

tpd 1 Input or 1/0 to Combinational Output I 8 outputs switching 

. j 1 output switching 

tco 1 Clock to Output Delay 

tcf2 - Clock to Feedback Delay 

tsu - Setup Time, Input or Feedback before Clock 

th - Hold Time, Input or Feedback after Clock 

1 Maximum Clock Frequency with 
External Feedback, 1/(tsu + tco) 

fmax" 1 Maximum Clock Frequency with 
Internal Feedback, 1/(tsu + tel) 

1 Maximum Clock Frequency with 
No Feedback 

twh - Clock Pulse Duration, High 

twl - Clock Pulse Duration, Low 

ten 2 Input or I/O to Output Enabled 

2 OE to Output Enabled 

tdis 3 Input or I/O to Output Disabled 

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

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDt03.0V 
Input Rise and Fall Times 3ns 10%-90% 
Input Timing Reference Levels 1.SV 
Output Timing Reference Levels 1.SV 

Output Load See Figure 

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

Output Load Conditions (see figure) 

Test Condition Rl R2 CL 

1 20Dn 3900 SOoF 
2 AcliveHiah 00 3900 500F 

AcliveLow 20Dn 3900 SOpF 

FROM OUTPUT (010) 
UNDER TEST 

-7 -10 

MIN. MAX. MIN. 
UNITS 

MAX. 

3 7.5 3 10 ns 

- 7 - - ns 

2 5 2 7 ns 

- 3 - 6 ns 

7 - 10 - ns 

0 - 0 - ns 

83.3 - S8.8 - MHz 

100 - 62.S - MHz 

100 - 62.S - MHz 

S - 8 - ns 

S - 8 - ns 

3 9 3 10 ns 

2 6 2 10 ns 

2 9 2 10 ns 

1.S 6 1.S 10 ns 

+5V 

--+---.-- TEST POINT 

R2 
CL 

3 AcliveHigh 00 390Q SpF C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE 
AcliveLow 20Dn 3900 SpF 
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Specifications GAL 16V8A 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Supply voltage Vee ....................................... -0.5 to + 7V Commercial Devices: 
Input voltage applied ........................... -2.5 to Vee + 1.0V Ambient Temperature (TA) ................................ 0 to 75°C 
Off-state output voltage applied .......... -2.5 to Vee + 1.0V Supply voltage (Vee) 
Storage Temperature ................................. -65 to 150°C with Respect to Ground ...................... +4.75 to +5.25V 

Ambient Temperature with 
Power Applied ........................................ -55 to 125°C 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-0.5 

VIH Input High Voltage 2.0 

IiL Input or VO Low Leakage Current OV:S; VIN :s; VIL (MAX.) -
IIH Input or VO High Leakage Current VIH :s; VIN :s; Vee -

VOL Output Low Voltage IoL = MAX. Yin = VIL or VIH -
VOH Output High Voltage IoH = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los' Output Short Circuit Current Vee=5V VouT=0.5V TA=25·C -30 

Icc Operating Power VIL= 0.5V VIH=3.0V ftoggle = 25MHz L-15 -
Supply Current Outputs Open (no load) ftoggIe = 15MHz L-25 -

ftoggle = 15MHz Q -151-25 -

TYP.! MAX. UNITS 

- 0.8 V 

- Vee+1 V 

- -10 ItA 
- 10 ItA 
- 0.5 V 

- - V 

- 24 mA 

- -3.2 mA 

- -150 mA 

75 115 mA 

75 90 rnA 

45 55 mA 

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

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

SYMBOL PARAMETER MAXIMUM' UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF V 00 = 5.0V, VI = 2.0V 

Coo VO Capacitance 10 pF Voo= 5.0V, Voo= 2.0V 

"Guaranteed but not 100% tested. 
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Specifications GAL 16VBA 
Commercial 

AC SWITCHING CHARACTERISTICS 
OVer Recommended Operating Conditions 

TEST DESCRIPTION PARAMETER 
CONDI. 

tpd 1 Input or I/O to Combinational Output 

teo 1 Clock to Output Delay 

tcf' - Clock to Feedback Delay 

tsu - Setup lime, Input or Feedback before Clock 

th - Hold lime, Input or Feedback after Clock 

1 Maximum Clock Frequency with 
Extemal Feedback, 1/(tsu + tco) 

fmax3 1 Maximum Clock Frequency with 
Intemal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 
No Feedback 

twh - Clock Pulse Duration, High 

twl - Clock Pulse Duration, Low 

ten 2 Input or I/O to Output Enabled 

2 OE to Output Enabled 

tdis 3 Input or I/O to Output Disabled 

3 OE to Output Disabled 

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

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDt03.0V 
Input Rise and Fall limes 308 10%-90% 
Input liming Reference Levels 1.5V 
Output Timing Reference Levels 1.5V 

Output Load See Figure 

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

Output Load Conditions (see figure) 

Teat Condition Rl R2 CL 

1 200n 3900 500F 
2 Active High GO 3900 50pF 

Active Low 200n 3900 50pF 

FROM OUTPUT (010) 
UNDER TEST 

-15 -25 

MIN. MAX. MIN. 
UNITS 

MAX. 

3 15 3 25 ns 

2 10 2 12 ns 

- 8 - 10 ns 

12 - 15 - 08 

0 - 0 - ns 

45.5 - 37 - MHz 

50 - 40 - MHz 

62.5 - 41.6 - MHz 

8 - 12 - ns 

8 - 12 - ns 

- 15 - 25 ns 

- 15 - 20 ns 

- 15 - 25 ns 

- 15 - 20 ns 

+5V 

--+-----<-- TEST POINT 

R2 

3 Active High GO 3900 SpF C L INClUDES JIG AND PROBE TOTAl. CAPACITAta 

Active Low 200n 3900 SpF 

5192 
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Specifications GAL 16VBB 
Industrial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Supply voltage V 00 ....................................... -0.5 to + 7V Industrial Devices: 
Input voltage applied •••.••••.......••.....•.... -2.5 to V 00 + 1.0V 
Off-state output voltage applied •.......•• -2.5 to V 00 + 1.0V 

Ambient Temperature (TA) ••••.••••••••••••••••••••••• -40 to 85°C 
Supply voltage (Vee) 

Storage Temperature ................................. -65 to 150°C with Respect to Ground •••••••••••••••••••••• +4.50 to +5.50V 
Ambient Temperature with 

Power Applied ........................................ -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

Ratings" may cause peni'lanent damage to the device. These 
are stress only ratings and functional operation of the device 
at these or at any other conditions above those indicated in the 
operational sections of this specification is not implied (while 
programming. follow the programming specifications). 

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.S 

VIH Input High Voltage 2.0 

IILl Input or VO Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or VO High Leakage Current 3.5V S VIN S Vee -

VOL Output Low Voltage b. = MAX. Vin = VIL or VIH -
VOH Output High Voltage IoH = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los2 Output Short Circuit Current Voo=5V VOIIT= 0.5V T..,=25·C -30 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V 'ftoggie = 25MHz -
Outputs Open (no load) 

TYP.-

-
-
-
-
-
-
-
-
-
75 

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

MAX. UNITS 

0.8 V 

Voo+1 V 

-100 IIA 
10 IIA 
0.5 V 

- V 

24 mA 

-3.2 mA 

-150 mA 

130 mA 

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

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

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

C. Input Capacitance 8 pF Voo = 5.0V. VI = :1.0V 

CK) 110 Capacitance 8 pF Voo= 5.0V. VI/O= 2.0V 

·Guaranteed but not 100% tested. 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL 16VBB 
Industrial 

Over Recommended Operating Conditions 

TEST 
PARAMETER COND'. 

DESCRIPTION 

tpel 1 Input or 1/0 to Combinational Output 

teo 1 Clock to Output Delay 

tcf2 - Clock to Feedback Delay 

tsu - Setup lime, Input or Feedback before Clock 

th - Hold lime, Input or Feedback after Clock 

1 Maximum Clock Frequency with 
Extemal Feedback, 1/(tsu + teo) 

fmax" 1 Maximum Clock Frequency with 
Intemal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 
No Feedback 

twh - Clock Pulse Duration, High 

, twl - Clock Pulse Duration, Low 

ten 2 Input or VO to Output Enabled 

2 OE to Output Enabled 

tdis 3 Input or VO to Output Oisabled 

3 DE to Output Disabled 

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

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto 3.0V 
Input Rise and Fall Tl/Tles 3ns 10%-90% 
Input liming Reference Levels 1.5V 
Output liming Reference Levels 1;5V 

Output Load See Figure 

3-stete levels are measured 0.5\1 from steady-stete active 
level. ' , , 

Output Load Conditions (see figure) 

Test Condition R, Rz CL 

1 200n 3900 50pF 
2 ActiveHiah 00 390Cl 50pF 

Active Low 200n 390Cl 50pF 

FROM OUTPUT (00) 
UNDeR TEST 

-10 -15 

MIN. MAX. MIN. MAX. 
UNITS 

3 10 3 15 ns 

2 7 2 10 ns 

- 6 - 8 ns 

10 - 12 - ns 

0 - 0 - ns 

58.8 - 45.5 - MHz 

62.5 - 50 - MHz 

62.5 -' 62.5 - MHz 

8 - 8 - ns 

8 - 8 - ns 

3 10 - 15 ns 

2 10 - 15 ns 

2 10 - 15 ns 

1.5 10 - 15 ns 

+5V 

--+-...--t-.,,-- TEST POINT 

R2 
CL 

3 Active High 00 3900 5pF C L INClUDES JIG Nf) PROBE TOTAl. CAPACITANCE 
Active Low 200n 390Cl 5pF 
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Specifications GAL 16V8A 
Industrial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Industrial Devices: Supply voltage Vee ....................................... -0.5 to + 7V 
Input voltage applied •............•...•.••.•..•. -2.5 to Vee +1.0V 
Off-state output voltage applied •.•....... -2.5 to Vee + 1 .OV 
Storage Temperature •••...••...•..•...•..•••......•.• -65 to 150°C 
Ambient Temperature with 

Ambient Temperature (TA) •.•••••.•.....•...••.•.•..•. -40 to 85°C 
Supply voltage (Vee) 

with Respect to Ground •..•..••••...•....••.• +4.50 to +5.50V 

Power Applied •.•••.•••....•......•.•...........•.•..• -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.5 

VIH Input High Voltage 2.0 

IlL Input or I/O Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or I/O High Leakage Current VIH S VIN S Vee -

VOL Output Low Voltage lot. = MAX. Yin = VIL or VIH -
VOH Output High Voltage 1oH= MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los' Output Short Circuit Current Vee=5V VOUT= 0.5V TA=25°C -30 

Icc Operating Power VIL= 0.5V VIH=3.0V ftoggle = 25MHz L-25 -
Supply Current Outputs Open (no load) ftoggle = 15MHz Q -201-25 -

TYP.! MAX. UNITS 

- 0.8 V 

- Vee+1 V 

- -10 IlA 
- 10 IlA 
- 0.5 V 

- - V 

- 24 rnA 

- -3.2 mA 

- -150 rnA 

75 130 mA 

45 65 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. 
2) Typical values are at Vee = 5V and TA= 25°C 

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

SYMBOL PARAMETER MAXIMUM' UNITS TEST CONDITIONS 

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

Coo I/O Capacitance 10 pF Vcc= 5.0V. VIIo= 2.0V . Guaranteed but not 100% tested . 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL 16V8A 
Industrial 

Over Recommended Operating Conditions 

TEST PARAMETER DESCRIPTION 
COND1. 

tpd 1 Input or 1/0 to Combinational Output 

tco 1 Clock to Output Delay 

tcl" - Clock to Feedback. Delay 

tsu - Setup Time, Input or Feedback before Clock 

th - Hold Time, Input or Feedback after Clock 

1 Maximum Clock Frequency with 
Extemal Feedback, 1/(tsu + tco) 

fmax" 1 Maximum Clock Frequency with 
Intemal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 
No Feedback 

twh - Clock Pulse Duration, High 

twt - Clock Pulse Duration, Low 

ten 2 Input or 1I0to Output 

2 OE to Output 

tdis 3 Input or 1/0 to Output 

3 OE to Output 

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

SWITCHING TEST CONDITIONS 

InJ)ut Pulse Levels GNDto 3.0V 
Input Rise and Fall Times 30$ 10%-90% 
Input Timing Reference Levels 1.5V 
Output Timing Reference Levels 1.5V 

Output Load See Figure 

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

Output Load Conditions (see figure) 

Teet Condition Rt R2 CL 

1 2000 3900 50pF 
2 Active High 00 3900 50pF 

Active Low 2000 3900 50pF 
00 

FROM OUTPUT (OIa) 
UNDER TEST 

-20 -25 

MIN. MAX. MIN. 
UNITS 

MAX. 

3 20 3 25 ns 

2 11 2 12 ns 

- 9 - 10 ns 

13 - 15 - 0$ 

0 - 0 - ns 

41.6 - 37 - MHz 

45.4 - 40 - MHz 

50 - 41.6 - MHz 

10 - 12 - ns 

10 - 12 - ns 

- 20 - 25 ns 

- 18 - 20 ns 

- 20 - 25 ns 

- 18 - 20 ns 

+5V 

--...... --.... - TESTPOlNT 

R2 
CL 

3 Active High 3900 SpF 
Active Low 2000 3900 SpF 

C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

5/92 
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SWITCHING WAVEFORMS 

INPUT or 
I/O FEEDBACK 

COMBINATORIAL 
OUTPUT 

INPUT or 
I/O FEEDBACK 

OUTPUT 

\\\ \\\ \\\t:;~ 
\\\\ \\\ \\ \\ \\\\1== 

Combinatorial Output 

Input or 110 to Output Enable/Disable 

twl 

eLK 

Clock Width 

2-18 

Specifications GAL 16VBB 
GAL 16VBA 

INPUT or 
110 FEEDBACK 

CLK 

REGISTERED 
OUTPUT 

.-->-............ ........., 

Registered Output 

OE to Output EnableIDlsable 

ClK 

REGISTERED 
FEEDBACK 

tcf~tsu 

\\\\\\\\\L-----,_ 
fmax with Feedback 
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fmax DESCRIPTIONS 

ClK 
.~ ................................... -............................. . · .. · . · . · . · . 

lOGIC 
ARRAY 

REGISTER 

· . ... _-_ ................... _ .. _--_ .. __ . __ .... __ ...... _----_. 

1tII1 .. 1----tou--.... *I .. if--'-~· t •• ~ 

fmax with External Feedback 1/(tau+tco) 

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

elK 
..... _--_._-_ .... __ ....... -- .. -.................... . · . · . · . · . · . · . · . · . 
: lOGIC REGISTER: 
• ARRAY . 

· . ................. _ .................................. . 

fmax WIth No Feedback 

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

2-19 

Specifications GAL 16V8B 
GAL 16VBA 

elK 

: .... ' .................................. _---_._- ........ ! 

1111114t----tcl--..,--~.J ~ 
M14t------tpd----~~ 

fmax with Internal Feedback 1/(tau+tcf) 

Note: tet i8 a calculated value, derived by subtracting tsu from 
the period of fmax wlintemal feedback (tcf = 11fmax - tsu). The 
value of tcf is used primarily when calculating the delay from 
clocking a register to a combinatorial output (through registered 
feedback), as shown above. For example, the timing fl'Ql'll clock 
to a combinatC1ria1 output Is equal to tcf + tpd. 

5/92 
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ELECTRONIC SIGNATURE 

An electronic signature is provided in every GAL 16V8AIB device. 
It contains 64 bits of reprogrammable memory that can contain 
user defined data. Some uses include user 10 codes, revision 
numbers, or inventory control. The signature data is always avail
able to the user independent of the state of the security cell. 

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

SECURITY CELL 

A security cell is provided in the GAL 16V8AIB devices to prevent 
unauthorized copying of the array patterns. Once programmed, 
this cell prevents further read access to the functional bits in the 
device. This cell can only be erased by re-programming the 
device, so the original configuration can never be examined once 
this cell is programmed. The Electronic Signature is always avail
able to the user, regardless of the state of this control cell. 

LATCH-UP PROTECTION 

GAL 16V8A1B devices are designed with an on-board charge 
pump to negatively bias the substrate. The negative bias is of suf
ficient magnitude to prevent input undershoots from causing the 
circuitry to latch. Additionally, outputs are designed with n-channel 
pull-ups instead of the traditional p-channel pull-ups to eliminate 
any possibility of SCR induced latching. 

DEVICE PROGRAMMING 

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

Specifications GAL 16V8B 
GAL 16V8A 

OUTPUT REGISTER PRELOAD 

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

2-20 

GAL 16V8AIB devices include circuitry that allows each registered 
output to be synchronously set either high or low. Thus, any 
present state condition can be forced for test sequencing. If 
necessary, approved GAL programmers capable of executing text 
vectors perform output register preload automatically. 

INPUT BUFFERS 

GAL 16V8AIB devices are designed with TIL level compatible in
put buffers. These buffers have a characteristically high imped
ance, and present a much lighter load to the driving logic than 
bipolar TIL devices. 

The GAL 16V8B input and I/O pins have built-in active pull-ups. 
As a result, unused inputs and I/O's will float to a TIL 'high' 
(1ogicaI'1'). In contrast, the GAL 16V8A does not have active pull
ups within their input structures. Lattice recommends that all 
unused inputs and tri-stated I/O pins for both devices be con
nected to another active input, V ce' or Ground. Doing this will tend 
to improve noise immunity and reduce Icc for the device. 

Typical Input Pull-up Characteristic 

C 
.:. /" 
;: 
~ ·20 .. ./ 

L 
(.) 

:; ·40 ... 
= 

V 
r--

·60 
o 1.0 2.0 3.0 4.0 5.0 

Inpul Vollage (Vollal 
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POWER-UP RESET 

Vee 

ClK 

4.0 V 
___ oJ 

Specifications GAL 16V8B 
GAL 16V8A 

INTERNAL ....... ...,.....,......,...,...:,.....,.....,....,...:., ........ ...,...,.1 
REGISTER 
OUTPUT 0 

o FEEDBACK AND WVWWVWVV\J Devk:ePin 'L-
REGISTERED /\I\/\IVVVV\/V\AI\ Y R_ to Logic '1' 

OUTPUT PIN LJ/...lL.l£..lj[..lL.lLlLJI...lL.loL.:;/.~ 

Circuitry within the GAL 16V8/lJB provides a reset signal to all reg
isters during power-up. All internal registers will have their Q 

outputs set low after a specified time (tpr, 11J.S MAX). 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. Be
cause of the asynchronous nature of system power-up, some 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

PIN 

PIN 

: ESD 
: Protection 
i Circuit 

: ESD 
iProtectlon 
: Clrcuft 

Typ. Vrel = 3.2V 

Vcc 

Typical Input 

2-21 

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

Data 
Output 

Feedback 

Tn·State 
Control 

Typ. Vrel = 3.2V 

Active Pull-up 
Cileuit 
(GAL 16V8B only) 

... y. .... 
! Vrel ! 

Feedback 
(To Input Buffer) 

Typical Output 

PIN 
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Specifications GAL 16V8B 
Typical Characteristics 

Normalized Tpd vs Vee Normalized Teo vs Vee Normalized Tsu vs Vee 
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Volvslol 
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Specifications GAL 16V88 
Typical Characteristics 
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Vohvs loh 
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Specifications GAL 16V8A 
Typical Characteristics 
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FEATURES 

• HIGH PERFORMANCE PCMOS· TECHNOLOGY 
- 7.5 ns Maximum Propagation Delay 
- Fmax = 100 MHz 
- 5 ns Maximum from Clock Input to Data Output 
- TTL Compatible 24 inA Outputs 
- UltraMOS· Advanced CMOS TeChnology 

.50% to 75% REDUCTION IN POWER FROM BIPOLAR 
- 75mA Typ Icc on Low Power Device 
- 45m~ Typ Icc on Quarter Power Device 

• ACTIVE PULL-UPS ON ALL PINS (GAL20V8B) 

• E" CELL TECHNOLOGY 
- Reconflgurable logic 
-- Reprogrammable Cells 
-100% TestedlGuaranteed 100% Yields 
- High Speed Electrical Erasure «100ms) 
- 20 Year Data Retention 

• EIGHT OUTPUT LOGIC MACROCELLS 
- Maximum flexibility for Complex logic Designs 
-Programmable Output Polarity 
- Also Emulates 24-pln PAL· Devices with Full 

FunctlonlFu .. MaplParametric Compatibility 

• PRELOAD AND POWER-QN RESET OF ALL REGISTERS 
- 100% Functlon8l Testability 

• APPLICATIONS INCLUDE: 
- DMA Control 
- State Machine Cont~ 
- High Speed Graphics Processing 
- Standard LoglcSpee~ Upgrade 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL20VSB, at 7.5ns maximum propagation delay time, 
combines a high performance CMOS process with Electrically 
Erasable (f2) ftoating gate technology to provide the highest speed 
performance available in the PLD market. High speed erasetimas 
«10Oms) allow the devices to be reprogrammed quickly and 
efficiently. 

The generic architecture provides maidmum design flexibility by 
allowing the Output Logic Macrocell (OLMC) to be configured by 
the user.. An important subset of the many arChitecture 
configl,lrations possible~it/:ltheGAL20VSAIB are the PAL 
arChiIectur8sJillted in the table c1 the macrocetl descr1?tk>n s8ctior1: 
GAL20V6A/B devices are capable c1 emulating any of these PAL 
architectures with full functionlfl,lS9 map/pararnetric compatibility. 

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

GAL20V8B 
GAL20V8A 

High Performance E2CMOS PLD 

FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

PlCC 

_ ild _ I 
IiQIQ 

IiQIQ 

GAL2GY8AIB IiQIQ 

Me Me 

TopV.lew IiQIQ 

IiQIQ 

IiQIQ 

--IIII§-~ 

GND 

DIP 

vee 

Z4 J 

Vee 
I 

IIOIQ 

IIOIQ 

I/OIQ 

IIOIQ 

IIOIQ 

IIOIQ 

I/OIQ 

IIOIQ 

CopyrIght Qlll91! LaaIce Semloonduolcr CCfp. GAL. E'CMQS and UlraMOS are regi ___ 01 LaaIce SemIoonduolcrCOlp. Gonat:Io Array Lagle Is a1ladomart< 01 LaaIce Sem_ 
ler COIp. All brand or product ........ .....-are1r8demartcs or ""laterad lrade1r1arb 0I1heIr I"8Ip8CIiw holdero. lila spacIfIcatIono and InIomiaIIon _ lrelUbjectto change _ • -. .., ... 

LATIlCE S.EMICONDUCTOR CORP •• 555S N.E. Moore Ct., HillsbOro, Oregon 97124. U.S.A. May 1992 
Tel. (503) 681'()118; 1-I1()()"FASTGAL; FAX (503) 681-3037 
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GAL20V8A/B ORDERING INFORMATION 

Commercial Grade Specifications 

Tpd(nl) Tlu(nl) Tco(nl) Icc (mA) Ordering' 

7.5 7 5 115 GAL20V8B-7LP 

115 GAL20V8B-7W 

10 10 7 115 GAL20V8B-10LP 

115 GAL20V8B-10W 

115 GAL20V8A-10LP 

115 GAL20V8A-10W 

15 12 10 55 GAL20V8A-150P 

55 GAL20V8A-150J 

115 GAL20V8A-15LP 

115 GAL20V8A-15W 

25 15 12 55 GAL20V8A-250P 

55 GAL20V8A-250J 

90 GAL20V8A-25LP 

90 GAL20V8A-25W 

Industrial Grade Specifications 

Tpd (nl) Tlu (nl) Tco (nl) Icc (mA) Ordering' 

10 10 7 130 GAL20V8B-10LPI 

130 GAL20V8B-10WI 

15 12 10 130 GAL20V8B-15LPI 

130 GAL20V8B-15WI 

20 13 11 65 GAL20V8A-200PI 

65 GAL20V8A-200J1 

25 15 12 65 GAL20VSA-250PI 

65 GAL20VSA-250JI 

130 GAL20V8A-25LPI 

130 GAL20V8A-25WI 

PART NUMBER DESCRIPTION 

xxxxxxxx - xx X 

GAL20V8B 
GAL20V8A 

..-.. -~ 
Speed (nl) 

L = Low Power Power ----------' 
Q = Quarter Power 

2·26 

Specifications GAL20V8B 
GAL20V8A 

Package 

24-Pln Plastic DIP 

28-Lead PLCC 

24-Pin Plastic DIP 

28-Lead PLCC 

24-Pin Plastic DIP 

28-Lead PLCC 

24-Pln Plastic DIP 

28-Lead PLCC 

24-Pin Plastic DIP 

28-Lead PLCC 

24-Pin Plastic DIP 

28-Lead PLCC 

24-Pln Plastic DIP 

28-Lead PLCC 

Package 

24-Pin Plastic DIP 

28-Lead PLCC 

24-Pln Plastic DIP 

28-Lead PLCC 

24-Pln Plastic DIP 

28-Lead PLCC 

24-Pln Plastic DIP 

28-Lead PLCC 

24-Pin Plastic DIP 

28-Lead PLCC 

Blank = Commercial 
I = Industrial 

1.-____ Package P = Plastic DIP 

J=PLCC 
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OUTPUT LOGIC MACROCELL (OLMC) 

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

There are three global OLMC configuration modes possible: 
simple, complex, and registered. Details of each of these 
modes are illustrated in the following pages. Two global bits, SYN 
and ACO, control the mode configuration for all macrocells. The 
XOR bit of each macroceH controls the polarity of the output in any 
of the three modes, while the AC1 bit of each of the macrocells 
controls the input/output configuration. These two global and 16 
individual architecture bits define all possible configurations in a 
GAL20V8A1B. The information given on these architecture bits 
is only to give a better understanding of the device. Compiler soft
ware will transparently set these architecture bits from the pin 
definitions, so the user should not need to directly manipulate 
these architecture bits. 

The following is a list of the PAL archHectures that the GAL20V8A 
and GAL20V8B can emulate. It also shows the OLMC mode un
der which the devices emulate the PAL architecture. 

COMPILER SUPPORT FOR OLMC 

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

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

Registered Complex 

ABEL P20V8R P20V8C 
CUPL G20V8MS G20V8MA 
LOGJiC GAL20V8 R GAL20V8 C7 
OrCAD-PLD "Registered"l 'Complex'l 

PLDeslgner P20V8R2 P20V8C2 
TANGo-PLD G20V8R G20V8C 

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

Specifications GAL20V8B 
GAL20V8A 

PAL Architectures GAL20V8AJB 
Emulated by GAL20V8AIB Global OLMC Mode 

2OR8 Registered 
20R6 Registered 
20R4 Registered 

20RP8 Registered 
2ORP6 Registered 
20RP4 Registered 

20LB Complex 
20HB Complex 
2OP8 Complex 

14LB Simple 
16L6 Simple 
18L4 Simple 
20L2 Simple 
14H8 Simple 
16H6 Simple 
18H4 Simple 
2OH2 Simple 
14P8 Simple 
16P6 Simple 
18P4 Simple 
2OP2 Simple 

In registered mode pin 1 and pin 13 are permanently configured 
as clock and output enable, respectively. These pins cannot be 
configured as dedicated inputs in the registered mode. 

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

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

Simple Auto Mode Select 

P20V8AS P20V8 
G20V8AS G20V8 

GAL20V8 C8 GAL20V8 
'Simple'l GAL20V8A 
P20V8C' P20V8A 

G20V8AS3 G20V8 
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REGISTERED MODE 

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

Architecture configurations available in this mode are similar to 
the common 2OR8 and 2ORP4 devices with various pennutations 
of polarity, VC and register placement. 

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

CLJ( 

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

!. • - •••••••••••• - •• - •••••••••••••••••••••• - ••• ~ 

OE 

ro •••• --_ •••••••••••••••••••••••••••••••••••••••• 

, : 
: : 
!o ............................................. . 

SpecificationsGAL20V8B 
. GAL20V8A 

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

Registered outputs have .eight product tenns per output. VO's 
have seven product terms per output. 

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

Registered Configuration for Registered Mode 

·SYN=O . 
• AC0=1. 
• XOR=O defines Active low Output 
• XOR=1 defines Active High Output. 
·AC1,;,o defines this output configuration. 
7 Pin 1 controls common CLK for the registered outputs. 
• Pin 13 cOntrols common OE for the regIStered outputs. 
• Pin 1& Pin 13 are permanently configured as ClK & 
OE. 

Combinatorial Configuration for Registered Mode 

·SYN=O . 
• AC0=1. 
• XOR=O defines Active low Output. 
• XOR=1 defines Active High Output. 
• AC1 =1 defines this output configuration. 
• Pin 1 & Pin 13 are permanently configured as CLK & 
OE. .. 

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

Specifications GAL20VBB 
GAL20VBA 

DIP (PLCC) Package Pinouts 
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COMPLEX MODE 

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

Architecture configurations available in this mode are similar to 
the common 20L8 and 2OP8 devices with programmable polarity 
in each macrocell. 

Up to six 1I0's are possible in this mode. Dedicated inputs or 
outputs can be implemented as subsets of the 110 function. The 
two outer most macrocells (pins 15 & 22) do not have input ca-

~~R ':r 
~ : . · . · . · . · . · . .. _-------------_ .... _._._--------------

;- ......... _------_ ....... _-------- .. ---. 

.. i PcD~do--o 
; XOR 

~. --_. _. --------_. ----_ .. ----_. _. -_ .. -.: 

Specifications GAL20V8B 
GAL20V8A 

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

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

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

Combinatorial 110 Configuration for Complex Mode 

-SYN=1. 
-AC0=1. 
- XOR=O defines Active Low Output. 
- XOR=1 defines Active High Output. 
-AC1=1. 
- Pin 16 through Pin 21 are configured to this function. 

Combinatorial Output Configuration for Complex Mode 

-SYN=f 
-ACO=1. 
- XOR=O defines Active Low Output. 
- XOR=1 defines Active High Output. 
-AC1=1. 
- Pin 15 and Pin 22 are configured to this function. 

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

2-30 
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COMPLEX MODE LOGIC DIAGRAM 

Specifications GAL20VBB 
GAL20V8A 

DIP (PlCC) Package Pinouts 

1(2) 
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SIMPLE MODE 

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

Architecture configurations available in this mode are similar to 
the common 1418 and 16P6 devices wHh many permutations of 
generic output polarity or input choices. 

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

r-----··········.····.·.·--·.·--·.·.···----·; 
: Vee : : : 

I"··········· _ ............. _ ...... ' .... ~ .... . 

Vee 

.............. ---.-- .. __ ... __ ................ . 

•.. _e. __ .... _ ..................•...•........• . . 

. . 
••••• -......... " .......................... _____ 1 

Specifications GAL20V8B 
GAL20V8A 

Pins 1 and 13 are always avaUabIe as data inputs into the AND 
arrey. The "center" two rnacrocells (pins 18 & 19) cannot be used 
in the input configuration. 

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

Combinatorial Output with Feec:lback Configuration 
for Simple Mode 

- SYN=1. 
-ACO=O. 
- XOR=O defines Active low Output. 
- XOR=1 defines Active High Output. 
- AC1 =0 defines this configuration. 
-All OLMC except pins 18 & 19 can be configured to 
this function. 

Combinatorial Output Configuration for Simple Mode 

-SYN=1. 
-ACO=O. 
- XOR=O defines Active low Output. 
- XOR=1 defines Active High Output. 
- AC1 =0 defines this configuration. 
- Pins 18 &.19 are permanently configured to this 
function • 

Dedicated Input Configuration for Simple Mode 

-SYN=1. 
-ACO=O . 
• XOR=O defines Active low Output. 
"XOR=1 defines Active High Output. 
" AC1=1 defines this configuration • 
• All OlMC except pins 18 & 19 can be configured to 
.this function. 

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

Specifications GAL20V8B 
GAL20V8A 

DIP (PLCC) Package Pinouts 
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Specifications GAL20V8B 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Supply voltage Vee ....................................... -0.5 to + 7V Commercial Devices: 
Input voltage applied ........................... -2.5 to Vee +1.0V 
Off-state output voltage applied .......... -2.5 to Vee + 1.0V 

Ambient Temperature (T A)' .•.•.•••.....•..•.••...•..•.••. 0 to 75°C 
Supply voltage (Vee) 

Storage Temperature ................................. -65 to 150°C with Respect to Ground ...................... +4.75 to +5.25V 
Ambient Temperature with 

Power Applied ........................................ -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device 
at these or at any other cond~ions above those indicated in the 
operational sections of this specification is not implied (while 
programming, follow the programming specifications). 

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Un Ie .. Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.S 

VIH Input High Voltage 2.0 

IlL' Input or I/O Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or I/O High Leakage Current 3.5V S VIN S Vee -

VOL Output Low Voltage IoL = MAX. Yin = VIL or VIH -
VOH Output High Voltage IOH = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los' Output Short Circuit Current Vee=5V Voor= 0.5V TA=25°C -30 

Icc Operating Power Supply Current VIL=0.5V VIH = 3.0V ftoggIe = 25MHz -
Outputs Open (no load) 

TYP." MAX. 

- 0.8 

- Vee+1 

- -100 

- 10 

- 0.5 

- -
- 24 

- -3.2 

- -150 

75 115 

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

UNITS 

V 

V 

I1A 

ItA 
V 

V 

mA 

mA 

rnA 

mA 

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

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

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF V 00 = 5.0V, VI = 2.0V 

Coo I/O Capacitance 8 pF Voo =5.0V, VIIo= 2.0V 

'Guaranteed but not 100% tested. 
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Specifications GAL20VBB 
Commercial 

AC SWITCHING CHARACTERISTICS 
OVer Recommended Operating Conditions 

TEST 
PARAMETER DESCRIPTION 

CONDI. 

Ipd 1 Input or va to Combinational Output 1 8 outputs switching 

.1 1 output switching 

teo 1 Clock to Output Delay 

tcP - Clock to Feedback Delay 

tau - Setup Time, Input or Feedback before Clock 

th - Hold lime, Input or Feecblck after Clock 

1 Maximum Clock Frequency with 
Extemal Feedback, 1/(tsu + teo) 

fmax3 1 Maximum Clock Frequency with· 
Intemal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 
No Feedback 

twh - Clock Pulse Duration, High 

twl - Clock Pulse Duration, Low 

ten 2 Input or I/O to Output Enabled 

2 OE to Output Enabled 

tdis 3 Input or VO to Output Disabled 

3 OE to Output Disabled 

1) Refer to Switching Teat Condition. section. 
2) Calculated from frnax with intemal feedback. Refer to fmax Descriptions section. 
3) Refer to frnex Ducrlptlons section. 

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto3.0V 
Input Rise and Fall limes 3ns 10%-90% 
Input liming Reference Levels 1.5V 
Output liming Reference Levels 1.5V 

Output Load . See Figura 

3-state levels are measured 0.5V from steady-state active 
level. 
Output Load Conditions (see figure) 

Teat Condition Rl AI CL 

1 2000 3900 500F 
2 Active High 00 390Q 5()pF 

Active Low 2000 3900 SOpF 

FROM OUTPUT (OIQ) . 
UNOERTEST 

-7 -10 

MIN. MAX. MIN. 
UNR'S 

MAX. 

3 7.5 3 10 ns 

- 7 - - ns 

2 5 2 7 ns 

- 3 - 6 ns 

7 - 10 - ns 

0 - 0 - ns 
83.3 - 58:8 - MHz 

100 - 62.5 - MHz 

100 .- 62.5 - MHz 

5 - 8 - ns 

5 - 8 - ns 

3 9 3 10 ns 
2 8 2 10 ns 

2 9 2 10 ns 
1.5 6 1.5 10 ns 

+SV 

--,... ..... --'--.-- TEST POINT 

R2 
CL 

3 Active High 00 390Q SpF C L IICI.UIlES JIG AND PROI!E TOTAL CAPACITANCE 
Active Low 2000 3900 5pF 
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Specifications GAL20V8A 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Supply voltage Vee ....................................... -<>.5 to + 7V Commercial Devices: 
Input voltage applied ........................... -2.5 to Vee +1 .OV Ambient Temperature (T A) ................................ 0 to 75°C 
Off-state output voltage applied .......... -2.5 to Vee +1.0V Supply voltage (Vee) 
Storage Temperature ................................ ~-65 to 150°C with Respect to Ground ...................... +4.75 to +5.25V 
Ambient Temperature with 

Power Applied ........................................ -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

Ratings' may cause pennanent damage to the device. These 
are stress only ratings and functional operation of the device at 
these or at any other conditions above those indicated in the 
operational sections of this specification is not implied (while 
programming. follow the programming specifications). 

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage vss-o.S 

VIH Input High Voltage 2.0 

IlL Input or I/O Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or I/O High Leakage Current VIH S VIN S Vee -

VOL Output Low Voltage IoL= MAX. Yin = VIL or VIH -
VOH Output High Voltage IoH = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
10sl Output Short Circuit Current Vee=5V Vour=0.5V TA=25°C -30 

Operating Power VIL= 0.5V VIH=3.0V flogglo = 25MHz L -101-15 -
Icc Supply Current Outputs Open (no load) f1oggIo = 15MHz L-25 -

flogglo = 15MHz Q -151-25 -

TYP.2 MAX. UNITS 

- 0.8 V 

- Vee+1 V 

- -10 ItA 

- 10 ItA 

- 0.5 V 

- - V 

- 24 mA 

- -3.2 mA 

- -150 mA 

75 115 mA 

75 90 mA 

45 55 mA 

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

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF V cc = 5.0V. V, = 2.0V 

Coo I/O Capacitance 10 pF Vcc= 5.0V. VIIo= 2.0V 

"Guaranteed but not 100% tested. 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL20V8A 
Commercial 

Over Recommended Operating Conditions 

TEST DESCRIPTION 
·10 

PARAMETER 
COND'. MIN. MAX. 

tpd 1 Input or VO to Combinational Output 3 ~10 

teo 1 Clock to Output Delay 2 7 

tcl" - Clock to Feedback Delay -I • 6 

tsu - Setu~ Time, Input or Feedback before Clock 10 -
th - Hold Time, Input or Feedback after Clock o ; ~-

1 Maximum Clock Frequency with 58.8~ ~-
Extemal Feedback, 1/(tsu + tco) iii ~ 

fmax' 1 Maximum Clock Frequency with 58.8~ 5-
Internal Feedback, 1/(tsu + tcf) • 

1 Maximum Clock Frequency with 
No Feedback 

62.5~ !-

twh - Clock Pulse Duration, High 8 )-

twl - Clock Pulse Duration, Low 8 -
ten 2 Input or 1/0 to Output Enabled -. to 

2 OE to Output Enabled -( 10 

tdis 3 Input or 1/0 to Output Disabled ~.~ l10 

3 OE to Output Disabled -: ) 10 

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

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 

3-state levels are measured 0.5V from steady-state active 
level. 
Output Load Conditions (see figure) 

Test Condition Rl Rz CL 

1 2000 3900 _5OpF 
2 Active High .. 3900 50pF 

Active Low 2000 3900 50pF 

FRDMOUTPUT (O/Q) 
UNDER TEST 

·15 ·25 
UNITS 

MIN. MAX. MIN. MAX. 

3 15 3 25 ns 

2 10 2 12 ns 

- 8 - 10 ns 

12 - 15 - ns 

0 - 0 - ns 
45.5 - 37 - MHz 

50 - 40 - MHz 

62.5 - 41.7 - MHz 

8 - 12 - ns 

8 - 12 - ns 

- 15 - 25 ns 

- 15 - 20 ns 

- 15 - 25 ns 

- 15 
_ .. 

20 ns 

+5V 

---+---+--TEST POINT 

R2 
CL 

3 Active High .. 3900 5pF C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE 
Active Low 2000 3900 5pF 
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Specifications GAL20V8B 
Industrial 

ABSOLUTE MAXIMUM RATINGSI1) RECOMMENDED OPERATING CONDo 

Industrial Devices: Supply voltage Vee ....................................... -0.5 to +7V 
Input voltage applied ........................... -2.5 to Vee + 1.0V 
Off-state output voltage applied .......... -2.5 to Vee + 1.0V 

Ambient Temperature (T A) •••••••••••••••••••••••••••• -40 to 85°C 
Supply voltage rJ ee) 

Storage Temperature ................................. -65 to 150°C with Respect to Ground ...................... +4.50 to +5.50V 
Ambient Temperature with 

Power Applied ........................................ -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device 
at these or at any other conditions above those indicated in the 
operational sectiol'ls of this specification is not implied (while 
programming, follow the programming specifications). 

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Un .... Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voftage Vss-O.5 

VIH Input High Voltage 2.0 

IlL' Input or VO Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or I/O High Leakage Current 3.5V S VIN S Vee -

VOL Output Low Voltage lot. = MAX. Yin = VN.. or VIH -
VOH Oulput High Voltage 10M = MAX. Vin = VILorVIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los2 Output Short Circuit Current Vee=5V VOUT=0.5V T .. =25·C -30 

Icc Operating Power Supply Current VIL= 0.5V VUi = 3.0V flop = 15MHz -
Outputs Open (no load) 

TYP.' MAX. 

- 0.8 

- VCC+1 

- -100 

- 10 

- 0.5 

- -
- 24 

- -3.2 

- -150 

75 130 

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

UNITS 

V 

V 

p.A 

p.A 

V 

V 

rnA 

rnA 

rnA 

rnA 

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

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF V cc = 5.0V, VIi:: 2.0V 

ClIO I/O Capacitance 8 pF V cc = 5.0V, V I/O = 2.0V 

"Guaranteed but not 100% tested. 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL20V8B 
Industrial 

Over Recommended Operating Conditions 

TEST 
PARAMETER CONDI. 

DESCRIPTION 

tpd 1 Input or 1/0 to Combinational Output 

tco 1 Clock to Output Delay 

tcF - Clock to Feedback Delay 

tsu - Setup lime, Input or Feedback before Clock 

th - Hold lime, Input or Feedback after Clock 

1 Maximum Clock Frequency with 
External Feedback, 1/(tsu + teo) 

fmax3 1 Maximum Clock Frequency with 
Internal Feedback, 1/(tsu + tcf) 

1 Maximum Clock Frequency with 
No Feedback 

twh - Clock Pulse Duration, High 

twl - Clock Pulse Duration, Low 

ten 2 Input or 110 to Output Enabled 

2 OE to Output Enabled 

tdis 3 Input or 1/0 to Output Disabled 

3 OE to Output Disabled 

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

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDt03.0V 
Input Rise and Fall limes 3ns 10%-90% 
Input liming Reference Levels 1.5V 
Output Timing Reference Levels 1.5V 

Output Load See Figure 

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

Output Load Conditions (see figure) 

Test Condition RI R2 CL 

1 2000 3900 50DF 
2 Active High 00 3900 50pF 

Active Low 2000 3900 50pF 

FROM OUTPUT (00) 
UNDER TEST 

-10 -15 
UNITS 

MIN. MAX. MIN. MAX. 

3 10 3 15 ns 

2 7 2 10 ns 

- 6 - 8 ns 

10 - 12 - ns 

0 - 0 - ns 

58.8 - 45.5 - MHz 

62.5 - 50 - MHz 

62.5 - 62.5 - MHz 

8 - 8 - ns 

8 - 8 - ns 

3 10 - 15 ns 

2 10 - 15 ns 

2 10 - 15 ns 

1.5 10 - 15 ns 

+fN 

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

R2 
Cl 

3 Active High 00 3900 5pF C llNClUDES JIG AND PROBE TOTAl. CAPACITANCE 
Active Low 2000 3900 5pF 

2-39 
5192 

I 



iiiLattice 
•••••• •••••• •••••• 

Specifications GAL20VBA 
Industrial 

ABSOLUTE MAXIMUM RATINGSll) RECOMMENDED OPERATING CONDo 

Industrial Devk:ea: Supply voltage Vee ....................................... -0.5 to + 7V 
Input voltage applied ........................... -2.5 to Vee + 1.0V Ambient Temperature (TA) ............................ -40 to 85°C 

Supply voltage (Vee) Off-state output voltage applied .......... -2.5 to Vee + 1.0V 
Storage Temperature •••••••••••••••.••••••••••••••••• -65 to 150°C 
Ambient Temperature with 

with Respect to Ground ...................... +4.50 to +5.50V 

Power Applied ......................................... -55 to 125°C 
1.Stresses above those Hsted under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Condition. (Unl ... Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.5 

VIH Input High Voltage 2.0 

ilL Input or VO Low Leakage Current OV S YIN S YIL (MAX.) -
IIH Input or VO High Leakage Current YIH S YIN S Vee -

VOL Output Low Voltage b. = MAX. Vin = YIL or YIH -
VOH Output High Voltage loti = MAX. Vin = YIL or YIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
10s1 Output Short Circuit Current Yee=5V YOUT=0.5V TA=25°C -30 

Operating Power YIL=0.5V YIH=3.0V ftogg!e=25MHz L-25 -
Icc Supply Current Outputs Open (no load) ftogg!e=15MHz Q-201-25 -

TYP! MAX. UNITS 

- 0.8 V 

- Vee+1 V 

- -10 IIA 
- 10 IIA 
- 0.5 V 

- - V 

- 24 rnA 

- -3.2 rnA 

- -150 rnA 

75 130 rnA 

45 65 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. 
2) Typical values are at Vee = 5V and TA = 25 ·C 

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF Y co = 5.0V, VI = 2.0V 

ClIO VO Capacitance 10 pF Vco= 5.0V, VIIO=2.0V 

"Guaranteed but not 100% tested. 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL20VSA 
Industrial 

Over Recommended Operating Conditions 

TEST PARAMETER DESCRIPTION 
COND'. 

Ipd 1 Input or 1/0 to Combinational Output 

teo 1 Clock to Output Delay 

tcf! Clock to Feedback Delay 

tau Setup Time, Input or Feedback before Clock 

ttl Hold Time, Input or Feedback after Clock 

1 Maximum Clock Frequency with 
Extemal Feedback, 11(tsu + tco) 

'max" 1 Maximum Clock Frequency with 
Intemal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 
Extemal Feedback 

twh Clock Pulse Duration, High 

twl Clock Pulse Duration, Low 

ten 2, Input or VO to Output Enabled 

2 OE to Output Enabled 

!dis 3 Input or I/O to Output Disabled 

3 OE to Output Disabled 

1) Refer to SwHchlng Test Conditions section. 
2) Calculated from frnax with intemal feedback. Refer to fmax Descriptions section. 
3) Refer to fmax Descrlptlona section. 

SWITCHING TEST CONDITIONS 

Input Pulse levels GNDto 3.0V 
Input Rise and Fan Times 3ns 10%-90% 
Input Timing Reference Levels 1.5V 
Output Timing Reference Levels 1.5V , 

Output Load See Figure 

3-state levels are measured O.5V from,steady-state active 
level. 
Output Load Conditiona (8M figure) 

Test Condition R1 R2 CL 

1 2000 3900 500F 
2 Active High co 3900 SOpF 

AcliveLow 200Q 3900 SOpF 

FROM OUTPUT (00) 
UNDER TEST 

·20 ·25 

MIN. MAX. MIN. 
UNITS 

MAX. 

3 20 3 25 ns 

2 11 2 12 ns 

- 9 - 10 ns 

13 - 15 - ns 

0 - 0 - ns 

41.6 - 37 - MHz 

45.4 - 40 - MHz 

50 - 41.6 - MHz 

10 - 12 - ns 

10 - 12 - ns 

- 20 - 25 ns 

- 18 - 20 ns 

- 20 - 25 ns 

- 18 - 20 ns 

--+---.-TESTPOtNT 

CL 

3 Active High co 3900 SpF C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE 
Active Low 2000 3900 SpF 
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SWITCHING WAVEFORMS 

INPUTar 
110 FEEDBACK 

COMBINATORIAL 
OUTPUT 

INPUT or 
110 FEEDBACK 

\\\ \\\\ \\rV~DINM 
'~tpd~, 

I'"TT"T\\\\............,~ \ \\rT"TT:\\\'T"'I"T"<~== 

Combinatorial Output 

Input or 110 to Output EnablelDlaable 

twl 

ClK 

Clock Width 
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Specifications GAL20V8B 
GAL20VBA 

INPUT or 
I/O FEEDBACK 

elK 

REGISTERED 
OUTPUT 

Reglatereel Output 

OE -{ k
=-- .'] ""1= 

OE to Output EnableIDlaable 

C\.K 

tcl~tsu 

~ \\\\\\\\\~--
fmax with Feedback 
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fmax DESCRIPTIONS 

ClK 
• ___ o _____ • ______ • ____ •• ___ •••••••• __ "' __ 0_'_' __ , · . · . · . · . · . 

lOGIC 
ARRAY 

REGISTER 

· . ·_.--.0-.-_._.----._----.... -------------_ .. _----_· 
ioIIl .. --- .. u---•• I ..... I----tco~ 

fmax with External Feedback 1/(tau+tco) 

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

ClK 

roo ---._-- ••• ----_._-------------- -------------, 

lOGIC 
ARRAY 

REGISTER 

~ - ___ • - _. __ - - _ •• - ___ .0 _____ • ___ 0 ____ • _. _. ______ .' 

fmax Without Feedback 

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

2·43 

Specifications GAL20V8B 
GAL20V8A 

elK 
ow.o •••• _. _________________ •••• _____ •• ______ _ 

REGISTER 

:._--_ .. _---_ .. _---_ .. _---------------------_ .. ! 

~~---tcf--~~I ,..·~f__----tPd-----+l~1 

fmax with Internal Feedback 1/(tsu+tcf) 

Nota: tet is a calculated value, derived by subtracting tsu from 
the period of fmax wlintemal feedback (tet = 1/fmax • tsu). The 
value of tet is used primarily when calculating the delay from 
clocking a register to a combinatorial output (through registered 
feedback), as shown above. For example, the timing from clock 
to a combinatorial output is equal to tcf + tpd. 
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ELECTRONIC SIGNATURE 

An electronic signature is provided in every GAL20V8AJB device. 
It contains 64 bits of reprogrammable memory that can contain 
user defined data. Some uses include user 10 codes, revision 
numbers, or inventory control. The signature data is always avail
able to the user independent of the state of the security cell. 

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

SECURITY CELL 

The security cell is provided on all GAL20V8AIB devices to pre
vent unauthorized copying of the array patterns. Once pro
grammed, the circuitry enabling array is disabled, preventing 
further programming or verification of the array. The cell can only 
be erased by re-programming the device, so the original configu
ration can never be examined once this cell is programmed. Sig
nature data is always available to the user. 

LATCH-UP PROTECTION 

GAL20V8A1B devices are deSigned with an on-board charge 
pump to negatively bias the substrate. The negative bias is of suf
ficient magnitude to prevent input undershoots from causing the 
circuitry to latch. Additionally, outputs are designed with n-channel 
pull-ups instead of the traditional p-channel pull-ups to eliminate 
any possibility of SCR induced latching. 

DEVICE PROGRAMMING 

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

Specifications GAL20V8B 
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, line voltage glitches, brown-outs, etc.). To 
test a design for proper treatment of these conditions, a way must 
be provided to break the feedback paths, and force any desired 
(i.e., illegal) state into the registers. Then the machine can be 
sequenced and the outputs tested for correct next state conditions. 

2-44 

GAL2OV8AJB devices include circuitry that allows each registered 
output to be synchronously set either high or low. Thus, any 
present state condition can be forced for test sequencing. If 
necessary, approved GAL programmers capable of executing text 
vectors perform output register preload automatically. 

INPUT BUFFERS 

GAL20V8AIB devices are designed with TTL level compatible in
put buffers. These buffers have a characteristically high imped
ance, and present a much lighter load to the driving logic than 
bipolar TTL devices. 

The GAL20V8B input and 1/0 pins have built-in active pull-ups. 
As a result, unused inputs and 1I0's will float to a TTL 'high' (logi
cal '1'). In contrast, the GAL20V8A does not have active pull
ups within their input structures. Lattice recommends that all un
used inputs and tri-stated 110 pins for both devices be connected 
to another active input, V CC' or Ground. Doing this will tend to im
prove noise immunity and reduce Icc for the device. 

Typical Input Pull-up Characteristic 

c- o 
.e ./ 
c: 
~ ·20 .. 1,/ 

./ .. 
" ·40 a. 

V --.E 
·60 

o 1.0 2.0 3.0 4.0 5.0 

Input Volta,1 (Volta) 
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POWER-UP RESET 

eLK 

Specifications GAL20V8B 
GAL20V8A 

INTERNAL ~..,.,t"X'..,.,t"'X"~t"'7t'"7>T,1 
REGISTER 
OUTPUT Q Dl.~t:lI..~DLlLloDLl£lj~"':":::=..::!::':"L __ 

Cin:til!ry within the GAL20V8AIB provides a reset signal to all reg
isters during power-up. All intemal registers will have their Q 
outputs set low after a specified time (tpr, 1118 MAX). A$ 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 Qutput pins. ThIs feature can greatly simplify state 
machine design by providing a known state on power-up. Be
cause of the asynchronous nature of system power-up, soine 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

PIN 

Vee 

...................... . . 
1 vee! 

: ESD : 
:ProtecIIon : 

l.~~ ............ 1 
PIN 

i·Esc· .... · .... '''i 
:ProtecIIon : 
: CIn;uII : 
: : 
: : 
: ...................... ~ ....... ' 

Typ. Vref = 3.2V 

Typical Input 

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

Data 
Output 

Feedback 

Tri-State 
Control 

Typ. Vref = 3.2V 

Vee 

ActNe f>uI.up 
CRuI 
(GAl2OV8Il only) 

... y ..... 
i Vrel i 

FIedback 
. (To Input Buffer) 

TypIcal Output 

PI! 

2-45 
5192 

I 



sssLattice 
•••••• •••••• •••••• 

Specifications GAL20V88 
Typical Characteristics 

Normalized Tpd vs Vee Normalized Teo vs Vee Normalized Tsu vs Vee 

1.2 1.2 I.2r-'-ir=:C=:;' 
/ ••••. PT H-.l 

1.1 t---+---+-I 
~ ~~~ 1-- PTL->H 

il r--> ". 
1.1 

~ 
], 

........ 

, ••••• Rm~~ 
I--FALL 

11····- PTH'.~~ 
~ f-:-:... 

II--PTL->H 
il ~. 1+-==~~~~~~d " ".-j '.~~- . 

•.• +---+--+--+---1 

•.• +----4---I---+---~ 

1.3 

1.2 

l-,.1 
l 1 

~ 
~ 0.' 

... 
'.7 

.... ~75 5.00 . ~. 
Supply Voltage (V) 

Normalized Tpd vs Temp 

- •• _. PTH->L 

PT L->H 
.. ' V 

./ V 
~ ro-

. . 

J ... 
... . ~. 

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

5.00 

Supply Voltage (V) 

Normalized Tco vs Temp 

" ~ 1.1 

il 

~ ••••. RISE l 
--FAlll 

~ 
...... 

1.2 

~ 1 

~ 
l1 ' ..• 

-t:"= ~rr 

... 
'.7 

. 

.~ . 

.. 

l' ... 
... ... 

I.' 

~7' 5.00 • 2. 
Supply Voltage (V) 

Normalized Tsu vs Temp 

.... _. PTH->L 

./ 
1.3 

--PTL->H / .' 
/- .. ' 

.. .' . ;7 
V 

::s 1.2 
,!! 
il 1.1 
l' :z: 0 .• . .. 

'.7 

. .. 

/' 

.' . 

... ... 25 50 75 100 125 25 so 75 100 125 ... ... 25 50 75 100 125 

Temperature (deg. C) Temperature (deg. C) Temperature (deg_ C) 

_-0.5 

..5. 
~ 

~ ·1 

~ 

c!l -1.' 

-2 

10 

.' 

V 

Dalta Tpd vs # of Outputs 
SWitching 

~ 
p ~ . ' . . ' . . . 

V ....... 
./ 

..... RlS1 
--FAll 

Number of Outputs Swftching 

Delta Tpd vs Output Loading 

~""'R1SEl 
--. FAlll ~ 

/.. .. ' 
/. 
~., 

/ 
.. 

f""" 
-2 

5(1 100 150 200 2SO 300 

Output Loading (PF) . 

-. 

" 

-. 
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. .' 

Delta Tco va # of Outputs 
SWitching 

c.:;. p ~ .' . .' . .. 
V V 

./ 

V ..... RlS: ~ 
--FAll 

Number 01 Outputs Swftching 

Delta Teo vs Output Loading 

t····:, V 
V . . . . 

./. .-;. .' 
l/' 

i.--"'" 

so 100 150 200 250 300 

Output Loading (pF) 
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VoIvslol 

0.75 / 
V 

/' 
V 

V" 
0.25 

0.00 20.00 40.00 10.00 10.00 100.00 

loI(mA) 

NonnaUzed Icc vs Vcc 

uo 

.,/'" 
/" 

1.10 

--~ 
UO 

4.50 4.75 5.00 .... 
Supply Voltage M 

Delta Icc va YIn (1 Input) 

1\ 
\ 

v ...... 
........ ~ 

0.00 0.50 1.00 1.50 2.00 2.50 1.00 S.50 4.GO 

VlnM 

Specifications GAL20VBB 
Typical Characteristics 

Vohvaloh 

-r-- r-... -r- """-

0.00 to.OO 20.00 10.00 40.00 10.00 10.00 

... 

... 

... 

10 .. .. 
:1: 
<l!l .. ,. .. .. 

• 00 

Ioh(mA) 

Nonnsllzed 190 vs Temp 

r-.... 

" ~ ""-
" ......... " .. -n 0 as 10 75 100 125 

Temperature (deg. 0) 

Input CI_p (Vlk) 

/ 
/ 

/ 

/ 
/ 

/ 
1/ 

-2.00 -t.50 -1.0& -0'" 0.00 

VkM 
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Vohvaloh 

'-. r--- ----

jI 

0.75 

... .... 

.... 
• .20 

• .0. .... 0 ... 

loh(mA) 

Nonnallzed Icc V8 Freq • 

./ 
/' 

/"" r:: / .... 
.... .. .. ,. 

Frequency (MHz) 

4.00 

'00 
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Specifications QAL20V8A 
Typical Characteristics 

Nonnallzed Tau va. Vee 

---- ----
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FEATURES 

• HIGH PERFORMANCE ElCMOS- TECHNOLOGY 
- 15 ns Msxlmum Propagation Deley 
- Fmax .. 62.5 MHz 
-10nsMaxlmum from Clock Input to Data Output 
,... TTL Compatible 16 mA Outputs 
- UltraMOS· Advanced CMOS Technology 

• LOW POWER CMOS 
- 75 mA Typical Icc 

• ACTIVE PULL·UPS ON ALL PINS 

• EI CELL TECHNOLOGY 
- Reconflgurable Logic 
- Reprogrammable Cells 
-100% TestedlGuaranteed 100% Yields 
- Hi9h Speed Electrical Eraaura.«1OOms) 
- 20 Year Data Retention 

• TEN OUTPUT LOGIC MACROCELLS 
- Usas Standard 22V10 MacroceIls 
-::- MaKlmumFlexibllity'fOr ComPlex.Lo9lc Designs 

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

• APPLICATiONS INCLUDE: 
- DMA Control 
- StataMechlne Control 
- High Speed Graphics Procaulng 
- Standard Logic Speed Upgrade 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL 18V10, at 15 ns maximum propagation delay time, com· 
bines a high performance CMOS process with Electrically Eras
able (1:") floating gate technology to provide a vary flexible 2O-pin 
PLD. CMOS circuitry allows the GAL 18V1 0 to consume much 
less power when compared to its bipolar counterparts; "(he I:" 
technology offers high speed (SOms) erase times, providing the 
ability to reprogram or reconfigure the device quickly and effi· 
ciently. 

By building on the popular 22V10 architecture, the GAL 18V1 0 
eliminates the learning curve usuaRy associated with a new device 
architecture. The generic architecture provides maximum design 
flexibility by allowing the Output Logic MacroceJl (OLMC) to be 
configured by the user. The GAL 18V1 0 OlMC is fully compat· 
ibIe with the OlMC in standard bipolar and CMOS 22V10 1;IevK:es. 

Unique test circuitry and reprogrammable cells allow complete 
AC, DC, and functional testing during manufacture. As a result; 
LATTICE is able to guarantee 100% field programmability and 
functionality of all GAl- products. LATTICE also guarantees 100 

. erase/rewrite cycleS and data retention in eXcess of 20 years. 

GAL 18V10 
High Performance E2CMOS PLD 

Generic Array Logic™ 

FUNCTIONAL BLOCK DIAGRAM 

IIQ/Q 

IIQ/Q 

IIQ/Q 

M:IIQ 

IIQ/Q 

IIQ/Q 

IIQ/Q 

IIQ/Q 

IIQ/Q 

IIQ/Q 

PACKAGE DIAGRAMS 

PLCC DIP 

IICI.K . Vee 
I IICI.K Vee IIQIQ 

20 
IIQIQ 

II IIQIQ IIQIQ 

II IIQIQ IIQIQ 

II GAL18V10 IIQIQ IIQIQ 

II Top VIew IIQIQ IIQ/Q 

II IIQIQ 
IIQIQ 

IIOIOQNDWWO"'.KW 
IIQIQ 

IIQ/Q IIQIQ 

GND 

Copyright 01982la111ce __ Carp. GAL and UIbaMOS 1/8 regIIIerwd llademarka 01 LattIce SemkiondIIcIcr Corp. Generic Anay Logic and E'CMOS 1/8 trIdomarkaolLanIoe 
Semlconduc:tor Corp. n,. opecIficatians herein I/8lUbject to dlonge wllhoul_. . 

LATTICE SEMICONDl)CTOR CORP., 55~5 N.E. Moore Ct., Hillsboro. Oregon 97124 U.S.A. 
Tel. (503) 681'()118 or 1-800-FASTGAL; FAX (503) 681-3037 

May 1992 
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GAL 18V10 ORDERING INFORMATION 

Commercial Grade Specifications 

Tpd(na) Tau (na) Teo (na) Icc (mA) Ordering' 

15 10 10 115 GAL18V10-15LP 

115 GAL18V10-15W 

20 12 12 115 GAL 18V10-2OLP 

115 GAL18V10-20W 

Industrial Grade Specifications 

Tpd(na) Tau (na) Tco(na) Icc (mA) Ordering' 

20 12 12 125 GAL 18V10-2OLPI 

125 GAL18V10-20WI 

PART NUMBER DESCRIPTION 

GAL18V10 

Speed (ns) --------' 

L = Low Power Power --------..1 

2-50 

Specifications GAL 18V10 

Package 

2O-Pln Plastic DIP 

2O-Lead PLCC 

2O-Pln PlastIc DIP 

2O-Lead f'LCC 

Package 

2O-Pln PlastIc DIP 

2O-Leed PLCC 

L-___ Grade Blank = Commercial 
I = Industrial 

'--..,..----- Package P = Plastic DIP 
J= PLCC 
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OUTPUT LOGIC MACROCELL (OLMC) 

The GAl18V10 has a variable number of product terms per 
OLMC. Of the ten available OlMCs, two OLMCs have access 
to ten product terms (pins 14 and 15), and the other eight OLMCs 
have eight product terms each. In addition to the prOduct terms 
available for logic, each OLMC has an additional product-term 
dedicated to output enable control. 

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

AR 

o 

SP 

.Q 

Specifications GAL 18V10 

The GAL 18V10 has a product term for Asynchronous Reset (AR) 
and a product term for Synchronous Preset (SP). These two 
product terms are common to all registered OLMCs. The Asyn
chronous Reset sets all registered outputs to zero any time this 
dedicated product term is asserted. The Synchronous Preset sets 
all registers to a logic one on the rising edge of the next clock • 
pulse after this product term is asserted. 

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

4 TO 1 
MUX 

2 TO 1 1------------' 
MUX 

GAL18V10 OUTPUT LOGIC MACROCELL (OLMC) 

OUTPUT LOGIC MACROCELL CONFIGURATIONS 

Each of the MacroceHs of the GAL 18V10 has two primary func
tional modes: registered, and combinatorialI/O. The modes and 
the output polarity are set by two bits (SO and S1), which are 
normally controlled by the logic compiler. Each of these two pri
mary modes, and the bit settings required to enable them, are 
described below and on the the following page. 

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

2-51 

NOTE: In registered mode, the feedback is from the IQ output 
of the .register, and not from the pin; therefore, a pin defined as 
registered is an output only, and camot be used for dynamic 
VO, as can the combinatorial pins. 

COMBINATORIAL 110 
In combinatorial mode the pin associatec/with an IncIviduaI OLMC 
is driven by the output of the sum term gate. logic polarity of the 
output signal at the pin may be selected by specifying that the 
output buffer drive either true (active high) or inverted (active low). 
Output tri-state control is avaUabIe as an individual product-term 
for each output, and mey be individually set by the compiler as 
either "on" (dedicated output), "Off" (dedicated input), or"pfoduct
term driven" (dynamic I/O). Feedback into the AND array is from 
the pin side of the output enable buffer. Both polarities (true and 
inverted) of the pin are fed back into the AND array. 
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REGISTERED MODE 

AR 

o 

SP 

ACTIVE LOW 

COMBINATORIAL MODE 

ACTIVE LOW 

Q 
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AR 

o Q 

SP 

ACTIVE HIGH 

ACTIVE HIGH 
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GAL 18V10 LOGIC DIAGRAM / JEDEC FUSE MAP 
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Specifications GAL 18V1 0 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Commercial Devices: Supply voltage V cc ........................................ -0.5 to + 7V 
Input voltage applied ............................ -2.5 to V cc +1 .OV Ambient Temperature (TA) ............................. 0 to +75°C 

Supply voltage (V cc) Off-state output voltage applied ..........• -2.5 to V cc + 1 .OV 
Storage Temperature .................................. -65 to 150°C with Respect to Ground ..................... +4.75 to +5.25V 

Ambient Temperature with 
Power Applied ......................................... -55 to 125°C 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP." 

VIL Input Low Voltage Vss-O.5 -
VIH Input High Voltage 2.0 -

ilL' Input or I/O Low Leakage Current OV ~ Y,N ~ V,L (MAX.) - -
IIH Input or I/O High Leakage Current 3.5V ~ Y,N ~ Vee - -

VOL Output Low Voltage 10l= MAX. Yin = V,L or V,H - -
VOH Output High Voltage IOH = MAX. Yin = V,L or V,H 2.4 -
10L Low Level Output Current - -
10H High Level Output Current - -
los' Output Short Circuit Current Vcc=5V VOUT = 0.5V TA = 25°C -50 -
Icc Operating Power Supply Current V,L= 0.5V V,H=3.0V - 75 

ftoggle = 15Mhz Outputs Open 

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

MAX. UNITS 

0.8 V 

Vcc+1 V 

-100 IlA 

10 IlA 
0.5 V 

- V 

16 mA 

-3.2 mA 

-135 mA 

115 rnA 

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

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

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

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

ClIO I/O Capacitance 10 pF Vee = 5.0V, VIIO = 2.0V 

"Guaranteed but not 100% tested. 

5192 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL 18V1 0 
Commercial 

Over Recommended Operating Conditions 

TEST 
·15 ·20 

PARAMETER DESCRIPTION UNITS 
COND.' MIN. MAX. MIN. MAX • 

tpd 1 Input or 1/0 to Combinatorial Output - 15 - 20 ns 

teo 1 Clock to Output Delay - 10 - 12 ns 

tcf! - Clock to Feedback Delay - 7 - 10 ns 

tsu - Setup Time, Input or Feedback before Clock 10 - 12 - ns 

th - Hold Time, Input or Feedback after Clock 0 - 0 - ns 

1 Maximum Clock Frequency with 50 - 4.1.6 - MHz 

External Feedback, 1/(tsu +too) 

fmax3 1 Maximum Clock Frequency with 58.8 - 45.4 - MHz 
Internal Feedback, 1/(tsu·+ tet) 

1 Maximum Clock Frequency with 62.5 - 62.5 - MHz 

No Feedback 

twh - Clock Pulse Duration, High 8 - 8 - ns 

twl - Clock Pulse Duration, Low 8 - 8 - ns 

ten 2 Input or I/O to Output Enabled - 15 - 20 ns 

tdis 3 Input or 1/0 to Output Disabled - 15 - 20 ns 

tar 1 Input or I/O to Asynchronous Reset of Register - 20 - 20 ns 

tarw - Asynchronous Reset Pulse Duration 10 - 15 - ns 

tarr - Asynchronous Reset to Clock Recovery Time 15 - 15 - ns 

tspr - Synchronous Preset to Clock Recovery Time 10 - 12 - ns 

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

5192 
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Specifications GAL 1 BV1 0 
Industrial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Industrial Devices: Supply voltage V cc ........................................ -0.5 to + 7V 
Input voltage applied ............................ -2.5 to V cc + 1.0V Ambient Temperature (T A) ............................ -40 to 85°C 

Supply voHage (Vee) Off-state output voHage applied ......... ;. -2.5 to Vee + 1.0V 
Storage Temperature ................... ; .............. -65 to 150°C with Respect to Ground ...................... +4.50to +5.50V 

Ambient Temperature with 
Power Applied ......................................... -55 to 125°C 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP.· 

Vil Input Low VoHage Vss-O.S -
VIH Input High VoHage 2.0 -
Ill' Input or VO low leakage Current OV S VIN S VIL (MAX.) - -
IIH Input or va High leakage Current 3.5V S VIN S VIX - -

VOL Output low Voltage IOL=MAX. Yin = VIL or VIH - -
VOH Output High Voltage IOH=MAX. Vin = VIL or VIH 2.4 -
10l low Level Output Current - -
10H High level Output Current - -
los2 Output Short Circuit Current Vcc=5V VOUT=0.5V TA=25°C -50 -
Icc Operating Power Supply Current VIL= 0.5V VIH= 3.0V - 90 

ftoggle = 15Mhz Outputs ODen 

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

MAX. UNITS 

0.8 V 

Vee+1 V 

"-100 J.IA 
10 J.IA 
0.5 V 

- V 

16 mA 

-3.2 mA 

-135 rnA 

125 rnA 

2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test pr~lerns caused by 
tester ground degradation. GU$ranteed but not 100% tested. 
3) Typical values are at Vee = 5V and TA = 25°C 

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

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

C. Input. Capacitance 8 pF V 00 = 5.0V, VI = 2.0V 

CW) VO Capacitance 10 pF Voo = 5.0V, VI/O = 2.0V 

'Guaranteed but not 100% tested. 

5192 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL 1 BV1 0 
Industrial 

Over Recommended Operating Conditions 

TEST DESCRIPTION 
·20 

PARAMETER UNITS 
COND.' MIN. MAX. 

tpd 1 Input or 110 to Combinatorial Output - 20 ns 

tco 1 Clock to Output Delay - 12 ns 

tcl" - Clock to Feedback Delay - 10 ns 

tsu - Setup lime, Input or Feedback before Clock 12 - ns 

th - Hold lime, Input or Feedback after Clock 0 - ns 

1 Maximum Clock Frequency with 41.6 - MHz 
External Feedback, 1/(tsu + tco) 

fmax" 1 Maximum Clock Frequency with 45.4 - MHz 
Internal Feedback, 1/(tsu + tct) 

1 Maximum Clock Frequency with 62.5 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 8 - ns 

twl - Clock Pulse Duration, Low 8 - ns 

ten 2 Input or 110 to Output Enabled - 20 ns 

tdis 3 Input or 110 to Output Disabled - 20 ns 

tar 1 Input or 110 to Asynchronous Reset of Register - 25 ns 

tarw - Asynchronous Reset Pulse Duration 15 - ns 

tarr - Asynchronous Reset to Clock Recovery lime 15 - ns 

tspr - Synchronous Preset to Clock Recovery lime 12 - ns 

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

5192 
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SWITCHING WAVEFORMS 

INPUT or 
VOFEEDBACK 

COMBINATORIAL 
OUTPUT 

INPUT or 
VOFEEDBACK 

OUTPUT 

\\\\\ \\ \\[::; 
\\ \\ \\ \\ \\ \\ \\U== 

Combinatorial Output 

Input or 110 to Output EnableJDlsable 

ClK 

INPUT or 
VOFEEDBACK 
DRIVINGAR 

REGISTERED 
OUTPUT 

CLK 

twl 

Clock Width 

Asynchronous Reset 
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INPUT or 
VOFEEDBACK 

CLK 

REGISTERED 
OUTPUT 

CLK 

REGISTERED 
FEEDBACK 

INPUT or 
VOFEEDBACK 
DRIVlNGSP 

ClK 

REGISTERED 
OUTPUT 

Registered Output 

fmax with Feedback 

Synchronous Praset 
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fmax DESCRIPTIONS 
elK 

."""P.O __ °_o·· ________________________ • ________ _ 

LOGIC 
REGISTER 

ARRAY 

ioIII41----lsu ---..14141----tco~ 

fmax with External Feedback 1/(tsu+tco) 

Note: fmax with extemal feed:>ack is cal
culated from measured tsu and tco. 

CLK 
.. ___ ow_o _______ ••• ____________________ 0 __ 0 ____ ' 

LOGIC 
REGISTER 

ARRAY 

. . 
• ___ 0 __ 0 •• --.-----------------.----_ •• _ •• -.---.-

fmax With No Feedback 

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

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 See Figure 

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

Output Load Conditions (see figure) 

Test Condition Rl R2 CL 

1 3000 3900 50pF 

2 Active High co 3900 50pF 

Active Low 3000 3900 50pF 

3 Active High co 3900 5pF 

Active Low 3000 3900 5pF 
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eLK 

~ ---------- --- --_ .. _. ------.::~ ---- . ----------": 
: . 

REGISTER 

:_-_ .... __ . __ .... _-.--- ... ------_ ... ----------_! 
~ 1OIII1-----tcf----I~~1 
1111141------tpd ---'-----.t~1 

fmax with Internal Feedback 1/(tsu+tcf) 

Note: tef is a calculated value, .derived by sub
tracting tsu from the period of 'max wlintemal 
feedback (lef ;; 1Jfmax - tsu). The value of tel 
is used primarily when calculating the delay from 
clocking a register to a combinatorial output 
(through registered feed:>ack), as shown above. 
For example, the timing from clock to a com
binatorial output is equal to tef + !pd. 

FROM OUTPUT (0/0) 
UNDER TEST 

+5V 

TEST POINT 

CL 

C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE 
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ELECTRONIC SIGNATURE 

An electronic signature is provided in every GAL 18V10 device. 
It contains 84 bits of reprogrammable memory that can contain 
user-defined data. Some uses include user 10 codes, revision 
numbers, or inventory control. The signature data is always 
available tathe user independent of iIle state of the security cell. 

SECURITY CELL 

A security cell is provided in every GAL 18V10 device to prevent 
unauthorized copying of the array patterns. Once programmed, 
this ceH prevents further read access to the fun(:tionaI bits in the 
device. This cell can only be erased by re-programming the 
device, so the original configuration can never be examined once 
this cell is programmed. The Electronic Signature is aJways avail
able to the user, regardless of the state of this control cell. 

LATCH-UP PROTECTION 

GAL 18V1 0 devices are designed with an on-board charge pump. 
to negatively bias the substrate. The negative bias is of SOfficient 
magnitude to prevent input undershoots from causing the cir
cuitryto •. AddItionally, outputs are designed with n-channel 
pullups instead of the traditional p-channel pullups to eliminate 
any possibility of SeR induced latching. 

DEVICE PROGRAMMING 

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

Specifications GAL 1 BV10 

OUTPUT REGISTER PRELOAD 

WhEIn testing state machine detJ9Is, all possible states and state 
transitions must be verified in the design, not just those required 
in the nonnaI machine operations. This is because certain events· 
may occur during syStem operation that throw the logic Into an 
illegal stata (power-up, line voltage glitches, brown-outs, etc.). 
To test a design for proper treatment of these conclltlons, a way 
must be provided to break the feedback paths, and force any 
desired (i.e., UIegaI) stata into the registers. Then the machine 
can be sequenced and the outputS tested for correct next state 
conditions. 

The GAL 18V10 device includes circuitry that allows each reg
istered output to be synchronously set either high or low. Thus, 
any present state condition can be forced for test sequencing. 
If necessary, approved GAL programmers capable of execut
Ing test vectors perform output registar preload automatically. 

INPUT BUFFERS 

GAL 18V10 devices are designed with TTL level compatible input 
buffers. These buffers have a characterIstIcaly high impedance, 
and present a much lighter load to the driving logic than bipo
lar TTL devices. . 

The input and I/O pins also have bulh-in active pull-ups. As a 
result, floating inputs will float to a TTL high (logic 1). However, 
LaWce recommends that aI unused inputs and tJktatecIl/O pins 
be connected to an adjacent active input, Vee, or ground.·Do
ing so will tend to Improve noise immunity and reduce Icc for the 
device. 
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POWER-UP RESET 

Vee 

ClK 

INTERNAL REGISTER 
OUTPUT a 
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__ ---J 

ACTIVE lOW vvvvvvvvvvvv\ I 0evIce Pin \ 
OUTPUT REGISTER MMAMI\MMY _toLoglc"t" "--

ACTIVE HIGH VVVVVVVVVVVV). 0evIce PIn r-
OUTPUT REGISTER MI\MMAMI\N\ _toLoglc"O"j 

Circuitry within the GAL 18V1 0 provides a reset signal to all reg
isters during power-up. All internal registers will have their a 
outputs set low after a specifl8d time (Ipr, 1 ~ MAX). As a result, 
the state on the registered output pins (if they are enabled) will 
be either high or low on power-up, depending on the programmed 
polarity of the output pins. This feature can greatly simplify stale 
machine design by providing a known state on power-up. Be
cause of the asynchronous nature of system power-up, some 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

PIN~ 
Vee 

r·····················: 
: Vee: :eso : 
!~I ! 

I. ................... ! 
PIN 

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

Output ___ """~. 
o.t. V ~ I ~ 

F .. dback .. 
Active Pul~up 
Circuh ... * ..... 

PIN 

Tri·State 
Control 

!''''i 
(VrefTypicaI.3.2V) 

Output 
DaU 

Feedback 
(To Input Buffer) 

Output 

PIN 
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Typical Characteristics 
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FEATURES 

• HIGH PERFORMANCE ElCMOS· TECHNOLOGY 
- 7.5 ns Maximum Propagation Delay 
- Fmax = 111 MHz 
- 5 ns Maximum from .Clock Input to Data Output 
- TTL Compatible 16 mA Outputs 
- UHraMOS· Advanced CMOS Technology 

• AcnVE PULL-UPS ON ALL PINS 

• COMPATIBLE WITH STANDARD 22V10 DEVICES 
- Fully FunctlonIFuae-Map/Parametric Compatible 

with Bipolar and UVCMOS 22V10 Devices 

.50% REDUCTION IN POWER VERSUS BIPOLAR 

• e CELL TECHNOLOGY 
- Reconflgurable logic 
- Reprogrammable Cella 

· - 100% TeatedfGuaranteed 100% YIelds 
- High Speed Electrlcel Erasura «lOOms) 
- 20 Year Data Retention 

• TEN OUTPUT LOGIC MACROCELLS 
.... Maximum flexibility for Complex logic Designs 

• PRELOAD AND POWERoON RESET OF REGISTERS 
. - 100% Functional TeatabliRy 

• APPLICATIONS INCLUDE: 
- DMA Control 
- Stata Machine Control 
- High Speed Graphics Processing 
- Standard logic Speed Upgrade 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL22Vl08, at 7.5ns maximum propagation delay time, 
combines a high performance CMOS process with Electrically 
Erasable (1:2) floating gate technology to provide the highest per
formance available of any 22Vl0 device on the malket. CMOS 
circuitry allows the GAL22V101B to consume much less power 
when compared to bipolar 22Vl 0 devices. f2 technology offers 
high speed «lOOms) erase times, providing the abiflty to repro
grem or reconfigure the device quickly and efficiently. 

The generiC architecture provides maximum design flexilility by 
allowing the Output Logic Macroce/l (OLMC) to be CQnfigured by 
the user. The GAL22V101B is fully functlontfuse maplpararnetric 
compatible with standard bipolar and CMOS 22Vl0 devices. 

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

GAL22V10S 
GAL22V10 

High Performance E2CMOS PLD 
FUNCTIONAL BLOCK DIAGRAM 

IIQ.I( 
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• I/Q/Q -- I/Q/Q - GAL 
I/Q/Q 

lie GAL22V101B lie 22V101B 
TopVJew - I/Q/Q - I/Q/Q - I/Q/Q 

--Ill-II I/Q/Q 

I I/Q/Q 

GND I. I. I 

~ 019821J1111ce SemIcanductcr Cctp. GAL. E'CMOS ..... UIIr8MOS are rogIaIer8cI_ oIl.1111fce SemIcanductcr Corp. G,norIc May I..ogIc Isa tradam8lk oIl.a11ice Sam_ 
.... Cctp. 1he epocIficaIIans _ a1811j)jec1 to ""-__ 

LAmCE SEMICONDUCTOR CORP., 5555 N.E.Moore Ct., Hillsboro. Oregon 97124 U.S.A. 
Tel. (503) 681'()118 or 1-800-FASTGAl; FAX (503) 681-3037 
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GAL22V10/B ORDERING INFORMATION 

Commercial Grade Specifications 

Tpd(na) Tau (na) Tco(na) Icc (mA) Ordering #I 

7.5 6.5 5 140 GAl22Vl0B-7LP 

140 GAl22Vl0B-7W 

10 7 7 130 GAl22V10B-l0LP 

130 GAl22Vl0B-l0W 

15 10 8 130 GAL22Vl0B-15LP 

130 GAL22Vl0B-15W 

25 15 15 90 GAL22Vl0B-251P 

90 GAL22Vl0B-25W 

130 GAL22Vl0-25LP 

130 GAL22Vl0-25W 

Industrial Grade Specifications 

Tpd(nl) Tau (nl) Teo (nl) Icc (mA) Ordering #I 

15 10 8 150 GAl22Vl0B-15LPI 

150 GAl22Vl0B-15LJI 

20 14 10 150 GAl22Vl0B-20LPI 

150 GAl22Vl0B-20LJI 

25 15 15 150 GAl22Vl0B-25LPI 

150 GAL22Vl0B-25LJI 

PART NUMBER DESCRIPTION 

Specifications GAL22V10B 
GAL22V10 

Package 

24-Pln Plastic DIP 

28-Lead PLCC 

24-Pln Plastic DIP 

28-Lead PLCC 

24-Pln Plastic DIP 

28-Lead PLCC 

24-Pin Plastic DIP 

28-Lead PLCC 

24-Pln Plastic DIP 

28-Lead PLCC 

Package 

24-Pin Plastic DIP 

28-Lead PLCC 

24-Pin Plastic DIP 

28-Lead PLCC 

24-Pin Plastic DIP 

28-Lead PLCC 

XXXXXXXX - XX x X X 

GAL22V10B 
GAL22V10 

Dev~~~ 
Speed (ns) 

L = Low Power Power -----------' 
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L-___ Grade Blank = Commercial 
I = Industrial 

L-____ Package P = Plastic DIP 
J= PLCC 
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OUTPUT LOGIC MACROCELL (OLMC) 
The GAL22V101B has a variable number of product terms per 
OlMC. Of the ten available OLMCs, two OLMCs have access to 
eight product terms (pins 14 and 23), two have ten product terms 
(pins 15 and 22), two have twelve product terms (pins 16 and 21); 
two have fourteen product terms (pins 17 and 20), and two 
OLMCs have sixteen product terms (pins 18 and 19). In addition 
to the product terms available for logic, each OlMC has an ad
ditional product-term dedicated to output enable control. 

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

AR 

D 

SP 

Q 

Specifications GAL22V10B 
GAL22V10 

The GAL22V101B has a product term for Asynchronous Reset 
(AR) and a pi'oduct term for Synchronous Preset (SP). These two 
product terms are common to all registered OlMCs. The Asyn
chronous Reset sets all registers to zero any time this dedicated 
product term is asserted. The Synchronous Preset sets all reg
isters to a logic one on the rising edge of the next clock pulse after 
this product term is asserted. 

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

4 TO 1 
MUX 

2 TO 1 1------------' 
MUX 

GAL22V101B OUTPUT LOGIC MACROCELL (OLMC) 

OUTPUT LOGIC MACROCELL CONFIGURATIONS 

Each of the'Macroceis of the GAL22V101B has two primary func
tional modes: registered, and combinatorial 00. The modes and 
the output polarity are set by two bits (SO and S 1), which are nor
mally controlled by the logic compiler. Each of these two primary 
modes.and the bit settings required to enable them, are described 
below and on the following page. 

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

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

COMBINATORIAL 110 
In combinatorial mode the pin associated with an individual 0lMC 
is driven by the output of the sum term gate. Logic polarity of the 
output signal at the pin may be selacted by specifying that the 
output bulfer drive elthar true (active high) or inverted (active low)., 
Output tri-state control is avaUable as an Individual product-term 
for each output, and may be individually set by the compiler as 
either "on" (dedicated output), "of!" (dedicated I~), or "Product
term driven" (dynamic I/O). Feedback into the AND array is from 
the pin side of the output enable buffer. Both polarities (true and 
inverted) of the pin are fed back into the AND array. 

5192 
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Specifications GAL22V10B 
GAL22V10 

REGISTERED MODE 

AR 

SP SP 

ACTIVE LOW ACTIVE HIGH 

So=O So=1 
S,.O S,.o 

COMBINATORIAL MODE 

ACTIVE LOW ACTIVE HIGH 

So·o So=1 
S, =1 S, =1 

5192 
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GAL22V10/8 LOGIC DIAGRAM I JEDEC FUSE MAP 

DIP (PLCC) Package Pinouts 

1 (2) -r\>-------------------, 

- f--[:!.....--- 23 (27) 

JIIIIIIIIIIIIIIII;:;R~f]~-- 21 (25) 

3 (4) -c.:==I#I==#IIl=lltl=lfl#=::=#II==I!#=#J4=l=I#=##==mI=:::::Ul:j'=::::s:I--+-! 

Jilllllllllllllll::H~t:~-- 20(24) 

.. I--c:!-..----- 19 (23) 

I---t:l--.--- 18 (21) 

1IIIIIIIF1~:~r:"'---17 (20) 

8 (1 0) -[;:5:=9#I==I#l=ltIF=l#!==II#==I#j:=IIl~Itf=II#=:##==#Il=:::s:!---+r 

1_.5820 .. , ElectronicSIgnIllur8 " .. AIO,588'1 f't··I-, 1-.1-.1_.1-. 1-2 
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I---t:l--.--- 16 (19) 

.-I---c:!-..---- 15 (18) 

1--i::J..-.r--~ 14 (17) 
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Specifications GAL22V10B 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Commercial Devices: Supply voltage Vee ........................................ -0.5 to + 7V 

Input voltage applied ............................ -2.5 to Vee + 1.0V 
Ambient Temperature (T A) ........................ , .•.. 0 to + 75°C 
Supply voHage (Vee) 

Off-state output voltage applied .•..•..•.•. -2.5 to Vee + 1.0V 
Storage Temperature •••.•.•.•.•.•....•••.....•.....•.• -65 to 150°C 
Ambient Temperature with 

with Respect to Ground .••••.•••..•.•...••.•• +4.75 to +5.25V 

Power Applied •••••••.•••...••••.•.•.•.•••.•.••..•.••.. -55 to 125°C 
1. Stresses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditione (Unle .. Otherwi .. Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low VoHage vss-o.s 

VIH Input High VoHage 2.0 

ilL' Input or 1/0 Low Leakage Current OV S Y,N S V,L (MAX.) -
IIH Input or 110 High Leakage Current 3.5V S Y,N S Vee -

VOL Output Low VoHage IoL = MAX. Yin = V,l or V,H -
VOH Output High VoHage loll = MAX. Vin = V,l or V,H 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los' Output Short Circuit Current Vee=5V VOUT = 0.5V TA = 25°C -30 

Operating Power V,l=·0.5V V,H=3.0V ftoggIe = 25MHz -7 -
Icc Supply Current Outputs Open ftoggIa = 25MHz -101-15 -

ftoggIa = 15MHz -25 -

TYP." 

-
-
-
-
-
-
-
-
-
90 

90 

75 

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

MAX. UNITS 

0.8 V 

Vee+1 V 

-100 I1A 
10 I1A 
0.5 V 

- V 

16 rnA 

-3.2 rnA 

-130 rnA 

140 rnA 

130 rnA 

90 rnA 

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

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

C, Input Capacitance 8 pF Vex; = 5.0V. V, = 2.0V 

Coo 110 Capacitance 8 pF Vex; = 5.0V. VIIO=2.0V 

"Guaranteed but not 100% tested. 
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Specifications GAL22V1 DB 
Commercial 

AC SWITCHING CHARACTERISTICS 

Over Recommended Operating Conditions 

TEST -7 -10 -15 -25 
PARAMETER DESCRIPTION UNITS 

COND.' MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tpd 1 Input or I/O to Combinatorial Output 3 7.5 3 10 3 15 3 25 ns 

teo 1 Clock to Output Delay 2 5 2 7 2 8 2 15 ns 

tcP - Clock to Feedback Delay - 2.5 - 2.5 - 2.5 - 13 ns 

tsu, - Setup lime, Input or FeecI>ack before Clock 6.5 - 7 - 10 - 15 - ns 

tsu - Setup lime, SP before Clock 10 - 10 - 10 - 15 - ns 

th - Hold lime, Input or Feedback after Clock 0 - 0 - 0 - 0 - ns 

1 Maximum Clock Frequency with 87 - 71.4 - 55.5 - 33.3 - MHz 
External Feedback, 1/(tsu + tco) 

fmax' 1 Maximum Clock Frequency with 111 - 105 - 80 - 35.7 - MHz 
Internal Feedback, 1/(tsu + tcf) 

1 Maximum Clock Frequency with 111 - 105 - 83.3 - 38.5 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 4 - 4 - 6 - 13 - ns 

twl - Clock Pulse Duration, Low 4 - 4 - 6 - 13 - ns 

ten 2 Input or I/O to Output Enabled 3 a 3 10 3 15 3 25 ns 

tdis 3 Input or I/O to Output Disabled 3 a 3 9 3 15 3 25 ns 

tar 1 Input or I/O to Asynchronous Reset of Register 3 13 3 13 3 20 3 25 ns 

tarw - Asynchronous Reset Pulse Duration 8 - a - 15 - 25 - ns 

tarr - Asynchronous Reset to Clock Recovery lime a - 8 - 10 - 25 - ns 

tspr - Synchronous Preset to Clock Recovery lime 10 - 10 - 10 - 15 - ns 

1) Refer to Switching Test Conditions section. 
2) Calculated from fmax with internal feedback. Refer to fmax DeSCription section. 
3) Refer to fmax DeSCription section. 
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Specifications GAL22V10 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Commercial Devices: Supply voltage V cc ........................................ -0.5 to +]V 
Input voltage applied ............................ -2.5 to Vee + 1.0V Ambient Temperature (TA) ............................. 0 to +75°C 

Supply voltage (V cc) Off·state ol;dpl.rt voltage applied ........... -2.5 to V cc + 1.0V 
Storage Temperature .................................. -65 to 150°C with Respect to Ground ...................... +4.75 to +5.25V 

Ambient Temperature with 
Power Applied ......................................... -55 to 125°C 

1. Stresses above those listed under the "Absolute Maximum 
Ratings" may cause p8rmanent damage to the device. These 
are stress only ratings and functional operation of the device 
at these or at any other conditions above those indicated in 
the operational sections of this specification Is not implied 
(while programming, follow the programming specifications). 

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unle .. Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.5 

VIH Input High Voltage 2.0 

IlL' Input or I/O Low Leakage Current OV ~ VIN ~ Vil (MAX.) -
IIH Input or 110 High Leakage Current 3.5V ~ VIN ~ Vee -

VOL Output Low Voltage lot. = MAX. Vin = VIL or VIH -
VOH Output High Voltage loti = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los' Output Short Circuit Current Vee=5V VOUT = 0.5V TA = 25·C -50 

ICC Operating Power Supply Current VIL=0.5V VIH=3.0V -
ftaggle = 15Mhz Outputs Open 

TYP.· 

-
-
-
-
-
-
-
-
-
90 

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

MAX. UNITS 

0.8 V 

Vee+1 V 

-150 j1A 

10 j1A 

0.5 V 

- V 

16 rnA 

-3.2 rnA 

..;.135 rnA 

130 rnA 

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

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

SYMBOL PARAMETER MAXIMUM' UNITS TEST CONDITIONS 

C, Input Capecitance 8 pF V co = 5.0V, V, = 2.0V 

ClIO I/O Capacitance 10 pF Vco =5.0V, VIIO= 2.0V 

'Guaranteed but not 100% tested. 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL22V10 
Commercial 

OVer Recommended Operating Conditions 

TEST -25 
PARAMETER DESCRIPTION UNITS 

COND.' MIN. MAX. 

tpd 1 Input or I/O to Combinatorial Output 3 25 ns 

teo 1 Clock to Output Delay 2 15 ns 

tcF - Clock to Feedback Delay - 13 n8 

tsu - Setup Time, Input or Feedback before Clock 15 - ns 

th - Hold Time, Input or Feedback after Clock 0 - n8 

1 Maximum Clock Frequency with 33.3 - MHz 
Extemal Feedback, 1/(tsu + tco) 

fmax3 1 Maximum Clock Frequency with 35.7 - MHz 
Internal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 38.5 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 13 - ns 

twl - Clock Pulse Duration, Low 13 - ns 

ten 2 Input or va to Output Enabled 3 25 ns 

tdis 3 Input or va to Output Disabled 3 25 ns 

tar 1 Input or va to Asynchronous Reset of Register 3 25 ns 

tarw - Asynchronous Reset Pulse Duration 25 - n8 

tarr - Asynchronous Reset to Clock Recovery Time 25 - n8 

tspr - Synchronous Preset to Clock Recovery Time 15 - ns 

1) Refer to Switching Test Conditions section. 
2) Calculated from fmax with internal feedback. Refer to fmax Description section. 
3) Refer to fmax Description section. 
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Specifications GAL22V10B 
Industrial 

ABSOLUTE MAXIMUM RATINGS(l) RECOMMENDED OPERATING CONDo 

Industrial Devices: Supply voltage Vee ........................................ -0.5 to + 7V 
Input voltage applied ............................ -2.5 to Vee + 1.0V Ambient Temperature (TA) ............................ -40 to 85°C 

Supply voltage (Vee) Off-state output voltage applied ........... -2.5 to Vee + 1.0V 
Storage Temperature .................................. -65 to 150°C with Respect to Ground ...................... +4.50 to +5.50V 

Ambient Temperature with 
Power Applied ......................................... -55 to 125°C 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unle .. Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.5 

VIH Input High Voltage 2.0 

ilL' Input or I/O Low Leakage Current OV:S; VIN ~ VIL (MAX.) -
IIH Input or 1/0 High Leakage Current 3.5V:S; VIN ~ Vee -

VOL Output Low Voltage IoL = MAX. Yin = VIL or VIH -
VOH Output High Voltage IoH = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los2 Output Short Circuit Current Vcc=5V VOUT=0.5V TA =25°C -30 

Icc Operating Power I VIL = 0.5V VIH = 3.0V I fIoaaIe = 25MHz I -15 -
Supply Current Outputs Open I 'toggle =15MHz t -201-25 

TYP.' 

-
-
-
-
-
-
-
-
-
90 

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

MAX. UNITS 

0.8 V 

Vee+1 V 

-100 J.lA 

10 J.lA 
0.5 V 

- V 

16 mA 

-3.2 mA 

-130 rnA 

150 mA 

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

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

SYMBOL PARAMETER MAXIMUM' UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF Vex; = 5.0V. VI = 2.0V 

ClIO I/O Capacitance 8 pF Vcc= 5.0V. VIIO=2.0V . Guaranteed but not 100% tested . 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL22V1 DB 
Industrial 

Over Recommended Operating Conditions 

TEST -15 -20 -25 
PARAMETER DESCRIPTION UNITS 

COND.' MIN. MAX. MIN. MAX. MIN. MAX. 

tpd 1 Input or 1/0 to Combinatorial Output 3 15 3 20 3 25 ns 

tco 1 Clock to Output Delay 2 8 2 10 2 25 ns 

tcF - Clock to Feedback Delay - 5 - 8 - 13 ns 

tsu, - Setup lime, Input or Feedback before Clock 10 - 14 - 15 - ns 

tsu - Setup lime, SP before Clock 12 - 14 - 15 - ns 

th - Hold lime, Input or Feedback after Clock 0 - 0 - 0 - ns 

1 Maximum Clock Frequency with 55.5 - 41.6 - 33 - MHz 
External Feedback, 1/(tsu + tco) 

fmax" 1 Maximum Clock Frequency with 66.6 - 45.4 - 35.7 - MHz 
Internal Feedback, 1/(tsu + tel) 

1 Maximum Clock Frequency with 66.6 - 50 - 38.5 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 6 - 10 - 13 - ns 

twl - Clock Pulse Duration, Low 6 - 10 - 13 - ns 

ten 2 Input or VO to Output Enabled 3 15 3 20 3 25 ns 

tdis 3 Input or VO to Output Disabled 3 15 3 20 3 25 ns 

tar 1 Input or VO to Asynchronous Reset of Register 3 20 3 25 3 25 ns 

tarw - Asynchronous Reset Pulse Duration 15 - 20 - 25 - ns 

tarr - Asynchronous Reset to Clock Recovery lime 10 - 20 - 25 - ns 

tspr - Synchronous Preset to Clock Recoverylime 12 - 14 - 15 - ns 

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

N'UTor 
110 FEEDBACK 

COMBINATORIAl. 
OUTPUT 

INPUT or 
110 FEEDBACK 

OUTPUT 

\\ \\ \ \ \\\ [VALl) INPUT 

'~tpl~, \\\\ \\ \\ \\ \\\\\l== 
Combinatorial Output 

Input or 110 to Output En8bIeIDI .... 

ClK 

INPUT or 
110 FEEDBACK 
DRMNGAR 

REGISTERED 
0UTPl/T 

CI.K 

twl 

Clock Width 

Asynchronous Reeet 
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GAL22V10 

INPUT or 
110 FEEDBACK 

CLK 

REGISTERED 
OUTPUT 

CLK 

--1.l..J..l..l..ul'_-:--_~ 

Registered Output 

REGISTERED 
FEEDBACK 

tCf~tlU 

\\\\\\\\~--

eLK 

REGISTERED 
OUTPUT 

fmax with Feedback 

~ .. f.9-
tc~ K\\ \\\\\ \\ \\\ 

Synchronous Pruet 
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fmax DESCRIPTIONS 

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

lOGIC 
ARRAY 

REGISTER 

. . 
'. __ 0 ______ -----_ •• _.-._ ••• _._------_ ••• _-_._._---> 

I<III"I---lao ----' •• 11010111----tco~ 

fmax with External Feedback 1/(tsu+tco) 

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

ClK 
............. __ •••••• __ •••• __ • __ • ______ 0 ______ -, 

lOGIC 
ARRAY 

REGISTER 

. . . __ .0 __ 0. ______ ....•.• -----_ ..... _-.----_._-----

fmax With No Feedback 

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

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto 3.0V 

Input Rise and Fall Times 2-3ns 10%-90% 

Input Timing Reference Levels 1.5V 

Output Timing Reference Levels 1.5V 

Output Load See Figure 

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

Output Load Conditions (see figure) 

Test Condition Rl R2 CL 

1 3000 3900 SOpF 

2 Active High .. 3900 SOpF 

Active Low 3000 3900 SOpF 

3 Active High 00 3900 5pF 

Active Low 3000 3900 5pF 
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GAL22V10 

elK 
f--····_----···_------------------ ------------: 

REGISTER 

:_-------_ ... _-_. __ ..... _--_ ......... __ .. _--_ .. : 
1oII~1-----tcl-----1~~1 
IIII~I------tpd-----~~ 

fmax with Internal Feedback 1/(tsu+tcf) 

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

FROM OUTPUT (010) 
UNDER TEST 

TEST POINT 

C l INCLUDES JIG AND PROBE TOTAL CAPACITANCE 
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ELECTRONIC SIGNATURE 

An electronic signature is provided in every GAL.22V1 OJB device. 
It contains 64 bits of reprogrammable 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 ceO. 

The electronic signature is an additional feature not present in 
other manufacturers' 22V1 0 devices. To use the extra feature of 
the user-programmable electronic signature it is necessary to 
choose a Lattice 22V10 device type when compiling a set of logic 
equations. In addition, many device programmers have two 
separate selections for the device, typically a GAL.22V10 and a 
GAL22V10-UES (UES = User Electronic Signature) or 
GAL22V1 O-ES. This allows users to maintain compatibility with 
existing 22V1 0 designs, while sIi8 heving the option to use the GAL 
device's extra feature. 

The JEOEC map for the GAL22V1OJB contains the 64 extra fuses 
for the electronic signature, for a total of 5892 fuses. However, 
the GAL22V1OJB device can stiO be programmed with a standard 
22V10 JEOEC map (5828 fuses) with any qualified device pro
grammer. 

SECURITY CELL 

A security ceO is provided in every GAL.22V1 O/B device to pre
vent unauthorized copying of the array pattems. Once pro
grammed, this ceO prevents further read access to the functional 
bits in the device. This cell can only be erased by re-program
ming the device, so the original configuration can never be ex
amined once this cell is programmed. The Electronic Signature 
is always available to the user, regardless of the state of this 
control cell. 

LATCH-UP PROTECTION 

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

DEVICE PROGRAMMING 

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

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

The GAL22V1OJB device includes circuitry that allows each reg
istered output to be synchronously set either high or low. Thus, 
any present state condition can be forced for test sequencing. If 
necessary, approved GAL programmers capable of executing test 
vectors perform output register preload automatically. 

INPUT BUFFERS 

GAL22V1OJB devices are designed with TTL level compatible in
put buffers. These buffers have a characteristically high im
pedance, and present a much Hghter toad to the driving logic than 
bipolar TTL devices. 

The input and 110 pins also have buiH-in active pull-ups. As a 
resuH, floating inputs will float to a TTL high (logic 1). However, 
Lattice recommends that all unused inputs and tri-stated 110 pins 
be connected to an edjacent active input, Vee, or ground. Doing 
so will tend to improve noise immunity and reduce lee for the 
device. (See equivalent input and 110 schematics on tha following 
page.) 
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5192 



~~~Lattice •••••• • ••••••• •••••• 

POWER-UP RESET 

Vee 

CLK 

INTERNAL REGISTER 
OUTPUTQ 

4.0 V 
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ACTIVE LOW VVVVVVVVVVVV\ I Oavtce PIn \ . 
OUTPUT REGISTER· Ml\MMl\MMY. Rasetlo l.ogIc>"l" L-

ACTIVE HIGH ~XXA OavtcePin r-
OUTPUT REGISTER MI\MMI\M Rasettol.oglc>"O" / 

CirouitJy within the GAL22V1 OIB provides a reset signal to aU reg
isters during power-up. Allintemal registers will have their a 
outputs set low after a specified time (!pr, 1j.1S MAX). As,8 result, 
the state on the registered output pins (if they are enabled) will 
be either high or low on power-up, depending on the programmed 
polarity of the output pins. This feature can greatly simplify state 
machine design by providing a known state on power-up. Be
cause of the asynchronous nature of system power-up, some 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

PlN~ 
Vee 

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

Output -----1~.. PIN 
Dlta V ~ I ~ 

Feedback III 

Trl·State Vee 

Adive~ 
CiIQlll 

.. .'r ..... 
i Vre' i 

Control l i 

t il 
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TYpical Characteristics 
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FEATURES 

• HIGH PERFORMANCE EIICMOS· TECHNOLOGV 
'-10 ns Maximum Propagation Delay 
- Fmax '" 105 MHz 
- 7ns Maximum from Clock Input to Data Output 
- TTL Compatible 16 mA Outputs . 
- UltraMOS· Advanced CMOS Technology 

• ACTIVE PULL-UPS ON ALL PINS 

• LOW POWER CMOS 
- 90 mA Typical Icc 

• Ell CELL TECHNOLOGY 
- Reconflgurable logic 
- Reprogrammable Cells 
- 100% Tested/Guaranteed 100% YIelds 
- High Speed Electrical Erasure «100ms) 
- 20 Vear Date Retention 

• TWELVE OUTPUT LOGIC MACROCELLS 
- Uses Standard 22V10 Macrocalls 
- Maximum Flexibility for Complex Logic Designs 

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

• APPUCATIONS INCLUDE: 
- DMA Control 
- State Machine Control 
-.Hlgh Speed Graphics Processing 
- Standard Logic S.-cI Upgrade 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL26CV12B, at 10 ns maximum propagation delay time, 
combines a high parformance CMOS process with Electrically 
Erasable (E2) floating gate technology to provide the highest 
performance 28 pin PLD available on the market. EO technology 
offers high speed «100ms) erase times, providing the ability to 
reprogram or reconfigure the device quickly and efficiently. 

Expanding upon the industry standard 22V10 architecture, the 
GAL26CV12IB eliminates the leaming curve typically associated 
with a new device architecture. The generic architecture provides 
maximum design flexibility by allowing the Output Logic Macrocell 
(OLMC) to be conftgLired by the user. The GAL26CV12IB OlMC 
is fully compatible with the OLMC in standard bipolar and CMOS 
22V10 devices. 

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

GAL26CV12B 
GAL26CV12 

High Performance E2CMOS PLO 
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Specifications GAL26CV12B 
GAL26CV12 

GAL26CV12/B ORDERING INFORMATION 

Commercial Grade Specifications 

Tpd(n.) Tsu(na) Teo (n.) Icc (mA) Ordering' Package 

10 7 7 130 ~12a.10LP 28-PIn Plastic DIP 

130 GAl.26CV12a.1OW 28-Lead PLCC 

15 10 10 130 GAl.26CV12-15LP 28-Pin Plastic DIP 

130 ~12-15W 28-Lead PLCC 

20 12 12 130 ~12-2OLP 28-PIn Plastic DIP 

130 ~12-2OW 28-Lead PLCC 

Industrial Grade Specifications 

Tpd(na) Tsu(na) Teo(na) lcc(mA) OrderIng' PacIrage 

15 10 10 150 GAl..26CV12a.15LPI 28-Pln Plastic DIP 

150 GAl..26CV1S15W1 28-Laad PLCC 

20 12 12 150 GAL26CV12-2OLPI 28-Pin Plastic DIP 

150 GAL26CV12-2OW1 28-Laad PLCC 

PART NUMBER DESCRIPTION 

xxxxxxxx-xx x X X 

GAl26CV12B 
GAL26CV12 --~ 

Speed(ns) 

L = Low Power Power -.,...---------' 

2-82 

L.... ___ Grade Blank = Commercial 
I = Industrial 

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

The GAL26CV12IB has a variable number of product terms per 
OLMC. Of the twelve available OLMCs, two OLMCs have ac
cess to twelve product terms (pins 20 and 22), two have access 
to ten product terms (pins 19 and 23), and the other six OLMCs 
have eight product terms each. In addition to the product terms 
available for logic, each OLMC has an additional product-term 
dedicated to output enable control. 

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

AR 

o 

SP 

Q 

Specifications GAL26CV12B 
GAL26CV12 

The GAL26CV12IB has a product term for Asynchronous Reset 
(AR) and a product term for Synchronous Preset (SP). These 
two product terms are common to all registered OLMCs. The 
Asynchronous Reset sets all registered outputs to zero any time 
this cJedicated product term is asserted. The Synchronous Preset 
sets aU registers to a logic one on the rising edge of the next clock I 
pulse after this product term is asserted. 

NOTE: The AR and SP product terms will force the 0 output of 
the flip-flop into the same state regardless of the polarity of the 
output. Therefore, a reset operation, which sets the register output 
to a zero, may result in either a high or low at the output pin, 
depending on the pin polarity chosen. 

4 TO 1 
MUX 

2 TO 1 1------------1 
MUX 

GAL2SCV121B OUTPUT LOGIC MACROCELL (OLMC) 

OUTPUT LOGIC MACROCELL CONFIGURATIONS 

Each of the Macrocells of the GAL26CVl21B has two primary 
functional modes: registered, and combinatorial 110. The modes 
and the output polarity are set by two bits (SO and S 1), which are 
normally controlled by the logic compiler. Each of these two pri
mary modes, and the bit settings required to enable them, are 
described below and on the the following page. 

REGISTERED 
In registered mode the output pin associated with an individual 
OLMC is driven by the 0 output of that OLMC's D-type flip-flop. 
Logic polarity of the output signal at the pin may be selected by 
specifying that the output buffer drive either true (active high) 
or inverted (active low). Output tri-state control is available as 
an individual product-term for each OLMC, and can therefore 
be defined by a logic equation. The D flip-flop's 10 output is fed 
back into the AND array, with both the true and complement of 
the feedback available as inputs to the AND array. 

2-83 

NOTE: In registered mode, the feedback is from the 10 output 
of the register, and not from the pin; therefore, a pin defined as 
registered is an output only, and cannot be used for dynamic 
110, as can the combinatorial pins. 

COMBINATORIAL 110 
In combinatorial mode the pin associated with an individual OLMC 
is driven by the output of the sum term gate. Logic polarity of the 
output signal at the pin may be selected by specifying that the 
output buffer drive either true (active high) or inverted (active low). 
Output tri-state control is available as an individual product-term 
for each output, and may be individually set by the compiler as 
either "on" (dedicated output), "off" (cJedicated input), or "product
term driven" (dynamic 110). Feedback into the AND array is from 
the pin side of the output enable buffer. Both polarities (true and 
inverted) of the pin are fed back into the AND array. 
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REGISTERED MODE 

AR 

o 

SP 

ACTIVE LOW 

80 =0 
8, =0 

COMBINATORIAL MODE 

ACTIVE LOW 

Q 
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AR 

o Q 

SP 

ACTIVE HIGH 

ACTIVE HIGH 
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GAL26CV121B LOGIC DIAGRAM IJEDEC FUSE MAP 
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Specifications GAL26CV12B 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 
) 

Commercial Devices: Supply voltage V 00 ....................................... ~.5 to +7V 
Input voltage applied ........................... -2.5 to V 00 + 1.0V 
Off-state output voltage applied .......... -2.5 to V 00 + 1.0V 

Ambient Temperature (TA) •..•••..••••••••....•••••••.• Oto +75°C' 
Supply voltage C'loo) 

Storage Temperature ................................. -65 to 150°C with Respect to Ground ...................... +4.75 to +5.25V 

Ambient Temperature with 
Power Applied ............................................ -55 to 125°C 
1. Stresses above those listed under the "Absolute Maximum 

Ratings" may caUse permanent damage to the cleviee. These 
are stress only ratings and functional operation of the device 
at these or at any other conditions above those indicated in the 
operational sections of this specification is not implied (while 
programming. follow the programming specifications). 

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Condition. (Un .... Otherwl .. Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss,...O.5 

VIH Input High Voltage 2.0 

IILI Input or VO Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or VO High Leakage Current 3.5V S VIN S Voo -

VOL Output Low Voltage lot. = MAX. Yin = VIL or VIH -
VOH Output High Voltage bI = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
loS" Output Short Circuit Current Voo=5V VOIlf = 0.5V T" = 25°C -50 

ICC Operating Power Supply Current VIL = 0.5V VIH = 3.0V -
ftoggle = 15Mhz Outputs Open 

TYP.' 

-
-
-
-
.-
-
-
-
-
90 

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

MAX. UNITS 

0.8 V 

VCC+1 V 

-100 !LA 
10 !LA 
0.5 V 

- V 

16 rnA 

-3.2 rnA 

-135 rnA 

130 rnA 

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

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

SYMBOL PARAMETER MAXlMUM* UNITS TEST CONDITIONS 

CI Input Capacitance 8 pF Vee = 5.0V, VI = 2.0'1/ 

Coo VO Capacit8!lCe 8 pF Vee = 5.0V, Voo=2.0V 

·Guaranteed but not 100% tested. 

5/92 
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Specifications GAL26CV12B 
Commercial 

AC SWITCHING CHARACTERISTICS 

Over Recommended Operating Condition. 

TEST DESCRIPTION 
·10 

PARAMETER UNITS 
CON D.' MIN. MAX. 

tpd 1 Input or VO to Combinatorial Output 3 10 ns 

tco 1 Clock to Output Delay 2 7 ns 

tcP - Clock to Feedback Delay - 2.5 ns 

tsu, - Setup Time, Input or Feedback before Clock 7 - ns 

tsu - Setup Time, SP before Clock 10 - ns 

th - Hold Time, Input or Feedback after Clock 0 - ns 

1 Maximum Clock Frequency ~ith 71.4 - MHz 
External Feedback, 1/(tsu + tco) 

fmax" 1 Maximum Clock Frequency with 105 - MHz 
Internal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 105 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 4 - ns 

twl - Clock Pulse Duration, Low 4 - ns 

ten 2 Input or VO to Output Enabled 3 10 ns 

tdis 3 Input or VO to Output Disabled 3 10 ns 

tar 1 Input or VO to Asynchronous Reset of Register 3 13 ns 

tarw - Asynchronous Reset Pulse Duration 8 - ns 

tarr - Asynchronous Reset to Clock Recovery Time 8 - ns 

tspr - Synchronous Preset to Clock Recovery Time 10 - ns 

1) Refer to Switching Teat Condition. section. 
2) Calculated from fmax with internal feedback. Refer to fmax Specification section. 
3) Refer to fmax Specification section. 
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Specifications GAL26CV12 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Commercial Devices: Supply voltage V cc ........................................ -0.5 to + 7V 
Input voltage applied ............................ -2.5 to V cc + 1.0V Ambient Temperature (T.J ............................. 0 to +75°C 

Supply voltage 01 cc) Off-state output voltage applied ........... -2.5 to V cc + 1.0V 
Storage Temperature .................................. -65 to 150°C with Respect to Ground ..................... +4.75 to +5.25V 

Ambient Temperature with 
Power Applied ......................................... -55 to 125°C 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP.' 

VIL Input Low Voltage Vss-O.5 -
VIH Input High Voltage 2.0 -
IlL' Input or 1/0 Low Leakage Current OV::;; VIN::;; VIL (MAX.) - -
IIH Input or VO High Leakage Current 3.5V ::;; VIN ::;; Vcc - -

VOL Output Low Voltage IOL= MAX. Yin = VIL or VIH - -
VOH Output High Voltage IOH= MAX. Yin = VIL or VIH 2.4 -
10L Low Level Output Current - -
10H High Level Output Current - -
los· Output Short Circuit Current Vcc=5V Va.JT = 0.5V TA = 25·C -50 -
ICC Operating Power Supply Current VIL=0.5V VIH=3.0V - 90 

ftoggle = 15Mhz Outputs Open 

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

MAX. UNITS 

0.8 V 

Vcc+1 V 

-100 ItA 
10 ItA 
0.5 V 

- V 

8 rnA 

-3.2 rnA 

-135 rnA 

130 rnA 

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

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

CI Input Capac~ance 8 pF Vee = 5.0V, VI = 2.0V 

Coo 110 Capac~ance 10 pF Vee = 5.0V, VIIo = 2.0V . Guaranteed but not 100% tested . 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL26CV12 
Commercial 

Over Recommended Operating Conditione 

TEST DESCRIPTION 
-15 -20 

PARAMETER COND.1 MIN. MAX. MIN. MAX • 
UNITS 

tpd 1 Input or VO to Corrbinatorial Output - 15 - 20 ns 

leo 1 Clock to Output Delay - 10 - 12 ns 

Icf' - Clock to Feedback Delay - 7 - 10 ns 

Isu - Setup lime, Input or Feedback before Clock 10 - 12 - ns 

th - Hold lime, Input or Feedback after Clock 0 - 0 - ns 

1 Maximum Clock Frequency with 50 - 41.6 - MHz 
External Feeci)~k, 1/(ts~ +tco) 

fmaXo 1 " Maximum CloCk Frequency with 58.8 ....... 45.4" , - MHz 
Intemal Feedback, 1/(tsu + tei) 

" '" 

1 Maxil)'ll,lm Clock Frequency with 62.5 - 62.5 - MHz 
No Feedback 

twh • - Clock Pulse Duration, High 8 ..... 8 - ns 

twl - Clock Pulse Duration, Low 8 - 8 - ns 

ten 2 Input or VO to Output Enabled -- 15 - 20 ns 

tdls 3 Input or 110 to Output Disabled - 15 - 20 ns 

tar 1 Input or 110 to Asynchronous Reset of Register - 20 ..... 20 ' ns 

tarw - Asynchronous Reset Pulse'Duration 10 - 15 - ns 

tarr - Asynchronous Reset to Clock Recovery lime 15 - 15 - ns 

Ispr - Synchronous Preset to Clock Recovery Time ' 10 - 12 - ns 
" 

1) Refer to SWitching Teet Condition. section. ' 
2) Calcl,llated from fmax with intemal feedback. Refer to fmax Description section. 
3) Refer to fmax DescriptiOn section. 
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Specifications GAL26CV12B 
Industrial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Industrial Devices: Supply voltage Vee ....................................... -0.5 to +7V 
Input voltage applied ........................... -2.5 to Vee + 1.0V 
Off-state output voltage applied .......... -2.5 to Vee +1.0V 

Ambient Temperature (T A) •••••••••••••••••••••••••••• -40 to 85°C 
Supply voltage (Vee) 

Storage Temperature ................................. -65 to 150°C with Respect to Ground .......................... +4.5 to +5.5V 

Ambient Temperature with 
Power Applied ........•................................... -55 to 125°C 
1. Stresses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.5 

VIH Input High Voltage 2.0 

ilL' Input or I/O Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or I/O High Leakage Current 3.5V S VIN S Vec -

VOL Output Low Voltage IoL = MAX. Yin = VIL or VIH -
VOH Output High Voltage IoH = MAX. Vin = VIL or VIH 2.4 

10L . Low Level Output Current -
10H High Level Output Current -
los2 Output Short Circuit Current Vee=5V Vour = 0.5V TA = 25'C -SO 

ICC Operating Power Supply Current VIL=0.5V VIH=3.0V -
ftoggle =15Mhz Outputs Open 

TYP.' 

-
-
-
-
-
-
-
-
-
90 

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

MAX. UNITS 

0.8 V 

Vee+1 V 

-100 ItA 
10 ItA 
0.5 V 

- V 

16 rnA 

-3.2 rnA 

-135 rnA 

1SO rnA 

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

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

SYMBOL PARAMETER MAXIMUM' UNITS TEST CONDITIONS 

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

Coo I/O Capacitance 8 pF Vcc= 5.0V, VIIo= 2.0V . Guaranteed but not 100% tested. 
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Specifications GAL26CV12B 
Industrial 

AC SWITCHING CHARACTERISTICS 

Over Recommended Operating Concltione 

TEST -15 
PARAMETER DESCRIPTION UNITS 

COND.' MIN. MAX. 

tpd 1 Input or VO to Combinatorial Output 3 15 ns 

tco 1 Clock to Output Delay 2 10 ns 

tcP - Clock to Feedback Delay - 7 ns 

tsu - Setup lime, Input or Feedback before Clock 10 - ns 

th - Hold lime, Input or Feedback after Clock 0 - ns 

1 Maximum Clock Frequency with 50 - MHz 
External Feedback, 1/(tsu + teo) 

flTlaX' 1 Maximum Clock Frequency with 58.8 - MHz 
Internal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 62.6 - MHz 
No Feedback, 1/(twh + twl) 

twh - Clock Pulse Duration, High 8 - ns 

twl - Clock Pulse Duration, Low 8 - ns 

ten 2 Input or VO to Output Enabled 3 15 ns 

tdis 3 Input or VO to Output Disabled 3 15 ns 

tar 1 Input or VO to Asynchronous Reset of Register 3 20 ns 

tarw - Asynchronous Reset Pulse Duration 10 - ns 

tarr - Asynchronous Reset to Clock Recovery lime 15 - ns 

tspr - Synchronous Preset to Clock Recovery lime 10 - ns 

1) Refer to Switching Teat Conditione section. 
2) Calculated from fmax with intemaUeedback. Refer to fmax Specification section. 
3) Refer to fmax Specification section. 
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Specifications GAL26CV12 
Industrial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Industrial Devices: Supply voltage Vee ........................................ -0.5 to +7V 
Input voHage applied ............................ -2.5 to Vee + 1.0V Ambient Temperature (T.J ........................... -40 to 85°C 

Supply voHage cY ee) Off-state output voltage applied ........... -2.5 to Vee + 1.0V 
Storage Temperature .................................. -65 to 150°C with Respect to Ground ...................... +4.50 to +5.50V 

Ambient Temperature with 
Power Applied ......................................... -55 to 125°C 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditione (Unle .. Otherwiae Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP,-

VIL Input Low Voltage Vas-O.S -
VIH Input High Voltage 2.0 -
IlL' Input or I/O Low Leakage Current OV ~ VIN ~ VIL (MAX.) - -
ItH Input or I/O High Leakage Current 3.5V ~ VIN ~ Vee - -

VOL Output Low Voltage 10L=MAX. Yin = VIL or VIH - -
VOH Output High Voltage 10H=MAX. Yin = VIL or VIH 2.4 -
10L Low Level Output Current - -
10H High Level Output Current - -
los2 Output Short Circuit Current Vee=5V VOUT = 0.5V TA = 25°C -50 -
ICC Operating Power Supply Current VIL=0.5V VIH=3.0V - 90 

ftoggle = 15Mhz Outputs Open 

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

MAlt UNITS 

0.8 V 

Vcc+1 V 

-100 IIA 
10 IIA 
0.5 V 

- V 

8 rnA 

-3.2 rnA 

-135 rnA 

150 rnA 

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

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

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

ClIO I/O Capacitance 10 pF Vee = 5.0V, VIIO = 2.0V . Guaranteed but not 100% tested. 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL26CV12 
Industrial 

Over Recommended Operating Conditions 

TEST DESCRIPTION 
·20 

PARAMETER UNITS 
COND.' MIN. MAX. 

tpd 1 Input or VO to Combinatorial Output - 20 ns 

tco 1 Clock to Output Delay - 12 ns 

tcf2 - Clock to Feedback Delay - 10 ns 

tsu - Setup Time, I nput or Feedback before Clock 12 - ns 

th - Hold Time, Input or Feedback after Clock 0 - ns 

1 Maximum Clock Frequency with 41.6 - MHz 
External Feedback, 1/(tsu + tco) 

fmax" 1 Maximum Clock Frequency with 45.4 - MHz 
Internal Feedback, 1/(tsu + tcf) 

1 Maximum Clock Frequency with 62.5 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 8 - ns 

twl - Clock Pulse Duration, Low 8 - ns 

ten 2 Input or VO to Output Enabled - 20 ns 

tdis 3 Input or 1I0to Output Disabled - 20 ns 

tar 1 Input or 110 to Asynchronous Reset of Register - 25 ns 

tarw - Asynchronous Reset Pulse Duration 15 - ns 

tarr - Asynchronous Reset to Clock Recovery Time 15 - ns 

tspr - Synchronous Preset to Clock Recovery Time 12 - ns 

1) Refer to Switching Teat Conditions section. 
2) Calculated from fmax with internal feedback. Refer to fmax Oeacription section. 
3) Refer to fmax Oeacription section. 
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SWITCHING WAVEFORMS 

INPUT or 
VOFEEDBACK 

COMBINATORIAL 
OUTPUT 

INPUT or 
VOFEEDBACK 

OUTPUT 

\\ \\ \\ \\\L:~~ 
\\\\ \\\ \\\ \\\\\l== 

Combinatorial Output 

Input or 110 to Output EnablelDlsable 

ClK 

INPUT or 
VOFEEDBACK 
DRIVINGAR 

REGISTERED 
OUTPUT 

ClK 

twl 

Clock Width 

Asynchronous Reset 
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Specifications GAL26CV12B 
GAL26CV12 

INPUT or 
VOFEEDBACK 

CLK 

REGISTERED 
OUTPUT 

ClK 

REGISTERED 
FEEDBACK 

INPUT or 
VOFEEOBACK 
DRIVINGSP 

CLK 

REGISTERED 
OUTPUT 

Registered Output 

frnax with Feedback 

~~ \\\\\~\\\\\\ \\ 
Synchronous Preset 
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fmax SPECIFICATIONS 

CLK 
••• _a ......... _ .............. __ ... _____ ._ ... __ ....... __ , 

1 ! 
LOGIC 
ARRAY REGISTER 

:_-_ .. _---........... '._ .. _-_ ..... _------_._ .. ------------_: 
1OII1~f-:-, --bu---J.*I~ __ -- t •• ~ 

fmax with External Feedback 1/(tsu+tco) 

Note: fmax with external feedback Is cal
culated from measured tsu and tco. 

ClK 
......... _ ....... __ ... _ ... _---_ ..... _-_ .. --_ ..... _-_._., · . · . · . · . · . · . · . · . 
'.; lOGIC REGISTfR :.' 

ARRAY 

· . .. _.- _._.- ..... --- -..................... -.. ~- ... -' .... -.... -._. 

fmax Whh No Feedback 

Nola: fmax with no feec:I)ack may beless 
than 1/(twh + twI). This Is to allow for a ' 
clock duty cycle of other than 50%. 

SWITCHING TEST CONDITIONS 

Input Pulse Levals 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 

3-state levels are measured O.5Vfrom steady-state active 
level. 

GAL26CV12 Output Load Conditions (see ftgure) 

Teat Condition R1 Rli CL 

1 470n 390n 50pF 

2 Active High 00 390n 50pF 

Active Low 470n 390n 50pF 

3 Active High 00 390n 5pF 

Active Low 470n 390n 5pF 

Specifications GAL26CV12B 
GAL26CV12 

elK 
1································· ............ : 

REGISTER 

L. __ .. _._._._ .. _____ .. ____________ ._ .. ___ ... _ .. _ ... ! 
1OII1OJIf-,----tcf----1.~1 
1111114----tPd----'--....,.~1 

lmax whh Intemal Feedback 1/(1:au+tcf) 

Note: tells a calculated value, derived by sub
tracting tau from the period of fmax w/internal 
feedback (tet = 1lfmilx - tau). The value of tet 
• used primarily when calculating the clelayfrom 
clOcking a register to a combinatorial output 
(through registered feec:I)ack), as shown above. 
For example, the timing from clock to a com-

, binatorial output is equal to tet + tpd. 

FROM OUTPUT (OIQ) 
UNDER TEST 

+SV 

R. 

TEST POINT 

c, 

C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

GAL26CV12B Output Load Condhlons (see ft ura) 

Test Condition R1 Ra CL 

1 300n 390n 50pF 

2 Active High 00 390n 50pF 

Active Low 3O()Q 390n 50pF 

3 Active High .... 390n 5pF 

Active Low' 3O()Q 390n 5pF 
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ELECTRONIC SIGNATURE 

An electronic signature is provided in every GAL26CV12IB de
vice. It contains 64 bits of reprogrammable memory that can 
contain user-defined data. Some uses include user 10 codes, 
revision numbers, or inventory control. The signature data is 
always available to the user independent of the state of the 
security cell. 

SECURITY CELL 

A security cell is provided in every GAL26CV12IB device to pre
vent unauthorized copying of the array patterns. Once pro
grammed, this cell prevents further read access to the functional 
bits in the device. This cell can only be erased by re-program
ming the device, so the original configuration can never be ex
amined once this cell is programmed. The Electronic Signature 
is always available to the user, regardless of the state of this 
control cell. 

LATCH-UP PROTECTION 

GAL26CV12IB devices are designed with an on-board charge 
pump to negatively bias the substrate. The negative bias is of 
sufficient magnitude to prevent input undershoots from causing 
the circuitry to latch. Additionally, outputs are designed with n
channel pullups instead of the traditional p-channel pullups to 
eliminate any possibility of SCR induced latching. 

DEVICE PROGRAMMING 

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

Specifications GAL26CV128 
GAL26CV12 

OUTPUT REGISTER PRELOAD 

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

2-96 

The GAL26CV12IB device includes circuitry that allows each reg
istered output to be synchronously set either high or low. Thus, 
any present state condition can be forced for test sequencing. 
If necessary, approved GAL programmers capable of execut
ing test vectors perform output register preload automatically. 

INPUT BUFFERS 

GAL26CV12IB devices are designed with TILievel compatible 
input buffers. These buffers have a characteristically high imped
ance, and present a much lighter load to the driving logic than 
bipolar TTL logic. 

The input and 1/0 pins also have built-in active pull-ups. As a 
result, floating inputs will float to a TIL high (logic 1). However, 
Lattice recommends that all unused inputs and tri-stated VO pins 
be connected to an adjacent active input, Vcc, or ground. Do
ing so will tend to improve noise immunity and reduce Icc for the 
device. 

Typical Input Current 

c- o 
.:!. /" 
;: 
~ -20 .. /' 

/ ... 
; ·40 a. 
.!: 

.,,/ 
~ 

·60 
o 1.0 2.0 3.0 4.0 5.0 

InpulYollagt (Yolle, 
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POWER-UP RESET 

Vee 

eLK 

INTERNAL REGISTER 

4.0 V 
__ --I 

Specifications GAL26CV12B 
GAL26CV12 

OUTPUTa ~~~~~~~~~~ ____ ~ __ ~ __ __ 

ACTIVE LOW XXXXXXXXXXXXV :::to~"""'.I.~ 
OUTPUT REGISTER ......... '--

ACTIVE HIGH XXXXXXXXXXVV A DevIce PIn r--
OUTPUT REGISTERI\N\ _to logic "0" / 

Circuitry within the GAL26CV121B provides a reset signal to all 
registers during power-up. All intemal registers will have their Q 
outputs set low after a specified time (tpr, 11l.8 MAX). As a result, 
the stete 011 the registered output pins (if they are enabled) will 
be either high or low on power-up, depending on the progranvned 
polarity of the output pins. This feature can greatly simplify state 
machine design by providing a known state on power-up. Be
cause of the asynchronous nature of syst8fTl power-up, some 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

PIN~ 
Vee 

~".""'~""."""': 

i Vee i 

I=- I 
L •...•••..•........ .: 

PIN 

Input 

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

OUIPUI~. PI. 
Oala 

Ftldbac. 

Ouipul 
D.II 

Adive~ 
CfII:Ij 

Vee , .. t .... , 
Tri·Sla" : Vral; 
Conlrol i i 

! ./ 
L ...... J 

Output 

PIN 
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Specifications GAL26CV12B 
Typical Characteristics 

Normalized Tpd va Vee Normalized Teo va Vee Normalized Tau va Vee 

, .. , .. 1.2 

,., ,., 
I--;g. 

1J -- .!! 
], I--

=- 1.1 

r----r--
,!! 

I' ... 
0.' 

"'0 

--r--. 

4.75 0.0 .... $AO 

Supply Voltage (V) 

j 
0.' 

... .... 

--I--

4.15 • .00 .... $AO 

Supply Voltage (V) 

0.' 
... 0 

~ r--

4.15 0.0 .... .... 
Supply Voltage (V) 

Normalized Tpd va Temp Normalized Teo V8 Temp Normalized Tau vs Temp 

1.0 

1.2 

!-1,1 
]. 
i 0.' 

0.8 

0.7 

./ 

V 
/' 

V 
./ 

, .. 
~ 1.1 

1J 
.1:1' 

J 0.' 
0.' 
0.7 

/' 
/' 

./ 

/ 
/' 

1.0 

iI , .• ..... 
1'" 
I' 
:z: 0.' 

0.8 

0.7 

./ 
./" 

./ 
/' 

./ 

.e& -2S 0 25 50 7S 100 115 «I -u 0 25 eo 7S 100 125 -es -25 0 25 50 7S 100 125 

Temperature (deg. 0) Temperature (<leg. OJ Temperature (deg. 0) 

0.00 

:E -0.50 

!- -1.00 

i .,.50 

-2.00 

,. 

, 

Delta Tpd V8 # 01 Outputa 
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, 1---" 

, ,," 

1 2 a " 5 • 7 • • 10 11 12 

Number 01 Outputs Switching 

Delta Tpd V8 Output loading 

~""'RlSEI ./ 
./ 

--FALLI V 
" 

'0 
-;;-8 

~. 
t= .... 
:! • 

.. 

V " " 
V . . ,' 

V' 
V 
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~ 
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.... 

,. 
'0 
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.. 
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... 

Delta Teo va # 01 Outputa 
SWItching 

, ,," 
""" 

1234517 •• 101112 

Number 01 Outputs Swlching 

Delta Teo va Output loading 

./ ~ ••••• RISE I 
--FALL I 0/ ,.' 

V . ." 
lZ .' .' 

1/ 
1/ 

50 100 150 200 2SO 300 

O.-put Loading (PF) 
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Specifications GAL26CV12B 
Typical Characteristics 

Vohvs loh 
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Normalzed Tpd vs Vee 
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Specifications GAL26CV12 
Typical Characteristics 

Normalized Tsu VS. Vee 
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FEATURES 

• HIGH PERFORMANCE ElCMOS· TECHNOLOGY 
- 10 na Maximum Propagation Delay 
- Fmax .100 MHz 
- 7 na Maximum from Clock Input to Data Output 
- TTL Compatible 16 mA Outputa 
- UhraMOS· Advanced CMOS Technology 

.50% to 75% REDUCTION IN POWER FROM BIPOLAR 
- 90mA Max Icc 
- 75mA Typ Icc 

• ACTIVE PULL-UPS ON ALL PINS 

• EI CELL TECHNOLOGY 
- Reconflgurable logic 
- Reprogrammable Cella 
- 100% TeatadlGuaranteed 100% YIeIda 
- High Speed Electrical Erasura «100 ma) 
- 20Yeer Data Retention 

• TEN OUTPUT.LOGIC MACROCELLS 
- XOR Gata Capability on all Outputa 
- Full Function and Parametric Compatibility wHh 

PAL12L10, 2OL10, 20X10, 20Xa, 20X4 
- Reglatered or Comblnatortal with PolarRy 

• PRELOAD AND POWER-oN RESET OF ALL REGISTERS 

• APPUCATIONS INCLUDE!: 
.... HlghSpeec:l Countara 
-Graphics Proce .. lng . 
- Comparators 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL20XV1OB combines a high performance CMOS process 
with electrically erasable (E2) floating gate technology to provide 
the highest speed Exclusive-OR PLD available in the mai1<et. 
At 90mA maximum Icc (75mA typical Icc), the GAL20XV1 OS 
provides a substantial savings in powerwl1en compared to ~ 
counterparts. E"CMOS technology offers high speed «100ms) 
erase times providing the ability to reprogram, reconfigure or test 
the devices quickly and effICiently. 

GAL20XV10B 
High-Speed EZCMOS PLD 

Generic Array LogicTM 

FUNCTIONAL BLOCK DIAGRAM 

IIMI 

IIQIQ 

.IIQIQ 

IIQIQ 

IIQIQ 

IIQIQ 

IIMI 

IIMI 

IIMI 

IIMI 

PACKAGE DIAGRAMS 

DIP 
PLCC 

Vee 

__ ald~~ 
WIlQ 

I/OIQ 

IIQIQ I/OIQ 

I IIQIQ I/OIQ 
I GAJ.2QXV1OB IIQIQ 

The generic architecture proVides maximum design flexibility by 
allowing the Output Logic Macraeell (OLMC) to be configured 
by the user. An important subset of the many architecture con
figurations possible with the GAL20XV108 are the PAL· archl· 
tectures listed In the macrocell description section of this docu
mem. The GAL20XV1OB is capaI:IIe of emulating these PAL ar· 
chitectures with full function and parametric compatibility. 

tIC tIC I/OIQ 

Unique test circuitry and reprogrammable cells allow complete 
AC, DC, and functional testing during manufacturing. ~ are· 
suit, LATTICE is able to guarantee 100% field programmability 
and functionality of aU GAL· products. LATTICE also guarantees 
100 eraselrewrile cycles and data retention in excess of 20 years. 

Top View 

- - I l! Ig ~ ~ 

IIQIQ 

IIQIQ 

IIQIQ 

I/OIQ 

I/OIQ 

I/OIQ 

I I/OIQ 

I I/OIQ 

GND I!OE 

Copy!tght 01&"-Som_ Corp. GAL,E'CMOS and UlIIaMOSaie regioI8rad_oI..- Som __ Corp. GenIfIc May LagIe.8 _ark 01..- Somlcc>rdlc
ICf Corp. AIItnnclorproduQl_lIIen11oneda18 __ arNgiolenod_arkaoftheir 1'8IIMII'IMI- The epecIficaIIonalnd ~ _ are 8UbjecI1o """"",wIIIIout 
~. . 

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon Q7124, U.S.A. May 1992 
Tel. (503) 68H)118; 1-800-FASTGAL; FAX (503) 681-3037 
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Specifications GAL20XV10S 

GAL20XV10B ORDERING INFORMATION 

Commercial Grade Specifications 

Tpd(na) Tau (na) Tco (na) Icc (mA) Ordering. Package 

10 6 7 90 GAl2OXV10B-10LP 24-Pin Plastic DIP 

GAl2OXV10B-10W 28-Lead PLCC 

15 8 8 90 GAl2OXV10B-15LP 24-Pin Plastic DIP 

GAl2OXV1OB-15W 28-Lead PLCC 

20 10 10 90 GAl2OXV1OB-20LP 24-Pin Plastic DIP 

GAl2OXV1OB-20W 28-Laad PLCC 

Industrial Grade SpeCifications 

Tpd(na) Tau (na) Teo (na) Icc (mA) Ordering. Package 

15 8 8 110 GAl2OXV10B-15LPI 24-Pin Plastic DIP 

GAl2OXV10B-15WI 28-Laad PLCC 

20 10 10 110 GAl2OXV10B-20LPI 24-Pin Plastic 01 P 

GAl2OXV10B-20WI 28-Lead PLCC 

PART NUMBER DESCRIPTION 

x X 

GAL20XV10B 

Speed (na) 

L = Low Power Power _______ ....1 

2-102 

L_ 
Blank = Commercial 
I = Industrial 

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

The following discussion pertains to configuring the Output logic 
Macrocell. It should be noted that actual implementation is 
accomplished by development softwareJhardware and is com
pletely transparent to the user. 

The GAL20XV106 has two global architecture configurations 
that allow it to emulate PAL architectures. The Input mode emu
lates combinatorial PAL devices, with the IIClK and 1I0E pins 
used as inputs. The Feedback mode emulates registered PAL 
devices with the IIClK pin used as the register clock and the 
IlDE pin as an output enable for all registers. The following 
is a list of PAL architectures that the GAL20XV1 OS can emulate. 
It also shows the global architecture mode used to emulate 
the PAL architecture. 

PAL Architectures Emulated by GAL20XV10B Global 
GAL20XV10B OLMCMocie 
PAL12l10 Input Mode 

PAL20L10 Input Mode 

PAL20X10 Feedback Mode 

PAL20X8 Feedback Mode 

PAL20X4 Feedback Mode 

INPUT MODE 
The Input mode architecture is defined when the global 
architecture bit SYN = 1. In this mode, the IIClK pin becomes 
an input to the AND a~ and also provides the clock source 
for all registers. The 1I0E pin becomes an input into the AND 
array and provides the output enable control for any macro
cell configured as an Exclusive-OR function. Feedback into 
the AND array is provided from macrocells 2 through 9 only. 
In this mode, macrocells 1 and 10 have no feedback into the 
AND array. 

FEEDBACK MODE 
The Feedback mode architecture is defined when the global 
architecture bit SYN = O. In this mode the IIClK pin becomes 
a dedicated. clock source for all registers. The 1I0E pin is a 
dedicated output enable control for any macrocell configured 
as an Exclusive-OR function. The VClK and VOE pins are not 
available to the AND array in this mode. Feedback into the 
AND array is provided on all macrocells 1 through 10. 

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

XOR REGISTERED CONFIGURATION 
The Macrocellis set to the Exclusive-OR Registered configu
ration when ACO = 0 and AC1 = O. The four product terms are 
segmented into two OR-sums of tWo product terms each, which 
are then combined by an Exclusive-OR gate and fed into a Ootype 
register. The register is clocked by the Iow-te-high transition of 
the IIClKpin. The inverting output buffer is enabled by the II 

Specifications GAL20XV10B 

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

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

XOR COMBINATORIAL CONFIGURATION 
The Macrocellis set to the Exclusive-OR Combinatorial con
figuration when ACO= 0 and AC1 = 1. The four product terms 
are segmented into two OR-sums of two product terms each, 
which are then combined by an Exclusive-OR gate and fed to an 
o!!!eut buffer. The inverting output buffer is enabled by the 
1I0E pin, which is an active low output enable that is common to 
all XOR macrocells. In Feedback mode, the state of the 110 
pin is available to the AND array via an intemal feedback path 
on all macrocells. In Input mode, the state of the I/O pin is avail
able to the AND array via an input buffer path on macrocells 
2 through 9 only, macrocells 1 and 10 have no input into the AND 
array. 

COMBINATORIAL CONFIGURATION 
The Macrocell is set to Combinatorial mode when ACO = 1 and 
AC1 = 1. Three of the four product terms are used as sum
of-product terms for the combinatorial output. The XOR bit con
trols the polarity of the output The inverting output buffer is 
enabled by the fourth product term. The output is enabled while 
this producl term is true. In Feedback mode, the state of the 
I/O pin is available to the AND array via an internal feedback 
path on all macrocells. In Input mode, the state of the 110 pin 
is available to the AND array via an input buller path on macro
cells 2 through 9 only, macrocells 1 and 10 have no input into 
the AND array. 

5192 
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INPUT MODE 
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Specifications GAL20XV10B 

XOR Registered Configuration 
-SYN = 1. 
-ACO= O. 
-AC1 = O. 
- OlMC 1 and OlMC1 0 do not have the 

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

Registered Configuration 
- SYN = 1. 
-ACO= 1. 
-AC1 = O. 
- XOR = 1 defines Active low Output. 
- XOR = 0 defines Active High Output. 
- OlMC 1 and OlMC1 0 do not have the 

feedback path. 
- Pin 1 (2) can be ClK and/or Input. 
- OE controlled by product term. 

XOR Combinatorial Configuration 
- SYN = 1. 
-ACO= O. 
-AC1 = 1. 
- OlMC 1 and OLMC1 0 do not have the 

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

Combinatorial Configuration 
- SYN = 1. 
-ACO= 1. 
-AC1 = 1. 
- XOR = 1 defines Active Low Output. 
- XOR = 0 defines Active High Output. 
- OLMC·1 and OlMC1 0 do not have the 

feedback path . 
.. OE controlled by product term. 

2-104 
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INPUT MODE LOGIC DIAGRAM 

1(2) ...... ... - 0 • • II , 
III 

........ .... - -2(3) 

I" 

ZIO 
........ -3(4) 

31' 

••• ...... -4(5) 

... ... ...... -5(6) 

••• 
71. 

........ -6(7) 

10. 
tto ...... -7(9) 

... 
1111 

8(10) ........ -
112' 

U4. 

9(11 ) ...... -
III' 

1 ... 

10(12) ....... .. -
1Ut 

150' 

11(13) ...... -

Specifications GAL20XV10S 

DIP (PLCC) Package Pinout 

11 II .. II U .. 
...... OLMC • 1 

~ -D lOR-I'" 
Ace - 1110 

23(27) 

AC1- un 

OLMC ·2 -;i ..... 
IOR-IOOI 

~-- Ace - 1111 
ACI - 1121 

22(26) 

OLMC • 3 -:l -lORd.., -=-:J-Ace - 1112 
ACI-Im 

21 (25) 

OLMC • 4 ""J. ..... 
lOR-I.., 

~-Ace - 101' 
le1 ~ 1123 

20(24) 

OLMC • 5 ""J. ..... 
lORd'" -=-:J-Ace - .11 • 
ACI - .12. 

19(23) 

OLMC • 8 ""J. ..... 
IOR-._ -=-.J-ACt· 1'1' 
Ae1 ·1UI 

18(21 ) 

OLMC ·7 I.J. ...... 
lOR-I'" 

~-ACO·1'1 • 
ACI-Im 

17(20) 

OLMC • 8 r.J. ..... 
lOR - lOOT 

~-ACO·1I17 
ACI - 1127 

16(19) 

OLMC • 8 r.J. ...... 
lOR-I ... 

~-Ace- .1.0 
ACI-Im 

15(18) 

OLMC • 10 t;:L ........ 
lOR-I'" ... - 14(17) 
Ace - .111 
ACI-.m 

.A~ ~ a 13(16) 

40·USER ELECTRONIC SIGNATURE FUSES 

SYN ·1630 
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FEEDBACK MODE 
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Specifications GAL20XV10B 

XOR ReglaterecI Contlgundlon 
-SYN=O. 
-ACO=O. 
-AC1 = O. 
- Dedicated ClK input on Pin 1 (2). 
- Dedicated fOE input on Pin 13(16). 

Registered Configuration 
-SYN=O. 
-ACO= 1. 
-ACl =0. 
- XOR = 1 defines Active Low Output. 
- XOR = 0 defines Active High Output. 
- Dedicated ClK input on Pin 1 (2). 
- OE controlled by product tann. 
- Pin 13(16) is not connected to this configura 
tion. 

XOR Combinatorial Configuration 
-SYN=O. 
-ACO=O. 
-AC1 ... 1. 
- Dedicated fOE input on Pin 13(16). 
- Pin 1 (2) is not connected to this configura-
tion. 

Combinatorial Configuration 
-SYN=O. 
-ACO= 1. 
-AC1 = 1. 
- XOR = 1 defines Active low Output. 
- XOR = 0 defines Active High Output. 
- OE controlled by product tann. 
- Both pin1(2) and pin 13(16) are not con-
nected to this configuration. 
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FEEDBACK MODE LOGIC DIAGRAM 

Specifications GAL20XV108 

DIP (PLCC) Package Pinout 

1(2) - .. ......, ... 0 • • 11 U II U It 31 at 

0 OLlie· 1 I.J. -lOR· 1100 p-lIO ~ ACO· lit. ...... '" ACt -1120 ......, 

23(27) 

2(3) 

1" ~ OLlle·2 t.J.. -I .. 
lOR. 1101 p-...... AC'· 1111 ......, ACt • lilt 3(4) 

22(28) 

- - OLlle·3 I.J. -•• lOR· t.OI p-
D 

ACI· ml 
AC1· 1111 4(5) 

21 (25) 

... OLlie· 4 t.J.. -NO ~ 
lOR· tlOl p-ACO· 1It1 ...... AC1 • ttlS 5(6) 

20(24) 

•• OLlle·5 t.J.. -7 .. 1011-111. p-- ACO·1I1. 
......, ACt· t'l • 6(7) 

18(23) 

NO ...... OLlle·6 I.J. -- lOR ·1111 p-....... ACO·IIt1 
......, ACt· 1111 7(9) 

18(21 ) 

" ... OLlle·7 I.J. -1'" lOR· 1100 p-- ACO· 1111 
......, ACt·1I11 8(10) 

17(20) 

1120 OLlle·8 IJ. -11. lOR,· 1117 p-...... ACO·II17 ......, AC1·1I17 9(11) 

16(19) 

10(12) 

litO ...... OLlle·9 Q. -u .. ~ 
lOR· II. p-- ACO·1I11 - ACt·II.1 

15(18) 

11 (13) 

u. ..... OLMe·10 Q. -11. s: lOR· 1100 p-- ACt· lilt - r- ACt· t'.1 

14(17) 

~~ ,.., ...... 13(18) 

SYN ·1630 
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Specifications GAL20XV108 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Commercial Devices: Supply voltage Vee ....................................... -0.5 to+7V 
Input voHage applied ....................••.... -2.5 to Vee + 1.0V 
Off-state output voHage applied ......... -2.5 to Vee +1.0V 

Ambient Temperature (TA) •••...........•••••.......•.• 0 to +75°C 
Supply voHage (Vee) 

Storage Temperature .......................•....••.. -65 to 150°C 
Ambient Temperature with 

with Respect to Ground ....•..........•..•.• +4.75 to +5.25V 

Power Applied ••.••.........•.••••....•......••••........ -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device 
at these or at any other conditions above those indicated in 
the operational sections of this specification is not iIrfllied (while 
programming. follow the programming specifications). 

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Condition. (Un ••• Otherwiae Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP." MAX. UNITS 

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

VIH Input High Voltage 2.0 - Vee+l V 

ilL' Input or 110 Low Leakage Current OV S VIN S VIL (MAX.) - - -100 /LA 

IIH Input or 110 High Leakage Current 3.5V S VIN S Vee - - 10 !LA 
VOL 

, 

Output Low Voltage 10L=MAX. Yin = VIL or VIH - - 0.5 V 

VOH Output High Voltage IoH= MAX. Vin = VIL or VIH 2.4 - - V 

10L Low Level Output Current - - 16 rnA 

10H High Level Output Current - - -3.2 mA 

los' Output Short Circuit Current Vcc=5V VOUT = 0.5V T A= 25·C -50 - -150 mA 

Icc 
Operating Power Supply Current VIL =0.5V VIL =3.0V - 75 90 mA 

ftoggle = 25Mhz Outputs Open 

1) The leakage current is due to the intemal pull-up on all input and 110 pins. See Input Buffer section for more information. 
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems by tester 

ground degradation. Guaranteed but not 100% tested. 
3) Typical values are at Vee = 5V and TA = 25 ·C 

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

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

ClIO 110 Capacitance 8 pF Vee = 5.0V. VIIO = 2.0V . Guaranteed but not 100% tested. 

2-108 
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Specifications GAL20XV10B 
Commercial 

AC SWITCHING CHARACTERISTICS 

Over Recommended Operating Conditions 

TEST 
-10 

PARAMETER DESCRIPTION 
COND.' MIN. MAX. 

tpd 1 Input or I/O to Combinatorial Output 3 10 

tco 1 Clock to Output Delay 2 7 

tcl" - Clock to Feedback Delay - 4 

tsu Setup Time, Input or Feedback before Clock 6 -
th Hold Time, Input or Feedback after Clock 0 -

1 
Maximum Clock Frequency with 76.9 -
External Feedback, 1/(tsu + tco) 

fmax" Maximum Clock Fre~uency with 100 -
1 Internal Feedback, 1 (tsu + tcf) 

1 Maximum Clock Frequency with 100 -
No Feedback 

twh Clock Pulse Duration, High 4 -
twl Clock Pulse Duration, Low 4 -

ten 
2 Input or VO to Output Enabled 3 10 

2 OE to Output Enabled 2 9 

3 
tdis 

Input or I/O to Output Disabled 3 9 

3 OE to Output Disabled 2 9 

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

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 See Figure 

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

Output Load Conditions (see figure) 

Teat Condition Rl R2 CL 

1 3CXll 39<ll 50pF 

2 
Active High .. 39<ll 50pF 
Active Low 3CXll 39<ll 50pF .. 

FROM OUTPUT (010) 
UNDER TEST 

-15 -20 

MIN. MAX. MIN. MAX. 
UNITS 

3 15 3 20 ns 

2 8 2 10 ns 

- 4 - 4 ns 

8 - 10 - ns 

0 - 0 - ns 

62.5 - 50 - MHz 

83.3 - 71.4 - MHz 

83.3 - 71.4 - MHz 

6 - 7 - ns 

6 - 7 - ns 

3 15 3 20 ns 

2 10 2 15 ns 

3 15 3 20 ns 

2 10 2 15 ns 

+5V 

-,---+---.-- TEST POINT 

R2 

Active High 39<ll 5pF 
3 

Active Low 3CXll 39<ll 5pF 
C lINCLl.OES JIG AND PACIlE TOTAL CAPACITANCE 
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Specifications GAL20XV10B 
Industrial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Industrial Devices: Supply vohage Vee ..........•...................•......... -0.5 ta+7V 
Input voltage applied .......................... -2.5 to Vee + 1.0V 
Off-state output voltage applied ......... -2.5 to Vee + 1.0V 

Ambient Temperature (TA) ......•........••.....•.• -40 to +85°C 
Supply voltage (Vee) 

Storage Temperature ................................ -65 to 150°C with Respect to Ground ..............•...... +4.50 to +5.50V 

Ambient Temperature with 
Power Applied ........................................... -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

Ratings" may cause pennanent 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 (whHe 
programming, follow the programming specHications). 

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Condhlon. (Unle .. Otherwl.e Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP." MAX. UNITS 

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

VIH Input High Voltage 2.0 - Vcc+1 V 

IIL1 Input or I/O Low Leakage Current OV S VIN S VIL (MAX.) - - -100 JIA 
IIH Input or VO High Leakage Current 3.5V S VIN S Vee - - 10 JIA 

VOL Output Low Voltage Iot.= MAX. Vin= VIL or VIH - - 0.5 V 

VOH Output High Voltage 1oH= MAX. Yin = VIL or VIH 2.4 - - V 

10L Low Leve' Output Current - - 16 rnA 

10H High Level Output Current - - -3.2 rnA 

los2 Output Short Circuit Current Vee=5V Vour= 0.5V TA= 25·C -50 - -150 rnA 

Icc Operating Power Supply Current VIL = 0.5V VIL = 3.0V - 75 110 rnA 
ftoggle = 25Mhz Outputs Open 

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

ground degradation. Guaranteed but not 100% tested. 
3) Typical values are at Vee = 5V and TA = 25 ·C 

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

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS 

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

ClIO VO Capacitance 8 pF Vee = 5.0V, VIIO = 2.0V . Guaranteed but not 100% tested • 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL20XV108 
Industrial 

Over Recommended Operating Conditions 

TEST DESCRIPTION PARAMETER 
COND.1 

tpd 1 Input or 1/0 to Combinatorial Output 

teo 1 Clock to Output Delay 

tcf2 - Clock to Feedback Delay 

tsu Setup Time, Input or Feedback before Clock 

th Hold Time, Input or Feedback after Clock 

1 
Maximum Clock Frequency with 
External Feedback, 1/(tsu + tco) 

fmax' 1 
Maximum Clock Fre~uency with 
Intemal Feedback, 1 (tsu + tcf) 

1 Maximum Clock Frequency with 
No Feedback 

twh Clock Pulse Duration, High 

twl Clock Pulse Duration, Low 

ten 
2 Input or VO to Output Enabled 

2 OE to Output Enabled 

3 Input or 1/0 to Output Disabled 
tdis 

3 OE to Output Disabled 

1) Refer to Switching Teat Conditions section. 
2) Calculated from fmax with intemal feedback. Refer to fmax Deacrlptlon section. 
3) Refer to fmax Deacrlption section. 

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto3.0V 
Input Rise and Fail Times 3ns 10% - 90% 
Input Timing Reference Levels 1.5V 
Output Timing Reference Levels 1.5V 

Output Load See Figure 

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

Output Load Conditions (see figure) 

Teat Condition RI Rz CL 
1 3000 3900 50pF 

2 
Active High .. 3900 50pF 
Active Low 3000 3900 50pF .. 

FROM OUTPUT (00) 
UNDER TEST 

·15 ·20 
UNITS 

MIN. MAX. MIN. MAX. 

3 15 3 20 ns 

2 8 2 10 ns 

- 4 - 4 ns 

8 - 10 - ns 

0 - 0 - ns 

62.5 - 50 - MHz 

83.3 - 71.4 - MHz 

83.3 - 71.4 - MHz 

6 - 7 - ns 

6 - 7 - ns 

3 15 3 20 ns 

2 10 2 15 ns 

3 15 3 20 ns 

2 10 2 15 ns 

+5V 

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

R2 
CL 

3 
Active High 3900 SpF 
Active Low 3000 3900 5pF 

C L INCWlESJIG AND PAOIlE TOTAL CAPACITANCE 

5192 
2-111 

I 



!HLattice 
•••••• •••••• •••••• 

SWITCHING WAVEFORMS 

INPUT or 
I/O FEEDBACK 

COMBINATORIAL 
OUTPUT 

IN'UT or 
110 FEEDBACK 

OUTPUT 

\\\ \\\\\\[::; 
\\\\\\ \\ \\ \\ \\\1== 

Combinatorial Output 

Input or 110 Feedback to EnableIDlsable 

twl 

ClK 

Clock Width 

2-112 
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INPUT or 
I/O FEEDBACK 

ClK 

REGISTERED 
OUTPUT 

OE 

OUTPUT 

l/fmax 
(1ldImaI1dbk) 

Registered Output 

OE to Output EnableIDlsable 

ClK 

REGISTERED 
FEEDBACK 

_______ t_cl~_t._U ____ __ 

fmax with Feedback 
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fmax DESCRIPTIONS 

ClK 
," ••• __ o ________ , _______________________________ _ 

lOGIC 
ARRAY REGISTER 

1<II1 .. 1----lou---11 .... I .. f--- tc.~ 

fmax with External Feedback 1/(l:8U+tcO) 

Note: fmax with external feecl>ack is calculated 
from measured tsu and tco. 

ClK 
~ ___________ 0- ______ A ______ .0' _____ 0. ______ • ___ , 

lOGIC 
ARRAY 

REGISTER 

~·i~~··t~········'.i····················: 

fmax Without Feedback 

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

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

PIN~ 
Vee 

Input 
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elK 
r

oo
_

o 
_______ • ___________ • ____ • ____ -----------

1OIII141------lcl-----1.,.~1 
1111141------tpd-----j.,.j~ 

fmax with Internal Feedback 1/(l:8U+tcf) 

Note: tcf is a calculated value, derived by sub
tracting tsu from the period of fmax wlintemal 
feedback (tel =11fmax - tsu).The value of tcf 
is used primarily when calculating the delay from 
clocking a register to a combinatorial ou1pu1 
(through registered feedback), as shown above. 
For example, the timing from clock to a com
binatorial output is equal to tel + tpd. 

OUIPUI ___ ~ 
Dala V~I~ 

Feedback .. 

TrI·State 
Vee 

Active Pul-up 
Circuit 

... + ..... 
i Vrefi 

~::: .. t +--1_"-1' ..... _I-K 

FMdbeck 
(To qIUI BuIfw) 

Output 

PIN 

PIN 
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ELECTRONIC SIGNATURE 

An electronic signature word is provided in every GAL20XVl OS 
device. It contains 40 bits of reprogrammable memory that con
tains user defined data. Some uses include user 10 codes, re
vision numbers, pattern identification or inventory control codes. 
The signature data is always available to the user independent 
of the state of the security cell. 

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

SECURITY CELL 

A security cell is provided in every GAL20XV1 OS device as a de
terrent to unauthorized copying of the device pattem. Once pro
grammed, this cell prevents further read access of the device 
pattem information. This cell can be only be reset by reprogram
ming the device. The original pattern can never be examined 
once this cell is programned. The Electronk: Signature is always 
available regardless of the security cell state. 

DEVICE PROGRAMMING 

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

LATCH-UP PROTECTION 

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

Specifications GAL20XV10B 

INPUT BUFFERS 

GAL20XV10B devk:es are designed with TIL level compatible 
input buffers. These buffers have a characteristically high im
pedance, and present a much lighter load to the driving logic 
than bipolar TIL devices. 
GAL20XV1OS input buffers have active puR-ups within their input 
structure. This pull-up will cause any un-terminated input or 
110 to float to a TIL high (logical 1). Lattice recommends that 
all unused inputs and tn-stated VO pins be connected to another 
active input, Vcc, or GND. Doing this will tend to improve noise 
immunity and reduce Icc for the device. 

Typical Input Pull-up Characteristic 

c- o 
.:. /" .. 
~ ·20 

" 

V 
/' .. 

:; ·40 
D-

V --o!: 
·60 

1.0 2.0 3.0 4.0 5.0 

Inpul Vollag. (Volll) 

POWER-UP RESET 

Circuitry within the GAL20XV10B provides a reset signal to all 
registers during power-up. All internal registers will have their 
Q outputs set low after a specified time (tpr, 1118 MAX). As a re
sult, the state on the registered output pins (if they are enabled) 
will always be high on power-up, regardless of the programmed 
polarity of the output pins. This feature can greatly simplify state 
machine deSign by providing a known state on power-up. The 
timing diagram for power-up is shown below. Because of the 
asynchronous nature of system power-up, some conditions must 
be met to guarantee a valid power-up reset of the GAL20XV10B. 
First, the Vee rise must be monotonic. Second, the clock input 
must be at static TIL level as shown in the diagram during power 
up. The registers will reset within a maximum of tpr time. As in 
normal system operation, avoid clocking the device until all in
put and feedback path setup times have been met. The clock 
must also meet the minimum pulse width requirements. 
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Specifications GAL20XV10B 
TYpical Characteristics 
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FEATURES 

• HIGH PERFORMANCE E"CMOS· TECHNOLOGY 
-12 na Maximum Propagation Delay 
- Fmax =71.4 MHz 
- 12 na Maximum from Clock Input to Data Output 
- TTL Compatible 8 mA Outputa 
- UltraMOS· Advanced CMOS Technology 

.50% to 75% REDUCTION IN POWER FROM BIPOLAR 
- 75mA Typ Icc 

• ACTIVE PULL-UPS ON ALL PINS 

• EO CELL TECHNOLOGY 
- Reconflgurable logic 
- Reprogrammable Cella 
-100% Teated/Guaranteed 100% Ylelda 
- High Speed Electrical Eraaura (<100 ma) 
- 20 Year Data Retention 

• TEN OUTPUT LOGIC MACROCELLS 
-Independent Programmable Clocka 
- Independent Asynchronoua Reset and Preset 
- Registered or Combinatorial with Polarity 
- Full Function and Parametric Compatibility with 

PAL20RA10 

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

• APPLICATIONS INCLUDE: 
- State Machine Control 
- Standerd Logic Consolidation 
- Multiple Clock logic Deslgna 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL20RA 10 combines a high performance CMOS process 
with electrically erasable (I:") floating gate technology to provide 
the highest speed performance available in the PLD market. 
Lattice's E"CMOS cirouitry achieves power levels as low as 75mA 
typical Icc which represents a substantial savings in power when 
compared to bipolar counterparts. I:" technology offers high 
speed «1 OOms) erase times providing the ability to reprogram, 
reconfigure or test the devices quickly and efficiently. 

The generic architecture provides maximum design flexibility by 
allowing the Output Logic Macrocell (OLMC) to be configured by 
the user. The GAL20RA 10 is a direct parametric compatible 
CMOS replacement for the PAL20RA 10 device. 

Unique test circuitry and reprogrammable cells allow complete 
AC,DC, and functional testing during manufacturing. Therefore, 
LATTICE guarantees 100"k field programmability and functionality 
01 all GAL products. LATTICE also guarantees 1 00 erase/rewrite 
cycles and that data retention exceeds 20 years. 

GAL20RA10 
High-Speed Asynchronous E2CMOS PLD 

Generic Array Logic™ 

FUNCTIONAL BLOCK DIAGRAM 

1PL0----------, 

INPUT IIOIQ 

INPUT IIOIQ 

IIOIQ 

INPUT IIOIQ 

.. PUT IIOIQ 

INPUT IIOIQ 

INPUT I/Q/Q 

.. PUT IIOIQ 

INPUT I/Q/Q 

INPUT I/Q/Q 

lOt! 

PIN CONFIGURATION 

DIP 
PlCC 

Vee 

J ~ ~ 
I/OIQ ... II e: I/OIQ 

28 
IIOIQ I/OIQ 

IIOIQ I/OIQ 

GAL2ORA10 IIOIQ I/OIQ 
NC NC I/OIQ Top View 

IIOIQ 
I/OIQ 

IIOIQ 
I/OIQ 

IIOIQ 

I/OIQ 

--III~~~ I/OIQ 

GHD 12 13 fOE 

CopyrightC>I992lat11ce Sam_ Cofp. GAL. E'CMOS and UftraMOSare ~lradomarks 01 LaIIIce Sa!n-Cofp. _Array logic 10 a _ark 01 lattice 
Sam_Corp. AN brands or product names mentioned are trademarks or ~ regIot8l8d _ 01 their respective _. The speciIIcatlons and information herein are subject 
to chango without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A. 
Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037 
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GAL20RA10 ORDERING INFORMATION 

Commercial Grade Specifications 

Tpd(na) T.,(na) Teo (na) Icc (mA) OrderIng' 
12 4 12 100 GAL2ORA1G-12LP 

100 GAL2ORA1G-12W 

15 7 15 100 GAL2ORA1G-15LP 

100 GAL2ORA1G-15W 

20 10 20 100 GAL2ORA1G-2OLP 

100 GAL2ORA1G-2OLJ 

30 20 30 100 GAL2ORA10-30LP 

100 GAL20RA 1 ().3Ol.J 

InduStrIal Grade Specifications 

Tpd(na) Tau (na) Teo (na) Icc (mA) Ordering' 

20 10 20 120 GAL20RA1G-2OLPi 

120 GAL20RA1G-2OW1 

PART NUMBER DESCRIPTION 

Specifications OAL20RA 10 

Package 

24-Pin PlastIc DIP 

28-Laad PLCC 

24-Pin PlastIc DIP 

28-Laad PLCC 

24-PIn Plastic DIP 

28-Laad PLCC 

24-Pin Plastic DIP 

28-Laad PLCC 

Package 

24-Pin PlastIc DIP 

28-Laad PLCC 

XXXXXXXX - XX x X X 

GAL20RA10 _Namo~ 
Speed (ns) 

L = Low Power Power --------..... 
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OUTPUT LOGIC MACROCELL (OLMC) 

The GAL20RA10 consists of 10 D flip-flops with individual 
asynchronous programmable reset, preset and clock product 
terms. The sum of four product terms and an Exclusive-OR 
provide a programmable polarity D-input to each flip-flop. An 
output enable term combined with the dedicated output enable 
pin provides tri-state control of each output. Each OlMC has a 
fliP-flop bypass, allowing any combination of registered or c0m
binatorial outputs. 

The GAL20RA 10 has 10 dedicated input pins and 10 program
mable 110 pins, which can be either inputs, outputs, or dynamic 
110. Each pin has a unique path to the logic array. All macrocells 
have the same type and number of data and control product terms, 
allowing the user to exchange 110 pin assignments without restric
tion. 

INDEPENDENT PROGRAMMABLE CLOCKS 

An independent clock control product term is provided for each 
GAL20RA 10 macroceIl. Data is clocked into the flip-flop on the 
active edge of the clock product term. The use of individual clock 
control product terms allow up to ten separate clocks. These 
clocks can be derived from any pin or combination of pins and! 
or feedback from other flip-flops. Multiple clock sources allow a 
number of asynchronous register functions to be combined into 
a single GAL20RA 10. This allows the designer to combine dls
crete logic functions into a single device. 

PROGRAMMABLE POLARITY 
The polarity of the D-input to each macroceII flip-flop is individually 
programmable to be active high or low. This is accomplished with 
a programmable ExcIusive-OR gate on the D-input of each flip
flop. WhUe anyone of the four logic function product terms are 
active the D-input to the flip-flop will be low if the Exclusive-OR 
bit is set to zero(O) and high if the ExcIusive-OR bit is set to one(1). 
It should be noted thet the programmable polarity only afleets the 
data latched into the flip-flop on the active edge of the clock product 
term. The reset, preset and preload win alter the state of the flip
flop independent of the state of programmable polarity bit. The 
ability to program the active polarity of the D-inputs can be used 
to reduca the totaJ number of product terms used, by allowing the 
DeMorganization of the logic functions. This logic reduction is 
accomplished by the logic compiler, and does not require the 
designer to define the polarity. 

OUTPUT ENABLE 
The output of each GAL20RA 10 macroceU is controlled by the 
"AND'ing" of an independent output enable product term and a 
common active low output enable pin(13). The output is enabled 
while the output enable product term is active and the output 
enable pin(13) is low. This output control structure allows several 
output enable alternatives. 

Specifications GAL20RA 10 

ASYNCHRONOUS RESET AND PRESET 

Each GAL20RA 10 macroceU has an independent asynchronous 
reset and preset control product term. The reset and preset 
product terms are level sensitive, and wiU hold the flip-flop in the 
reset or preset state while the product term is active independ
ent of the clock or D-inputs. It should be noted that the reset and 
preset term alter the state of the flip-flop whose output is inverted 
by the output buller. A reset of the flip-flop will result in the output 
pin becoming a logic high and a preset wHI result in a logic low. 

RESET PRESET FUNCTION 
0 0 Registered function of deta product term 
1 0 Reset register to "0" (device pin = "1") 
0 1 Preset register to "1" (device pin = "0") 
1 1 Register-bypass (combinatorial output) 

COMBINATORIAL CONTROL 

The register in each GAL20RA 10 macrocell may be bypassed 
by asserting both the reset and preset product terms. While both 
product terms are active the flip-flop is bypassed and the D- input 
is presented directly to the inverting output buffer. This provides 
the designer the ability to dynamically configure any macroceU 
as a cotnbInatoriaI output, or to fix the macroceU as combinatorial 
only by forcing both reset and preset product terms active. Some 
logic compilers will configure macroceUs as registered or com
binatorial based on the logic equations, others require the de
signer to force the reset and preset product terms active for 
combinatorial macrocells. 

PARALLEL FLIP-FLOP PRELOAD 

The flip-flops of a GAL20RA 10 can be reset or preset from the 
110 pins by applying a logic low to the preload pin (1) and applying 
the desired logic level to each VO pin. The VO pins must remain 
valid for the preload setup and hold lime. Al1 0 flip-flops are reset 
or preset during preload, independent of all other OLMC inputs. 

A logic low on an VO pin during preload will preset the flip-flop, 
a logic high wiD reset the flip-flop. The output of any flip-flop to be 
preloaded must be disabled. Enabling the output during preload 
will maintain the current logic state. It should be noted that the 
preload alters the state of the flip-flop whose output is inverted by 
the output buffer. A reset of the flip-flop wUl result in the output pin 
becoming a logic high and a preset wiD result in a logic low. Note 
that the common output enable pin (13) will disable all 10 outputs 
of the GAL20RA 10 when held high. 
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Specifications GAL20RA 10 

OUTPUT LOGIC MACROCELL DIAGRAM 

OUTPUT LOGIC MACROCELL CONFIGURATION (REGISTERED with POLARITY) 

AR 
P L P Dt----+-<. 

OUTPUT LOGIC MACROCELL CONFIGURATION (COMBINATORIAL with POLARITY) 

OEr-----I 

XOR In} 
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Specifications GAL20RA 10 

GAL20RA 10 LOGIC DIAGRAM 
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t"J OLMC • 23 -
XOR • 3200 

0-23 (27) 

OLMC • 22 I.J. -U-
XOR·3201 

22 (28) 

OLMC • 21 I.J. -
XOR • 3102 

U- 21 (25) 

OLMC·20 t"J -
XOR·3203 

0- 20 (24) 
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OLMC • 18 ""J. --=..l-
XOR·3205 

18 (21) 

OLMC • 17 ""J. -r::::I 
-=..l XOR·3208 

17 (20) 

OLMC·16 I.J. -U-
XOR·3207 

18 (19) 

OLMC-15 rrc 
XOR·3208 

15 (18) 

~OLMC • 14 ""J. --=..J-
XOR'3201 

14 (17) 

A. <:J - 13 (16) 
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Specifications GAL20RA 10 
Commercial 

ABSOLUTE MAXIMUM RATINGS") RECOMMENDED OPERATING CONDo 

Commercial Devices: Supply voltage Vee : ...................................... -0.5 to +7V 
Input voltage applied ........................... -2.5 to Vee + 1.0V Ambient Temperature (T J ............................. 0 to +75°C 

Supply voltage f'I co> Off-state output voltage applied .......... -2.5 to Vee + 1.0V 
Storage Temperature .............................•... ~ to 150°C 
Ambient Temperature with 

with Respectto Ground ...................... +-1.75 to +5.25V 

Power Applied ............•.........................•.. -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditione (Un .... Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vas-O.5 

VIH Input High Voltage 2.0 

IlL' Input or VO Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or VO High Leakage Current 3.5V S VIN S Vee -

VOL Output Low Voltage IoL = MAX. Vin = VIL or VIH -
VOH Output High Voltage bI = MAX. Vln = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los2 Output Short Circuit Current Vee=5V VOUT = O.SV TA = 25°C -50 

ICC Operating Power Supply Current VIL = 0.5V VIH = 3.0V -
ftoggle = 15Mhz Outputs Open 

TYP." MAX. 

- 0.8 

- Vcc+1 

- -100 

- 10 

- 0.5 

- -
- 8 

- -3.2 

- -135 

75 100 

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

UNITS 

V 

V 

IIA 
IIA 
V 

V 

rnA 

rnA 

rnA 

rnA 

2) 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. 
3) Typical values are at Vee = 5Vand TA= 25 °b 

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

SYMBOL PARAMETER MAXlMUM* UNITS TEST CONDITIONS 

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

Coo VO Capacitance 10 pF Vee = S.OV, VIIO=2.0V 

"Guaranteed but not:! 00% tested. 

5192 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL20RA 10 
Commercial 

Over Recommended Operating Conditions 

TEST -12 -15 -20 -30 
PARAMETER DESCRIPTION UNITS 

COND.' MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tpd 1 Input or VO to Combinatorial Output - 12 - 15 - 20 - 30 ns 

teo 1 Clock to Output Delay - 12 - 15 - 20 - 30 ns 

tsu - Setup Time, Input or Feedback before Clock 4 - 7 - 10 - 20 - ns 

th - Hold Time, Input or Feedback after Clock 3 - 3 - 3 - 10 - ns 

1 Maximum Clock Frequency .with 62.5 - 45.0 - 33.3 - 20.0 - MHz 
External Feedback, 1/(tsu+ teo) 

fmax2 

1 Maximum Clock Frequency without 7U - 50.0 - 41.7 - 25.0 - MHz 
Feedback 

twh - Clock Pulse Duration, High 7 - 10 - 12 - 20 - ns 

twl - Clock Pulse Ouration, Low 7 - 10 - 12 - 20 - ns 

ten/ tdis 2,3 Input or VO to Output Enabled / Disabled - 12 - 15 - 20 - 30 ns 

ten/ tdis 2,3 OE to Output Enabled / Disabled - 9 - 12 - 15 - 20 ns 

tar/tap 1 Input or VO to Asynchronous Reset / Preset - 12 - 15 - 20 - 30 ns 

tarw/tapw - Asynchronous Reset / Preset Pulse Duration 12 - 15 - 20 - 20 - ns 

tarr/tapr - Asynchronous Reset / Preset Recovery Time 7 - 10 - 12 - 20 ~ ns 

twp - Preload Pulse Duration 12 - 15 - 20 - 30 - ns 

tsp - Preload Setup Time 7 - 10 - 15 - 25 - ns 

thp - Preload Hold Time 7 - 10 - 15 - 25 - ns 

1) Refer to Switching Teat ConditIOns section. 
2) Refer to 'max Descriptions section. 

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 

3-state levels are measured 0.5V from steady-state active 
level. FROM OUTPUT (OIQ) 

UNDER TEST 
--+----..- TEST POINT 

Output Load Conditions (_ figure) 

Teat Condition Rl Fb CL ., 1 TCl 
1 4700 390Cl 50DF 
2 Active High - 3900 50pF . .,L Active Low 4700 3900 50pF 
3 Active High 3900 SpF --

Active Low 4700 3900 5pF C l ItCLlIlES JIG AND PROIIE TOTAL CAPACITANCE 

5/92 
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Specifications GAL20RA 10 
Industrial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Industrial Devices: Supply voltage Vee ....................................... -0.5 to +7V 
Input vohage applied ........................... -2.5 to Vee + 1.0V Ambient Temperature (T A) .......................... -40 to +85°C 

Supply voltage (Vee) Off-state output vohage applied .......... -2.5 to Vee + 1.0V 
Storage Temperature ................................. -65 to 150°C wHh Respect to Ground ...................... +4.50 to +5.50V 

Ambient Temperature with 
Power Applied ......................................... -55 to 125°C 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unle .. Otherwl .. Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.5 

VIH Input High Voltage 2.0 

IlL' Input. or I/O Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or I/O High Leakage Current 3.5V S VIN S Vee -

VOL Output Low Voltage lot. = MAX. Yin = VIL or VIH -
VOH Output High Voltage IoH = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los2 Output Short Circuit Current Vee=5V VOUT = 0.5V TA = 25°C -50 

ICC Operating Power Supply Current VIL= 0.5V VIH=3.0V -
ftaggle = 15Mhz Outputs Open 

TYP." MAX. 

- 0.8 

- Vee+1 

- -100 

- 10 

- 0.5 

- -
- 8 

- -3.2 

- -135 

75 120 

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

UNITS 

V 

V 

I1A 
I1A 
V 

V 

rnA 

rnA 

rnA 

rnA 

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

CAPACITANCE (TA :: 25 C, f:: 1.0 MHz) 

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

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

CO<) I/O Capacitance 10 pF Vee = 5.0V, VO<) =2.0V . Guaranteed but not 100% tested. 

5192 
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AC SWITCHING CHARACTERISTICS 

Specifications OAL20RA1 0 
Industrial 

OVer Recommended Operating ConcIRIone 

TEST PARAMETER DESCRIPTION 
COND.' 

tpd 1 Input or va to Combinatorial Output 

teo 1 Clock to Output Delay 

tau - Setup lime, Input or FeecIIack before Clock 

th - Hold Time, Input or Feedback after Clock 

1 . Maximum Clock Frequency with 
External FeecIlack, 1/(tau + teo) 

fl1l8J(2 
1 Maximum Clock Frequency without 

Feedback 

twh - Clock Pulse Duration, High 

twI - Clock Pulaa Duration, Low 

ten/tdia 2,3 Input or VO to Output Enabled / DIsabled 

ten/tdia 2,3 OE to Output Enabled I Disabled 

tar/tap 1 . Input or va to Asynchronous Reset / Preset 

tarw/lapw - Asynchronous Reset / Preset Pulse Duration 

tarr/tapr - Aaynotlronoua Reset / Preset Recovery Time 

twp - Preload Pulse Duration 

tap - Praload Setup Time 

thp - Praload Hold Time 

1) Refer to SwRchlngTest Conditions section. 
2) Refer to flnax DescrIptions aecIion. 

SWITCHING TEST CONDITIONS 

Input PulSe Levels GNDto 3.0V 
10Put Rise and Fal Times 3ns 10%-90% 
Input Timing Reference Levels 1.5V 
Output Timing Referance Levels 1.5V 

Output Load See Figura 

3-atate levels are measured 0.5V. from ateady-atate active 
level. 
Output Load Conditions (see flgura) 

Test Condition R1 Ra c.. 
1 4700 390n. 500F 
2 ActIve High. 00 3900 59PF 

ActIve Low 4700 390n 50pF 
00 

FROM 0I11l'IJf (00) 
UNDER TEST 

·20 

MIN. MAX. 
UNITS 

- 20 ns 

- 20 ns 

10 - n8 

3 - ns 

33.3 - MHz 

41.7 - MHz 

12 - n8 

12 - Os 

- 20 ns 

- 15 ns 

- 20 n8 

20 - ns 

12 - ns 
20 - ns 

15 - ns 

15 _. ns 

--..---*-TEST POINT 

R. ~ f' 
~ -3 ActiVe High 390n SpF 

ActIve Low 4700 390n 5pF C L INCLI&SJIG AND PROIIETOTALCN'AClTANCE 

5192 
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SWITCHING WAVEFORMS 

Input or 
I/O Feedback 

Combinatorial 
Output 

Input or 
I/O Feedback 
Asserting Preset 

Regl,tared 
Output 

Clock 

Input or 
I/O Feedback 

Device Output 

Combinatorial Output 

-------~ 
Alynchronoul Pralet 

Input or I/O Feedback to Enable I Disable 

Clock 

Clock Width 

Specifications GAL20RA 10 

Input or 
I/O Feedback 

'Clock 

Registered 
Output 

Input or 
110 Feedback 
Assartlng Re.et 

Registered 
Output 

Clock 

Device Output 

-PL 

All I/O Pins 

2-126 

Rellistered Output 

---~ 
Asynchronoul Relet 

OE to Enable I Disable 

Parallel Preload 
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fmax DESCRIPTIONS 

elK 
• ______________ ••• ___ • __ • __ ••••••• __ ••• _0_""'--, 
, , , , , , , , , , 

LOGIC 
ARRAY 

REGISTER 

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

14II1 ... f---- ... --..... *1 ... __ -- tco--+\ 

fmax with External Feedback 1/(tsu+tco) 

Note: fmax with extemal feecl:lack is cal
culated from measured tau and teo, 

INPUT/OUTPUT EQUIVALENT SCHEMATICS 

PIN~ 
Vee 

Input 

2-127 

Specifications GAL20RA 10 

C K 

............. _-_ .............. _- .. - ._---.--._ .. , , , , , , , , , , , , , , , , , 
i, LOGIC i, 

ARRAY 

, , _ .. _0_- .. -_----.---.--_.- .. ---- ... ---_._------_. 

fmax With No Feedback 

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

Output ---~ PIN 
Dltl V ~ I ~ 

FIIOlck 4 
Active Pull-up 
Cin:ult 

... + ..... 
! Vrel! (V .. f~.s.2Y) 

Control 1 1 
Trl-State Vee 

::::" t..-_l"-i" _ ... _1 K t l ~ 
PIN 

Output 
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ELECTRONIC SIGNATURE 
An electronic signature word is provided in every GAL20AA 10 
device. It contains 64 bits of reprogrammable memory that 
contains user defined data. Some uses include user 10 codes, 
revision numbers, pattem identification or inventory control codes. 
The signature data is always available to the user independent 
of the state of the security cell. 

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

SECURITY CELL 

A security cell is provided in every GAL20AA10 devices as a 
deterrent to unauthorized copying of the device pattern. Once 
programmed, this cell prevents further read access of the device 
pattern information. This cell can be only be reset by repro
gramming the device. The original pattern can never be examined 
once this cell is programmed. The Electronic Signature is always 
available regardless of the security cell state. 

LATCH-UP PROTECTION 
GAL20RA 10 devices are designed with an on-board charge pump 
to negatively bias the substrate. The negative bias is of sufficient 
magnitude to prevent input undershoots from causing the circuitry 
to latch. Additionally, outputs are designed with n-channel pullups 
instead of the traditional p-channel pullups to eliminate any 
possibility of SCA induced latching. 

POWER-UP RESET 

Circuitry within the GAL20AA 10 provides a reset signal to all reg
isters during power-up. All internal registers will have their Q 

outputs set low after a specified time (tpr, 111S MAX). As a result, 
the state on the registered output pins (if they are enabled) will 
be high on power-up, because of the inverting buffer on the output 
pins. This feature can greatly simplify state machine design by 
providing a known state on power-up. The timing diagram for 
power-up is shown to the right. Because of the asynchronous 
nature of systern power-up, some conditions must be met to guar
antee a valid power-up reset of the GAL20AA 10. First, the Vee 
rise must be monotonic. Second, the clock input must be at a static 
TTL level as shown in the diagram during power up. The regis
ters will reset within a maximum of 111S. As in normal system 0p
eration, avoid clocking the device until all input and feedback path 
setup times have been met. The clock must also meet the mini
mum pulse width requirements. 

Specifications GAL20RA 10 

DEVICE PROGRAMMING 

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

INPUT BUFFERS 

GAL20RA 10 devices are designed with TTL level compatible input 
buffers. These buffers have a characteristically high impedance 
and present a much lighter load to the driving logic than traditional 
bipolar devices. 

GAL20RA 10 input buffers have active pull-ups within their input 
structure. As a result, unused inputs and I/O's will float to a TTL 
"high" (logical "1"). Lattice recommends that all unused inputs 
and tri-stated 110 pins be connected to another active input, Vee, 
or GNO. Doing this will tend to improve noise immunity and 
reduce Icc for the device. 

1 0 

c 
! -20 
~ 
u 

:. ·40 

= 
·60 

Typical Input Pull-up Characteristic 

./ 
1/ 

./ 
~ -

o 1.0 2.0 3.0 4.0 5.0 

Input Voltl,' (VOItI) 

Vee 

CLK 
------~~~~------~---

::t:i:i~~:~ 'V\:7\J'J<:::7\l'V\:lO'\mm 
OUTPUT Q L.Y...lUr..:.c..lLlI~ILl<..lL.>r..:.c..-,-,-__ ...::..-.....L ___ 
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Specifications GAL20RA 10 
Typical Characteristics 

Normalized Tpd vs Vee Normalized Teo vs Vee Normalized Tsu vs Vee 

1.2 1.2 1.2 

I····· PTH->~f 
' .. ' .. I--PTL->H 

1.1 ,····· ... ·l ! FALl 
1.1 ::::J 1.1 

' .. . . 
........ ] t 

:.::'" ]1 ' .. 
,!! 

al 

l' ---...---
~ 
z: ... 

... .... 4.75 S.oo 

... ::: 

5.25 .~ . 
Supply Vohage (V) 

Normalized Tpd vs Temp 

1.' 

......... PTH->L 

;:;-r 
--PTL->H 

./ V 

1.2 

;?" 
,;' 

.' 
1/ 

0.' 

0.7 

j ... 
0.' 

4~' 

' .. ........ 

4.75 5.00 5.25 

Supply Vohage (V) 

Normalized Teo vs Temp 

o 
~ 1.1 

~ ••••. RISE 
~., 

--FALL .' 
~ 

1.2 

1! 
J;:l 1 

~ 
~ 0.9 

./ 
,...... "" 1-:"'" 

0.' 

0.7 

••• 

V --'.9 . .. 
4~0 

1.4 

~ 1.2 

al1.1 
J:t 
~ 1 

:z: 0.9 

... 
0.7 

4.75 5.00 5.25 

Supply Vohage (V) 

Normalized Tsu vs Temp 

V 

../ 

-- /' 

.~o 

"" 

...... 25 50 75 90 125 ... ... 25 50 75 90 125 25 50 75 90 125 

Temperature (deg. C) Temperature (de9_ C) Temperature (deg_ C) 

.---0.5 

..s 
"0 
~ -1 

~ 
0_1.5 

-2 

12 

" 

Delta Tpd vs # 01 Outputs 
SWitelling 

" 
"./' 

/ f-"" 

"/ 
V 

./' 
V- I··· .. RlSE~ 

L--FALL 

4 5 6 7 8 9 10 

Number of Outputs Switclling 

Delta Tpd vs Output Loading 

./ ~""-RJSEI ./ 
--FALL! ./ " ' 

10 

. 
'/ . . . 

I/-' 
, 

-2 
.;/' 

50 100 150 200 250 300 

Output Loading (pF) 

.---0.5 

..s 
o 
~ -1 

Jl! 
.!l -1.' 

-2 

12 

.' 

Della Teo vs # 01 Outputs 
Switching 

.' ./' f--""" 
"""./' 

" V 
.' 
.,/ 

/ 
V- ii····· RISEJ 

.1 FALL 

2 3 -4 5 . ,. 
Number of Outputs SwRcIling 

Delta Teo vs Output Loading 

../ l .... RJSEI ./ 
--FALL! ./ .. 

10 

.' . 
'/., . 

V' 
-2 

.-/ 

50 100 1!50 200 250 300 

Output Loading (PF) 
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... 

... 
••• 

u. 

1.10 

.M 
] 1.00 

Vol vs 101 

1/ 

./ 

.....-V 

V 
20.00 40.00 80,00 80.00 

101 (mA) 

Normallzecllcc va Vcc 

-~ 1.J. f-- ---
0.80 .... ".75 !5.00 u. 
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Delta Icc vs Vln (1 Input) 

11\ 
/ ~ 

II " ........ 

.... 
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Specifications GAL20RA 10 
Typical Characteristics 

Vohvsloh 

1"'-I--.. 
.......... 

'----
0.00 10.00 20.00 30.00 oiO.OO SO.OO 80.00 

10h(mA) 

Normalized Icc va Temp 

u. 

1.10 
....... 

.M 
al i'-b-.. 

'" ......... , 
~ 1.00 

I 
u. 

0.'0 

1\1 ';l 
Temperature (deg. C) 

Input Clamp (Vlk) 

0.00 

/' 
1/ 

2.00 

u. 
/ :! .... 
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/ 
/ 

/ 
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FEATURES 

• HIGH PERFORMANCE E"CMOS· TECHNOLOGY 
-15ns Maximum Propagation Delay 
- 75MHz Maximum Frequency 
- 6.5ns Max. Clock to Output Delay 
- TTL Compatible 16mA Outputs 
- UltraMOS· Advanced CMOS Technology 

• ACTIVE PULL-UPS ON ALL PINS 

• LOW POWER CMOS 
- 90mA Typical Icc 

• E2 CELL TECHNOLOGY 
- Reconfigurable Logic 
- Reprogrammable Cells 
-100% Tested/Guaranteed 100% YIelds 
- High Speed Electrical Erasura «1OOms) 
- 20 Year Data Retention 

• UNPRECEDENTED FUNCTIONAL DENSITY 
- 78 x 64 x 36 FPLA Architecture 
-10 Output Logic Macrocells 
- 8 Burled Logic Macrocells 
- 20 Input and 110 logic Macrocells 

• HIGH-LEVEL DESIGN FLEXIBILITY 
- Asynchronous or Synchronous Clocking 
- Separate State Register and Input Clock Pins 
- Functional Supar .. t of Existing 24-pln PAL· 

and FPLA Devices 

• APPLICATIONS INCLUDE: 
- Sequencers 
- State Machine Control 
- Multiple PLD Device Integration 

DESCRIPTION 

Having an FPLA architecture, the GAL6002B provides superior 
flexibility in state-machine design. The GAL6oo2B offers the 
highest degree of functional integration, flexibility, and speed 
currently available in a 24-pin, 3OO-mil package. PCMOS 
technology offers high speed «100ms) erase times, providing the 
ability to reprogram or reconfigure the device quickly and 
efficiently. 

The GAL6002B 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 
I/O Logic Macrocells (IOLMC). Two clock inputs are provided for 
independent control of the input and output macrocells. 

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

GAL6002B 
High Performance E2CMOS FPLA 

Generic Array Logic™ 

FUNCTIONAL BLOCK DIAGRAM 

..... .. , 

MACROCELL NAMES 

ILMC INPUT LOGIC MACROCELL 

10LMC I/O LOGIC MACROCELL 

BLMC BURIED LOGIC MACROCELL 

OLMC OUTPUT LOGIC MACROCELL 

PIN NAMES 

I. - I,. INPUT I/O/C BIDIRECTIONAL 

ICLK INPUT CLOCK Vee POWER (+5V) 

OCLK OUTPUT CLOCK GND GROUND 

PIN CONFIGURATION 

PLCC 
DIP 

MCLK 1 

_i!!J~~ I IIOIQ 

• IIOIQ 

....., IIOIQ 

....., IIOIQ ....., 
IIOIQ 

Me GAL6002B Me IIOIQ 

Top View ....., 
IIOIQ ....., 
IIOIQ ....., 
IIOIQ 

--I!!i~~ IIOIQ 

11 OCLK 

Copyrigh1 OI9921..attlce Semiconcl..- Corp. GAl. E'CMOS and UkraMOS or. registered lrademarks 01 Lattlco Sem~or Corp. GenarIc Array LogIc Is a trademark 01 Lattlco Semiconduc
tor Corp. All brand or product nom .. mentioned ar. trademarks or registered trademarks of their ~ hoIdora. The specIflcatlona and information _ ... aub)oct to change without 
notIco. 

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A. May 1992 
Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037 

2-131 . 

I 



iiiLattice 
•••••• •••••• •••••• 

Specifications .OAL6002B 

GAL6002B COMMERCIAL DEVICE ORDERING INFORMATION 

Tpd(na) Fclk(MHz) Icc (mA) OrderIng' 

15 75 135 GAL6OO2B-15LP 

135 GAL6OO2B-15W . 

20 80 135 GAL8OO2B-2OlP 

135 GAL6002B-2OW 

PART NUMBER DESCRIPTION 

GAL6002B 

Speed (ns) _____ ......J 

L = Low Power Power ---------' 

2-132 

Package 

24-~ Plastic DIP 

28-lead PlCC 

2~PIn Plastic DIP 

28-lead PLCC 

Blank = Commercial 

'----- Package P = Plastic DIP 
J=PLCC 
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Specifications GAL6002B 

INPUT LOGIC MACROCELL (ILMC) AND 1/0 LOGIC MACROCELL (IOLMC) 

The GAL6002B features two configurable input sections. The 
ILMC section corresponds to the dedicated input pins (2-11) and 
the 10LMC to the I/O pins (14-23). Each input section is 
individually configurable as asynchronous, latched, or registered 
inputs. Pin 1 (ICLK) is used as an enable input for latched 
macrocells or as a clock input for registered macrocells. 
Individually configurable inputs provide system designers with 
unparalleled design flexibility. With the GAL6002B, extemal input 
registers and latches are not necessary. 

Both the ILMC and the 10LMC are individually configurable and 
the ILMC can be configured independently of the 10LMC. The 
three valid macrocell configurations and its associated fuse 
numbers are shown in the diagrams on the following pages. Note 
that these programmable cells are configured by the logic compiler I 
software. The user does not need to manually manipulate these • 
architecture bits. 

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

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

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

When the output or buried logic macrocell is configured as a 
DIE type register, 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 count hold and state hold functions. 

When the macrocell is configured as a 0 type register with a sum 
term clock, the register is always enabled and the associated "E" 

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

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

There are two possible feedback paths from each OLMC. The 
first path is directly from the OLMC (this feedback is before the 
output buffer). When the OLMC is used as an output, the second 
feedback path is through the 10LMC. With this dual feedback 
arrangement, the OLMC can be permanently buried without losing 
the use of the associated OLMC pin as an input, or dynamically 
buried with the use of the output enable product term. 

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

The three macrocell configurations are shown in the diagrams on 
the following pages. These programmable cells are also 
configured by the logic compiler sofIware. ·The user does not need 
to manually manipulate these architecture bits. 
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Specifications GAL6002B 

ILMC AND IOLMC CONFIGURATIONS 

ICLK 

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

INPUT 

LATCH 
~E 

MUX Q L 
....-----I--l D 0 0 

REG. 
'-p. 

INVAU~ o 1 

or IfO ---+ ... QI------I 1 0 
t----ID 

I 
1 1 

LATCH(I) ISVN(I) 

.. 

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

ILMcnOLMC 
Generic Logic Block Diagram 

AND 
ARRAY 

Input Macrocell JEDEC Fuse Numbers UO Macrocell JEDEC Fuse Numbers 

INSVNC IHLATCH ILMC IOSVNC IOLATCH IOLMC 

8218 8219 0 8238 8239 9 

8220 8221 1 8240 8241 8 

8222 8223 2 8242 8243 7 

8224 8225 3 8244 8245 6 

8226 8227 4 8246 8247 5 

8228 8229 5 8248 8249 4 

8230 8231 6 8250 8251 3 

8232 8233 7 8252 8253 2 

8234 8235 8 8254 8255 1 

8236 8237 9 8256 8257 0 
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OLMC AND BLMC CONFIGURATIONS 
... ---- ........... _--_.- .. 
! OE l 
: PRODUCT : 
: TEAll : 

AND: : 

RESET ARRA1 lOUIe 1 

r;::::·~~··~~::::::·;····························· ................... ~~~ ........ T·· .... : 1 
11 XORD(I) 1 1 1: 1 
:: ~ : :: : 

D" - IIUX O. ..joe..... , 

• i '::~u~: . ~um:muumm. 
CKS(I) MUX 

o 

1 
.: •• ~ .................................................................................... e' •••••••••••••••••••• o ... J 

OCLK 
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Generic Logic Block Diagram 

OLMC JEDEC Fuse Numbers BLMC JEDEC Fuse Numbers 

OLMC CKS OUTSYNC XORD XORE BLMC CKS OUTSYNC 
0 8178 8179 8180 8181 7 8175 8176 

1 8182 8183 8184 8185 6 8172 8173 
2. 8186 8187 8188 8189 5 8169 8170 
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4 8194 8195 8196 8197 3 8163 8164 
5 8198 8199 8200 8201 2 8160 8161 

6 8202 8203 8204 8205 1 8157 8158 

7 8206 8207 8208 8209 0 8154 8155 

8 8210 8211 8212 8213 

9 8214 8215 8216 8217 
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Specifications GAL6002B 
Commercial 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Supply voltage Vee ....................................... -0.5 to + 7V Commercial Devices: 
Input voltage applied ........................... -2.5 to Vee + 1.0V 
Off-state output voltage applied .......... -2.5 to Vee + 1.0V 

Ambient Temperature (T A) ............................... 0 to 75°C 
Supply voltage {Vor:.> 

Storage Temperature ................................. -65 to 150°C with Respect to Ground ..................... +4.75 to +5.25V 
Ambient Temperature with 

Power Applied ........................................ -55 to 125°C 
1.Stresses above those listed under the 'Absolute Maximum 

RatIngs" may cauSe permanent damage to the device. These 
are stress only ratings and functional operation of the device 
at these or at any other conditions above those indicated In 
the operational sections of this speciIicaIIon Is not Implied (while 
progremmlng, follow the progremmlng specifications). 

DC ELECTRICAL CHARACTERISTICS 
OVer Recommended Operating Conditions (Unle .. Otherwl .. Specified) 

SYMBOL PARAMETER CONDITION MIN. TYP.' 

ylL Input Low Voltage Vas-O.S -
VIH Input High Voltage 2.0 -
IlL' Input or I/O Low Leakage Current OV S VIN S V .. (MAX.) - -
IIH Input or I/O High Leakage Current 3.5V S VIN S Vee - -

VOL Output Low Voltage IoL = MAX. Vin = V .. or VIH - -
VOH Output High Voltage IoH = MAX. Vln = V .. or VIH 2.4 -
10L Low Level Output Current - -
10H High Level Output Current - -
los2 Output Short Circuit Current Vee=5V VOUT = 0.5V TA = 25°C -30 -
Icc Operating Power Supply Current V .. = 0.5V VIH = 3.0V toggle = 15MHz - 90 

Outputs Open (no load) 

MAX. 

0.8 

VCC+1 

·100 

10 

0.5 

-
16 

-3.2 

-130 

135 

1) The leakage current Is due to the Internal pull-up resistor on aR pins. See Input Buffer section for more Infonnation. 

UNITS 

V 

V 

I!A 

I!A 
V 

V 

rnA 

mA 

rnA 

rnA 

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

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

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDmONS 

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

CM) 110 Capacitance 8 pF V cC = 5.0V, V M) = 2.0V 

*Guarenteed but not 100% tested. 
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Specifications GAL6002B 
Commercial 

AC SWITCHING CHARACTERISTICS 
Over Recommended Operating Condhlons 

TEST DESCRIPTION 
·15 ·20 

PARAMETER UNITS 
CONDl, MIN. MAX. MIN. MAX. 

tpd1 1 Combinatorial Input to Combinatorial Output - 15 - 20 ns 

tpd2 1 Feedback or 110 to Combinational Output - 15 - 20 ns 

tpd3 1 Transparent Latch Input to Combinatorial Output - 18 - 23 ns 

tco1 1 Input Latch ICLK to Combinatorial Output Delay - 20 - 25 ns 

tco2 1 Input Reg. IClK to Combinatorial Output Delay - 20 - 25 ns 

tco3 1 Output DIE Reg. OClK to Output Delay - 6.5 - 8 ns 

lco4 1 Outout 0 Rea. Sum Tarm elK to Outoul Oalav - 18 - 20 nil 

tcf1" - Output DIE Reg. OClK to Buried Feedback Delay - 3.6 - 7 ns 

tcf22 Output 0 Reg. STClK to Buried Feedback Delay - 10.1 - 13 ns 

tsu1 - Setup lime, Input before Input Latch IClK 1.5 - 2 - ns 

tsu2 - Setup lime, Input before Input Reg. IClK 1.5 - 2 - ns 

tsu3 - Setup lime, Input or Feedback before DIE Reg. OClK 11.5 - 13 - ns 

tsu4 - Setup lime, Input or Feedback before 0 Reg. Sum Term ClK 5 - 7 - ns 

tsu5 - Setup lime, Input Reg. IClK before DIE Reg. OClK 15 - 20 - ns 

tau6 - Setup lime, Input Reg. IClK before 0 Reg. Sum Term ClK 7 - 9 - ns 

th1 - Hold Ttme, Input after Input Latch IClK 3 - 4 - ns 

th2 - Hold lime, Input after Input Reg. IClK 3 - 4 - ns 

th3 - Hold lime, Input or Feedback after DIE Reg. OClK 0 - 0 - ns 

th4 - Hold lime: Input or Feedback after 0 Reg. Sum Term ClK 4 - 6 - ns 

fmax1' - Max. Clock Frequency wlExtemel Feedback, 1/(tsu3+tc03) , 55.5 - 47.6 - MHz 

fmax2" - Max. Clock Frequency wlExtemai Feedback, 1/(tsu4+lco4) 43.4 - 37 - MHz 

fmax3" - Max. Clock Frequency wllntemal FeSdback, 1/(tsu3+tct1) 66 - 50 - MHz 

fmax4' - Max. Clock FreQuencY wllntemal Feedback, 1/(tsu4+tcf2) 66 - 50 - MHz 

fmax5" - M,ax. Clock Frequency wINo Feedback, OCLK 75 - 60 - MHz 

frnax6" - Max. Clock Frequency wINo Feedback, STClK 70 - 60 - MHz 

twh1 - ICLK Pulse Duration, High 6 - 7 - ns 

twh2 - OClK Pulse Duration, High 6 - 7 - ns 

twh3 - STClK Pulse Duration, High 7 - 8 - ns 

1) Refer to Switching Test Condhlona section. 
2) CalCulated from fmax with internal feedback. Refer to fmax Deaclptlon section. 
3) Refer to fmax Deaclptlon section. 

2-139 5192 

I 



iiiLattice 
•••••• •••••• •••••• 

Specifications GAL6002B 
Commercial 

AC SWITCHING CHARACTERISTICS (CONT.) 
Over Recommended Operating Conditions 

TEST DESCRIPTION PARAMETER 
COND'. 

twl1 - ICLK Pulse Duration, Low 

twl2 - OCLK Pulse Duration, Low 

twl3 - STCLK Pulse Duration, Low 

tarw - Reset Pulse Duration 

ten 2 Input or VO to Output Enabled 

tdis 3 Input or I/O to Output Disabled 

tar 1 Input or I/O to Asynchronous Reg. Reset 

tarr1 - Asynchronous Reset to OCLK Recovery Time 

tarr2 - Asynchronous Reset to Sum Term CLK Recovery Time 

1) Refer to Switching Teat Conditions section. 

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto 3.0V 

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

Input Timing Relerence Levels 1.5V 

Output Timing Reference Levels 1.5V 

Output Load See Figure 

3-state levels are loeasured 0.5V from steady-state active 
level. 

Output Loed Conditions (see figure) 

Test Condition Rl R2 CL 

1 3000 3900 50pF 

2 Active High co 390n 50pF 

FROM OUTPUT (0/0) 
UNDER TEST 

-15 ·20 
UNITS 

MIN. MAX. MIN. MAX. 

6 - 7 - ns 

6 - 7 - ns 

7 - 8 - ns 

12 - 15 - ns 

- 15 - 20 ns 

- 15 - 20 ns 

- 16 - 20 ns 

11 - 14 - ns 

4 - 6 - ns 

+5V 

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

R2 
CL 

Active Low 300n 390n 50pF C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

3 Active High co 390n 5pF 

Active Low 300n 390n 5pF 
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SWITCHING WAVEFORMS 

INPUT or 
1/0 FEEDBACK 

COMBINATORIAL 
OUTPUT 

INPUT or 
110 FEEDBACK 

IClK (LATCH) 

\\\\\\\ r VALID INPUT 

'~tpd1'~,-
I""T"T"T\\\\"""""""'\\\ \:TTT"~\\rI""T"T"\\~ 

Combinatorial Output 

Specifications GAL6002B 

ICLK (REGISTER) 

COMBINATORIAL 
OUTPUT 

OCLK 

SumTermCLK 

COMBINATORIAL 
OUTPUT 

~ _________ tOO_l~ 
~---

Registered Input 

INPUT or 
I/O FEEDBACK 

SumTermCLK 

REGISTERED 
OUTPUT 

Latched Input 

Registered Output (Sum Term ClK) 

INPUT or 
I/O FEEDBACK 

OUTPUT 

Input or 110 to Output EnableIDlsable 

ICLKor 
OCLK 

SumTermCLK 
J~3 

Clock Width 

2-141 

INPUT or 
1/0 FEEDBACK 

OCLK 

REGISTERED 
OUTPUT 

INPUT or 
I/O FEEDBACK 
DRIVINGAR 

REGISTERED 
OUTPUT 

SumTermCLK 

OCLK 

Registered Output (OClK) 

Asynchronous Reset 

5/92 
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fmax DESCRIPTIONS 

CLK 
,~~.~.a ••. _ •••••••••••••••. _ •• __ •. _ .•••••••••.••• , , , , , , , , , , , 

LOGIC 
ARRAY REGISTER 

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

1<II1 .. 1----tou---I~*I .. f_--tc.~ 

fmax with External Feedback 1/(tau+tco) 

Note: fmax with extemal feecl>ack is calculated from measured 
tau andtco. 

ClK 
,. ••• - __ 0 ____ ._----_._--_._-_ ••••••••••••••••••• , , , , , , , , , , , , , , , , 

i, lOGIC i, 
ARRAY 

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

fmax With No Feedback 

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

Specifications GAL60028 

elK 

I<II~I-----tcf---".I 
111114f-----lpd----...,.~1 

fmax with Internal Feedback 1I(1:au+tct) 

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

The GAL6OO2B contains two E' reprogrammable arrays. The first 
is an ANO array and the second is an OR array. These arrays 
are described in detail below. 

AND ARRAY 
The ANO 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 ar
ray (each available in true and complement forms). 64 product 
terms serve as inputs to the OR array. The RESET product term 
generates the RESET signal described in the Output and Bur
ied Logic MacroceUs section. There are 10 output enable product 
terms which allow device I/O pins to be bi-directional or tri-state. 

OR ARRAY 
The OR array is organized as 64 inputs by 36 sum term outputs. 
64 product terms from the ANO 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 
10 OLMOs 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
mable OR array is more flexible than a fixed, shared, or variable 
product term architecture. 

ELECTRONIC SIGNATURE 
An electronic signature is Proviclec! with every GAL6002B device. 
It contains 72 bits of reprogrammable memory that can contain 
user defined data. Some uses include user 10 codes, revision 
numbers, or inventory control. The signature data is always avail
able to the user independent of the state of the security cell. 

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

SECURITY CELL 

A security cell is provided with every GAL6002B device as a de
terrent to unauthorized copying of the array pattems. Once pro
grammed, this cell prevents further read aeeess to the ANO ar
ray. This ceH can be erased only during a bulk erase cycle, so the 
original configuration cen 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. 

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

Specifications GAL6002B 

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

All of the registers in the GAL6002B can be preloaded, includ-
ing the ILMC, 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 

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

INPUT BUFFERS 

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

GAL6002B input buffers have active pull-ups within their input 
structure. This pull-up will cause any un-terminated input or 
VO to float to a TTL high (logical 1). Lattice recommends that 
all unused inputs and tri-stated 1/0 pins be connected to another 
active input, Vee, or GNO. Ooing this will tend to improve noise 
immunity and reduce Icc for the device. 

Typical Input Pull-up CharacterisUc 

~ 0 
.a ./ 
c 
i:! ·20 
;; 

,/ 
/' .. 

:; ·40 Go 
.!! 

V 
~ 

·60 
o 1.0 2.0 3.0 4.0 5.0 

Input Voltage (VOila, 
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POWER-UP RESET 

Vee 

eLK 

Specifications GAL6002B 

4.0V 
__ ...I 

~~ ~~~~~~~~ 
OUTPUT Q DL~ClClD£.IDI..l£l.Oo£.l.t....l...::::=..:::.::::!::..:...J.:""'-_ 

Circuitry within the GAL6002B provides a reset signal to all reg
isters during power-up. AI internal registers will have their a out
puts set low after a specified time (tpr, 1 ItS MAX). 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. The 
timing diagram for power-up is shown below. Because of the 

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

DIFFERENTIAL PRODUCT TERM SWITCHING (OPTS) APPLICATIONS 

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

OPTS = I (P-Terms)LH - (p-Terms)ft.1 

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

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

A software utility is available from Lattice Applications Engineering 
that will perform this calculation on any GAL6oo2B JEOEC file. 
This program, OPTS, and additional information may be obtained 
from your local Lattice representative or by contacting Lattice 
Applications Engineering Dept. (Tel: 503-681-0118 or 1-800-
FASTGAL; FAX: 681-3037). 
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Specifications GAL6002B 
Typical Characteristics 

1.2 
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FEATURES 

• HIGH PERFORMANCE E"CMOS· TECHNOLOGV 
- 30ns Maximum Propagation Delay 
- 27MHz Maximum Frequency 
- 12ns Max. Clock to Output Delay 
- TTL Compatlbla16mA Outputs 
- UltraMOS· Advanced CMOS Technology 

• LOW POWER CMOS 
- 90mA Typical Icc 

• EI CELL TECHNOLOGV 
- Reconftgurabla Logic 
- Reprogrammabla Calla 
- 100% TeatedfGuaranteed 100% YIelds 
- High Speed Electrical Erasura «100ms) 
- 20 Vear Data Retention 

·UNPRECEDENTEDFUNcnoNALDENSITY 
- 78 x 64 x 36 FPLA Archltectura 
- 10 Output Logic Macrocalla 
- 8 Burled Logic Macrocells 
- 20 Input and 110 Logic Macrocalls 

• HIGH-LEVEL DESIGN FLEXIBILITY 
- Asynchronous or Synchronous Clocking 
- Separate State Register and Input Clock Pine 
- Functional Sups"" of Existing 24-pln PAL· 

and FPLA Devlcaa 

• APPUCATIONS INCLUDE: 
- Sequencara 
- Slala Mechlne Control 
- Multiple PLD Devlca integration 

DESCRIPTION 

Using a high performance EtcMOS technology, Lattice 
Semiconductor has produced a next-generation programmable 
logic device, the GAL6001. Having an FPLA architecture, known 
for its superior flexibility in state-machine design, the GAL6001 
oilers a h~ degree of fu1ctionaI integration and flexibility 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 
VO Logic Macrocells (IOLMC). Two clock inputs are provided for 
independent control of the input and output macroceUs. 

Advanced features that simplify programming and reduce test 
time,' coupled with f2CM0S reprogrammabIe 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 eraseJwrite cycles are 
guaranteed, 

GAL 600 1 
High Performance E2CMOS FPLA 

Generic Array LoglcN 

FUNCTIONAL BLOCK DIAGRAM 

MACROCELL NAMES 

ILMC INPUT LOGIC MACROCELL 

10LMC I/O LOGIC MACROCELL 

BLMC BURIED LOGIC MACROCELL 

OLMC OUTPUT LOGIC MACROCELL 

PIN NAMES 

I.-I,. INPUT I/O/a BIDIRECTIONAL 
ICLK INPUT CLOCK Vet; POWER (+5) 

OCLK OUTPUT CLOCK GND GROUND 

PIN CONFIGURATION 

PLCC DIP 

Vee 

__ illl!! IIOIQ 

• IIOIQ 
IIQIQ IIOIQ 
IIQIQ, 

IIQIQ IIOIQ 

IIC GAL6001 IIC IIOIQ 

TopYlaw IIQIQ IIOIQ 
IIQIQ 

IIOIQ 
IIQIQ 

IIOIQ 

--llIi!! IIOIQ 

IIOIQ 

OCIJ( 

~ 018111! "-_Corp. GAl... E'CMOSIlldUIbaMOSIIV<egioIored_oI~_Corp. G..-IvrayLoglcIo.tradamartcol..-Sem_ 
torCorp. PAL 10 ........ _ 01 Advencod MIcro DevIcao.lnc. The opecIficIIIonsond InfonnaUon _ IIV IUbjaclto chango_ ncIIce. 

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., HlllsboIO. Oregon U.S.A. 
Tel. (503) 681'()118 or 1-800-FASTGAL; FAX (503) 681-3037 
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GAL6001 ORDERING INFORMATION 

Commercial Grade Specifications 

Tpd(na) Fclk(MHz) Icc (mA) OrderIng' 

30 Z1 150 GAL6001-30P 

150 GAL6001-3OJ 

35 22.9 150 GAL6001-35P 

150 GAL6001-35J 

PART NUMBER DESCRIPTION 

XXXxxxx - XX X X 

Specifications GAL6001 

Package 

24-PIn PlastIc DIP 

28-Lead PLCC 

24-Pln PlastIc DIP 

28-lead PLCC 

GAL6001 
_~_~ LG~ 

Blank = Commercial 

Speed (n8) -------' L-____ Package P = Plastic DIP 
J= PLCC 

5192 
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Specifications GAL6001 

INPUT LOGIC MACROCELL (ILMC) AND I/O LOGIC MACROCELL (IOLMC) 

The GAL6001 features two configurable input sections. The ILMC 
section corresponds to the dedicated input pins (2-11) and the 
10LMC to the va pins (14-23). Each input section is configurable 
as a block for asynchronous, latched, or registered inputs. Pin 
1 (ICLK) is used as an enable input for latched macrocells or as 
a clock input for registered macrocells. Configurable input blocks 
provide system designers with unparalleled design flexibility. With 

the GAL6001 , extemal 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 I 
equivalent diagrams on the following pages. 

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

The outputs of the OR arrey 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 Macrocells 
may be set to one of three configurations: combinational, "O-type 
register with sum term (asynchronous) clock", or "DIE-type 
register." Output macrocells always have I/O capability, with 
directional control provided by the 10 output enable (OE) prod
uct terms. Additionally, the polarity of each OLMC output is 
selected through the "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. 

When the macrocell is configured as a"O 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 output pin, a logic one 
will occur because of the inverting output buffer. 

There are two possible feedback paths from each OLMC. The 
first path is directly from the OLMC (this feedback is before the 
output buffer and always present). When the OLMC is used as 
an output, the second feedback path is through the 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 ul
timate 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. 

5192 
2-149 



iiiLattice 
•••••• •••••• •••••• 

Specifications GAL6001 

ILMC AND IOLMC CONFIGURATIONS 

INPUT 
or 110 

ICLK 
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LATCH 
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MUX 
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0 1 
: 1,0 

1 0 

1 1 

, LATCH ISYN , 
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ILMcnOLMC 
Generic Logic Block Diagram 

ILMC (Input Logic Macrocell) 

JEDEC Fuse Numbers 

ISYN LATCH 

8218 8219 
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10LMC (110 Logic Macrocell) 

JEDEC Fuse Numbers 

ISYN LATCH 

8220 8221 

AND 
ARRAY 
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Specifications GAL6001 

ILMC AND IOLMC CONFIGURATIONS 

ICLK :- -t ~ -----------------: ICLK 
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INPUT 
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Specifications GAL 600 1 

OLMC AND BLMC CONFIGURATIONS 

OLMC 

0 
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2 
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foe 
: PRODUCT 
: TERM 

AND: 
ARRA't IOLMC 

RI:SET 
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: ......................... MUX 0 
Vee 0 E '---,---' OL~ONLY 

, : XOR~ 1 O6VN(I)-!m 

MUX 

o 
CKS(i) 

1 
: ..................................................................................................... .: 

OCLK 

OLMClBLMC 
Generic Logic Block Diagram 

OLMC (Output Logic Macrocell) 

JEDEC Fuse Numbers 

BLMC (Buried Logic Macrocell) 

JEDEC Fuse Numbers 

OCLK OSYN XORD XORE BLMC OCLK OSYN XORE 

8178 8179 8180 8181 7 8175 8176 8177 

8182 8183 8184 8185 6 8172 8173 8174 

8186 8187 8188 8189 5 8169 8170 8171 

8190 8191 8192 8193 4 8166 8167 8168 

8194 8195 8196 8197 3 8163 8164 8165 

8198 8199 8200 8201 2 8160 8161 8162 

8202 8203 8204 8205 1 8157 8158 8159 

8206 8207 8208 8209 0 8154 8155 8156 

8210 8211 8212 8213 

8214 8215 8216 8217 
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Specifications GAL 600 1 

OLMC AND BLMC CONFIGURATIONS 
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Specifications GAL6001 
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GAL6001 LOGIC DIAGRAM (Cont.) 
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Specifications GAL 600 1 
Commercial 

ABSOLUTE MAXIMUM RATINGS(l) RECOMMENDED OPERATING CONDo 

Supply voltage Vee ....................................... -0.5 to + 7V Commercial Devices: 
Input voltage applied ........................... -2.5 to Vee + 1.0V Ambient Temperature (TA) ................................ O to 75°C 
Off-state output voHage applied .......... -2.5 to Vee + 1.0V Supply voHage (Vee) 
Storage Temperature ................................. -65 to 150°C with Respect to Ground ...................... +4.75 to +5.25V 
Ambient Temperature with 

Power Applied ........................................ -55 to 125°C 
1.Stresses above those listed under the· Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unle .. Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.S 

VIH Input High Voltage 2.0 

ilL Input or VO Low Leal«ige Current OV S Y,N S V,L (MAX.) -
IIH Input or VO High Leakage Current V,H S Y,N S Vee -

VOL Output Low Voltage IoL=MAX. Yin = V,L or V,H -
VOH Output High Voltage IoH=MAX. Vin = V,L or V,H 2.4 

10L Low Level Output Current -
10H High Level Output Current -
10sl Output Short Circuit Current Vee=5V VOUT= 0.5V -30 

Icc Operating Power Supply Current V,L = 0.5V V,H = 3.0V ftoggle = 15MHz -
Outputs Open (no load) 

TYP." MAX. UNITS 

- 0.8 V 

- Vee+1 V 

- -10 IlA 
- 10 IlA 
- 0.5 V 

- - V 

- 16 mA 

- -3 .. 2 mA 

- -130 mA 

90 150 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. 
2) Typical values are at Vee = 5V and TA = 25 'C 

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

C, Input Capacitance 8 pF V cc = 5.0V. V, = 2.0V 

Coo VO Capacitance 10 pF Vcc= 5.0V. VIIo= 2.0V 

'Guaranteed but not 100% tested. 

5192 
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Specifications OAL6001 
Commercial 

AC SWITCHING CHARACTERISTICS 
Over Recommended Operating Conditions 

TEST DESCRIPTION 
-30 -35 

PARAMETER UNITS CONDI. MIN. MAX. MIN. MAX. 

tpd1 1 Combinatorial Input to Combinatorial Output - 30 - 35 ns 

tpd2 1 Feedback or VO to Combinatorial Output - 30 - 35 ns 

tpd3 1 Transparent Latch Input to Combinatorial Output - 35 - 40 ns 

tco1 1 Input Latch ICLK to Combinatorial Output Delay - 35 - 40 ns 

tco2 1 Input Reg. ICLK to Combinatorial Output Delay_ - 35 - 40 ns 

te03 1 Output DIE Reg. OCLK to Output Delay - 12 - 13.5 ns 

tCO'J 1 Outout D Reo. Sum Term CLK to OutDUt Delav - 35 - 40 ns 

tsu1 - Setup lime, Input before Input Latch ICLK 2.5 - 3.5 - ns 

tsu2 - S~ lime, Input before Input Reg. ICLK 2.5 - 3.5 - ns 

tsu3 - .~ lime, Input or Feedback before DIE Reg. OCLK 25 - 30 - ns 

tsu4 - Setup lime, Input or Feedback before D Reg. Sum Term CLK 7.5 - 10 - ns 

tsu5 - Setup lime, Input Reg. ICLK before DIE Reg. OCLK 30 - 35 - ns 

tsu6 - Setup lime, Input Reg. ICLK before D Reg. Sum Term CLK 15 - 17 - ns 

th1 - Hold lime, Input after Input Latch ICLK 5 - 5 -. ns 

th2 - Hold lime, Input after Input Reg. ICLK 5 - 5 - ns 

th3 - Hold lime, Input or Feedback after DIE Reg. OCLK -5 - ·5 - ns 

th4 - Hold lime Input or Feed:>ack after D Reo. Sum Term CLK 10 - 12.5 - ns 

frnax - Maximum Clock Frequency, OCLK 27 - 22.9 - MHz 

twh1 ICLK or OCLK Pulse Duration, High 10 - 10 - ns 

twh2 - Sum Term CLK Pulse Duration, High 15 - 15 - ns , 

twl1 - ICLK or OCLK Pulse Duration, Low 10 - 10 - ns 

twl2 - Sum Term CLK Pulse Duration Low 15 - 15 - ns 

tarw - Reset Pulse DUration 15 - 15 - ns 

ten 2 Input or va to Output Enabled - 25 - 30 ns 

tdis 3 Input or I/O to Output Disabled - 25 - 30 ns 

tar 1 Input or VO to Asynchronous Reg. Reset - 35 - 35 ns 

tarr1 - Asynchronous Reset to OCLK Recovery lime 20 - 20 - ns 

tarr2 - Asynchro,nous Reset to Sum Term CLK Recovery lime 10 - 10 - ns 

1) Refer to Switching Test Conditions section. 
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SWITCHING WAVEFORMS 

INPUT or 
110 FEEDBACK 

COMBINATORIAL 
OUTPUT 

INPUT or 
110 FEEDBACK 

ICLK (LATCH) 

COMBINATORIAL 

\\\\\\~8~ 
\\\\\\\ \ \\\\\\lU= 
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OUTPUT --l..l..l..Ll..l..Ll...l..: 

INPUT or 
110 FEEDBACK 

SUmTennCLK 

REGISTERED 
OUTPUT 

Latched Input 

\\\\r VAl.ID INPUT I \\ \\ \\ 
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\\\\ \\ \\\\\\ \\\\~'----

Reglatared Output (Sum Term CLK) 

INPUT or 
VOFEEDBACK 

OUTPUT 

Input or 110 to Output EnablelDlsabie 
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OClK 

SUmTenn CLK J twh2 

Clock Width 

Specifications GAL6001 

INPUT or 
110 FEEDBACK 

IClK (REGISTER) 
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SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto3.0V 

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

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 

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

Output Load Conditions (see figure) 

Test Condition Rl Rz CL 

1 3000 3900 50pF 

2 Active High .. 3900 50pF 

Active Low 3000 3900 50pF 

3 Active High .. 3900 SpF 

Active Low 3000 3900 SpF 

2-159 

Specifications GAL6001 

FROM OUTPUT (0/0) 
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R2 
Cl 

C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE 
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ARRAY DESCRIPTION 

The GAL6001 contains two E2 reprogrammable arrays. The first 
is an AND array and the second is an OR array. These arrays are 
described in detail below. 

AND ARRAY 
The AND array is organized as 78 inputs by 75 product term 
outputs. The 10 ILMCs, 10 IOLMCs, 8 BLMC feedbacks, 10 
OLMC feedbacks, and ICLK comprise the 39 inputs to this array 
(each available in true and complement forms). 64 product terms 
serve as inputs to the OR array. The RESET product term 
generates the RESET signal described in the Output and Buried 
Logic Macr0C811s section. There are 10 output enable product 
terms which aHow device pins 14-23 to be bi-direclional or tli-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 
10 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 pro
grammable OR array is more flexible than a fixed, shared, or 
variable product term architecture. 

ELECTRONIC SIGNATURE WORD 
An electronic signature (ES) is provided with every GAL6001 
device. It contains 72 bits of reprogrammable memory that can 
contain user defined data. Some uses include user 10 codes, 
revision numbets, or inventory control. The signature data is 
always available to the user independent of the stale of the sa
curitycell. 

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

SECURITY CELL 

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

Specifications GAL6001 

BULK ERASE 
Before writing a new pattem into a previously programmed part, 
the old pattern must first be erased. This erasure is done 
automatically by the programming hardware as part of the pro
gramming cycle and takes only 50 milliseconds. 

REGISTER PRELOAD 
When testing stale machine designs, all possible states and stale 
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 stale: power
up, brown out, line voItags glitches, etc. To test a design for proper 
treatment of these conditions, a method must be provided to break 
the feedback paths and force any desired state (i.e., illegal) into 
the registers. Then the machine can be sequenced and the 
outputs tested for correct next state generation. 

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

LATCH-UP PROTECTION 

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

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

GAL6001 devices do not possess active pull-ups within their input 
structures. As a result, Lattice recommends that all unused in
puts and tli-stated VO 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. 

5/92 
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POWER-UP RESET 

Circuilty 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 (tpr, 11JS MAX). As a resuH, the state 
on the registered output pins (if they are enabled) will always be 
high on power-up, regardless of the programmed polarity of the 
output pins. This feature can greatly simplify state machine design 
by providing a known state on power-up. The timing diagram for 
power-up is shown below. Because of the asynchronous nature 
of system power-up, some conditions must be met to guarantee 
a valid power-up reset of the GAL6001. First, the Vee rise must 
be monotonic. Second, the clock input must be at static TTL level 
as shown in the diagram during power up. The registers wiD reset 
within a maximum of tpr time. As in normal system operation, 
avoid clocking the device until all input and feedback path setup 
times have been met. The clock must also meet the minimum 
pulse width requirements. 

Specifications· GAL6001 

Q FEEDBACK AND """'" Pin 
REGISTERED ~ _"LogIc".~ 

OUTPtlTPIN 

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)HI. I 
DPTS restricts the number of product terms that can be switched 
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simultaneously - there is no 6mit on the number of product terms 
that can be used. 

A software utility is available from Lattice Applications Engineering 
that win perform this calculation on any GAL6001 JEDEC file. This 
program, DPTS, and additional information may be obtained from 
your local Lattice representative or by contacting Lattice 
Applications Engineering Dept. (Tel: 503-681-0118 or 800-
FASTGAL; FAX: 681-3037). 
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CORPORATE PHILOSOPHY 
Lattice Semiconductor is committed to leadership in 
performance and quality. Our family of military GAL 
devices is consistent with this philosophy. Lattice 
manufactures all devices under strict Quality Assurance 
guidelines. All grades, Commercial through Military 883, 
are monitored under a quality program conformant to MIL
M-3851 0 Appendix A with inspections conformantto MIL-
1-45208. 

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

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

All GAL devices are pattemed and tested dozens of times 
throughout the manufacturing flow. Every GAL device is 
tested under worst case configurations to assure 
customers achieve 100% yields. Tests are performed 
using the same E2 cell array that will be used for the final 
patterning of the devices. This 100% "actual test" 
philosophy does away with the correlated and simulated 
testing that is necessary with bipolar and UV (EPROM) 
based PLD devices. 

RELIABILITY 
Lattice Semiconductor performs extensive reliability testing 
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. 

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

MIL-STD-883 COMPLIANCE 
MIL-8TD-883 provides a uniform and precise method for 
environmental, mechanical and electrical testing which 
ensures the suitability of microelectronic devices for use 
in military and aerospace systems. Table I summarizes 
the MIL-8TD-883, Class B flow. Table II summarizes the 
conformance testing required by MIL-STD-883, Method 
5005, for quality conformance testing of Lattice military 
microcircuits. 

MIL-M-38510 
MIL-M-3851 0, when used in conjunction with MIL-8TD-
883, defines design, packaging, material, marking, 
sampling, qualification and quality system requirements 
for military devices. 

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

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

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

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

MILITARY SCREENING FLOW MILITARY QUALITY CONFORMANCE 
(TABLE I) INSPECTIONS (TABLE II) 

Screen Method Requirement 
Internal Visual 2010 Cond. B 100% 

SubQroup I Method I Sample 
GROUP A: Electrical Tests 

Temp. Cycling 1010Cond. C 100% Subgroups 1, 7, 9 Applicable Device Spec. LTPD=2 

Constant Acceleration 2001 Condo E 100% Electrical Test 25°C 

Hermetlclty 1014 100% Subgroups 2, SA, 10 Applicable Device Spec. LTPD=2 

Fine Cond.AorB Electrical Test Max. Operating Temp. 

Gross Cond.C Subgroups 3, S8, 11 Applicable Device Spec. LTPD=2 

Endurance Test 1033 100% Electrical Test Min. Operating Temp. 

Retention Test Unbiased Bake 100% GROUP B: Mechanical Tests 
24HRS. Subgroup 2 4(0) 

TA = 180°C Solvent Resistance 2015 

Pre Bum-In Electrical Applicable Device 1000";' Subgroup 3 LTPD=10 

Specification Solderability 2003 

Tc=25°C Subgroup 5 LTPD=15 

Dynamic Bum-In 1015Cond. D 100% Bond Strenalh 2011 
Post Burn-In Electrical Applicable Device 100% GROUP C: ChTDlntea ritvTests 

Specification Subgroup 1 

Tc = 25°C Dynamic Life Test 1005,1,000 HRS. 125°C LTPD=5 

PDA-5% End Point Electrical Applicable Device Spec. 

Final Electrical Test Applicable Device 100% Subgroup 2 

Specification Unbiased Retention 1,000 HRS. 150°C LTPD=5 

Tc= 125°C End Point Electrical Applicable Device Spec. 

Final Electrical Test Applicable Device 100% GROUP 0: Environmental Integrity 

Specification Subgroup 1 LTPD = 15 

Tc = - 55°C Physical Dimensions 2016 

Final Electrical Test Applicable Device 100% Subgroup 2 LTPD=5 
Specification Lead Integrity 2004, Condo B 

Tc= 25°C Hermeticlty 1014 

External Visual 2009 1000";' Subgroup 3 LTPD=15 

aCI Sample Selection MIL-M-38510 Sample Thermel Shock 1011, Cond. B, 15 Cycles 

Sec. 4.5 and Temp. Cycle 1010, Condo C, 100 Cycles 

MIL-STD-883 Moisture Resistance 1004 

Sec. 1.2 Hermeticity 1014 
Visual Examination 1004,1010 
Endpoint Electrical Applicable Device Spec. 

Subgroup 4 LTPD = 15 
Mechanical Shock 2002, Condo B 
Vibration 2007, Condo A 
Constant Acceleration 2001, Condo E 
Hermeticity 1014 
Visual Examination 1010,1011 
Endpoint Electrical Applicable Device Spec. 

Subgroup 5 LTPD=15 
Salt Atmosphere 1009, Condo A 
Hel1T1eticity 1014 
Visual Examination 1009 

Subgroup 6 3(0) 
Intemal Water Vapor 1018 < 5,000 PPM, 100°C 

Subgroup 7 LTPD=15 
Lead Finish Adhesion 2025 

SubgroupS 5(0) 
Lid Torque 2024 
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Lattice offers the most comprehensive line of military 
PCMOS Programmable Logic Devices. Lattice 
recognizes the trend in military device procurement towards 
using SMD compliant devices and encourages customers 

Military Products Selector Guide 

DEVICE TYPE Tpd Icc PACKAGE (ns) (rnA) 

10 130 20·Pin CEROIP 

130 20·PinLCC 

15 130 20·Pin CEROIP 

130 20·Pln LCC 

20 65 20·Pin CEROIP 

GAL16V8 
65 2Q-PinLCC 

130 20·Pln CEROIP 

130 2Q-Pin LCC 

25 65 2O·Pin CEROIP 

65 2O·PinLCC 

30 130 20·Pin CEROIP 

130 2O·PinLCC 

15 130 24-Pln CEROIP 

130 28·Pin LCC 

20 65 24-PIn CEROIP 

65 28·PinLCC 

130 24-Pln CEROIP 
GAL20V8 

130 28·Pin LCC 

25 65 24·Pin CEROIP 

65 28·Pln LCC 

30 130 24·Pin CEROIP 

130 28·Pin LCC 

15 150 24-Pin CEROIP 

150 2B-Pln LCC 

20 150 24-Pin CEROIP 

150 28·Pin LCC 
GAL22V10 

25 150 24·Pln CEROIP 

150 28·Pin LCC 

30 150 24-Pin CEROIP 

150 2B-PlnLCC 

20 160 2B-PIn CEROIP 

160 2B-Pin LCC 
GAL26CV12 

25 160 2B-PIn CEROIP 

160 28·PinLCC 

20 120 24-PIn CEROIP 

120 28·PlnLCC 
GAL20RA10 

25 120 24-Pin CERDIP 

120 28·PinLCC 
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Military Ordering 
Information 

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

LATTICE PART. SUD. 

GAL 16V8B-l OLO/863 5962-8983904RA 

GAL 16V8B-l0LRI883 5962-89839042A 

GAL 18V8A-15LOI883 5962-8983903RA 

GAL 16V8A·15LR1883 5962-89839032A 

GAL 16V8A·2000/883 5962-8983906RA 

GAL 16V8A·200Rl863 5962-89839062A 

GAL 16V8A·20LO/863 5962-8983902RA 

GAL 16V8A·2OLRl883 5962-89839022A 

GAL 16V8A·25QDl863 5962·8983905RA 

GAL 18V8A·25QRI883 5962·89839052A 

GAL 16V8A·30LO/883 5962-8983901 RA 

GAL16V8A·30LRl863 5962·89839012A 

GAl2OV8A·15lO/863 5962-8984003LA 

GAl2OV8A·15LRl883 5962·89840033A 

GAl2OV8A·20001883 Contact Factory 

GAl2OV8A·200Rl863 Contact Factory 

GAL20VBA·2OlDl863 5962·8984002LA 

GAL20V8A·2OLRI883 5962·89840023A 

GAl2OV8A-2500/863 Contact Factory 

GAL20V8A·250Rl863 Contact Factory 

GAl2OVSA·3OLO/863 5962-8984001 LA 

GAl2OV8A·3OLRl863 5962-89840013A 

GAL22V1OB-15LDI863 5962·898410aLA 

GAL22Vl0B-15LR1863 5962-89841033A 

GAL22Vl0·2OLDI883 5962-8984102LA 

GAL22Vl0-20LR1863 5982·89841023A 

GAL22Vl0·25LOI883 5962-8984104LA 

GAL22Vl0·25LRI883 5962-89841043A 

GAL22Vl0-30LOI883 5962-8984101 LA 

GAL22V1Q-30LRl883 5962·89841013A 

GAL26CV.12·2OLDl863 Contact Factory 

GAL26CV12·2OlRl863 Contact Factory 

GAL26CVI2-25LO/883 Contact Factory 

GAL26CV12·25LRl863 Contact Factory 

GAl20RA 1 Q-2OlDI863 Contact Factory 

GAl20RA lQ-2OLRl883 Contact. Factory 

GAL20RA 1 Q-25LO/863 Contact Factory 

GAl20RA lQ-25LRl863 Contact Factory 
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Military Ordering Infonnation 

DESC Standard Military Drawing Listing 

SMDI LATTICE PART I SMDI LATTICE PART I 
5962-89839012A GAL 16V8A-30LRI883 5962-8984001 LA GAl20V8A-30LD/883 

5962-8983901 RA GAL 16V8A-30LD/883 5962-89840023A GAl20V8A-20LRI883 . 

5962-89839022A GAL 16V8A-20LRl883 5962-8984002LA GAl20VSA-20LD1883 

5962-8983902RA GAL 16V8A-20LD/883 5962-89840033A GAl20V8A-15LRI883 

5962-89839032A GAL 16V8A-15LRI883 5962-8984003LA GAL20V8A-15LD1883 

5962-8983903RA GAL 16V8A-15LD/883 5962-89841013A GAL22V10-30LRI883 

5962-89839042A GAL 16V8B-1 OLRl883 5962-8984101 LA GAl22V10-30LD1883 

5962-8983904RA GAL16V8B-10LD/883 5962-89841023A GAl22V10-20LRI883 

5962-89839052A GAL 16V8A-250Rl883 5962-8984102LA GAl22V10-20LDI883 

5962-8983905RA GAL 16V8A-250D/883 5962-89841033A GAl22V10B-15LRl883 

5962-89839062A GAL 16V8A-200Rl883 5962-8984103LA GAl22V10B-15LD/883 

5962-8983906RA GAL 16V8A-200D/883 5962-89841043A GAl22V10-25LRl883 

5962-89840013A GAl20V8A-30LRl883 5962-8984104LA GAl22V10-25LDI883 

Standard Military Drawing Number Description 

5962-XXXXX xx 
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Lead Finish 
A = Solder dipped 

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

Device Type 

Drawing Number 
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FEATURES 

• HIGH PERFORMANCE E2CMOS" TECHNOLOGY 
- 10 ns Maximum Propagation Delay 
- Fmax = 62.5 MHz 
- 7 ns Maximum from Clock Input to Data Output 
- TIL Compatible 24 mA Outputs 
- UltraMOS" Advanced CMOS Technology 

• 50% to 75% REDUCTION IN POWER FROM BIPOLAR 
- 75mA lYP Icc on Low Power Device 
- 45mA lYP Icc on Quarter Power Device 

• ACTIVE PULL-UPS ON ALL PINS (GAL 16V8B) 

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

• EIGHT OUTPUT LOGIC MACROCELLS 
- Maximum Flexibility for Complex logic Designs 
- Programmable Output Polarity 
- Also Emulates 2O-pln PAL" Devices with Fu" Func-

tionlFuse MaplParametrlc Compatibility 

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

• APPLICATIONS INCLUDE: 
- DMA Control 
_. State Machine Control 
- High Speed Graphics Processing 
- Standard Logic Speed Upgrade 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 
DESCRIPTION 

The GAL 16V8B1883 and GAL 16V8A1883 are high performance 
E2CMOS programmable logic devices processed in full compli
ance to MIL-STD-883. These military grade devices combine 
a high performance CMOS process with Electrically Erasable 
(EO) floating gate technology to provide the highest speed/power 
performance available in the 883 qualified PLD market. The 
GAL 16V8B/883, at 10ns maximum propagation delay time, is 
the world's fastest military qualified CMOS PLD. CMOS circuitry 
allows the GAL 16V8A quarter power devices to consume just 
45mA typical Icc, which represents a 75% savings in power 
when compared to bipolar counterparts. 

Generic architecture provides maximum design flexibility by 
allowing the Output Logic Macrocell (OLMC) to be configured by 
the user. The GAL 16V8A1883 and GAL 16V8B1883 are capable 
of emulating all standard 20-pin PAL" devices with full function! 
fuse map/parametric compatibility. 

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

GAL16V8BI883 
GAL16V8A1883 
High Performance E2CMOS PLD 

FUNCTIONAL BLOCK DIAGRAM 

Vee 

:zoJ 
19 

2 

18 

3 

17 

4 

18 

15 

6 

14 

7 

13 

8 

12 

9 
11 

PIN CONFIGURATION 

CERDIP 

LCC I/CLK Vee 

IIOIQ 

I lieU( Vee UOIQ 
IIOIQ 

20 
UOIQ IIOIQ 

UOIQ IIOIQ 

GAL16V8AIB 
UOIQ IIOIQ 

Top View 
UOIQ IIOIQ 

UOIQ IIOIQ 

IIOIQ 
I GHD IIOE UOIQ UOIQ 

GHD IIiiE 

Copyright C'992La11ice Semlccnductor Corp. GAl.. E'CMOS and U.raMOS are reg/8le<ed lradem ..... oIl.aItice Semiconductor Corp. Generic Array logic Is a Irademar1< of Lanice Semlccnduc
tor Corp. All brand or product names mentioned are trademar1<B or ragistered trademar1<B of lhelr respective holders. The specifications and information _ are sublecl to change without 
notice. 

LATTICE SEMICONDUCTOR CORP .• 5555 N.E. Moore Ct., Hillsboro, Oregon 97124. U.S.A. May 1992 
Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037 
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Specifications GAL 16V8BI883 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Supply voltage Vee ............................... ~ ....... -o.5 to +7V case Temperature (T c> .............................. -55 to 125°C 

Input voltage applied ........................... -2.5 to Vee + 1.0V Supply voltage N cc> 
Off-state output voltage applied .......... -2.5 to Vee + 1.0V with Respect to Ground ...................... +4.50 to +5.50V 
Storage Temperature ................................. -65 to 15O"C 
Case Temperature with 

Power Applied ........................................ -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

Ratings" may cause permanent damage to the device. These 
are stress only ratings and functional operation of the device 
at these or at any other COIIdItIons above those indicated in the 
operational sections 01 this specifICation is not implied (while 
programming, follow the programming speclflC8tlons). 

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditione (Unl ... Otherwl .. Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vas-O.S 

VIH Input High Voltage 2.0 

liLt Input or VO Low Leakage Current OV ~ VIN ~ VIL (MAX.) -
IIH Input or I/O High Leakage Current 3.5V ~ VIN ~ Vee -

VOL Output Low Voltage lot. = MAX. Vin .. VIL or VIH -
VOH Output High Voltage IoH = MAX. Vm = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los· Output Short Circuit Current Vee=5V VOUT=0.5V TA=25°C -30 

Icc Operating Power Supply Current VIL = 0.5V VIH = 3.0V .... = 25 MH;z -
Outputs Open (no toed) 

TYP.' 

-
-
-
-
-
-
-
-
-
75 

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

MAX. UNITS 

0.8 V 

Vee+1 V 

-100 I1A 
10 I1A 
0.5 V 

- V 

12 rnA 

-2 rnA 

-150 rnA 

130 rnA 

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 degradetion. Guaranteed but not 100% tested. 
3) Typical values are at Vee = 5V and TA= 25·C 

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

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

C. Input Capacitance 10 pF Vcc=S.OV. V.",2.0V 

CI'O I/O Capacitance 10 pF Vcc=S.OV. VI'O= 2:0V . Guaranteed but not 100% tested •. 
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Specifications GAL 16V8BI883 

AC SWITCHING CHARACTERISTICS 
Over Aecommended Operating Conditions 

TEST -10 
PARAMETER COND1. 

DESCAIPTION UNITS 
MIN. MAX. 

tpcl 1 Input or VO to Combinational Output 2 10 ns 

teo 1 Clock to Output Delay 1 7 ns 

tcP - Clock to Feedback Delay - 7 ns 

tsu - Setup lime, Input or Feedback before Clock 10 - ns 

th - Hold lime, Input or Feedback after Clock 0 - ns 

1 Maximum Clock Frequency with 58.8 - MHz 
External Feedback, 1/(tsu + tco) I, 

fmax' 1 Maximum Clock Frequency with 
Intemal Feedback, 1/(tsu + tet) 

58.8 - MHz 

1 Maximum Clock Frequency with 62.S - MHz 
No Feedback 

twh - Clock Pulse Duration, High 8 - ns 

twt - Clock Pulse Duration, Low I 8 - ns 

ten 2 Input or 110 to Output Enabled -, 10 ns , 
2 OE to Output Enabled - 10 ns 

, 
tdis 3. Input or 110 to Output Disabled - 10 ns 

3 OE to Output Disabled - 10 nS 
. 

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

SWITCHING TEST CONDITIONS 

Input Pulse Levets GNDto 3.0V +5V 
Input Rise and Fatllimes 3ns 10%-90% 
Input liming Reference Levets 1.SV 
Output liming Reference Levels 1.SV 

Output Load See Figure 

3-.state levllls are me.asured~.SV from steady-stateadive level. . FROM OUTPUT (00) 
UNDERTEST . 

-"..,...,......,""'""'--.-- TEST POINT .. 

Output Loed Conditions (see figure) 

Test Condition At AI 
CL 

CL 

1 3900 7500 SOpF 
2 Active High 00 750Q SOpF 

Active Low 3900 7500 SOpF 
3 Active High 00 750Q SpF 

Active Low 3900 7500 SpF C LINCLlJDESJG All) PROIIE TOTAL CAPACITANCE 

5192 
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Specifications GAL 16V8A1883 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Supply voltage V cc ....................................... -0.5 to + 7V CaseTemperature (T c) ............................... -55 to 125°C 
Supply voltage (V cc) Input voltage applied .•......................... -2.5 to V cc + 1.0V 

Off·state output voltage applied .......... -2.5 to Vcc +1.0V with Respect to Ground ...................... +4.50 to +5.50V 

Storage Temperature ......................•.......... -65 to 150°C 
Case Temperature with 

Power Applied ........................................ -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unle .. Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.S 

VIH Input High Voltage 2.0 

ilL Input or 110 Low Leakage Current OV ~ VIN < VIL (MAX.) -
IIH Input or 110 High Leakage Current VIH ~ VIN ~ Vee -

VOL Output Low Voltage IoL=MAX. Yin = VIL or VIH -
VOH Output High Voltage IOH = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los' Output Short Circuit Current Vcc=5V VOOJr = 0.5V TA= 25°C -30 

Icc Operating Power Supply Current VIL= 0.5V VIH=3.0V L ·151·20/·30 -
Outputs Open (no load) Q ·201·25 -
ftoggle = 25MHz 

TYP." MAX. UNITS 

- 0.8 V 

- Vee+1 V 

- ·10 IlA 
- 10 IlA 
- 0.5 V 

- - V 

- 12 mA 

- -2.0 mA 

- -150 mA 

75 130 mA 

45 65 rnA 

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

2) Typical values are at Vee = 5V and TA = 25°C 

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

C, Input Capacitance 10 pF V cc = 5.0V, V, = 2.0V 

ClIO 110 Capacitance 10 pF Vee = 5.0V, VI/O = 2.0V 

"Guaranteed but not 100% tested. 

5192 
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AC SWITCHING CHARACTERISTICS 

Specifications GAL 16V8A1883 

Over Recommended Operating Conditions 

TEST DESCRIPTION 
·15 ·20 ·25 -30 

PARAMETER 
pOND'. 

UNITS 
MIN. MAX MIN. MAX. MIN. MAX. MIN. MAX. 

tpd 1 Input or VO to Combinational Output 3 15 3 20 3 25 3 30 ns 

teo 1 Clock to Output Delay 2 12 2 15 2 15 2 20 ns 

tcf2 - Clock to Feedback Delay - 12 - 15 - 15 - 20 ns 

tsu - Setup Time, Input or Feedback before Clock 12 - 15 - 20 - 25 - ns 

th - Hold Time, Input or Feedback after Clock 0 - 0 - 0 - 0 - ns 

1 Maximum Clock Frequency with 41.6 - 33.3 - 28.5 - 22.2 - MHz 
Extemal Feedback, 1/(tsu + tco) 

fmax' 1 Maximum Clock Frequency with 41.6 - 33.3 - 28.5 - 22.2 - MHz 
Internal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 50 - 41.6 - 33.3 - 33.3 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 10 - 12 - 15 - 15 - ns 

twl - Clock Pulse Duration, Low 10 - 12 - 15 - 15 - ns 

ten 2 Input or I/O to Output Enabled - 15 - 20 - 25 - 30 ns 

2 OE to Output Enabled - 15 - 18 - 20 - 25 ns 

tdis 3 Input or VO to Output Disabled - 15 - 20 - 25 - 30 ns 

3 OE to Output Disabled - 15 - 18 - 20 - 25 ns 

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

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 

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

Output Load Conditions (see figure) 

Test Condition R, Rz CL 

1 3900 7500 50pF 
2 Active High ~ 7500 50pF 

Active Low 3900 7500 50pF 
3 Active High ~ 7500 5pF 

Active Low 3900 7500 5pF 

3-9 

+5V 

FROM OUTPUT (0/0) 
UNDER TEST 

--+--~--TESTPOINT 

R2 
CL 

C L INCLUDES JIG AND PROBE TOTAL CAPACITANCE 

5192 
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SWITCHING WAVEFORMS 

INPUT or 
UOFEEDBACK 

COMBINATORIAL 
OUTPUT 

INPUT or 
VOFEEDBACK 

OUTPUT 

\\ \\\\\il:;~ 
\\\\\\\\\\\\\\U== 

Combinatorial Output 

Input or 110 to Output EnableIDlsable 

twl 

CLK 

Clock Width 

Specifications GAL 16V8BI883 
GAL 16V8A1883 

3-.10 

INPUT or 
UOFEEDBACK 

CLK 

REGISTERED 
OUTPUT 

OE 

OUTPUT 

eLK 

REGISTERED 
FEEDBACK 

Registered Output 

OE to Output Enable/Disable 

fmax with Feedback 
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fmax DESCRIPTIONS 

ClK 

,----------------------------------- -------------, , , , , , , , , , , 

lOGIC 
ARRAY 

REGISTER 

, , 
, ___ 0 __ 0 ______ -_._-_._-------_ •• __ ••• _-----------_. 

1<111"'--- .. u---. .... I ... I----tco~ 

fmax with External Feedback 1/(tsu+tco) 

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

C K 
' ___ OM_OO ______ •• _______ • ___ •• _________________ , 

LOGIC 
ARRAY 

REGISTER 

~ - - __ - _ •• OM __ • _. _________ • ____ • _. ____________ • _ 0' 

fmax Without Feedback 

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

Specifications GAL 16V8BI883 
GAL 16V8A1883 
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elK 
1-········----------···--······--· ____ OM_OM_OM: 

REGISTER 

:_----------_ ... _ ... _-_ ... ------------_ .. _----_! 
... ~I-----tcf-----1.~1 
... ~I------tPd-----~.! 

fmax with Internal Feedback 1/(tsu+tcf) 

Note: tcf is a calculated value, derived by 
subtracting tsu from the period of fmax wI 
intemal feedback (tcf = 1lfmax - tsu). The 
value of tcf is used primarily when calculating the 
delay from clocking a register to a combinato
rial output (through registered feedback), as 
shown above. For example, the timing from 
clock to a combinatorial output is equal to tel + 
tpd. 
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Specifications GAL 16V8BI883 
GAL 16V8A1883 

GAL 16V8A/B ORDERING INFORMATION (MIL-STD-883 and SMD) 

OrderIng. 

Tpd Tsu Teo Icc Package MIL-8TD-883 (ns) (ns) (ns) (mA) 
10 10 7 130 2O-Pin CERDIP GAL 16V8B-10LD1883 

130 2()"PlnLCC GAL 16V8B-1OLR1883 

15 12 12 130 2()"Pln CERDIP GAL 16V8A-15LD1883 

130 2()"PlnLCC GAL 16V8A-15LR1883 

20 15 15 65 2()..Pin CERDIP GAL 16V8A-2OQD1883 

65 2O-Pin LCC GAL 16V8A-2OQR1883 

130 2O-Pin. CERDIP GAL 16V8A-2OLDI883 

130 2()..PinLCC GAL 16V8A-20LR1883 

25 20 15 65 2()"PIn CERDIP GAL 16V8A-250DI883 

65 2O-PinLCC GAL 16V8A-25QR1883 

30 25 20 130 20-Pin CERDIP GAL 16V8A-30LD1883 

130 2O-PinLCC GAL 16V8A-3OlR1883 

Note: Lattice recognizes the trend in military device procurement towards using SMD 
compliant devices, as such, ordering by this number where it exists is recommended. 

PART NUMBER DESCRIPTION 

GAL16V8A 
GAL16V8B 

XXXXXXXX - xx 

--~ 
x X X 

SMDI 

5962-8983904RA 

5962-89839042A 

5962-8983903RA 

5962-89839032A 

5962-8983906RA 

5962-89839062A 

5962-8983902RA 

5962-89839022A 

5962-8983905RA 

5962-89839052A 

5962-8983901 RA 

5962-89839012A 

Speed (ns) _____ ---J 
'----- MIL Process 1883 = 883 Process 

L = Low Power Power ----------' 
Q = Quarter Power 

3-12 

'------ Package D = CERDIP 
R=LCC 
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FEATURES 

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

• 50% to 75% REDUCTION IN POWER FROM BIPOLAR 
- 75mA Typ I .. on Low Power Device 
- 45mA Typ I .. on Quarter Power Device 

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

• EIGHT OUTPUT LOGIC MACROCELLS 
- Maximum Flexibility for Complex Logic Designs 
- Programmable Output Polarity 
- Also Emulates 24-pln PAL" Devices with Full Func-

tlonlFuse Map/Parametric Compatibility 

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

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

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL20V8A1883 is a high performance PCMOS program
mable logic device processed in full compliance to MIL-STD-
883. The GAL20V8A1883, at 15ns maximum propagation delay 
time, is the world's fastest military qualified 24-pin CMOS PLD. 
CMOS circuitry allows the GAL20V8A quarter power device to 
consume just 45mA typical Icc, which represents a 75% savings 
in power when compared to bipolar counterparts. 

Generic architecture provides maximum design flexibility by 
allowing the Output Logic Macrocell (OLMC) to be configured by 
the user. The GAL20V8A1883 is capable of emulating all 
standard 24-pin PAL" devices with full functionlfuse map/para
metric compatibility. 

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

GAL20V8A1883 
High Performance E2CMOS PLD 

Generic Array Logic™ 

FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

CERDIP 

LCC 
VCLK Vee 

!5 8 !I ~ > _ ~ 
2 U 21 

1/0/0 
IIOIQ 1/0/0 
IIOIQ 

GAL20V8A IIOIQ 
1/0/0 

NC NC 1/0/0 
Top View 

IIOIQ IIO/Q 
IIOIQ 

IIO/Q 
IIOIQ 

1/0/0 

--ill!'g-~ IIO/Q 

GND I/OE 

Copyright C1992Lattice Semiconductor Corp. GAL, E'CMOS and UftraMOS are registered traclemarks of Lattice Semiconductor Corp. Generic Array logic Is a trademark of Lattice Semiconduc
tor Corp. All brand or product n ..... mentioned are trademarks or ragisterad trademarks of their respective holders. The specifications and Infonnation herein ar. subject to ch8nge-... 
notice. 

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A. 
Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037 -

May 1992 
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Specifications OAL.20V8A1883 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Supply voltage Vee ....................................... -0.5 to +7V CaseTemperature (T c> ............................... -55 to 125°C 
Supply voltage (V cJ Input voltage applied ........................... -2.5 to Vee + 1.0V 

Off-state output voltage applied •.••....•. -2.5 to Vee + 1.0V with Respect to Ground •...•....••.•..•...•.. +4.50 to +5.50V 

Storage Temperature ................................. -65 to 150°C 
Case Temperature with 

Power Applied .................................. , ..... -55 to 125°C 
1.Suesses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vas-O.5 

VIH Input High Voltage 2.0· 

IlL Input or 110 Low Leakage Current OV ~ YIN ~ VIL (MAX.) -
IIH Input or 110 High Leakage Current YIH ~ YIN ~ Yee -

VOL Output Low Voltage IoL = MAX. Vin = YIL or YIH -
VOH Output High Voltage loti = MAX. Vin = YIL or YIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
10s1 Output Short Circuit Current Vee=5V Your = 0.5V T,,= 25·C -30 

Icc Operating Power Supply Current YIL= 0.5V YIH=3.0V L -151-201-30 .-
Outputs Open (no load) 0-20/-25 -
ftop= 25M Hz 

TYP.! MAX. UNITS 

- 0.8 V 

- Vee+1 V 

- -10 jlA 

- 10 jlA 

- 0.5 V 

- - V 

- 12 rnA 

- -2.0 rnA 

- -150 rnA 

75 130 rnA 

45 85 rnA 

1) One output at a time for a maximum duration of one second. Vout =0.5V was $8Iected to avoid test problems caused by tester 
ground degradation. Guaranteed but not 100% tested. 

2) Typical values are at Vee = 5V and TA = 25 ·C 

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONomONS 

CI Input Capacitance 10 pF V co = 5.0V, VI = 2.0V 

ClIO 110 Capacitance 10 pF Vco =5.0V, VIIO=2.0V 

"Guaranteed but not 100% tested. 

3-14 
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Specifications GAL20V8Al883 

AC SWITCHING CHARACTERISTICS 
Over Recommended Operating Conditions 

TEST DESCRIPTION 
·15 ·20 ·25 -30 

PARAMETER UNITS 
COND' MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tpd 1 Input or VO to Combinational Output 3 15 3 20 3 25 3 30 ns 

teo 1 Clock to Output Delay 2 12 2 15 2 15 2 20 ns 

tcf2 - Clock to Feecblck Delay - 12 - 15 - 15 - 20 ns 

tsu - Setup Time, Input or Feedback befo., Clock 12 - 15 - 20 - 25 - ns 

th - Hold Time, Input or Feedback after Clock 0 - 0 - 0 - 0 - ns 

1 Maximum Clock Frequency with 41.6 - 33.3 - 28.5 - 22.2 - MHz 
Extemal Feedback, 1/(tsu + too) 

fmai' 1 Maximum Clock Frequency with 41.6 - 33.3 - 28.5 - 22.2 - MHz 
Intemal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 50 - 41.6 - 33.3 - 33.3 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 10 - 12 - 15 - 15 ""'", ns 

twl - , Clock Pulse Duration, Low 10 - 12 - 15 - 15 - ns 

ten 2 Input or va to Output Enabled - 15 - 20 - 25 - 30 ns 

2 OE to Output Enabled - 15 - 18 - 20 - 25 ns 

tells 3 Input or I/O to Output Di,sabled - 15 - 20 - 25 - 30 ns 
3 OE to Output Disabled - 15 - 18 - 20 - 25 ns 

1) Refer to Switching Teat Conditions section. 
2) Calculated from fmax with intemal feedback. Refer to frnax Descriptions section. 
3) Refer to frnax Descriptions section. 

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDto 3.0V +5V 
Input Rise and FaN Times ,3ns 10% - 90% 
Input Timing Reference Levels 1.5V 
Output Timing Reference Levels 1.5V 

Output Load See Figure 

3-stste levels are measured 0.5V from steady-stste active 
level. FROM OUTPUT (00) 

UNDER TEST 
~-"----<~-TEST POINT 

Output Load Conditions (see figure) 

R2 Teat ~dltlon Rl Ib CL 
Cl 

1 3900 7500 500F 
2 Active High 00 7500 SOpF 

Active Low 3900 7500 SOpF 
3 Active High 00 7500 SpF 

Active Low 3900 7500 SpF C llNClUllES.IG AND PROBE TOTAl. CAPACITANCE 

3-15 
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SWITCHING WAVEFORMS 

INPUT or 
VOFEEOBACK 

COMBINATORIAL 
OUTPUT 

INPUT or 
VOFEEDBACK 

OUTPUT 

\\\ \\ \\\\ f VALID INPUT 

'~tpd~, 
""""""\\\\"TTT'"1\\\ ,,"""""""'\\\"""""'\\\\l== 

Combinatorial Output 

Input or 110 to Output Enable/Disable 

ClK 

Clock Width 

Specifications GAL20V8A1883 
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INPUT or 
VOFEEOBACK 

ClK 

REGISTERED 
OUTPUT 

OE 

OUTPUT 

ClK 

REGISTERED 
FEEDBACK 

Registered Output 

OE to Output EnableIDlsable 

tcf~tsu 

\\\ \\\\\\L __ 
fmax with Feedback 
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fmax DESCRIPTIONS 

ClK 
, ________________ •• ___ •• ____________ - ______ 0 .... -., 

, , , , , , , , , , 

lOGIC 
ARRAY 

REGISTER 

, , '. __ . _______________________________ . ___ ~ .0- _._._ .. 

1<III1~1_--I.u....,..--.~II.rI~I_--lco~ 

fmax with External Feedback 1/(tsu+tco) 

Note: fmax with extemal feecl:>ack Is calculated from measured 
tsuandtco. 

~ ._. "0_" _____ • __ ................ ____ .. _____ .. __ .. _________ .' 

fmax Without Feedback 

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

Specifications GAL20V8A1883 
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eLK 

r .. -:------:-tcl--....,~I 
1III, .. I------tPd-----~ .... 1 

fmax with Interne.1 Feedback 1/(t8U+tcf) 

Note: tel is a calculated value, derived by subtracting tsu from 
the period of fmax wlintemal feedback (tel = 1/fmax- tsu), The 
valuEt of tcf Is used primarily whe.n calculating the delay from 
clocking a register to a combinatorial output (through registered 
feedback), as shown above. For example, the timing from clock 
toa combinatorial output is equal to tel + tpd. 
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Specifications GAL20V8A1883 

GAL20V8A ORDERING INFORMATION (MIL-STD-883 and SMD) 

Ordering' 

Tpd Tau Tco Icc Package MIL-STD-883 (na) (n8) (n8) (rnA) 

15 12 12 130 24-Pin CERDIP GAL20VSA-15LDI883 

130 2S-Pin LCC GAL20VSA-15LRl883 

20 15 15 65 24-Pin CERDIP GAL20VSA-200D/S83 

65 2S-Pin LCC GAL20VSA-200Rl883 

130 24-Pin CERDIP GAL20VSA-2OLDI883 

130 2S-Pin LCC GAL20VSA-20LRl883 

25 20 15 65 24-Pln CERDIP GAL20VSA-250DI883 

65 28-Pin LCC GAL20VSA-25QR/883 

30 25 20 130 24-Pln CERDIP GAL20VSA-30LD/883 

130 28-Pin LCC GAL20VSA-3OLRl883 

Note: Lattice recognizes the trend in military device procurement towards using SMD 
compliant devices, as such, ordering by this number where it exists is recommended. 

PART NUMBER DESCRIPTION 

XXXXXXXX - XX x X X 

GAL20V8A DevlceN .... ~ 

SMD' 

5962-S984003LA 

5962-S9840033A 

Contact Factory 

Contact Factory 

5962-S984002LA 

5962-S9840023A 

Contact Factory 

Contact Factory 

5962-8984001 LA 

5962-89S40013A 

Speed (n8) -------' '----- MIL Process /883 = 883 Process 

L = Low Power Power ----------1 
Q = Quarter Power 

3-18 

Package 0 = CERDIP 
R=LCC 
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FEATURES 

• HIGH PERFORMANCE E"CMOS· TECHNOLOGY 
-15 ns Maximum Propagation Delay 
- Fmax = 62.5 MHz 
- 8ns Maximum from Clock Input to Data Output 
- TTL Compatible 12 mA Outputs 
- UltraMOS· Advanced CMOS Technology 

• ACTIVE PULL-UPS ON ALL PINS 

• COMPATIBLE WITH STANDARD 22V10 DEVICES 
- Fully FunctlonlFuse-Map/Parametric Compatible 

with Bipolar and UVCMOS 22V10 Devices 

.50% REDUCTION IN POWER VERSUS BIPOLAR 

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

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

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

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

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION • 

The GAL22V1 061883 and GAL22V1 0/883 are high performance 
E2CMOS programmable logic devices processed in full compli
ance to MIL-STD-883. These military grade devices combine a 
high performance CMOS process with Electrically Erasable (E2) 
floating gate technology to provide the highest speed perform
ance available of any military qualified 22V1 0 device. CMOS cir
cuitry allows the GAL22V1018 to consume much less power when 
compared to bipolar 22V1 0 devices. f2 technology offers high 
speed «lOOms) erase times, providing the ability to reprogram 
or reconfigure the device quickly and efficiently. 

The generic architecture provides maximum design flexibility by 
allowing the Output Logic Macrocell (OLMC) to be configured by 
the user. The GAL22V1OS and GAL22V1 0 are fully function/fuse 
map/parametric compatible with standard bipolar and CMOS 
22V10 devices. 

Unique test circuitry and reprogrammable cells allow complete 
AC, DC, and functional testing during manufacture. As a result, 
LATTICE is able to guarantee 100% field programmability and 
functionality of all GAL· products. 

GAL22V1081883 
GAL22V101883 
High Performance E2CMOS PLD 

FUNCTIONAL BLOCK DIAGRAM 

I/CLK 

IIOIQ 

INPUT 

INPUT 
IIOIQ 

INPUT IIOIQ 

INPUT IIOIQ 

INPUT IIOIQ 

INPUT IIOIQ 

INPUT 
IIOIQ 

INPUT 
IIOIQ 

INPUT 
IIOIQ 

INPUT 

IIOIQ 

INPUT 

PACKAGE DIAGRAMS 

CERDIP 
LCC 

Vee 

!S U II ~ ~ 
VOIQ 

!!l z > 
rOlQ 

20 21 
IIOIQ rOlQ 

IIOIQ rOlQ 

GAL22V101B 
IIOIQ VOIQ 

NC NC VOIQ 
Top View IIOIQ 1/010 

IIOIQ rOlQ 
IIOIQ 

VOlQ 

c U 

~ ~ 
VOIQ 

~ z 

Copyright 1:>1992 lattice Semiconductor Corp. GAL. E'CMOS and U.raMOS are registered trademarks of lattice Semiconductor Corp. GenerIc Array Logic is a trademark of lattice Semiconduc
tor Corp. The specifications herein are subject to change without notice. 

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct, Hillsboro, Oregon 97124 U.S.A. 
Tel. (503) 681-0118 or 1-800-FASTGAL; FAX (503) 681-3037 
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Specifications OAL22V10BI883 

ABSOLUTE MAXIMUM RATINGSI1) RECOMMENDED OPERATING CONDo 

Supply voltage Vee ........................................ -0.5 to + 7V Case Temperature (T c> .............................. -55 to 125°C 
Supply Voltage (V 00) . Input voltage applied ............................ -2.5 to V 00+ 1.0V 

Off-state output voltage applied ........... -2.5 to V 00 + 1 .OV with Respect to Ground ...................... +4.50 to +5.50V 

Storage Temperature .................................. -65 to 150°C 
Case Temperature with 

Power Applied ......................................... -55 to 125°C 
1. Stresses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unle .. Otherwise Speclfted) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vas-O.S 

VIH Input High Voltage 2.0 

IlL' Input or 110 Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or 110 High Leakage Current 3.SV S VIN S Vee -

VOL Output Low Voltage 1oL .. MAX. Vin .. VIL or VII:! -
VOH Output High Voltage IoH .. MAX. Vin .. VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
los2 Output Short Circuit Current Vee .. SV Voor .. O.SV TA .. 2S·C -50 

ICC OperatingPowerSu~yCurrem VIL .. O.SV VIH .. 3.0V -
ftoggle .. 15Mhz Outputs Open 

TYP.' 

-
-
-
-
-
-
-
-
-
90 

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

MAX. UNrrS 

0.8 V 

Vee+1 V 

·100 IIA 
10 IIA 
O.S V 

- V 

12 rnA 

-2.0 rnA 

-135 rnA 

150 rnA 

2) One output at a time for a maximum duralion of one second. Vout .. O.SV waS selected to avoid test problems caused by tester 
ground degradation. Guaranteed but not 1000/0 tested. . 

3) Typical values are at Vee .. 5V and TA" 25 ·C 

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

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDmONS 

CI Input Capacltanca 10 pF V 00 .. S.OV, V, =.2,OV 

ClIO 110 Capacitance 10 pF V 00 .. S.OV, V 110 .. 2.0V 

*Guarameed but not 100% tested. 
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Specifications GAL22V1081883 

AC SWITCHING CHARACTERISTICS 

Over Recommended Operating Conditions 

TEST 
-15 

PARAMETER DESCRIPTION UNITS 
COND.' MIN. MAX. 

tpd 1 Input or I/O to Combinatorial Output - 15 ns 

tco 1 Clock to Output Delay - 8 ns 

tcP - Clock to Feedback Delay - 8 ns 

tsu - Setup Time, Input or Feedback before Clock 12 - ns 

th - Hold Time, Input or Feedback after Clock 0 - ns 

1 Maximum Clock Frequency with 50 - MHz 
Extemal Feedback, 1/(tsu + teo) 

fmax" 1 Maximum Clock Frequency with 50 - MHz 
Internal Feedback, 1/(tsu + tet) 

1 Maximum Clock Frequency with 62.5 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 8 - ns 

twl - Clock Pulse Duration, Low 8 - ns 

ten 2 Input or I/O to Output Enabled - 15 ns 

tdis 3 Input or I/O to Output Disabled - 15 ns 

tar 1 Input or 110 to Asynchronous Reset of Register - 20 ns 

tarw - Asynchronous Reset Pulse Duration 15 - ns 

tarr - Asynchronous Reset to Clock Recovery Time 15 - ns 

tspr - Synchronous Preset to Clock Recovery Time 12 - ns 

1) Refer to Switching Test Conditions section. 
2) Calculated from fmax with internal feedback. Refer to fmax Description section. 
3) Refer to fmax Description section. 
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Specifications GAL22V101883 

ABSOLUTE MAXIMUM RATINGS(l) RECOMMENDED OPERATING CONDo 

Supply voltage V cc ........................................ -0.5 to + 7V Case Temperature (T c) ............................... -55 to 125°C 
Supply Voltage (V cc) Input voltage applied ............................ -2.5 to V cc + 1.0V 

Off-state output voltage applied ........... -2.5 to V cc + 1.0V with Respect to Ground ...................... +4.50 to +5.50V 

Storage Temperature .................................. -65 to 150°C 
Case Temperature with 

Power Applied ......................................... -55 to 125°C 
1. Stresses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.5 

VIH Input High Voltage 2.0 

IlL' Input or 1/0 Low Leakage Current OV S V'N S V'L (MAX.) -
ItH Input or 1/0 High Leakage Current 3.5V S V'N S Vee -

VOL Output Low Voltage lot. = MAX. Yin = V'L or V'H -
VOH Output High Voltage 10H = MAX. Vin = V'L or V'H 2.4 

10L Low Level Output Current -
10H High Level Output Current -

los' Output Short Circuit Current Vcc=5V VOUT= 0.5V TA =25°C -50 

ICC Operating Power Supply Current VIL=0.5V VIH=3.0V -
1toggle = 15Mhz Outputs Open 

TYP.s 

-
-

-
-
-
-
-
-

-
90 

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

MAX. UNITS 

0.8 V 

Vee+1 V 

-150 JlA 

10 J.LA 

0.5 V 

- V 

12 rnA 

-2.0 rnA 

-135 rnA 

150 rnA 

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

3) Typical values are at Vee = 5V and TA = 25 °C 

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

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 
~ 

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

Coo I/O Capacitance 10 pF Vcc= 5.0V, Voo=2.0V 

"Guaranteed but not 100% tested. 
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Specificqtions GAL22V10/883 

AC SWITCHING CHARACTERISTICS 

Over Recommended Operating Conditions 

TEST DESCRIPTION 
·20 ·25 -30 

PARAMETER UNITS 
COND.' MIN. MAX. MIN. MAX. MIN. MAX. 

tpd 1 Input or I/O to Combinatorial Output - 20 - 25 - 30 ns 

teo 1 Clock to Output Delay - 15 - 20 - 20 ns 

tel" - Clock to Feedback Delay - 15 - 20 - 20 ns 

tau - Setup lime, Input or Feedback before Clock 17 - 20 - 25 - ns 

til - Hold lime, Input or Feedback after Clock 0 - 0 - 0 - ns 

1 Maximum Clock Frequency with 31.2 - 25 - 22 - MHz 
External Feedback, 1/(tsu + tco) 

fmax" 1 Maximum Clock Frequency with 31.2 - 25 - 22 - MHz 
Internal Feedback, 1/(tsu + tcf) 

1 Maximum Clock Frequency with 33 - 33 - 25 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 15 - 15 - 20 - ns 

twl - Clock Pulse Duration, Low 15 - 15 - 20 - ns 

ten 2 Input or 110 to Output Enabled - 20 - 25 - 25 ns 

tdis 3 Input or 110 to Output Disabled - 20 - 25 - 25 ns 

tar 1 Input or 110 to Asynchronous Reset of Register - 25 - 30 - 30 ns 

tarw - Asynchronous Reset Pulse Duration 20 - 25 - 30 - ns 

tarr - Asynchronous Reset to Clock Recovery lima 20 - 25 - 30 - ns 

tspr - Synchronous Preset to Clock Recovery lima 17 - 20 - 25 - ns 

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

INPUT or 
VOFEEDBACK 

COMBINATORIAL 
OUTPUT 

INPUT or 
VOFEEDBACK 

OUTPUT 

\\\ \\ \ \\\ to;VAlID INPUT 

t~~ 
~\~'&~\\\L : 

Combinatorial Output 

Input or 110 to Output Enable/Disable 

CLK 

INPUT or 
00 FEEDBACK 
DRIVINGAR 

REGISTERED 
OUTPUT 

CLK 

twl 

Clock Width 

Asynchronous Reset 
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INPUT or 
00 FEEDBACK 

CLK 

REGISTERED 
OUTPUT 

CLK 

REGISTERED 
FEEDBACK 

INPUT or 
00 FEEDBACK 
DRIVINGSP 

CLK 

REGISTERED 
OUTPUT 

Registered Output 

tCf~tsu 

K\\\\~~ __ 
fmax with Feedback 

tc~ 
\~\\\\\\\\\~\\ 

Synchronous Preset 
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fmax DESCRIPTIONS 

lOGIC 
ARRAY 

ClK 

REGISTER 

ioIIl~I---- Isu ----I~~lioII .. I__--tco~ 

fmax with External Feedback 1/(tsu+tco) 

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

lOGIC 

ARRAY 

elK 

REGISTER 
f--+-. 

. . ._-_._--- ..... -_._--_ ... _--_ ...... __ ._--_ ...... . 

fmax With No Feedback 

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

SWITCHING TEST CONDITIONS 

Input Pulse Levels 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 

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

Output Load Conditions (see figure) 

Test Condition R1 Rz CL 

1 3900 7500 50pF 

2 Active High 00 7500 50pF 

Active Low 3900 7500 SOpF 

3 Active High 00 7500 5pF 

Active Low 3900 7500 5pF 

Specifications GAL22V1081883 
GAL22V101883 
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elK 

p ••••••••••• _--------------------- ------------, . . : . 

REGISTER 

:-------------------------------------------- .. : 
IOII~I------'--tcf -----1~~1 
1iII~1------tpd·-----~~1 

fmax with Internal Feedback 1/(tsu+tcf) 

Note: tcf is a calculated value, derived by 
subtracting tsu from the period of fmax wI 
internal feedback (tcf = 1lfmax - tsu). The 
valoeof tcf is used primarily when caJculating the 
delay from clocking a register to a combinato
rial output (through registered feedback), as 
shown above. For example, the timing from 
clock 10 a combinatorial output is equal to tcf + 
tpd. 

FROM OUTPUT (0/0) 
UNDER TEST 

TEST POINT 

C l INCLUDES JIG AND PROBE TOTAL CAPACITANCE 
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Specifications GAL22V10BIBB3 
GAL22V10lBB3 

GAL22V10/B ORDERING INFORMATION (MIL-STD-883 and SMD ) 

Ordering' 

Tpd Tau Teo Icc Package MIL-8TD-883 (na) (na) (na) (mA) 
15 12 8 150 24-Pln CERDIP GAL22V1OB-15LD1883 

150 28-PlnLCC GAL22V1OB-15LR1883 

20 17 15 150 24-Pin CERDIP GAL22V1o-2OLD1883 

150 28-PlnLCC GAL22V1O-2OLR1883 

25 20 20 150 24-Pin CERDIP GAL22V1O-25LD1883 

,150 28-PlnLCC GAL22V1O-25LR1883 

30 25 20 150 24-Pln CERDIP GAL22V10-30LD1883 

150 28-PinLCC GAL22V1o-30LRI883 

Note: Lattice recognizes the trend in military device procurement towards using SMD 
compliant devices, as such, ordering by this number where it exists is recommended. 

PART NUMBER DESCRIPTION 

GAL22V10B 
GAL22V10 

xxxxxxxx - XX 

De¥ke .... ~ 
Speed {na) ---.,..------' 

SMD. 

5962-8984103LA 

5962-89841033A 

5962-8984102LA 

5962-89841023A 

5962-8984104LA 

5962-89841043A 

5962-8984101 LA 

5962-89841013A 

1883 = 883 Process 

L = Low Power Power ----------1 1..----- Package D = CERDIP 
R=LCC 

3-26 
5192 



~~~Lattice 
•••••• •••••• •••••• 

FEATURES 

• HIGH PERFORMANCE ezCMOS· TECHNOLOGY 
- 20 ns Maximum Propagation Delay 
- Fmax .. 33 MHz 
- 15 ns Maximum from Clock Input to Data Output 
- TIL Compatible 8 mA Outputs 
- UltraMOS· Advanced CMOS Technology 

• ACTIVE PULL-UPS ON ALL INPUTS AND 1I0s 

• LOW POWER CMOS 
- 80 mA Typical Icc 

• ez CELL TECHNOLOGY 
- Reconflgurable logic 
- Reprogrammable Calls 
-100% Tested/Guaranteed 100% Yields 
- High Speed Electrical Erasure «100ms) 
- 20 Year Data Retention 

• TWELVE OUTPUT LOGIC MACROCELLS 
- Uses Standard 22V10 Macrocells 
- Maximum Flexibility for Complex Logic Designs 

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

• APPLICATIONS INCLUDE: 
- DMA Control 
- State Machine Control 
- High Speed Graphics Processing 
-: Standard logic Speed Upgrade 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAL26CV121883 is a high perfonnance E"CMOS program
mable logic device processed in fuR compliance to MIL-STO-883. 
The GA126CV12-2OI883 combines a high perfonnance CMOS 
process with Electrically Erasable (E2) floating gate technology 
to provide the fastest 28-pin military PLD on the market. CMOS 
circuitry allows the GAL26CV12 to consume less power than 
comparable bipolar devices. E2 technology offers high speed 
«1OOms) erase times, providing the ability to reprogram or re
configure the device quickly and efficiently. 

By building on the popular 22V1 0 architecture, the military ver· 
sion of the GAl26CV12 allows designers to be immediately pro
ductive, eHminating the learning curve. The generic architecture 
provides maximum design flexibility by allowing the Output Logic 
MacroceII (OLMC) to be configured by the user. The GAL26CV12 
OLMC is fuRy compatible with the OLMC in standard bipolar and 
CMOS 22V10 devices. 

Unique test circuitry and reprogrammable calls allow complete 
AC, DC, and functional testing during manufacture. As a result, 
LATIICE is able to guarantee 100% field programmability and 
functionality of all GAL· products. 

GAL26CV12/883 
High Performance E2CMOS PLD 

Generic Array Loglc™ 

FUNCTIONAL BLOCK DIAGRAM 

IICUC ..." 

I/OIQ .... 
""" ...... 

--.. 

-..... 
-..... 
"'" """" 
I/OIQ 

INPU1' 

"'" INI'UI' -INPUT 

I/OIQ 

I/OIQ 

..." 

I/OIQ 

IM'IIT 

PACKAGE DIAGRAMS 

CERDIP 

LCC IICLK 1 I 

I I/QjQ 

~ - ~ ~ 
I/QjQ 

I/QjQ 

2 21 I/QjQ 
I/QjQ 

I/QjQ GAL 
I/QjQ 

Vee I/QjQ Vee I/QjQ 

GAL26CV12 26CV12 
I/QjQ UND 

Top VIew GND I/QjQ 

I/QjQ 
I/QjQ 

I/QjQ I/QjQ 

I/QjQ 

---II~~ I/QjQ 

11 I/QjQ 

~C1I1112I..a111ce_Corp. GAl, E'CMOSondUIlraMOS ... ~t_oII..aIIIceSem_Corp. _Arroyloglc laatradomarkoll..alllceSem_ 
tor Corp. The ____ 1ft NIIoCttochangewtl1out_. 

LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124 U.S.A. May 1992 
Tel. (503) 681-0118 or 1-800-FASTGAl; FAX (503) 681-3037 
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ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Supply voltage Vee ....................................... -0.5 to + 7V 
Input voltage appliecl ....•...................... -2.5 to Vee +1.0V 

Case Temperature (Tc) ............•••............. -55 to +125°C 
Supply voltage (Vee) 

Off-state output voltage applied .......... -2.5 to Vee +1.0V with Respect to Ground ...................... +4.50 to +5.50V 

Storage Temperature .•............................... ~5 to 150°C 
Case Temperature with 

Power Applied ..........•.........•................... -55 to 125°C 
1. Stresses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unless Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. TYp.a 

VIL Input Low VoHage vss-o.s -
VIH Input High Voltage 2.0 -
IIL1 Input or I/O Low Leakage Current OV S VIN S VIL (MAX.) - -
IIH Input or I/O High Leakage Current 3.5V S VIN S Vee - -

VOL Output Low VoHage IoL = MAX. Yin = VIL or VIH - -
VOH Output High VoHage IOH = MAX. Yin = VIL or VIH 2.4 -
10L Low Level Output Current - -
10H High Level Output Current - -
los' Output Short Circuit Current Vee = 5V VOUT = 0.5V TA = 25·C -SO -
ICC Operating Power Supply Current VIL=0.5V VIH=3.0V - 90 

ftoggle = 15Mhz Outputs Open 

MAX. UNITS 

0.8 V 

Vcc+1 V 

-100 I1A 
10 I1A 
0.5 V 

- V 

8 mA 

-2.0 mA 

-135 mA 

160 mA 

1) The leakage current is due to the intemal pull-up on all input and I/O pins. See Input Buffer section for more information. 
2) One output at a time for a maximum duration of one second. Vout = 0.5V was selected to avoid test problems caused by 
tester ground degradation. Guaranteed but not 1 00% tested. 
3) Typical values are at Vcc = 5V and TA = 25 ·C 

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

SYMBOL PARAMETER MAXIMUM" UNITS TEST CONDITIONS 

CI Input Capacitance 10 pF V cc = 5.0V, VI = 2.0V 

ClIO I/O Capacitance 10 pF V cc = 5.0V, V 110 = 2.0V 

'Guaranteed but not 100% tested. 
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Specifications GAL26CV121883 

AC SWITCHING CHARACTERISTICS 

Over Recommended Operating Conditions 

TEST 
-20 -25 

PARAMETER DESCRIPTION UNITS 
COND.' MIN. MAX. MIN. MAX. 

tpd 1 Input or I/O to Combinatorial Output - 20 - 25 ns 

tco 1 Clock to Output Delay - 15 - 20 ns 

tcf! - Clock to Feedback Delay - 15 - 20 ns 

tsu - Setup TIme, Input or Feedback before Clock 17 - 20 - ns 

th - Hold TIme, Input or Feedback after Clock 0 - 0 - ns 

1 Maximum Clock Frequency with 31.2 - 25 - MHz 
External Feedback, 1/(tsu + tco) 

fmax" 1 Maximum Clock Frequency with 31.2 - 25 - MHz 
Internal Feedback, 1/(tsu + tcf) 

1 Maximum Clock Frequency with 33.3 - 30 - MHz 
No Feedback 

twh - Clock Pulse Duration, High 15 - 15 - ns 

twl - Clock Pulse Duration, Low 15 - 15 - ns 

ten 2 Input or 1/0 to Output Enabled - 20 - 25 ns 

tdis 3 Input or I/O to Output Disabled - 20 - 25 ns 

tar 1 Input or I/O to Asynchronous Reset of Register - 25 - 30 ns 

tarw - Asynchronous Reset Pulse Duration 20 - 25 - ns 

tarr - Asynchronous Reset to Clock Recovery TIme 20 - 25 - ns 

tspr - Synchronous Preset to Clock Recovery TIme 17 - 20 - ns 

1) Refer to Switching T.st Conditions section. 
2) Calculated from fmax with internal feedback. Refer to fmax Description section. 
3) Refer to fmax Description section. 
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SWITCHING WAVEFORMS 
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INPUT or 
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ClK 

INPUT or 
VOFEEDBACK 
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REGISTERED 
OUTPUT 
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fmax SPECIFICATIONS 
ClK 

."""0_. _________________ • __________ • _____________ , 

, , , , , , , , , , 

LOGIC 
ARRAY 

REGISTER 

, , 
' ___ 0 __ 0 ______ -------------_ ••• --------_.--------_. 

IOIIII~I__--tsu -----..l0III1l1li1__--tco~ 

fmax with External Feedback 1/(tsu+tco) 

Note: fmax with extemal feedback is cal
culated from measured tsu and tco, 

elK 
, ___ ••• ____ ••• __________ • ______________ 0 __ 0 ____ ' 

, , , , , , , , , , , , , , , , 

i, lOGIC REGISTER i, 
ARRAY 

, , .0._ •.. ---_ .. -.. ---- .• --_·.---_·-.--------------

fmax With No Feedback 

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

SWITCHING TEST CONDITIONS 

Input Pulse Levels GNDt03,OV 

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

Input Timing Reference Levels 1,5V 

Output Timing Reference Levels 1,5V 

Output Load See Figure 

3-state levels are measured 0,5V from steady-state active 
level. 

Output Load Conditions (see figure) 

Test Condition Rl Rz CL 

1 4700 3900 50pF 

2 Active High 00 3900 50pF 

Active Low 4700 3900 50pF 

3 Active High 00 3900 5pF 

Active Low 4700 3900 5pF 

Specifications GAL26CV121883 
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ClK 
f--O--- ... --------_._----------- .. --_-0_.-----; 

REGISTER 

:_-----_._._------_ ... _---_._--_ .. _----_._ ..... ! 

~ 14t-----tcf-----1~~1 
ioIII~I------tpd----~~1 

fmax with Internal Feedback 1/(tsu+tcf) 

Note: Icf is a calculated value, derived by sub
tracting tsu from the period of fmax wlinternal 
feedback (tcf = 1lfmax - tsu), The value of tcf 
is used primarily when calculating the delay from 
clocking a register to a combinatorial output 
(through registered feedback), as shown above, 
For example, the timing from clock to a com
binatorial output is equal to tcf + tpd, 

FROM OUTPUT (0/0) 
UNDER TEST 

+5V 

TEST POINT 

C l INCLUDES JIG AND PROBE TOTAL CAPACITANCE 
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Specifications GAL26CV121883 

GAL26CV12 ORDERING INFORMATION (MIL-STD-883 and SMD) 

OrderIng' 

Tpd Tlu Teo Icc Package MIL-8TD-883 SMDI (nl) (n.) (n.) (mA) 
20 17 15 160 28-Pin CERDIP GAl26CV12-2OLOI883 Contact Faci10ry 

160 28-PlnLCC GAl26CV12-2OLR1883 Contact Fac10ry 

25 20 20 160 28-Pln CERDIP GAl26CV12-25LD1883 Contact Fac10ry 

160 28-PinLCC GAL26CV12-25LRI883 Contact Fac10ry 

PART NUMBER DESCRIPTION 

GAL26CV12 

Speed (n.) --------.... 1883 = 883 Process 

L = Low Power Power ----------' 

3-32 
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FEATURES 

• HIGH PERFORMANCE E2CMOS· TECHNOLOGY 
- 20 ns Maximum Propagation Delay 
- Fmax = 41.7 MHz 
- 20 ns Maximum from Clock Input to Data Output 
- TTL Compatible 8 mA Outputs 
- UltraMOS" Advanced CMOS Technology 

• 5()% REDUCTION IN POWER FROM BIPOLAR 
- 75mA Typ Icc 

• ACTIVE PULL-UPS ON ALL PINS 

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

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

PAL20RA10 

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

• APPLICATIONS INCLUDE: 
- State Machine Control 
- Standard Logic Consolidation 
- Multiple Clock Logic Designs 

• ELECTRONIC SIGNATURE FOR IDENTIFICATION 

DESCRIPTION 

The GAl20RA 101883 is a high performance E2CMOS program
mable logic device processed in full compliance to MIL-STD-883. 
With a 20ns maximum propagation delay time, it is the fastest 
military grade 20RA 10 device on the market. In addition to speed 
performance, Lattice's Electrically Erasable (E") floating gate 
technology provides low powefperformance. The GAl20RA 10's 
typical Icc of 75mA, represents a 50% savings in power when 
compated to bipolar counterparts. E2 technology also offers high 
speed (dOOms) erase times providing the ability to reprogram 
or test the devices quickly and efficiently. 

The generic architecture provides maximum design Hexibility by 
allowing the Output Logic Mecrocell (OLMC)to be configured by 
the user. TheGAl20RA 10 is a direct parametric compatible 
CMOS replacement for the·PAL20RA 10 device. 

Unique test circuitry and reprogrammable cells allow complete 
AC, DC, and functional testing during manufacturing. Therefore, 
LATTICE guarantees 100"'{' fiek:I programmability and functionality 
of all GAL products. LATTICE guarantees data retention exceeds 
20 years. 

GAL20RA 101883 
High-Speed Asynchronous E2CMOS PLD 

Generic Array Logic™ 

FUNCTIONAL BLOCK DIAGRAM 

IPLD----------, 

INPUT IIO/Q 

.. PUT IIO/Q 
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.. PUT IIO/Q 
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PIN CONFIGURATION 
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LCC 

IPL 1 Vee 
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IIOIQ 

IIOIQ 

2 0 28 
IIO/Q IIOIQ 

IIO/Q GAL 
IIOIQ 

IIO/Q 
20RA10 

IIOIQ 
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Specifications GAL20RA 101883 

ABSOLUTE MAXIMUM RATINGS(1) RECOMMENDED OPERATING CONDo 

Military Devices: Supply voltage Vee ....................................... -0.5 to +7V 
Input voltage applied ........................... -2.5 to Vcc +1.0V Case Temperature (T c> ............................. -55 to + 125°C 

Supply voltage (V cc) Off-state output voltage applied .......... -2.5 to Vee + 1.0V 
Storage Temperature ............................•.... -65 to 150°C 
Case Temperature with 

with Respect to Ground ...................... +4.50 to +5.50V 

Power Applied ..•....•................................. -55 to 125°C 
1.Stresses above those listed under the "Absolute Maximum 

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

DC ELECTRICAL CHARACTERISTICS 
Over Recommended Operating Conditions (Unle .. Otherwise Specified) 

SYMBOL PARAMETER CONDITION MIN. 

VIL Input Low Voltage Vss-O.5 

VIH Input High Voltage 2.0 

ilL' Input or VO Low Leakage Current OV S VIN S VIL (MAX.) -
IIH Input or VO High Leakage Current 3.5V S VIN S Vee -

VOL Output Low Voltage IoL = MAX. Yin = VIL or VIH -
VOH Output High Voltage IoH = MAX. Vin = VIL or VIH 2.4 

10L Low Level Output Current -
10H High Level Output Current -
IOS2 Output Short Circuit Current Vee=5V VOUT = 0.5V TA = 25°C -50 

ICC Operating Power Supply Current VIL=0.5V VIH=3.0V -
ftoggle = 15Mhz Outputs Open 

TYP.s MAX. UNITS 

- 0.8 V 

- Vee+1 V 

- -100 I1A 
- 10 I1A 
- 0.5 V 

- - V 

- 8 rnA 

- -3.2 rnA 

- -135 rnA 

75 120 rnA 

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

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

3) Typical values are at Vee = 5V andTA= 25°C 

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

SYMBOL PARAMETER MAXIMUM· UNITS TEST CONDITIONS 

CI Input Capacitance 10 pF V cc = 5.0V, VI = 2.0V 

Coo VO Capacitance 10 pF V cc = 5.0V, V 110 = 2.0V 

·Guaranteed but not 100% tested. 

5192 
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Specifications GAL20RA 101883 

AC SWITCHING CHARACTERISTICS 
Over Recommended Operating Conditions 

TEST PARAMETER DESCRIPTION 
COND.' 

tpd 1 Input or I/O to Combinatorial Output 

tco 1 Clock to Output Delay 

tsu - Setup Time, Input or Feedback before Clock 

th - Hold Time, Input or Feedback after Clock 

1 Maximum Clock Frequency with 
External Feedback, 1/(tsu + teo) 

fmax2 

1 Maximum Clock Frequency with 

No Feedback 

twh - Clock Pulse Duration, High 

twl - Clock Pulse Duration, Low 

ten/ tdis 2,3 Input or I/O to Output Enabled / Disabled 
-

ten / tdis 2,3 OE to Output Enabled / Disabled 

tar/tap 1 lr1put or I/O to Asvnchronous Reset / Preset 

tarw/tapw - Asynchronous Reset / Preset Pulse Duration 

tarr /tapr - As~ronous Reset / Preset Recovery Time 

twp - Preload Pulse Duration 

tsp - Preload Setup Time 

thp - Preload Hold Time 

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

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 

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

Output Load Conditions (see figure) 

Test Condition Rl Rz CL 

1 4700 3900 500F 
2 Active High .. 3900 50pF 

Active Low 4700 3900 50pF .. 

FROM OUTPUT (010) 
UNDER TEST 

-20 -25 

MIN. MAX. MIN. MAX. 
UNITS 

- 20 - 25 ns 

- 20 - 25 ns 

10 - 15 - ns 

3 - 5 - ns 
33.3 - 25.0 - MHz 

41.7 - 33.3 - MHz 

12 - 15 - ns 

12 - 15 - ns 

- 20 - 25 ns 

- 15 - 15 ns 

- 20 - 25 ns 

20 - 25 - ns 

12 - 20 - ns 

20 - 25 - ns 

15 - 20 - ns 

15 - 20 - ns 

+5V 

--+---t-- TEST POINT 

R2 ~ TCL 

-L -
3 Active High 3900 SpF 

Active Low 4700 3900 5pF 
C L INCLUDES JIG AND PROeE TOTAL CAPACITANCE 

5192 
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SWITCHING WAVEFORMS 

Input or 
1/0 Feedback 

Combinatorial 
Output 

Input or 
1/0 Feedback 
Asserting Preset 

Registered 
Output 

Clock 

Input or 
1/0 Feedback 

Device Output 

Combinatorial Output 

xxXXt= ----
Asynchronous Preset 

Input or 1/0 Feedback to. Enable I Disabla 

Clock 

Clock Width 

Specifications GAL20RA 101883 

Input or 
1/0 Feedback 

Clock 

Registered 
Output 

Input or 
1/0 Feedback 
Asserting Reset 

Registered 
Output 

Clock 

OE 

Device Output 

PL 

All 1/0 Pins 
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Registered Output 

___ XXXXt= 
Asynchronous Reset 

OE to Enable I Disable 

Parallel Preload 
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fmax DESCRIPTIONS 

ClK 

,--.. -----.-------------------------- -----.-----._, · . · . 
1 1 

lOGIC 
ARRAY 

REGISTER 

· . . _- .. ---- .......... _---------.-_._--._--_ .. -... _- .. 
J~.---lau----1~ .. JI<I .. I---'---tco~ 

fmax with External Feedback 1/(tsu+tco) 

Note: fmax with extemal feec:l:lack is cal
culated from measured tsu and teo. 

Specifications GAL20RA 101883 
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lOGIC 
ARRAY 

REGISTER 
f--+--. 

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

fmax With No Feedback 

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

5/92 

I 



iiiLattice •••••• • 

Specifications GAL20RA 101883 
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GAL20RA101883 ORDERING INFORMATION (MIL-STD-883 and SMD) 

Ordering' 
Tpd Tau Teo Icc Package MIL-8TD-883 SMD. (na) (na) (na) (mA) 

20 10 20 120 24-Pln CERDIP GAL20RA 1O-2OLD1883 Contact Factory 

28-PlnLCC GAL20RA 1O-2OLR1883 Contact Factory 

25 15 25 120 24-Pln CERDIP GAL20RA 1o-25LD1883 Contact Factory 

28-PlnLCC GAL20RA 1o-25LR1883 Contact Factory 

PART NUMBER DESCRIPTION 

xxxxxxxx - XX x X X 

GAL20RA10 --.... ~ 
Speed (na) -------' 

L = Low Power Power -------....... 

3-38 

L .. L ....... 1883.883_ 

'------ Package D = CERDIP 
R=LCC 
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Introduction to pLSI and ispLSI 

Lattice Semiconductor's pLSI (programmable Large Scale 
Integration) and ispLSI (in-system programmable Large 
Scale integration) are two families of high density and high 
performance E2CMOS® programmable logic devices (see 
figure 1). They provide design engineers with a superior 
system solution for integrating high speed logic features 
on a single chip. 

The Lattice pLSI and ispLSI families are the first 
programmable logic devices to combine the performance 
and ease of use of PLDs with the density and flexibility of 
FPGAs. 

The ispLSI family also pioneers non-volatile, in-system 
programmability, a technology that allows real-time 
programming, less expensive manufacturing and end
user reconfiguration. 

Lattice's E2CMOStechnologyfeatures reprogrammability, 
the ability to program the device again and again to easily 
incorporate any design modifications. This same capability 
allows full parametric testability during manufacturing, 
which guarantees 1 00 percent programming and functional 
yield. 

All the necessary development tools are available from 
Lattice and leading third-party companies. Utilizing a 
Windows-based graphical user interface, it is possible to 
complete a circuit design in hours, as opposed to days or 
weeks. 

Figure 1. pLSI and ispLSI Device Families 

pLSI 1024 
pLSI1016 ispLSI1024 

ispLSI1016 

44-Pin PLCC 68-Pin PLCC 

Introduction to 
pLSI™ and ispLSI™ 

pLSI and ispLSI Product Families 

Cl 80 MHz System Performance 

Cl 15 ns tpd Pin-to-Pin 

Cl Deterministic Performance 

Cl High Density (2,000-8,000 PLD Gates) 

Cl Flexible Architecture 

Cl Easy to Use 

Cl in-system programmable (ispLSI) 

Cl Low Power Consumption 

pLSlandlspLSITechnology 

Cl E2cMOS - the PLD Technology of Choice 

'0 Proven UltraMOS Technology 

o Electrically Erasable/Programmable/Reprogram-
mabie 

Cl 100% Tested During Manufacture 

o 100% Programming Yield 

o High-Speed Programming 

pLSI and ispLSI Development Tools 

o Easy-to-Use Graphical Interface (Windows 3.0) 

o Boolean Equations and Macro Input 

o VHDL and Schematic Capture Entry 

o Industry-Standard Third-Party Design Environ
ment and Platforms 

o Timing and Functional Simulation 

0 

pLSI 1032 pLSI1048 

ispLS11032 ispLSl1048 

84-Pin PLCC 120-Pin PQFP 
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Introduction to pLSI and ispLSI 

Family Overview 

The pLSI and ispLSI families of high-density devices 
address high-performance system logic needs, ranging 
from registers, to counters, to multiplexers, to complex 
state· machines. 

With PLD gate densities ranging from 2,000 to 8,000, the 
pLSI and ispLSI families provide a full range of 
programmable logic solutions to meet design requirements 
for today's and tomorrow's needs. 

Each device contains multiple Generic Logic Blocks 
(GLBs), architected to maximize system flexibility and 
performance. A balanced ratio of registers and I/O cells 
provides the optimum combination of internal logic and 
external connections. A global interconnect scheme ties 
everything together, enabling utilization of more than 80% 
of available logic. Table 1 describes the family attributes. 

The pLSI and ispLSI Architecture 

The pLSI and ispLSI architecture was constructed with 
actual system design requirements in mind. This 
architecture provides the designer with the following 
advantages. Figure 2 shows the pLSI 1032 architecture. 

0 High Speed 

0 Predictable Performance 

0 Integration of Multiple Logic Functions 

0 Asynchronous Designs 

0 Flexible Logic Paths 

0 Advanced Global Clock Network 

Table 1. pLSI and ispLSI Family Attributes 

Family Member 1016 

Density (PLD Gates) 2,000 

Speed: fmax (MHz) 80 

Speed: tpd (ns) 15 

GLBs 16 

Registers 96 

Inputs + I/O 36 

The Global Routing Pool (GRP) 
Central to the pLSI and ispLSI architecture is the Global 
Routing Pool, which connects all of the internal logic and 
makes it available to the designer. The GRP provides 
complete interconnectivity with fixed and predictable 
delays. This unique connection scheme consistently 
provides high performance and allows effortless 
implementation of complex designs. 

The Output Routing Pool (ORP) 
Pin assignment flexibility is maximized via the Output 
Routing Pool (ORP), which provides the connections 
between the GLB outputs and the output pins. 

Figure 2. pLS11032 Architecture 

1024 1032 1048 

4,000 6,000 8,000 

80 80 70 

15 15 20 

24 32 48 

144 192 288 

54 72 106 

PinlPackage 44-pin PLCC 68-pin PLCC 84-pin PLCC 120-pin PQFP 
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Introduction to pLSI and ispLSI 

Generic logic Block (GLB) 

The basic logic element In the pLSI and ispLSI architecture 
Is the Generic Logic Block. This powerful logic element 
provides an input-to-output ratio greater than 4:1. With 18 
inputs driving an array of 20 product terms (PTs) - which 
in tum feed four outputs - the GLB efficiently handles 
both wide and narrow gating functions. Figure 3 describes 
the GLB functionality. 

One element of architectural flexibility is the Product Term 
Sharing Array (PTSA). The PTSA allows the 20 Product 
Terms (PTs) from the AND array to be shared with any 
and all of the four GlB outputs as needed to implement 
logic designs. This ability to share PTs between all of the 
GlB outputs provides a highly efficient implementation of 
complex state machines by eliminating duplicate product 
term groups. 

The architecture flexibility of the GlB, combined with its 
optimum input-to-output ratio, allows the GLB to Implement 
virtually all 4-bit MSI functions. 

Each of the four outputs from the PTSA feeds Into a 
flexible Output logic Macrocell (OlMC), consisting of a 
D-type flip-flop with an Exclusive-OR gate on the Input. 
The OlMC allows each GlB output to be configured 
either combinatorial or registered. Combinatorial mode is 
available as AND-OR or Excluslve-OR; registered mode 
Is available as 0, Tor J-K. 

TheGLBcan be clocked synchronously or asynchronously. 
Global clocks from extemal pins or intemally generated, 
provide all GlBs and VO Cells with synchronous clock 
signals with selectable polarity. This provides multiple 
synchronous clock phases to all GlBs and I/os. 

Figure 3. Simplified Generic logic Block Functionality 

2 

I Dedicated 
Inputs 
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'16 Array 
Inputs 
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20 Product 
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Introduction to pLSI and ispLSI 

The GLB has several configuration options for each 
Output Logic Macrocell (OlMC). These can be mixed with 
each GLB. The configurations are described as standard, 
high-speed bypass, XOR and muhi-mode configuration. 
Figure 4 demonStrates the multi-mode configuration. 

Standard Configuration 

(J GLB Outputs Comprise of 4,4,5 or 7 Product 
Terms 

(J Bypasses the PTSA and the Intemal Exclusive
OR Gate of the OLMC 

(J Provides Four Product Terms Per Output 

XOR Configuration 

o Utilizes Powerful Excluslve-OR Architecture 

(J Powerful for Counters, Comparators and· ALU 
Functions 

(J The PTSA Can Combine up to 20 PTs per GLB Mufti-Mode Configuration 
Output to Meet the Needs of Both Wide and 
Narrow Logic Functions. 

High-Speed Bypass Configuration 

(J For Speed-Critical Timing Paths 

(J Enables Design of Fast Address Decoders 

Figure 4. GLB: Multi-Mode Configuration 

Inputs From DedIcated 
Global Routing Pool Il1Iuts -o 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 18 17 

AND Array 
PTReset 

RESET 

Coiltrol CLKO 
Functions CLK 1 

CLK2 
PTCiock 

(J Individual Outputs are Independently Configu
rable 

(J PTSA Allows Flexibility on the Number and 
Selection of Product Terms Per Output 

Product Tenn 
Sharing Array o Registers 

03 

02 To 
Global. 
Routing 
Pool and 
Output 

01 ~:",g. 

00 

PT= ________________ ~ = 



Introduction to pLSI and ispLSI 

In-System Programmability 

The in-system programmable Large Scale Integration 
(ispLSI) family is the industry's only high-density 
programmable logic family offering non-volatile in-system 
reconfigurability . 

The ispLSI family is 100 percent functionally and 
parametrically compatible with the pLSI family, with the 
added ability of 5-volt in-system programmability and 
reprogrammability . 

Complex logic functions can be implemented in multiple 
ispLSI devices, with complete on-board configurability. 
In-system programming of multiple ispLSI chip solutions 
is easily achieved through a proprietary in-system erase/ 
programlverify technique. 

In-system programmability can revolutionize the way 
boards are designed, manufactured and serviced (see 
figure 5). 

prototype board designs - in-system programming allows 
the programming and modification of logic designs "in
system" without removing the device(s) from the board. 

Figure 5. in-system programmable "Generic" Board 

ispLSI 
Memory 
Control 

Micro 
Processor 

This accelerates the system and board-level debug 
process and enables definition of board layout earlier in 
the deSign process. 

Beconfjgurable systems - The options for accommodating 
changes are greatly increased when you have the ability 
to change the functionality of devices already soldered on 
a board. Multiple hardware configurations can be 
implemented with the same circuit board design. Multiple 
protocols or multiple system interfaces can be defined on 
a generic board as the last step in the manufacturing flow. 

Diagnostic Capability - Using the ispLSI device, the 
diagnostic capability of the system can be enhanced. A 
test pattem can be programmed into the ispLSI device at 
board-test, enabling the logic to control and observe 
specific nodes of the entire board. After the diagnostic 
testing is complete, the functional pattem can be 
programmed into the device for normal system operation. 

Easier field updates - With software reconfigurable 
systems, field updates are as easy as loading a new 
device configuration from a floppy, or downloading it 
through a modem. 

ispLSI 
Graphic 
Control 

ispLSI 
Vector 

Multiple ispLSI devices can be reconfigured through 
multiplexed signals interfaced via an edge connector, 
5-post connector, microcontroller, or microprocessor. 

[] ispLSI Devices 

• isp Interface 
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Introduction to pLSI and ispLSI 

A powerful benefit of the ispLSI family is its potential to 
streamline the manufacturing process by eliminating the 
separate programming and labeling steps usually 
associated with PLDs. Quality is enhanced when product 
handling steps are reduced, in this case, those associated 
with programming, labeling and re-inventorying multiple 
device types. Eliminating socketing turtherimproves quality 
and reduces board cost. Figure 6 shows the enhanced 
manufacturing with the ispLSI device. 

Figure 6. Manufacturing Flow Comparison 

Standard Flow 
Using PLDslFPGAs 

Enhanced Flow 
Using ispLSI Devices 

Board Test 
• Diagnostics Using IspLSI 
• Final Programming 
• Final Board Test 
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All necessary programming is achieved via five TTL-level 
logic interface signals (see figure 7). These five signals 
control the on-chip programming circuitry, which is securely 
protected against inadvertent reprogramming via on-chip 
state machines. The ispLSI family can also be programmed 
using popular third~party logic programmers. 

Figure 7. In-system programming Interface (Multi
Chip Solution) 

ispLSI ispLSI ispLSI 
1032 1048 1016 

I 

ill 
MUXJ - Serial Data In 

/ - Serial Data Out 
Ie I < ;:>' - Mode Control 

"'" 4 - Clock 

<p 
isp-Enab 

--.........---
5-pin 

isp Interface 



Introduction to pLSI and ispLSI 

pLSllispLSI Development System (pDSl\!) 

The Lattice pLSllispLSI Development System (pDS) 
software is used to implement designs in pLSI and ispLSI 
devices. Quick and straightforward design altematives 
can be implemented using the low cost Entry Level 
System or the Advanced Level System which features 
support from industry standard third party vendors. This 
section describes both the Entry Level and Advanced 
Level Development Systems. Programmer support is 
also discussed. 

pDS-PC Entry Level 

Features 

o High Performance, Low Cost Development 
Environment 

o Supports pLSI and ispLSI Device Families 

o Boolean Logic and Text File Design Entry 

o Over 225 Macros Available 

o Automatic Place and Route 

o Logic Simulation with Viewlogic Viewsim 

o JEDEC File Download Direct to Programmer or 
ispLSI Device 

General Description 

Both the pLSI and ispLSI families are supported by 
Lattice's low-cost pLSllispLSI Development System (pDS). 
It runs on IBM-compatible (386/486) PCs with Microsoft® 
Windows. 

The easy-to-use graphical user interface with the familiar 
mouse driven pull-down menus, combined with Boolean 
logic data entry using ABEL-like syntax, makes design 
entry with the pLSI and ispLSI quick and straightforward 
(see figure 8). 
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Figure 80 pDS Design Flow 

• Boolean Equations 
• Macros (>200) 

'--_....,. __ ...... "ABELO-Uke Syntax 

• Logic Minimization 

'----r-----' 
• Checks for Signal Availability 

,----'---.., • Automatic 
• Optimized 

'--_....,. __ ..... Fast 

'----r-----' 

• Viewsim™ 
• EDIF Compatible 

• JEDEC File Generation 
• Download to Programmer 
or to Device (ispLSI) 

The pD8-PC Entry Level Software supports over 200 
macros to help the design process. These macros cover 
most TTL functions, from gate primitives to 16-bit counters. 
pDS The software also supports user-definable macros 
which can be modifications of existing macros or custom 
creations. 

The pDS-PC Entry Level Software automatically verifies 
the deSign, performs logic minimization and checks for 
signal availability. 

Additionally, the Lattice Place and Route assigns pins and 
critical speed paths and ensures optimized 1 00% routability 
at 80% utilization. 

Quick compilation speeds the design, debug and rework 
process dramatically. Incremental design techniques are 
also supported. 

Timing and functional simUlation are available from Lattice, 
using Viewsim simulation software. 

The windows graphical user interface makes programming 
easy, using pull-down menus, intuitive point-and-click 
commands and self explanatory instructions. Without any 
up-front training, designs can be completed within hours 
instead of days or weeks. 
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Introduction to pLSI and ispLSI 

pDS Advanced Level 

Features 

Cl Supports pLSI and ispLSI Device families 

Cl Schematic capture, State Machine and VHDL 
Design Entry 

Cl Expanded Macro Library 

Cl Automatic Logic Minimization and Partitioning 

Cl Automatic Place and Route 

Cl Logic and Timing Simulation 

Cl EDIF Compatible 

Cl JEDEC File Download Direct to Programmer or 
ispLSI Device 

General Description 

For higher level design-entry environments, Lattice offers 
pLSllispLSI Advanced Development System software 
tools, which expand on the core capabilities of the pDS
PC Entry Level software. Schematic capture, state machine 
and VHDL entry are supported, along with an expanded 
macro library. 

The Advanced Level software utilizes industry standard 
third-party design environments such as Viewlogic's 
Viewdrawand Data I/O's ABEL TM. 

Running on IBM compatible (386/486) PCs or workstation 
platforms, the Advanced Level Software supports 
automatic logic minimization and partitioning, as well as 
place and route, resulting in 100% routability at greater 
than 80% utilization. 

For logic and timing simulation, support is available from 
Lattice through Viewlogic Viewsim simulation tools. 

Third Party Programming Support 

The pLSI and ispLSI families are supported by popular 
third-party logic programmers including Data I/O, Logical 
Devices, Stag, System General, SMS Microcomputer 
and Advin. Table 2 describes each vendor's specific 
programmer model that support the pLSI and ispLSI 
devices. No proprietary, expensive, high pin-count 
programmers are required. Additionally, the ispLSI family 
can be programmed on the board (in-system), which 
eliminates the need for a stand-alone programmer. 

Table 2. Programming Support 

Programmer Vendor Model 

Pilot GUU40 
Advin Systems 

PilotU84 

BP Micro PLD1128 

2900 

Data I/O 3900 

Unisite 40/48 

Logical Devices 
Allpro 32140 

Allpro88 

SMS Microsystems Sprint Expert 

System General Turpro 1 

isp Engineering Kit 

The ispLSI family may also be programmed with Lattice's 
isp Engineering Kit. This kit is designed for engineering 
purposes only and is not intended for production use. By 
connecting an 8 wire cable to the parallel printer port of a 
PC, JEDEC files can easily be downloaded into the ispLSI 
device. Additionally, this cable can be connected directly 
to the circuit board facilitating on board in-system 
programming. 

Additional infonnation on the pLSI and ispLSI Families may be obtained from a Lattice 
representative or by simply completing the reply card at the end of this data book. 
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INTRODUCTION 
lattice views quality assurance as a corporate 
responsibility and an integral part of all planning activities. 
lattice's Quality Assurance organization is independent 
from Manufacturing and has direct access to top 
management, assuring sufficient authority is afforded to 
quality issues. 

lattice's quality program is in full compliance to the quality 
assurance requirements of Mll-M-38510 Appendix A 
and all inspection system requirements of Mll-I-45208. 

QUALIFICATION· . 
All new products, processes and vendors must pass pre
defined evaluations before receiving initial qualification 
release. Majorchangesto products, processesorvendors 
require additional qualificaton before i~lementation. To 
assure continuing conformance to reliability requirements, 
an ongoing monitor program is maintained on aU processes. 

IN-PROCESS CONTROL 
Qualified product must be manufactured under strict 
quality controls that start with regulated procurement and 
documented inspection plans for all incoming materials. 
Sample testing and in-line monitoring as well as statistical 
process control charts provide constant feedback at each 
critical step of the manufacturing process. 

CALIBRATION 
All critical equipment involved in the manufacture, testing, 
or inspection of lattice product must meettherequirernents 
of our established calibration system that is in co~liance 
to MIL-STD-45662. 

TRAINING 
All lattice manufacturing personnel complete a 
comprehensive training program and obtain· formal 
certification for each production operation before they are 
allowed to manufacture products. Operators must be 
recertified on a periodic basis to assure ongoing 
compliance to all written procedures and specifications. 

SUBCONTRACTOR CONTROL 
All subcontracted operations must be performed by 
sources exhibiting a quality program commensurate to 
that of lattice. These vendors are audited at least once 
every year to monitor their compliance to lattice's Quality 
Assurance Program. Any rnajoraudit<iscrepancy requires 
corrective action and may result in disqualifICation. 

5-1 

Quality Assulal1C8 
Plogram 

DOCUMENT CONTROL 
lattice's document control system is under the direction 
of Quality Assuranceand hasthe responsibility of assuring 
that every product has adequate written documentation 
released before production begins. 

Drawings and specifications related to materials, 
processes, testing, products and subcontractors are 
maintained by the Document Control Department. A 
numbering system identifies each' document by revision 
status, function and category. 

Any change to existing documentation must be properly 
approved and released before implementation of the 
change. The change is implemented only if approved by 
.the appropriate funct!<>nal groups. . 

NONCONFORMING MATERIAL 
Nonconforming material is identified, segregated, analyzed 
anddispositioned according to procedures that also require 
corrective action be specified to eliminate the cause of the 
defect. 

Lattice hasa Material Review Board (MRB) to investigate 
thecauseof nonconforrnance and disposition the material. 
Lattice and customer specification requirements are 
t!lorQughlyreviewed during MRB dispositions. The MRB 
consists of representatives. from Manufacturing, 
Engineering, and Quality Assurance. 

Product returned by customers (RMA) shall be analyzed 
and dispositioned with respect to lattice and customer 
specifications. 

FAILURE 4N4L YSiS 
FaUure modes discovered during quaHfication testing, 
inspections, customer returns or in-process screening 
are processed through lattice's Failure Analysis group to 
determine the cause or relevancy of the failure and initiate 
corrective actions to eliminate the cause. All failure 
analy$is reports are reviewed by Quality Assurance to 
convey awareness of any potential problems and assure 
that proper corrective action is taken. . 
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INTRODUcnON 

Qualification 
Aogram 

Lattice has an intensive qualification programfor examining 
and testing new products, processes, and vendors in 
order to insure the highest levels of quality. Lattice's 
Reliability Engineering Group is responsible for defining 
and implementing this qualiflC8lion program. 

The following table outlines the steps which must be 
performed before a new product, package or process is 
qualified. The requirements listed below are general 
guidelines. Detailed information on Lattice's qualification 
process is available to customers upon request. 

Qualification Requirements 

lof Duration 
Test Samples New Product New W ..... Process NewPack8a8 

1250 C Operating Lifetest 300 1,000 Hours 2,000 Hours 2,000 Hours' 
(5.25V) 

150" C Biased Retention 450 1,000 Hours 2,000 Hours 2,000 Hours' 
Bake (5.25V) 

Endurance Cycling 75 10,000 Cycles 10,000 Cycles NlA 

ESD 48 End of Test End of Test NlA 

Latch-Up Immunity 27 End of Test End of Test NlA 

Temperature Cycling 150 1,000 Cycles 1,000 Cycles 1,000 Cycles 
(-65 to 1500 C) 

Biased 85185 (5V) 225 NlA 1,000 Hours 1,000 Hours 

Autoclave (121 0 C, 15psig) 150 NlA 336 Hours 336 Hours 

Lead Integrity (DIP only) 9 NlA NlA EndofTest 

Solderability 9 NlA NlA End of Test 

Centrifuge 75 NlA NlA End of Test 

Bond Strength 12 NlA NlA End of Test 

1. Required for new assembly technologies only. 

5-3 

• 



Qualification Program 

RELIABILITY MONITOR PROGRAM 
The Reliability Monitor Program provides for a periodic 
reliability monitorof Lattice products. The program assures 
that all Lattice products comply on a continuing basis with 
established reliability and quality levels. 

Reliability Monitor Program 

The Reliability Monitor Program is designed to monitor all 
fab and assembly facilities as well as each process 
technology in production. A summary of the program test 
and sampling plan is shown below. 

Test #I of Samples Duration 

125° C Operating Lifetest (7.00V) 70 160 Hours 

200° C Biased Retention Bake (5.25V) 70 160 Hours 

Autoclave (121° C, 15psig) 35 160 Hours 
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INTRODUCTION 
The inherent testability of Lattice's PCMOS PlDs 
significantly improvestheirquality and reliability. By using 
electrically erasable EEPROM technology to produce 
GAL devices, Lattice is able to perform 100% AClDC, 
functional, and parametric testing of every single device. 
In order to achieve the highest quality levels, Lattice 
programs and tests each device repeatedly throughout 
the manufacturing process. 

ACTUAL TEST VS. SIMULATED TEST 
Why is "actual test" so significant? PlDs, unlike most 
other semiconductor devices, have a programmable 
element that determines the final device functionality and 
ACIDC performance. 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 manufacturer prior to shipment to an end user OEM. 

EEPROM ALLOWS ACTUAL TEST 
Eachofthe methods identified above can be programmed. 
In this manner they are all the same. The differences 
become apparent when the erase times are analyzed. 
Metal link and One-Time Programmable (OTP) devices 
cannot be erased. UV EPROM devices can be erased, 
however the time required is 20-30 minutes (and an 
expensive windowed package). EEPROM devices, on 
the other hand, offer instant erasability on the order of 50 
rns (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 refl8bility 
studies of the technology have been performed with 
industry-wide acceptance, including the military. 

E2CMOS Testability 
Improves Quality 

OTHER METHODS ARE IMPRECISE 
All PlD devices must be tested to some degree to validate 
functionality and performance. T echnologiesthat are not 
erasable or require lengthy erase times severely constrain 
the test flexibility. Since the normal "user" programmable 
elements cannot be programmed during manufacture (all 
elements must be available for end-user programming) 
the manufacturers resortto using simulated and correlated 
performance of test rows, test columns and phantom or 
dummy-test arrays. At best, this is a statistical measure 
of the actual device performance. One need only look at 
the "normar programming yield fallout of 0.5. -> 3% or 
the "acceptable" post-programming test vector & board 
yield fallout of 0.5 -> 2% to know that this correlation is 
weak. The quality systems of today are measuring 
defects in the parts per million (PPM). A six sigma 
program requires less than 3.4 PPM, fQy[ orders of 
magnitude less than that achievable with non-testable 
PlDs. 

ACTUAL MATRIX. PATTERNING 
The unique capability of PCMOS devices to be instantly 
electrically erased allows these devices to be pattemed 
multiple times during Lattice's manufacturing test. Normal 
array cells in the programmable matrix are patterned, 
erased & tested again and again. The test rows or 
columns, phantom arrays,. etc., that are used with other 
technologies are not necessary with PCMOS devices. 
Programmability of lNery cell is checked dozens of times. 

Historically, the checking of a successful programming 
operationc6nsisted of no more than a passlfail verification 
step. This digital, black/white style check is not adequate 
to assure that the cell is programmed properly with 
sufficient margin to guarantee long-term reliable 
performance of the device. Lattice PCMOS devices are 
processed through a proprietary cell verification step that 
consists of an analog measure (to millivolt accuracy) of 
the actual cell threshold. This capability is used for 
extensive reliability and quality measurementsandtesting. 

WORST CASE ACIDC TESTING 
A PLD does not have a defined function until the engineer 
patterns the device with his custom pattern. The 
manufacturer, when considering the testing of a PlD, 
must considerthe 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 
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E2CMOS Testability Improves Quality 

application of a series of worst case patterns that cover all 
of the permutations of input combinatiol1S, array load & 
switching, and output configuration is required. 

PCMOS devices offer instant erasability to address this 
reconfiguration & test problem. Testing each additional 
worst case configuration takes fractions of a second, 
allowing multiple patterns to be checked to assure 
performance to rated speeds. The final result is a device 
with defects reduced from PPt!. (parts per bundred) to 
PPM (parts per million) .• 
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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 (registers, 
latches, memories, etc.) when setup and/or hold times are 
violated. Since setup and hold times vary with temperature and 
operating voltage, among other factors, the times referred to 
here are not the minimax numbers printed in data sheets, but 
rather the actual times for the given set of operating conditions. 
Typical applications where such times are likely to be violated 
include bus & memory arbiters, interfaces, synchronizers, and 
other state machines employing asynchronous inputs or 
asynchronous clocks. 

Metastability manifests itseH in a number of different ways. 
Common responses are (shown as they might be captured on 
a digital oscilloscope in Figure 1): runt pulse (1a), decreased 
output slew rate (1 b), output oscillation (1c), and increased 
clock-to-output time (1d). By definition, the phenomenon of 
metastability is statistical in nature. Not only is entry into the 
state uncertain, but the time spent there is also variable. 

Because PLDs are commonplace in today's designs, a thor
ough understanding of their metastable behavior is crucial. In 
some applications, output anomalies shorter than one clock 
cycle may be acceptable, but in applications where the 
register output is used as a control signal (clock, bus grant, 
chip select, etc.) for other circuitry, faults such as runt pulses 
and oscillation cannot be tolerated. 

This report will not study the causes or characteristics of 
metastability in great detail; excellent material has already 
been prepared on this subject [1-5). Rather, this report will 
introduce a mathematical model for the metastable phe
nomenon, discuss potential test methodologies, present and 
compare test results from various bipolar and CMOS PLDs, 
and discuss how to interpret the data. This report will close 
with suggestions on how to design metastable tolerant 
systems. 

DERIVATION OF CONSTANTS 

The basic premise of all metastability models is that a 
device's output is more likely to have settled to a valid state 
i~ th:ne(!) than in time(t-n). In fact, the failure probability 
dlstnbutlon follows an exponential curve. Figure 2 shows a 
typical failure frequency plot. 
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It is accepted [1] that metastable failures cal) be accurately 
modeled by the equation: 

log Failure = log MAX-b(A - Ao) (1) 

In this equation, MAX represents the maximum failure rate 
for a particular environment, I:;. is the time delayed before 
sampling the DUT (Device Under Test) output, and I:;. 0 is the 
time at which the number of failures starts to decrease. On 
a failure frequency plot (such as the one in Rgure 2), Ao 
represents the knee of the curve. The constant b is rate at 
which the frequency of failures decreases after the knee is 
reached. 

Recall that: 

log X = a In (X), where a = log (e) 

Substituting this into (1): 

a· In Failure = a • In MAX - b(A - Ao) (2) 

MAX is related to the clock frequency (fCLOCK) and data 
frequency (fDATA). That is, 

MAX = (k1 • fCLOCK· fDATA) (3) 

Substituting (3) into (2) and applying some algebra: 

a· In Failure = a. In (k1 • fCLOCK • fDATA) - b(A - 1:;.0) 

In Failure -In (k1 • fCLOCK· fDATA) = -b/a(A ~ Ao) 

Setting k2 = bla and rearranging the equation yields: 

Failure = (k1 • fCLOCK· fDATA)e ... (A· ... ) (4) 

When used with equation (4), the constants k1. k2, and Ao, 
completely describe a particular device's metastable charac
teristics; they indicate how quickly a device can resolve the 
metastable condition. Devices which transition out of the 
metastable region quickly are characterized by a small Ao 
and a large k2. 

The constant k1 is peculiar to the test apparatus (it can be 
thought of as a "scaling factor"). The maximum metastable 
failure rate (MAX) is limited by fCLOCK; a failure cannot 
occur if the device isn't ciocked. Likewise, it is true that a 
metastable failure cannot occur unleS$ data has changed. 
So, if fDATA < fCLOCK, then MAX = fDATA. This was the 
case in the test fixture Lattice used (fCLOCK=10MHZ 
f~AT A=2:5MHz). Substituting MAX = fDATA back into equa: 
lion (3) Yields: k1 = 1lfCLOCK, so k1 = 100ns for our tests. 

4191.Rev.C 
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TEST FIXTURE 

The goal of testing a particular device's metastable charac
teristics Is to generate real numbers for the constants k2 and 
40. To do this, the device must first b8 forced into the 
metastable state. This is done by intentionally violating setup 
and/or hold times. Once metastable, the output can be 
observed on an oscNloecope or used to Increment an event 
counter. 

Traditional Approach 
One approach to characterizing a device's metastable be
havior employs a test fixture similar to that shown In Figure 
3a. In such a fixture, data to the device includee a "jitter band" 
so that the device seee changing data as it is ciocked. The 
OUT output Is fed to a window comparator to determine when 
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it is In the metastable region (between VIL max and VIH min). 
The comparator output can be sampled p,rIocically and 
used to Increment an event counter. 

This method of testing, though It directly yields MTBF 
numbers, has some drawbacks. The first is that it doee not 
distinguish between the different types of metastable behav· 
ior (runt pulse, oscillation, slow rlaellail time, delayed transI· 
tIon), and It may heve difficulty detecting every type. Also, the . 
registers used in the detector circuit itaeIf may become 
metastable, which would adversely affect the reeu/ts. 

A New Approach 
The test method used to gather data for this report used the 
circuit shown in FIgure 3b. The tester employed an "infinite 
precision" variable delay circuit to control clock placement 
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Figure 2. typical Failure Frequency Plot 
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with respect to data. This arrangement allowed exact worst 
case placement of the clock, so as to induce metastability 
with nearly every clock pulse. 

Using a digital oscilloscope (Tektronix 11403A) in point 
accumulate mode, metastable failures were recorded over a 
lengthy period of time. A hardcopy was then made and the 
constants empirically obtained (details below). 

The oscilloscope approach, being visual in nature, enables 
the designer to make educated decisions regarding maxi
mum clock and data rates, as well as the suitability of using 
the output to drive other circuitry. The five minute sample 
period used in our tests contained approximately 750 million 
failures. Much longer sample periods were evaluated, but 
they provided no perceptible gain in usable information. 

A slight disadvantage of this approach is that extracting k2 
and ao values from the hardcopies is not straightforward. 
Because each point on the hardcopy can represent any 
number of actual samples (between one and 1.5 million), one 
cannot simply count the points at time(t) for the MTBF at that 

VARIABLE DELAY 

VIL 

Figure 3a. Traditional Metastability Test Circuit 

Figure 3b. lattice Mutability Test Circuit 
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time (although, in the case of the scattered points, the 
probability is low that a single isolated point represents more 
than one sample). 

To generate values for k2 and ao, it was necessary to refer 
to previous metastability studies [1). By studying the output 
plots of devices with known constants, cerlain relationships 
were established. For example, it was determined that ao 
represents the time from the leading edge of the output until 
the "dot density" starts to decrease measurably. It should be 
noted that 00 in previous studies included device propaga
tion delays, whereas in our test it does not. 

The time from 00 until the dot density equals zero was 
defined to be the "time to metastable release" or simply 
time(r). The relationship between k2 and time(r) is given 
below in (5), and shown graphically in Figure 4. Recall that 
MAX=2.5x10"6 and a=log(e). 

k2 = Iog(MAX) I (time(r) • a) = 14.73/time(r) (5) 
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INTERpRETING THE RESULTS 

In addition to examining f2CMOS GAL devices, this study 
also tested several bipolar PAL devices as well as other 
CMOS PLDs. To insure that the results of this study would 
be relevant, a" necessary precautions were observed: the 
devices were of recent vintage and were acquired blindly 
through distributors; multiple samples of each device were 
tested and the results combined; a" devices had either fixed 
16R8 architectures or were configured to emulate the 16R8 
architecture; the devices were programmed from the same 
JEDEC fuse map file (the source equations and the JEDEC 
fuse map file are presented in Listing 1). 

Plots 1 through 6 on the following pages are some of the 
oscillOSCOpe plots generated for this study. The top wave
form in each plot is the clock signal, the middle trace is the 
metastable data output and the bottom trace is the histogram 
olthe accumulated samples between 1 V and 2V olthe output 
signal. The horizontal scale is 2ns per division, so the exact 
clock to output time of the metastable output condition can 
be read directly. The vertical scale is 2V per division for the 
top trace, and 1 V per clivision for the middle trace. 

The middle waveform in each plot is the metastable device 
output which is the only signal captured in point accumulate 
mode. In every case, the output signal plot shows two stable 
levels after the transition. This is a direct result of the 
"indecision" caused by metastability; on some cycles the 
output settled to a high level, while on others it settled to a low 
level. 

Plot 4 shows the response of a bipolar PAL 16R8-7. Notice the 
very well defined runt pulse (this correlates with previous data 
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gathered on similar devices by the manufacturer [1]). The 
absence of a secondary trace along ground indicates that the 
output always starts to transition to a high level, even when it 
finally settles to a low level. This characteristic makes the 
device unsuitable for use in control path applications (when 
metastability is possible). All of the bipolar parts examined 
showed similar results. 

Plot 1, 2 and 3 are from GAL16V8B-7, GAL22V10B-10 and 
GAL6001-3O, respectively. 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 be
haved. The fact that there are no runt pulses or other 
anomalies is extremely significant, as the GAL6001 not only 
allows asynchronous clocking, but encourages that activity. 
Although GAL6001 is a much slower device as compared to 
GAL 16V8and GAL22V1 0, the similar metastable character
istics of the GAL6001 to the much faster GAL devices 
indicate that the inherent metastable characteristics of all the 
GAL devices have conSistently desirable characteristics 
across all speed grades. Comparing Plot 1, 2 and 3 with Plot 
4 and 5 shows that characteristics of the GAL devices are 
superior to those of bipolar PLDs. Plot 6 illustrates meta
stable characteristics of the TTL flip-flop (TISN74AS74). 

For reference purposes, Plots 7 through 9 are included. Plot 
7 shows a normal (ie. non-metastable) GAL 16V8B-7 transi
tion, and Plot 8 a normal PAL 16R8-7 transition. Plot 9 is the 
normal transition of the TTL flip-flop (TI SN74AS74). For 
consistency, only rising edges have been shown. Our tests 
also covered falling edges which, in general, were interesting 
but did not provide any additional information. 

I--r-- r-
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Figure 4. K2 Constant time (r) 
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For a more quantitative look at the phenomenon of metasta
bility, refer to the table beneath each plot. These tables listthe 
measured values of the constants Ao and k2 for the device 
whose plot is shown, and for similar devices. Recall that large 
k2 and small 40 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 asynchro
nous systems are active for more than one clock cycle, so if 
they are missed initially, they could be captured on a 
subsequent clock cycle. 

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 slate 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 extemally (or internally) synchronize 
the asynchronous signals, or to increase cycle times to allow 
time for metastable outputs to settle. An example of the latter 
solution is given below. 

It is worth noting at this point that state machines (synchro
nous or asynchronous) can fail for reasons other than 
metastability. A not insignificant component of a PLD's 
specified setup time is directly attributable. to internal data 
skewing [2]. Data skewing is the inevitable result of differing 
signal path lengths, loading conditions, and gate delays. 
Stated another way, each' input to output path has its own set 
of actual AC specifications. If insufficient setup time has 
passed, different "versions" of the same data may be present 
at the inputs of different registers as they are clocked. A good 
example of this is: 

Outpu,-Pin19 := Input_Pin2; 
Outpu,-Pin15 := IInpu,-Pin2; 

If clocked at precisely the right moment after an input 
transition, one register will capture old data while the other 
captures new data, resulting in a system failure. This condi-
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tion, though also the result of a setup time violation, should not 
be confused with metastability (the "incorrect" data that is 
captured has normal output characteristics); it is, pure and 
simply, the result of a violation of specifications. 

Example 
To determine the maximum clock rate (given an acceptable 
error rate) that a particular device will 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+4. For one failure per year: 

3.2x10-8 = [(1x10-7)(1/(M22))(9600)]e-{4(A-,44)) 

Solving for 4 yields 4=2.22ns, or about 2ns, for a cycle time 
of 24ns. Referring back to Plot 1, the additional delay of 2ns 
intuitively makes sense. Remember, in terms of setup and 
hold time violations, the oscilloscope plots were made under 
worst case failure conditions; the scattered dots could rep
resent MTBFs of days, years, or even millenniums in a typical 
asynchronous environment. 

Due to the extremely quick metastable settling times of GAL 
devices, a .relatively small increase in the cycle time will 
produce a dramatic improvement in reliability. 
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SEQUENTIAL STATE ORDERING 
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Tpd = 10ns r---o OUTPUT 

Tco = 5ns 
A. 

CLOCK D I 

Figure 6. 

MODULE metastable 

TITLE' 'Metastable Test 
Pattern' 

uOO Device 'P16RS'; 

d PIN 2; 
q1. q2 PIN 12.19; 

EQUATIONS 
q1 .- d; 
q2 .- d; 

End metastable 

Listing 1 a. Source equations 

Tsu=7ns 

L'o.. 

I 

JEDEC file for: P16RS 
Metastability Test Pattern* 
QP20* QF204S* FO* 
LOOOO 101111111111111111111111111111* 
L1792 101111111111111111111111111111* 
C07F4* 

Listing 1b. JEDEC file 
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GAL Metastability Repotf 

2V/dlv ..... .-...-: ............ : ......... : ...... . . .............................. . 
~ .. : 

: Output ~ .. " . ~ 
: :'.: .'. I • • • " ••••••••• ~ • • • • • • • •• ••••••••• ~ • • • • • • • • • 

. . . .................................. 
· . · . · . · . · . · . · . 

1V/dlv 

I 
. . · . ............................... , ......................................................... . 

................ ................... .................. . · . . · . . · . . · . . · . . · . . · . . · . . · . . 

2ns/dlv 

Plot 1. GAL16V8B-7 Metastable Output 

Part' Manufacturer ~o (ns) k2 (1/ns2) 

GAL16V8B-7 Lattice .44 5.0 
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GAL Metastability Report 

· . . ................................. · . · . 

2V/dlv 

.... iIIIIIR~ ....................... . 

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

Output -t 

1V/dlv 
..... ~~~~~ .............. ~ .... ~ ... 1Ii.. .... ~. ~ ... M.I!JI .... ~ ... -. ...... 

...... ... ' ......................... : ........ . 

.............................................. .. . .. . .. . · . · . · . · . · . · . 

2ns/div 

Plot 2. GAL22V10B-10 Metastable Output 

Part # Manufacturer t;"o (ns) k2 (1lns2) 

GAL22V10B-10 Lattice .51 5.2 
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GAL Metastability Report 

2V/dlv 
............................................ . . 

Output ~ 

. . . .......................... , ............. . . . . ~ ....................................... . · . . · . . · . . · . . · . . · . . · . . · . . · . . 

1V/dlv 

I 
. . . .. . .................................... . ................... , ...................................... . 

· .. ... . ................................... . ....... -................................................... . 

2ns/dlv 

Plot 3. GAL6001·30 Metastable Output 

Part' Manufacturer ,M (ns) k2(1/ns2) 
.. 

GAL6001-30 Lattice .22 7.3 
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............................................................................................. · . . · . . · . . · . . · . . · . . 

: : ~:~~ ......... --~ 
.......... : ........................... : ......... : ......... : ................. . 

2V/dlv 
. . .......................................... · . · . 

: "', 
· . . ,'..... : .................................... ........ : ... : ......... : ................. . .. . 

"',,1,: : 

: ':~i : : ~ 
Output -t 

1V/dlv 

· . ......... ............................. ........ . 

· . , ...... , ... : ......... : ................. . 
· . · . · . · . · . · . · . · . 

2ns/dlv 

Plot 4. PAL16R8-7 Metastable Output 

Part' Manufacturer /:"0 (ns) k2 (1/ns2) 

PAL16R8-7 AMD 1.2 2.5 

6-10 



GAL Metastability Report 

............................................................... : ......... : ........ . 
. . . . 

Clock; 

· . . ............................................................................................... 

2V/dlv 
....... j 

Output ~ 
. . ................................... · . . · . . · . . · . . · . · . · . · . · . 

1V/dlv 

I 

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

2ns/dlv 

Plot 5. TIBPAL 16R6-7 Metastable Output 

Part' Manufacturer l:!.O (ns) k2 (1/ns2) 

TIBPAL16R6-7 TI 1.5 1.5 
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GAL Metastability Report 

., '" . . . . . . . . .. . . . . . . . ~ . . " . . . . .. . -. . . , .'. .. .........:.........:.........:.........:.........:.........: 
· ..... . · ..... . · ..... . 

2V/dlv : :::::: .. ..... . 
· ::.:: 

. . · . . ............................. ................................................ · . . . . · . . . . 
Output ~ · . . . . · . . . . · . . . . · . . . . · . . . . · . . . . · . . . . 

!!1;.--~----'----~---:--~-:----' .. 

1V/dlv 

.................... ............... : ............................................... . 

2ns/dlv 

Plot 6. SN74AS74 Metastable Output 

Pan, Manufacturer ao (ns) k2 (1/ns2) 

SN74AS74 TI .91 3.5 
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.................. r········ ...................................................... [ ......... ~ 
. . . .i/ttI---............. ' .... ..................... , ..... : ......... : 
......... ; .................. ; .................. , ................. : ......... : 

2V/dlv 
:: . : 
:: : 

.,' ..................................... . 

: Output-7 

........ T" ....... ~ ........................... (" ................................ "["" ....... [ 
· ., . · ., . 
j-' ---.:.:..--...:..-I~-:---:-. --.;---;---:----, ........................ . 

'--~----71_-:__--:----:---~--:--~"""'" . 

1V/div 
~ ....... -,;. ................................................................ . I 

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

· . · . .............................. . ............. : ............................................. : 
· . · . 

2ns/dlv 

Plot 7. Normal GAL16V8B-7 Transition 
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......... : ......... : ......... : .............................................................. . 
· . . · . . · . . · . . · . . · . . · . . 
~ ..... ~ .... ~ ... ~ ..... ;.. ..... ~ ............. ~ .... __ ·····~····IiiIiIii·····~··· 

2V/dlv 
. . . . . . . . . ~ . . . . . . . .. .........:......... ......... ......... ......... ~: . . . . . . . . ~ 
:: : 
:' : . . 

· . ......... ......... ................... . 
· . · . 

: Output-+ 
......... : ......... : ......... : ...................................................... : ......... : 

r---:-----:--I---:---;---:---:--~--j ....................... . 

:-----:----:-:I--:----:---:-----: __ ~_._.J .•. ....... 

1V/dlv 

· . ....................... ..... ......... ...... ............ ......... ......... ......... ......... . · . · . · . 

2ns/dlv 

Plot S. Normal PAL 16RS-7 Transition 
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. . ......... ........ . ........................................................................ . 

2V/dlv 

Output -4 
. . . . . ................................................. . ........................................ . · . . . · . . . .. . .. . .. . .. . .. . .. . 

1V/dlv .. ---*"" ...................................................... . II 

............................. ......... .. ........... ......... ......... ......... ........ . 
· . · . · . · . 

2ns/dlv 

Plot 9. Normal SN74AS74 Transition 

END 
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Latch-up Protection 
INTRODUCTION 
The Lattice GAL family has been developed using a high
performance E2CMOS process. CMOS processing was 
chosen for the GAL family to provide maximum AC 
performance with minimal power consumption. A 
drawback common to all CMOS technologies is the 
destructive agent, latch-up. 

This brief defines the phenomenon of latch-up, how it 
manifests itself, and what techniques have been used to 
control it. Also described are three device features 
employed in the GAL family to eliminate the occurrence of 
latch-up as well as the results of an intensive investigation 
conducted to reveal the GAL family's tolerance to latch
up. 

Latch-up is destructive bipolar device action that can 
potentially occur in any CMOS processed device. It is 
characterized by extreme runaway supply current and 
consequential smoking plastic packages.· Latch-up is 
peculiar to CMOS technology, which integrates both P 
and N channel transistors on one chip. 

In the doping profile of a CMOS inverter, parasitic bipolar 
(PNPN) silicon-contro.lled·rectifier (SCR) structures are 
formed. Figure 1 shows the process cross section of a 
CMOS inverter, as well as the bipolar components to the 
parasitic SCR structure . .In steady-state conditions, the 
SCR structure remains off. Destruction results when stray 
current injects in to the base of either 01 or 02 in Figure 1. 
The current is amplified with regenerative feedback 

Figure 1. CMOS Inverter Cross-Section 
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(assuming that the beta product of 01 and 02 is greater 
than unity), driving both 01 and 02 into saturation and 
effectively turning on the SCR structure between the 
device supply and ground. With the parasitic SCR on, the 
CMOS inverter quickly becomes a nonrecoverable short 
circuit; metal trace lines melt and the device becomes 
permanently damaged. 

CAUSES OF LATCH·UP 
It has been explained that parasitic bipolar SCR structures 
are inherent in CMOS processing. If triggered, the SCR 
forms a very low-impedance path from the device supply 
to the substrate, resulting in the destructive event. Two 
conditions are necessary for the SCR to tum on: The beta 
product of 01 and 02 must be greater than unity, which, 
although minimized, is usually the case; and a trigger 
current must be present. The cause of latch-up is best 
understood by examining the mechanisms that produce 
the initial injection current to trigger the SCR network. 
Figure 2 is a schematic of the parasitic bipolar network 
present in a CMOS inverter, where node "b" is the inverter 
output. It can be sean that two events might trigger latch
up: 1) the inverter output could overshoot the device 
supply, thereby turning on 0 3 and injecting current directly 
into the base of 02; and 2) the inverter output could 
undershoot the device ground, turning on O2 immediately. 
However, a third condition could also trigger latch-up; if 
the supply voltage to the P+ diffusion were to rise more 
quickly than the N-well bias, 01 could tum on. Within the 
device circuitry, overshoot and undershoot can be 
controlled by design. A problem area exists at the device 

I 



Latch-up Protection 

inputs, outputs and VOS because extemal conditions are 
not always perfect. Powering up can also be a potential 
problem because of unknown bias conditions that may 
arise. 

With CMOS processing the possibility of latch-up is always 
present. The major causes of latch-up are understood 
and it is clear that if CMOS is to be used, solutions to latch
up will have to be created. As the technology evolves, 
solutions to latch-up are becoming more creative. Two of 
the more straightforward solutions are presented here. 

One direct way to reduce the threat of latch-up is to inhibit 
a2 (Figure 1) fromtuming on. This has been accomplished 
by grounding the substrate and reducing the magnitude of 
Rsub through the use of wafers with a highly conductive 
epitaxial layer. While the technique is successful, the 
wafers are more expensive to manufacture, due to the 
extra processing required to form the epitaxial layers. 

The extensive us.e of -guard rings· helps to collect stray 
currents which may inadvertently trigger an SCR structure. 
A disadvantage to heavy use of guard rings is the 
constraints placed on circUit design and topological layout, 
and the resulting increase in die size and cost. 

THE LATCH-LOCK APPROACH 
The intent of the GAL family was to implement cost
effective solutions to each major cause of latch-up. The 
goal was met through three device features. 

The most susceptible areas for latch-up are the device 
inputs, outputs and I/0s. Extreme externally applied 
voltages may cause a P+N junction to forward-bias, 
leading to latch-up. The inputs, by design, are safe; but 
outputs and 1I0s present a danger. 

Vet; 

RWELL 

'------_ b output 

Figure 2. Pare.ltlc SCR Schematic 

To prevent latch-up by large positive swings on the device 
outputs or 1/0 pins, NMOS output drivers were used. This 
eliminates the possibility of tuming on a3 (Figure 2) with 
an output bias in excess of the device supply voltage. 
Figure 3 contains the effective NMOS output driver and its 
switching characteristics. Note that the output does not 
fully reach the supply voltage, but still provides adequate 
VOH margin for TTL compatibility. 

To prevent negative swings on device output and 1/0 pins 
from forward-biasing the base-emitter junction of a2, a 
substrate- bias generator was employed. By producing a 
V u of approximately -2.5v, undershoot margin is increased 
to about -3V. 

To insure that no undesired bias conditions occur with P+ 
diffusions, Lattice Semiconductor has developed 
proprietary Latch-Lock power-up circuitry, illustrated in 
Figure 4. In short, the drain of all P channel devices 
normally connected to the device supply is now connected 
to an altemate supply that powers up after the device N
wells have been biased and the substrate has reached its 
negative clamp value. This prevents any hazardous bias 
conditions from developing in the power-up sequence. 
After power-up is complete, the Latch-Lock circuitry 
becomes dormant until a full power-down has occurred; 
this eliminates the chance of an unwanted P channel 
power-down during device operation. 

To determine the amount of latch-up immunity achieved 
with the three device features utilized in the GAL family, 
an intensive investigation was carried out. Each step was 

Vee 

Figure 3. NMOS Output Driver 
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conducted at 25° and 100°C; inputs, outputs, and 1I0s 
were sequentially forced to -8V and + 12V while the device 
underwent fast and slow power-ups; devices were 
repeatedly "hot socket" switched with up to 7.0V. 

Even under the extreme conditions specified, no instance 
of latch-up occurred. In an attempt to provoke latch-up, ± 
SOmA was forced into each output and I/O pin. The device 

Vee 

v 

Figure 4. Latch-Lock Power-Up Circuitry 
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output drivers were damaged in the battle, and still latch
up was not induced. 

Based on the data, it is evident that the GAL family is 
completely immune to latch-up, even when subjected to 
a wide variety of extreme conditions, including current at 
inputs, outputs, and 1I0s, power-supply rise time, hot
socket power-up and temperature .• 

• • • 
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While the purchase price of a programmable logic device 
is an important consideration in identifying the moSt cost
effective solution for a system design, it is clearly not the 
only criterion. Hidden costs attributable to product testing, 
yield fallout, inventory management, and other factors can 
dramatically impact the final cost of using a PLO. 

This brief investigates the overhead associated with PLD 
usage and the advantages ottestable and reprogrammable 
E2CMOS GAl devices overone-time-programmable PLDs. 

The GAL family of programmable logic devices is 
manufactured on a state-of-the art E2CMOS process that 
not only provides a. better speed-power product than the 
best bipolar devices, but offers an advantage unique 
among PLD manufacturers: guaranteed programming and 
post-programming yields of 100"k. 

The 1 OO%-yield guarantee is the culmination of years of 
Lattice Semiconductor's circuit-design and manufacturing 
experience applied to the GAL device. The only way to be 
able to make this 100% yield statement~ and to supply 
product thaf actually meets the 100% criterion-is to fully 
test all functions of the device, poor to shipment. 

The electrically erasable (EE) matrix, unlike previous PLD 
matrix technologies (bipolar fuse-link and UV-erasable 
PROM), permits full testing of the programmability and 
reprogrammability of each and evety matrix cell. The ability 
to pattern the actual matrix is extremely significant, since it 
also allows Lattice to test the functionality of each of the 
Macrocell logic blocks, under various worst-case 
configurations. This test approach is referred to at Lattice 
as 'Actual Test'. Unlike .other PLD manufacturers' 
approaches, which include imprecise correlations, 
simulations,test rows, and phantom arrays, Actual Test 
conclusively verifies AC and DC performance of every cell 
in every GAL device. 

EUMINATES INCOMING QA 
A consequence of Ach.laI Test is that GAL devic8s do not 
require the typical incoming Quality Assurance testing that 
traditional fuse-linkblpolar PLDs require. As such, the cost 
savings of using GAL devices. begins the moment the parts 
arrive, since the averageoostoflln inCOftlingOAoperation
hardware, software development .and .niaintenance, and 
handling-isapproxlmately 7", of·the raw device cost. 
Moreover, GAl devices becom8 the optimal choice for 
illl>lementationof Just-Irl-TimeorDocIt-To-Stockprograrns,· 
since they eliminate the expense and time required by the 

Hidden Costs 
in PLD Usage 

Still, a number of users require that all devices undergo 
incoming OA. In those cases, the use of GAL devices still 
simplifies the issue. A single generic test program can be 
used to test all configurations of the E2CMOS-based GAL 
device. The expense of generating and maintaining a test 
program for every architech.lre (1618, 16R4, 10P8, and so 
on) is eliminated with Generic Array Logic. 

Since the QA test for fuse-link PLDs, by its nature, requires 
the destructive patteming of the fuse array, QA testing of 
bipolar PAL devices can only be done through a sample 
plan. At best, a sample plan can provide a crude estimate 
of fuse-link yield loss; moreover, sampled devices cannot 
be erased and must be subsequently thrown away. GAL 
devices, utilizing the E2CMOS process can be pattemed 
and erased at will,. allowing 1 OO%.QA of. all specifications 
and configurations. And, the devices can, of course, be 
erased to allow full reuse of the sample units in 
manufacturing. 

incoming inspection procellS. Diagram 1: InVentory Reduction with GAL Devices 
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SIMPUFIED INVENTORY MANAGEMENT 
The generic architecture and high performance of the GAL 
devices allow two basic devlce&-the 2Q-pin GAL 16VS 
and 24-pin GAL20V8-to directly replace approximately 
70% of PLD device types currently available, including 
100% of the most popular types ('La,' 'RS,' 'R6,' and 'R4') 
and a sizable portion of the FPLA and EPLD devices. The 
obvious benefit of using GAL devices is. a substantial 
reduction In the number of part types that need be stocked 
(Figure 1). 

Inventory management of dozens of speed-power options 
and device architectures is a painful process. The ideal 
cost of managing a device inventory adds some 2% of 
direct overhead; the real cost can be significantly greater, 
due to the risk that a shortage, 'outage,' or obsolete stock 
condition will exist. Improper planning could result In a shut
down of the assembly line. The generic architecture allows 
the GAL device to serve as insurance whenever needed to 
meet an immediate shortfall. The yields, at 100%, allow full 
planning confidence that the problem is solved. 

Disposition of rejects is another inventory-management 
issue. The raw cost ofthe rejects themselves (ata 2% to 5% 
fallout rate) Is compounded by the associated paperwork of 
obtaining a replacement or credit for the bad devices. 
Studies show that every time a buyer or purchasing agent 
picks up the phone or generates a debit memo, some $30 
to $50 is spent. Follow-up activity -2 or 3 calls or letters
compounds the expense. Meanwhile, the manufacturing 
Inventory Is short of devices. What's more, carrying 
additional 'safety-stock' as insurance against a temporary 
shortage results in a higher inventory-carrying cost. 

1000/0 YIELDS REDUCE SYSTEM COST 
Perfect yields, as provided through Actual Test, allow the 
manufacturing environment to run In a fully predictable 
manner. This allows purchasing and production control to 
accurately schedule all activities and product for system 
build. Just-In-Time material-requiSition systems assume 
that the material will arrive on time, In the exact quantity 
necessary. With GAL devices, the source product Inventory 
can be allocated for programming to various pattems with 
full confidence that the final patterned devices will be in the 
quantity and of the quality desired. 

A rule of thumb, commonly known as the 'Factor ot Ten 
Rule' (Table 1 ),details the cost of a failing unit throughout 
the manufacturing process. The point is that unit cost is not 
nearly as Importanl as its contribution to subsequent costs 
(or savings). The Rule basically states that the cost of 
deteCting and replacing a defective device increases by an 
order of magnitU$ for each subsequent step of the 
manufacturing process. 

C08T* MULnpUER OPERATION 

$ 5.00 X Raw Cost of Devtce 
$ 50.00 10X Cost of Detecting and RapaJring a 

BOard Failure 
$ 500.00 100X Cost of Detecting and Repairing a 

System Failure 
$ 5,000.00+ 1,OOOX Cost of Repairing a FIeld Failure 

Each 8UCC8S8iv8 operation results In 10 limes the coetlO detect 
the faiUng device. $5.00 device coet asaumed - use your actual 
cost and a 10x multiplier 10 obtain actual nurnbenI. 

Table 1: Factor of Ten Rule 

It Is extremely important to recognize that the additional 
difficulty and costof using traditional PLDs has implications 
far beyorid what the observed programming yield fallout 
portends. The hidden costs, time and expense aggravation 
of board failures (1OX device cost to detect and repair), 
system failures (100x device cost), and the potential for 
field failures far outweigh the simple 2% to 5% yield losses 
observed on a programming fixture. 

Figure 2 illustrates the differences between traditional PAL 
device yield loss and the 1000/0 yields of the GAL devices. 
Notice that even operator errors and engineering pattem 
revisions are recoverable with GAL devices, which can be 
instantly erased and reprogrammed to the proper 
architecture and logic pattem. 

TRADITIONAL PLD APPROACH 

liliiii 

II 1IIIIIIII III. 
III III- III I. 

11IIIIIIII iIiIIIIIIII 

GAL APPROACH 

Diagram 2: YIeld Loa Comparison 
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In a typical manufacturing environment, device 
programming hardware pattems the array, and assuming 
the engineer has provided test vectors, the hardware 
performs a basic (slow) functional test of the device. Yield 
losses at these two operations average 2% to 5% and 1 % 
to 2%, respectively. 

What is not tested adequately at the PAL programming 
operation is the effect of partially programmed fuses that 
result in degraded AC performance or marginal reliability of 
the device. These failures are caught at board test and/or 
after board bum-in. Typical bipolar functional and AC 
parametric failure rates range between 0.5% and 2% for all 
manufacturers of fuse-link PAL devices. Even if one 
assumes the minimum failure rate of 0.5%, the system 
failure rates are still greatly magnified. 

Two mechanisms are used to detect the failures of PAL 
devices: board test and system test. USing the 'Factor of 
Ten Rule' and assuming that board test fully screens bad 
devices (AC fallout), if a conservative device failure rate of 
0.5% were observed, the actual parts cost would be: 

Acost = Pcost + (Pcost * 10 * 0.5%) 
= Pcost + Pcost * 0.05 
= 1.05 * Pcost 

Performing the screening at the system level, under the 
same scenario, makes a dramatic difference in the cost of 
the device: 

Acost = Pcost + (Pcost * 100 * 0.5%) 
= Pcost + Pcost * 0.5 
= 1.5 * Pcost 

These two different cost factors were determined using the 

Hidden Costs in PLD Usage 

conservative failure rate of 0.5%. Using the GAL device, 
with its 0% failure rate, provides instead a cost factor of 1; 
i.e., no additional cost burden is generated. 

The problem caused by PLD failures obviously grows in 
proportion to the number of devices in a system, since the 
probability of a failure among a group of PAL devices is 
higher than that for a single device. Figure 3 plots the 
probability of a board or system not working, as a function 
of the number of devices per system, for a variety of device 
failure rates. 

For example, at a unit failure rate of 1.0%, a system 
incorporating 30 PAL devices will exhibit a 25% failure rate. 
That means that 1 out of every 4 systems will have to be 
reworked, at tremendous cost. The replacement of an 
average 0.5% of the units in a system results in an actual 
8% adder to the hidden device cost. 

The diffICUlty in replacing board failures is compounded by the 
removaJ of soldered units. It is quite easy to destroy a board with 
the removaJ and replacement of a defective device. 

Systems that fail in the field are not only the most costly in terms 
of dollars and cents, but in customer relations, as well. They 
require responding rapidly and performing repairs in a less
than-idealenvironrnent, withoutthecompletetoolsandsupplies 
available atthe factory. FI8Id failures will always occur to some 
degree. However, the use of GAL devices can help reduce field 
repair oosts when they do occur-even if the failing device is a 
traditional bipolar PLD-since the generic, erasable nature of 
GAL devices allows a minimum of field inventory to be carried, 
todebug system failure problemscaused byotherdevices. The 
panel on the next page provides guidelines for calculating PLD 
usage oosts. 

1.5% PAL FAIlURE RATE 

50 100 150 200 250 300 

PAL DEVICES PER SYSTEM 

Diagram 3: Probability of System Failures Using Bipolar PLDs 

6-23 

I 



Hidden Costs in PLD Usage 

PLD Cost Analysis 
The cost of using a PLD goes well beyond simply the raw 
device cost. Prograrnrning and vector-test yields are obvious 
contributors to higher unit cost. The less-obvious and 
hidden costs tend to be much rnore difficult to identify and 
quantify. 

The purpose of the costing example is to provide the basis 
for your own cost analysis, using your own overhead and 
yield numbers. Estimates for reasonable ranges of the cost 
contributors are shown as a guide to using your own 
numbers. 

170% 

a: 180% 

§ 150% 

140% 
:) 
~ 130% 

§ 120% 

110% 

100% 

The explanation for each of the contributors to the device 
cost muHiplier follow the figure. These cost muHipliers 
include the overhead for each operation, and as a resuH, 
are higher than the observed costs. 

The example shown is based on actual data from a 
100,OOO-piece-per-year user of traditional bipolar PLDs. 
The environment is a typical, high-volume, quality-controlled 
one. The GAL device checks in at 1.09times the normalized, 
cost, while the actual cost of using the bipolar PLD is 1.66 
times-almost 40% higher. 

COST OF USING 
PAL DEVICES 

COST OF USING 
GAL DEVICES 
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1 Device Cost is normalized to unity so that 
the raw purchase price has no bearing on the other cost 
factors. 

2 Purchasing MultIple Device Types 
instead of the single GAL device adds to overhead in the 
purchasing and receiving departments. This contributes 
approximately 2% as the availability, quality, and quantity 
issues are resolved with each order. The GAL approach 
reduces this number to 1.25% with inventory simplification. 

3 Prototype Lab Inventory and usage 
typically adds 5% to maintain experimentation stock of 
multiple device types for board debug. The GAL device 
multiplier is 1 %, since the device can be reused over and 
over again. 

4 IncomIng QA Test and programs cost 
more than may be immediately apparent, with a 7% adder. 
The generation and maintenance of the software and 
hardware for the dozens of bipolar devices is considerably 
more expensive than the single GAL device software 
required. No sample-program waste is induced. Only the 
aspects of handling are required for GAL devices, resulting 
in a reduction to 1 % (or 0%, if you eliminate the incoming 
QA operation entirely). 

5 Inventory Management includes shelf 
space, safety stock, depreciation, obsolete stock write-off 
and personnel to maintain adequate control of the units. A 
typical overhead is 10"A.. The simplified GAL operation 
involves no safety or obsolete stock and a minimum of 
device types, adding a maximum 2% to 3% to overhead. 

6 Programming and Test includes aU 
handling and hardware expenses. Inventory issuance, 
counting and retums, handling during the programltest 
operation, labels, and paperwork contribute to a 12% 
multiplier. The 100% yielding, generic GAL approach 
reduces the problem to 4%. 
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7 Programming Yield Fallout is directly 
observed as bad units. A typical bipolar range is 1 % to 4%. 
GAL devices have 0% yield fallout-guaranteed. 

8 Functional Yield Fallout is detected by 
the device programmer immediately after programming, 
through the use of test vectors, and can average 1 % to 3%. 
GAL devices guarantee 0% functional fallout. It should be 
noted that using test vectors does not screen out inadequate 
for AC performance, which will be manifested as a board 
failure. 

9 Reject Disposition overhead runs 5% to 
obtain replacements and credits for fuse-link devices. Zero 
rejects with GAL devices eliminates costs associated with 
reject disposition. Notice that the cumulative multiplier for 
only the programltestlreject of fuse-link devices is 1.10, 
compared with GAL devices' 1.00 multiplier. 

10 Board-LevelFailuresaretypicallywhere 
AC failures are detected. The 'Factor of Ten Rule' 
exacerbates the impact of the observed 1 % to 4% fallout to 
an overall cost impact of 7% to 10%. GAL devices exhibit 
no board-level fallout (and therefore no cost impact). Board 
throughput is also a major cost contributor, with typical 
reworks of 20% to 30"A. a consequence of PAL quality 
levels. 

11 System-Level Failures add 8% to 15% 
to the PLD cost, taking into consideration a 100x 'Factor of 
Ten Rule' multiple. GAL devices again provide 100% 
yields, and therefore exhibit no system-level-failure cost 
impact 
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September 10, 1990 

GAL20RA10 
Design Example 

Applications Brief #ABR1015A 

Programmable Clocks Improve System Performance 

Introduction 

There is a growing need for innovative design techniques to increase the system throughput using 
the currently available Programmable Logic Devices (PLDs). One way of improving the system 

. throughput is to make use of Lattice's new GAL20RA 10-15. By taking advantage of the unique 
architecture featuring an individually controlled clock on each of the Output Logic Macro Cell 
(OLMC) registers, the resolution of the control signals generated by a GAL20RA 1 O-based state 
machine can be doubled. The design example shown in this Application Brief takes advantage 
of this feature in a Dynamic RAM (DRAM) control logic design. 

Design Example 

The most common control signals generated by DRAM control logic are the Row Address Strobe 
(RAS) and the Column Address Strobe (CAS). The timing requirements of these control signals 
are strictly governed by the DRAM's timing requirements. Based on the DRAM's timing 
requirement, Figure 1 a shows how the RAS and CAS control signals are generated from a 
standard PLD device which has only one dedicated active high clock signal driving all the output 
registers. The basic constraint of the high-to-Iow transition of RAS signal to the high-to-Iow 
transition of CAS signal for the 1 OOns DRAM is 15ns minimum (row address hold time after RAS). 
As illustrated in Figure 1 b, the activation of CAS signal is unnecessarily delayed because of the I 

ClK 

0 Q RAS 

--+---l0 Q CAS 

Figure 1a. 

Standard PlO design with a 

single active-high clock 

I~ 
30ns + 15 ns 

·1 

~ l2!:K 
1 12 ns 1 ,III (teo)" 

12 ns 
(teo) RAS 

ns· 

CAS 

• Only 15 ns needed for the row address hold time 
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Figure 1b. 

Control signal generation with a 

single active-high clock 



limitations of the standard PLD's single active-high clock driving all the output registers. This 
limitation is not a reflection of the DRAM's requirements but rather a limitation of the standard 
PLD. 

Design engineers can improve this design method by using the GAL20RA 1 O's independent 
OLMC clocks. Figure 2b shows the RAS and CAS signals being driven by both the rising and 
falling edges of the clock signal. This technique can be implemented in the GAL20RA 10 by simply 
feeding the complement of the clock input from the RAS control register to the CAS control 
register, as shown in figure 2a. 

Summary 

The individual clock control on the OLMC is one of several different individual product-term 
controlled features which are available on the GAL20RA 10. Other individual product-term 
controlled signals of the GAL20RA 10 include the Asynchronous Preset (AP) and Asynchronous 
Reset (AR). These signals can also be used, similar to the clock signal, to enhance system 
performance. In addition to these features, the GAL20RA 10 has an external preload (PL) 
capability to improve the control over the register contents - especially in state machine design. 
The full GAL20RA 10 macrocell architecture is shown below, in figure 3. 

CLK 

--+--10 Q RAS 

--+--10 Q CAS 

Figure2a. 

I" 
33~ 

1 12 ns 1 
.. (tco)· 

12 ns 
(tco) 

15 ns' 

• Only 15 ns needed for the row address hold time 

Flgure2b. 

RAS 

CAS 

Standard PLD design with dual-polarity clocks Control signal generation using a GAL20RA 10 

~0 
XOR 

Figure 3. 

GAL20RA 10 Macrocell 
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June 12, 1991 

Introduction 

Applications Brief #ABR1018 

Programmable Frequency Divider 

When designing with standard PLDs such as the GAL20V8 and GAL22V10, system design 
engineers are sometimes faced with the situation where a few extra product terms or extra 
macrocells are required to implement the design. These situations usually do ,not warrant 
adding a second standard PLD. The ideal solution is to find a way to add these extra product 
terms and/or ouputs while still keeping the design to one device. The design example given 
in this application brief illustrates one example of how the extra outputs of the GAL26CV12 can 
solve the common problem of needing additional outputs. The design will show a program
mable frequency divider that uses a ,1 O-bit counter as a base and can therefore divide the 
incoming frequency by up to 1024. 

Design Example 
The design requirements for the programmable logiC device are 10 macrocells for the internal 
counter, one macrocell for the programmable output frequency, 4 inputs for the frequency 
selection and one input dock. Figure 1 below shows the simple block diagram of the 
programmable frequency divider. 

MASTER 
CLOCK 

FREQUENCY 
SELECT 

DIVIDED 
t---___ ~ FREQUENCY 

I 

10 
i BURIED 

I ! COUNTER BITS 
~ ____________________ .J 

Figure 1. Block Dlagrem of Progremmable 'Frequency Divider 

This frequency divider implementation, using 0 type registers,requires more than 8 product 
terms for the two most significant counter bits on the 10-bit counter. The programmable 
frequency output also requires more than 8 products terms. Therefore, even two GAL20V8 
devices (or other standard PAL devices) would not work forthisdesign since they only have 
a maximum of 8 product terms per output. ' Since a total ,of 11 macroceUs is required to 
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implement the counter and the programmable frequency output, even a 22V10 device would 
not work. 

A single GAl26CV12 device satisfies both the product term requirements and the ouput 
macrocell requirements for the example design. The equations and the output pin assign
ments to implement the 10-bit programmable frequency divider are given below. Notice that 
the outputs that require more than 8 product terms are assigned to the inner-most pins of the 
device. 

00.0 = ( 100); 'PIN 27 

01.0 =( 00&101 
• 100 & 01 ); 'PIN 26 

02.0 =( 00&01 &102 
• IQ1 &02 
• lOCi & 02 ); 'PIN 25 

03.0 -( 00&01 &02&103 

• 102&03 
• 101 &03 
• 100 & 03 ); 'PIN 23 

04.0 =( 00&01 &02&03& 104 

• 103&04 
• 102&04 
• 101 &04 
• 100 & 04); 'PIN 15 

05.0 =( 00&01 &02&03&04&105 

• 104&05 
• 103&05 
• 102&05 
• 101 &05 
• 100&05); 'PIN 16 

05D=(OO&~&02&03&04&05&~ 

• 105&05 
• 104&05 
• 103&05 
• 102&05 
• 101 &05 
# IQO & 05 ); 'PIN 17 

07.0 =( 00&01 &02&03&04&05&06&107 
• 106&07 
# 105&07 
# 104&07 
# 103&07 
# 102&07 
# 101 &07 
# 100 & 07); 'PIN 18 

Summary 

06D.(OO&~&02&03&04&05&05&~&~ 

• 107&06 
• 108&06 
• 1Q5&06 
# 104&06 

• 103&06 
• 102&06 
• 101 &06 
• IQO &06); 'PIN 19 

OOD.(OO&~&02&03&04&05&05&~&06&~ 
# 106&09 
# 107&09 

• 108&00 
# 105&00 
# 104&00 
# 103&00 
, 102&00 
# 101 &00 
# IQO & 00 ); 'PIN 20 

FOIV = ( SELO & ISEL 1 & ISEL2 & SEL3 & 00 
# ISELO & ISEL 1 & ISEL2 & SEL3 & as 
, SELO & SEL 1 & SEL2 & ISEL3 & 07 
, ISELO & SEL 1 & SEL2 & ISEL3 & 05 
# SELO & ISEL 1 & SEL2 & ISEL3 & 05 
# ISELO & ISEL 1 & SEL2 & ISEL3 & 04 
, SELO & SEL 1 & ISEL2 & ISEL3 & 03 
# ISELO & SEL 1 & ISEL2 & ISEL3 & 02 
# SELO & ISEL 1 & ISEL2 & ISEL3 & 01 
# ISELO & ISEL 1 & ISEL2 & ISEL3 & 00 ); 'PIN 22 

The GAl26CV12 has a total of 12 output logic macrocells and a product term distribution of 
8 terms on the outermost pins to 12 on the innermost pins. It comes in a 28-pin DIP and PLCC 
package, with center Vcc and Ground pins on the DIP package. When deSign engineers are 
frustrated by the limitations on the number of available product terms, output macrocells, or 
input pins on standard PLD devices, using the GAl26CV12 is a valuable design altemative. 
Since the GAL26CV12 can often save the cost of adding a second PLD, the design is simplified 
while also cutting cost and board space requirements. 
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June 12, 1991 

Introduction 

The GAL 18V1 0 
Advantage 

Application Brief #ABR1019 

Although the GAL 16V8 is able to replace a number of different standard PLDs, such as the 
common PAL 16L8 and PAL 16R8, there are times when the designer needs more flexibility 
than the standard 20-pin PLDs offer. Moving the PLD design to the next package size means 
using a 24-pin DIP or 28-pin PLCC package. Often the increase in functionality is out of 
proportion to the increase in package size. 

This application brief describes the most common limitations of a standard PLD and how the 
GAL 18V1 O's unique architecture allows the designer much greater functionality while main
taining the same 20-pin package. In addition, the architecture of the 18V10 is exactly the same 
as the industry-standard 22V10 device, which means that leaming a new device architecture 
is not necessary. 

More Inputs 
One of the benefits of Lattice's patteming of the GAL 18V1 0 after the 22V10 device is that the 
macrocell structure allows for greater flexibility than the common 20-pin PAL-type devices. 
Whereas the GAL 16V8, because of its exact emulation of many PAL devices, must limit the 
1/0 pins that can have feedback or be configured as inputs, the 18V1 0 has no such limitations. 
Every one of the 1/0 pins on the GAL 18V1 0 can be configured as registered or combinatorial, 
has feedback capability, and can be configured as a dedicated input or dynamic 1/0 pin . 

GAL16V8 emulation mode 
Complex Mode (16L8) 
Simple Mode (16H4, etc.) 

More Outputs 

No feedback or input 
pins 12, 19 
pins 15, 16 

As the name suggests, the GAL 18V1 0 has a total of 10 possible outputs. In cases where more 
than eight outputs are needed on the standard PLD, a GAL 18V1 0 makes an ideal replacement. 
One demonstration of the additional capability of the GAL 18V1 0 is an eight-bit counter with a 
carry-out signal. A GAL 16V8 or PAL 16R8 device can be used to build an eight-bit counter. 
However to provide a carry-out and/or carry-in signal, more outputs are required. The 
GAL 18V1 0 fits the bill nicely, since it is a functional superset of the already flexible GAL 16V8. 
Adding an few extra lines of equations in the source file and re-compiling produces a JEDEC 
file for a totally pin-compatible replacement, but with extra functionality. Other uses for the 
additional output macrocells include implementing nine or ten bit counters and decoded 
outputs from eight or nine bit counters. All of these functions could be done in a 22V1 0 as well 
(at extra cost), but could not be done in any of the common 20-pin PAL devices, or even in newer 
devices such as the 85C220, 18CV8, or EP320. Below is an example of two implementations 
of an eight-bit counter with carry-in and carry-out. While this design fits in one GAL 18V1 0, it 
requires two different 20-pin PAL devices. 
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Cany-in 
-~ 

GAL18V10 

Reset and Preset 

f---+Cany-out 

8/ _ ... 

............. j 

CounlerbHs 

Carry-In 

PALl6R6 a PAL16A4 

PALl6R4 

Figure 1. 8-bit Counter with Carry-In and Carry-Out 

Carry-out 

Another benefit of the 22V1 0 nature of the GAL 18V1 0 is the inclusion of Asynchronous Reset 
and Synchronous Preset of the registers. These dedicated product terms can allow any pin or 
combination of inputs and/or feedbacks to trigger a global reset or preset to occur. In many other 
devices this can only be accomplished by using valuable product terms and extra design time 
to build this capability into the logic for each output. Since each output in these devices has 
only seven or eight product terms, the addition of the reseVpreset logic may make it impossible 
to fit in the desired logic functions. For example, the eighth output of an eight-bit counter will 
look something like: 

07 := ( 00 & 01 & 02 & 03 & Q4 & 05 & 06& !07 
# !06&07 
# !05&07 
# !04&07 
# !03&07 
# !02&07 
# !01 &07 
# !00&07); 

·Product Term 1 
"Product Term 2 
"Product Term 3 
"Product Term 4 
. "Product Term 5 
"Product Term 6 
·Product Term 7 
"Product Term 8 

# !Synch_Preset " NO MORE PRODUCT TERMS AVAILABLE! 

To add the capability for a synchronous preset would require the use of an additional product 
term, which may not be available. This same problem may come up in a complex state machine. 

The Asynchronous Reset function cannot even be duplicated in the GAL 16V8 or standard PAL 
devices. The GAL 18V1 0 can be asynchronously reset, therefore simplifying the power-up 
routine by not requiring a clock cycle to put the device into a known state. 

Flexible Output Enable 
Again because of its exact emulation of the common 20-pin PAL devices, the GAL 16V8 has 
limited options for placement of the Output Enable control pins. A GAL 16V8 with any 1/0 
macrocells configured in registered mode always has pin 11 dedicated to the output enable of 
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the register. Pin 11 is then no longer available as an input to the array. This means that any 
combinatorial outputs that need output enable control must use an additional pin, since the 
output enable control of combinatorial outputs is through a product term. A design with a mix 
of registered and combinatorial outputs using a GAL 16V8 (or 20-pin PAL device) must always 
use two pins to get output enable control on all outputs. The GAL 18V1 0 has no such 
restrictions. All output enable control is from a product term, regardless of whether the output 
is configured as registered or combinatorial. 

Saving one pin on a 20-pin device can mean the difference between keeping the design in a 
20-pin device and having to go to a larger (and more expensive) device. Figure 2 illustrates 
how the GAL 18V1 0 can use one less pin than a GAL 16V8 or 20-pin PAL device when both 
registered and combinatorial outputs must be tri-stated. 

GAL18V10 ~pinPAL 

Combinatorial 
OE ..................... . 

OE ---t ............... . 
Registered 
OE ..................... . 

Figure 2. Output Enable Pin Consolidation 

Conclusion 

It is clear that standard PAL architectures have definite limitations. Lattice first addressed this 
issue with the GAL 16V8 and GAL20V8 devices, which were able to replace all standard 20 and 
24-pin PAL devices. For replacing those same PAL devices, and adding some additional 
flexibility, the GAL 16V8 and GAL20V8 devices are a vast improvement and have become an 
industry standard in their own right. 

However, as the previous examples have pointed out, there are many cases where the old 
standby programmable logic architectures, and even the first-generation GAL replacements, 
don't have the flexibility required. For 20-pin devices, the GAL 18V1 0 provides complete design 
flexibility by using the familiar 22V1 0 architecture, while maintaining the ability to provide a pin
compatible superset of the GAL 16V8. 
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INTRODUCTION 

While Lattice GAl- devices do not have a true CMOS 
output structure, in most cases they are able to reliably 
drive CMOS inputs. GAL devices are designed with TIL
level input and output specifications. There are two rea
sons for this. First, because Lattice GAL devices are as 
fast, or neariy as fast, as the fastest equivalent bipolar 
devices, they are often used as bipolar replacements. 
While a design may Initially be done with bipolar devices, 
often the designer has the opportunity to replace the 
bipolar device with the lower-power and better tested GAL 
device. In these cases, the GAL device must drop Into the 
same socket with identical functionality. Second, switch
ing noise is greatly reduced by using TIl-level outputs • 
Switching an output from Vee to Ground will generate 
considerably more noise than switching from a TIl high 
to a TIL low. 

NMOS OUTPUTS 
GAL devices use a NMOS output structure, which does 
not allow the output signal to go to the rail but still gives 
plenty of margin to TIL specs. The NMOS output struc
ture also completely eliminates any possibility of latch-up. 

Under typical conditions of room temperature and nomi
nal Vee, GAL devices will exhibit a VOH of about 4.2 volts. 
This value will change somewhat with temperature, Vee, 
and normal process variations. Process and temperature 
are the most Important factors, in that they affect the 
amount of voltage drop between Vee and the output pin. 
Therefore the most valuable way to specify a VOH value 
is to specify the difference between Vee and VOH. In this 
manner, a designer with greater control over Vee can 
know exactly what the true worst-case VOH value will be. 
The following tables show the VOH values that can be 
expected under different conditions. 

Driving CMOS Inputs 

With GAL Devices 
Applications Brief #ABR1025 

Commercial ancllndustrlal Devlcea 

Specification Condition Min. Value 

VOH IOH=3.2mA 2.4 V 

IOH = 100j.tA Vee-1.0V 

Military Devlcea 

Specification Condition Min. Value 

VOH 1OH=2.0mA 2.4 V 

IOH = 100 j.tA Vee-1.2V 

One factor that helps to make it all work is that even 
though the output voHage or the GAL device will drop with 
Vee, the input transition point of the CMOS devices being 
driven will also drop. 

Using pull-up resistors on the outputs of the GAl device 
will also help to assure proper CMOS output levels. A 10 
Kohm pull-up resistor will pull a GAl device's output to the 
rail. Of course the time required to do so depends on the 
totalcapacHance on the the output pin, which includes the 
110 capacitance of the GAL device output, the input 
capacitance ofthe devices being driven, and the parasitic 
capacitances on the board; 

For further assistance, contact lattice Applications Engi
neering atTel: 1-SOO-FASTGAL (327-8425) or FAX: (503) 
681-3037. 
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GAL20XV10B 

Design Example 
Applications Brief #ABR1027 

Data Block Transfer Address Detector 
Introduction 

The Exclusive-OR (XOR) gate can efficiently implement arithmetic functions such as counters, 
adders and decoders. The XOR gate implements arithmetic functions using fewer product terms 
than the standard sum-of-product PLD's programmable AND, fixed OR array. This is demon
strated by the following logic equation example. 

$ - XOR function syntax 
# - OR function syntax 

& - AND function syntax 
! - INVERT function syntax 

XOR Function 
A $ B /* 2 PT used 
(A & B) $ (C & D) /* 2 PT used 

Equivalent AND/OR Function 
(A & !B) # (!A & B) /* 2 PT used 
(A & B & !C) # (A & B & !D) /* 4 PT used 

# (!A & C & D) # (!B & C & D) 

To take full advantage of product term usage in a high speed system design, a high speed device 
with a built-in XOR function is needed. The Lattice GAL20XV1 OB fills the need for such a device. 
The GAL20XV10B achieves a 10ns Tpd while consuming only 90mA Icc (Max.). The closest 
competitor's device offers only a Tpd of 30ns at 180mA Icc. In addition, the generic architecture 
of the GAL20XV1 OB gives system designers the ability to configure outputs to any combination of 
registers, combinatorial, XOR and AND/OR structures. 

Design Example 

An address counter that uses a comparator to keep track of the block data transfer is a typical 
application which illustrates the advantages ofthe GAL20XV1 OB's XOR architecture. Ifthe starting 
address and ending address are given, the address counter will take the starting address and 
counts to the transfer address when the transfer begins. The comparator then compares the 
counter bits with the ending address. When the counter value equals the ending address, the 
address comparator issues a transfer complete signal. The following CUPL example source file 
shows how this function can be implemented using CUPL compiler syntax. Notice that the syntax 
demonstrates the usage of .OE and .OEMUX to control the AND/OR product term configuration 
and XOR configuration, respectively. 

Conclusion 

This design example illustrates the efficient usage of XOR function by implementing the address 
counter with 11 product terms instead of the 14 product terms required with a standard 
programmable AND, fixed OR configuration. The bit-wise comparator, implemented with the XOR 
function, also makes the design clear and understandable, as can be seen from the logic equations. 
Furthermore, the design is implemented with a fast 1 Ons Tpd and a clock frequency which can run 
as fast as 100MHz. 
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GAL20XV10B Design Example 

CUPL Example File 

Name APPXV10; 
Partno 00; 
Date 3/3/92; 
Revision 00; 
Designer B. Leigh; 
Company Lattice; 
Assembly None; 
Location None; 
Device g20xv10; 

/******************************************************/ 
/* This CUPL example use the GAL20XV10 to build the */ 
/* (-bit up counter with load function and a 4-bit */ 
/* comparator. This counter implementation takes */ 
/* advantage of the built-in XOR function of the */ 
/* GAL20XV10. It also shows the XOR and AND/OR */ 
/* configuratibn in CUPL syntax */ 
1******************************************************/ 

/** Input definition **/ 

PIN 1 SYSCLK; 
PIN 2 SAO; /* STARTING ADDRESS BITS */ 
PIN 3. SAl; 
PIN 4 SA2; 
PIN 5 SA3; 
PIN 6 EAO; /* ENDING ADDRESS BITS */ 
PIN 7 = EA1; 
PIN 8 EA2; 
PIN 9 EA3; 
PIN 10 STARTLD; /* STARTING ADDRESS LOAD */ 
PIN 11 OE_COMP; 
PIN 13 OUT_EN; 

/** OUtput Definition **/ 

PIN 23 !ACO; /* ADDRESS COUNTER BITS */ 
PIN 22 !AC1; 
PIN 21 !AC2; 
PIN 20 !AC3; 
PIN 19 !CMPO; /* ADDRESS COMPARE BITS */ 
PIN 18 !CMP1; 
PIN 17 !CMP2; 
PIN 16 ICMP3; 
PIN 15 EQUAL; /* EQUALITY COMPARE */ 

/** . Equations **/ 

ACO.D !START~D & ACO 
$ STARTLD & SAO; 

ACO.OEMUX OUT-,-EN; 

/** ACO TOGGLE WITH CLOCK **/ 
/** LOAD SAO **/ 
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ACl.D 
$ 
# 

ACl.OEMUX 

AC2.D 
$ 
# 

AC2.0EMUX 

AC3.D 
$ 
# 

AC3.0EMUX 

CMPO = ACO 
CMPO.OEMUX 

CMPI = ACI 
CMPl.OEMUX 

CMP2 = AC2 
CMP2.0EMUX 

CMP3 = AC3 
CMP3.0EMUX 

!STARTLD & ACO 
!STARTLD & ACI 
STARTLD & SAl; 

OUT_EN; 

!STARTLD & ACO 
!STARTLD & AC2 

STARTLD & SA2; 
OUT_EN; 

!STARTLD & ACO 
!STARTLD & AC3 

STARTLD & SA3; 
OUT_EN; 

$ EAO; 
OUT_EN; 

$ EAl; 
OUT_EN; 

$ EA2; 
OUT_EN; 

$ EA3; 
OUT_EN; 

& ACI 

& ACI & AC2 

GAL20XV10B Design Example 

/** ACI CNT UP CONDITION **/ 
/** TOGGLE ACI **/ 
/** LOAD SAl **/ 

/** AC2 CNT UP CONDITION **/ 
/** TOGGLE AC2 **/ 
/** LOAD SA2 **/ 

/** AC3 CNT UP CONDITION **/ 
/** TOGGLE AC3 **/ 
/** LOAD SA3 **/ 

/** COMPARE ADDR BITO **/ 

/** COMPARE ADDR BITI **/ 

/** COMPARE ADDR BIT2 **/ 

/** COMPARE ADDR BIT3 **/ 

EQUAL = !CMPO & !CMPI & !CMP2 & !CMP3; 
EQUAL.OE = OE_COMP; 

/** MAGNITUDE COMPARE **/ 
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GAL6002BDesign Example 
4 to 1 RS-232 Port Multiplexer 

INTRODUCTION 
The GAL6002B is the most versatile 24-pin PLD available 
today. Its FPLA architecture offers buried macrocells, 
DIE registers, programmable clocks and dedicated input 
pins which can be individually configured as latches or 
registers. These features combine to provide the designer 
with an ideal platform on which to build complex state 
machines and other complex logic functions. 

This application note will provide an example of how a 
GAL6002B might be used in a system. Additionally, it will 
show how software tools are used to exploit some of the 
device's unique features. The circuit to be described is a 
4-to-1 RS-232 serial port multiplexer (Port MUX). The 
concept for the circuit arose from the need to replace a 
mechanical switch used to connect four computers to a 
high speed laser printer. 

The Port MUX application uses every input and output pin, 
as well as all eight State Logic MacroCelis. Other than a 
single GAL6002B, the only ICs needed are RS-232 line 
driver/receiver chips and a clock source. 

7-13 

BASIC RS-232 PROTOCOL 
To understand the operation of the port MUX, it is necessary 
to have a basic knowledge of RS-232 communications 
protocOl. 

Though the RS-232 protocol is standardized, its definition 
is loose enough to aliow liberties to be taken in its 
implementation. When the port MUX was designed, the 
assumption was made that communication can take place 
with only four signals: transmit data, receive data, printer 
readylbusy, and computerreadylbusy.ln RS-232 parlance 
these signals are called TxD, RxD, DTR, and DSR, 
respectively. 

An RS-232 link is digital (bistable) in nature, but the 
voltages used to represent iogic ones and zeros are not 
TTL level. Instead, -12VDC represents a logic one and 
+ 12VDC represents a logic zero. Another consideration is 
that the idle or deasserted state of an RS-232 signal is a 
logic one, although data is transmitted in its "trueB form. A 
typical single byte transfer can be seen below in Figure 1. 

1 (-12V) 

o (+12V) 

I I i I I Ii I I I I I 
8,0 0 0 1 1 0 1 o,p 8 
T I A T 

~ ASCII "X" ~ ~ 
T T 

Y 

FIgUre 1. TxD during single byte transfer 

A typical RS-232 data transfer between a computer and 
a printer would proceed as foliows: 

1 ) The printer, being powered-up and ready to acceJ?l 
data, has its DTR line asserted (logic zero), while its TxD 
line is idle (logic one). The computer, also powered-up but 
not yet sending data, is in a similar state: TxD is idle and 
DSR is asserted. 

2) When the computer is ready to send a byte of data, it 
asserts its TxD line for 1 ~it period.BThis i8 called the start 
bit. A ~It period" is dependent on the data transmission 
speed (300 baud (bits/sec), 9600 baud, etc.) . After the 
start bit will follow 7 or 8 bits of data, optionally followed by 
a parity bit, and ending with 1 or 2 stop bits (logic one). 
Data is transmitted least Significant bit first. 

Note: Asserted =0 (+12) 
"ldleB= 1 (-12) 

I 



GAL6002B Design Example 

The condition ofTxD and DSR after sending a byte of data 
is the same as .. before sending It. So, from an electrical 
perspective, there is no indication whet~~r or .not th~ 
computer is going to send another byte. If it IS gOing to, it 
simply does so "when It feels like It." 

3) Somewhere in the middle of the transfer, the printer 
runs out of paper, or Its print buffer fills up, or for some 
other reason It must suspend communications. When this 
happens, the printer deasserts Its DTR lin~, tel!ing ~e 
computer to stop sending data. When the pnnter IS again 
ready to accept data, it will reassert DTA. 

As alluded to In #2 above, there Is no absolute way to tell 
when the computer is finished sending. data. In fact, the 
computer can be said to have "Iinished" its transmission 
after sanding only the first byte of il multi-byte transmission. 
Each subsequent byte transfer can be viewed as an 
entirely new transaction. Extended periods of time may 
even elapse between byte transfers if the computer has to 
do disk access or is interrupted for some reason. 
Remember, RS232 is an asynchronous communications 
protocol. 

FUNCTIONAL DESCRIPTION 
The Port MUX has five ports, numbered 0 to 4. Port 0 Is 
connected to the printer, while ports 1 through 4 are 
connected to the computers. The port MUX merely acts as 
an intelligent switch; data flows through it unhindered and 
unaltered. At any given time, there will always be one (and 
only one) computer connected to the printer. 

Four signals per port are switched: TxD, AxD, DTR, and 
DSR. This arrangement is known to work fo.r connecting 
IBM-PC compatible cOmputers to an HP LaserJet. The 
RS-232 specification has no lack of readylbusy Signals, 
so others could be substituted for DTR and DSR if 
necessary (CTS and RTS; for example). See Figure 2 for 
~ block diagram of the port multiplexer. 

Since RS-232 signal levels are not compatible with·TTL 
levels, line driver/receivercircuits are needed to translate. 
For this project, Maxim MAX235 Driver/Receiver chips 
wel'$ used, though others devices will work as well. Each 
MAX235IC has five drivers and five receivers; two MAX235 
ICs are needed to build the Port MUX. 

The multiplexer functions by sequentially scanning the 
four input ports until data appears at one of them. 

TxD 
OSR 

Port 1 

TxD 
Port 2 P 

OSR 0 
r TxO 

TxD t DSR Port 3 OSR 0 
TxD 
OSR Port 4 

Clock 

RxO Port 1 
OTR 
RxO 

Port 2 
P 

OTR 0 
RxO r 

RxO t OTR Port 3 ·OTR 0 
RxO 
OTR Port 4 

Figure 2. Block diagram of Port MUX 

Scanning a port involves connecting that port to the printer 
and waiting for data to flow. If no data appears within a 
predetermined time period, the period of the system clock 
(- .25s), the process is repeated at the next port. When 
data does appear at a port, the port MUX "locks onto" that 
port and goes into the transmit mode. At the end of the 
transmission, the port MUX retums to the scan mode. 

As mentioned in the discussion of RS-232 protocol, 
detecting the end of a transmission is non-trivial. To 
peripheral devices such as· printers, the "end of 
transmission" concept is a fiction - to them, life is one big 
data transmission. The port MUX, on the other hand, must 
be able to determine when it is permissible to resume 
scanning. It should not retum to the scan mode before the 
end of a transmission, and at the same time it must not 
lock onto a port for an inordinately long time. Both 
requirements are met by timing how long the computer's 
TxD line is idle, and retuming to the scan mode if TxD is 
idle for longer than a predetermined time period (5 -10 
seconds is reasonable). 

The data routing logic of the port multiplexer is controlled 
by two loosely coupled state machines and a status 
register. The state machines and the status register use 
the State Logic MacroCelis (labeled as state bits SO - S7). 
The status register determines the operating mode (scan 
or transmit), the first state machine determines the active 
port, and the second state machine is used as a timer. 
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The basis for most state machines is the simple binary 
counter, with added logic to allowing branching, state 
skipping, etc. The most efficient way to build a binary 
counter in the GAL6002B is to configure the registers to 
emulate T-flip flops. This way, only the conditions that 
should cause the state bits to change state need to be 
specified. In the case of simple up counters, there is only 
one condition when all lower order bits are ones. The 
equations for a 4-bit up counter are as follows: 

OO.D = /OO.Q; 
OO.E = 1; 

Bl.D = /Bl.Q; 
Bl.E = 00; 

B2.D = /B2.Q; 
B2.E = Bl*OO; 

B3.D = /B3.Q; 
B3.E = B2*Bl*OO; 

As you can see, counters of any size can be built using 
only two product terms per bit. 

In the following discussions POTx and POOT are TxO and 
OTR respectively. 

STATUS REGISTER 
Recall that the beginning of a data transfer is signaled by 
POTx becoming active for one bit period. By using the 
start bit event to asynchronously set a status register, set 
= transmit, the operating mode of the port MUX is 
determined. Once set, the status bit will remain set until a 
time-out occurs. 

The status register is implemented using state bit SO, 
configured to emulate aT-flip flop with a programmable 
clock. With such an arrangement, meeting the specified 
state transition conditions doesn't just allow a transition at 
the next clock, but actually causes the transition. 

There are two situations that must cause the status 
register to toggle: if it is clear, clear = scan, and data is 
flowing, or if it is set and a timeout has occurred. The 
equations for the status register are: 

SO.D = /SO.Q; 
SO.CK = /SO.Q* /POTx 

+sO.Q*POTx*PODT*57.Q*56.Q*55.Q*54.Q*53.Q; 

The same function could have been implemented by 
"building" a latch from combinational equations, but the 
approach taken here is more efficient in terms of product 
term usage and is less prone to functional hazards. 
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PRIMARY STATE MACHINE 
The primary state machine directly determines the active 
port. It is simply a 2-bit counter with a hold function. The 
conditions necessary forthe counter to increment are that 
the status register be clear and that POOT be active. 

The primary state machine uses state bits S1 and S2 in 
the DIE configuration to emulate T -flip flops. The equations 
for S1 and S2 are: 

Sl.O = /Sl.Q; 
Sl.E = PODT*/SO.Q; 

S2.0 = /S2.Q; 
S2.E = PODT*/SO.Q*Sl.Q; 

TIMER 
The second state machine, a 5-bit counterllimer, will only 
count while the status register is set and POTx is idle and 
POOT is active. The counter synchronously resets to zero 
if these conditions are not met. Thus, if POOT is active and 
POTx is idle on 31 consecutive OCLK edges, the timer will 
reach its maximum value, causing the status register to be 
cleared and the primary state machine to continue counting. 

The 5-bit timer uses state bits S4 - S7 in the DIE 
configuration, again emulating T -flip flops. The equations 
for the timer are: 

S3.0 = /S3.Q*SO.Q*POTx*PODT; 
S3.E = 1; 

S4.0 = /S4.Q*SO.Q*POTx*PODT; 
S4.E = S3.Q 

+ /SO.Q; 

S5.0 = /S5.Q*SO.Q*POTx*PODT; 
S5.E = S3.Q*S4.Q 

+ /SO.Q; 

S6.0 = /S6.Q*SO.Q*POTx*PODT; 
S6.E = S3.Q*S4.Q*S5.Q 

+ /SO.Q; 

S7.0 = /S7.Q*SO.Q*POTx*PODT; 
S7.E = S3.Q*S4.Q*S5.Q*S6.Q 

+ /SO.Q; 

Time-out during a byte transfer, though statistically not 
impoSSible, is unlikely. If it should occur, however, it is not 
harmful. Because a time-out simply clears the status 
register and scanning does not resume until the next 
OCLK edge, the driving computer still has one OCLK 
period to finish the byte transfer (plenty of time!), during 
which time a logic zero on POTx returns the status register 
to the transmit mode. Thus, it is virtually impossible for a 
byte of data to be lost. 

I 
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If the port MUX should time-out and resume scanning 
between byte transfers, but before the end of a 
transmission, and another computer Is waiting to use the 
printer, then that computer will be serviced before the first 
computer Is again granted use of the printer. This would 
cause the second computer's data to be inserted Into the 
middle of the first computers transmission. This situation, 
though undesirable, Is unavoidable. The good news Is 
that the probability of It happening is vefy low. 

CONCLUSION 
The Port MUX provides a -real life- example of how the 
flexibility of the GAL6002B can simplify a complex design. 
Equally important, this example shows how various 
software tools are used to access the device's features. 
Unfortunately, the Port MUX Is not a speed critical 
application. In fact, the GAL6002B's 15ns !,.o is overkill. 

Though this example is complex, it still does not push the 
GAL6002B to Its limits. The state machine and data 
routing equations use only 33 product terms,leaving over 
48% of the AND array free for expansion. The GAL6002B's 
FPLA architecture allowed 5 product terms to be merged. 
If this design were implemented using a standard 24-pln 
PLD, it would take at least two devices to accomplish the 
task. 
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DESIGN APPLICATIONS 

MAKE SURE THAT YOUR TURBO-CHARGED LOGIC 
SYSTEM WORKS By PAYING As MUCH ATTENTION 

To PRINTED-CIRCUIT BOARD LAYOUT TECHNIQUES 
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 conform 
with the results of distributed-element theory, 

otherwise ringing, crosstalk, and other transmission-line phenomena render 
those systems inoperative. Meeting this second requirement necessitates some
thing more than a new product introduction-it insists on a change in the way 
logic boards are engineered. The logic-systems designer and the board,layout 
designer must work hand-in-hand if a viable high-speed board or system is to be 
produced. 

In the past, logic design and board layout were usually regarded as separate 
parts of the design process. First the system designer configured the logic, then 
the board engineer laid it out. That approach worked because slew rates were so 
low (0.3 to 0.5 V 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. 

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 
order of 2 to 3 V Ins, rise times 
are below 2 ns (frequently, be
low 1 ns), and transmission-line 
phenomena, such as ringing, 
can be a problem for trace 

JOCK TOMLINSON 

High-current logic circuit sWitching device ground plane ground plm 

\ 
~ Gap" 1/8 in. 

11. TO MINIMIZE NOISE, THE ground 
plane should be fragmented into separate areas for 
noisy high-eurrent devices and for sensitive logic 
ci.rcuits. For best results, tbe number of signal lines 
that cross the gap between the fragments should be 
minimized. 

Lattice Semiconductor Corp., P.O. Box 2500, Portland, OR 97208; (503) 681-0118. 

Reprinted with permission from ELECTRONIC DESIGN - November 9, 1989 

8-1 

I 



lengths as short as 7 in. As a result, 
logic designers must take certain 
steps: 

• Use ground and power planes. 
• Control conductor spacings to elim
inate crosstalk. 
• 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 
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Cantlll system Il1IIInd 

H1n1drim, 
relays, 

lamps,lIe. 12. SEPARATE DEDICATED 
grounds should be supplied for the logic 
circuitry, noisy hi,lt1:urrent 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-. 
pities in the characteristic imped-

ance of any transmis~ion 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 Iines 
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 WELIrGROUNDED SYSTEM 
In addition to properly designed 

power an\l ground planes, high
speed logic systems require the es
tablishment of a good, clean (Iow-

SIGNAL LINES BECOME TRANSMISSION LINES 

For the transmission line 
model illustrated in the di
agram, the rise time (ta> is 
less than the line propaga

tion delay (TD)' In other words, a 
complete TTL level transition will 
occur before the pulse is received 
at the receiving end of the line and 
reflections (ringing) will result. 
The voltage change at point A on 
the line is expressed in Eq. 1: 

AVA = AVint(Zo / (Ro + Zo» 

Where: V'int = internal voltage on 
the output of the driver; 

Ro = output impedance of the 
driving gate; 

RL = load impeilance; 

Zo = the characteristic line 
impedance; 

and V A = the source voltage at the 
sending end of the line. 

Because lto is so small when 
compared to the line impedance, 
the change in voltage at point A 
(A V A) will approximately equal 
the change in internal voltage 
(A VinJ. This voltage transition 
propagates down the line and is 
seen at point B after the line prop,
agation delay, To. 

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) / (RL + Zo) 
where PL' called the voltage re
flection coefficient (rho), is thera
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 ifRL ..... 
Zo-if the line is terminatedin Jts 
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.a 

Ps = (Ro-Zo) / (Ro + Zo) 
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noise) system ground for reliable data line cross-couples or superim- creating a stub or a high-frequency 
performance. A clean system poses its signal onto the clock line, antenna. 
ground ensures less noise within the the device that the clock is driving Another step that can be taken to 
system, and thus ensures good, may detect an illegal level transition. reduce crosstalk is to lower the'im
strong transistor margins. At least Methods to reduce crosstalk are pedance of those traces into which 
10% of the ground connections on the straightforward, though not partic- crosstalk is especially to be avoided. 
pc card should be connected to the ularly elegant. The coupling can be The lower the impedance that a trace 
system ground to reduce card-to- attenuated by separating the adja- presents, the harder it will be to 
ground impedance. cent traces as much as possible. The cross-couple a signal into it. 

Like the ground and power planes trouble with this approach is that Even with the use of power and 
of the individual boards, the overall available board real estate often lim- ground planes on a pc board, decou-
grounding scheme should piing capacitors must be 
be fragmented with sepa- A B used on the Vre pins of ev-
rate conductors provided ' ery high-speed device. 
for the various sections of Those devices demand a 
the system. For example, +2 nearly instantaneous 
all relays, lamps, hal'd (.) 0 1<0 change in current whenev-
drives, and other noise- er they switch states. Be-
generating devices should ~ cause the power plane 
have their own separate +2 r ---I-- can't meet that demand, a 
ground path. The system's I:-----J high-quality decoupling 
mechanical package (chas- (b) • 1=0+ capacitor is required, oth-
sis, panels, and cabinet erwise the switching will 
doors) should have a dedi- ~ I; cause noise on the v ('c 
cated ground. And, of +2 plane. 
course, the logic circuitry (e) A O.I-p.F multilayer ce-
should have a ground of its • I=TD+ --I- ramic (MLC) or other RF 
own. ~ ~ L....- quality (low-inductance) 

Those three grounds capacitor should be placed 
should then come together +2 on every fast-slew-rate de-
at the central system (d) • vice as close to the V cc pin 
ground point, which will 1-1.5TD -I- as possible. The commer-
usually be located near the ~ cially available DIP sock-
power supply (Fig. 2). This +2 ets with built-in decou-
common-point grounding piing capacitors also work 
technique can also be very (e) D + well in this application. 
effective in reducing radi- • Most designers, when 

.... 1-2TD + ated interference (EM I they think of loading at all, 

and RFI). 13• WAVE PROPAGATION aI a traD8lllission line ~hink in te~s of dc load-
. . ong . mg-tradltlOnally re-

TAMING CROSSTALK oecanasfollows::nortotimezero,therelustead:statevollage ferred to as fan-out and 
Crosstalk-the undesir- of 2.S V de on the line (a). At t = 0, the voltap at point A drops to fan-in But that type of 

able coupling of a signal on 0.5 V, sending a negative pulse of -2 V toward point B (h). Att = loadin~ rarely presents a 
one conductor to one on a TD,tha~necativepulseisreflee~frompointB.Itadds problem with today's 
nearby conductor-be- a1ph .... caIly to the 0.5 Von the IlDeand sendsa-l.li-V pulse back state-of-the-art logic de-
comes an increasingly seri- toward pointA (e). The reflections then eontinue as in (d) and (e). vices. Much Jllore signifi-
ous problem as slew rates go up. This its the possible separation to an inad- cant when designing with high
signal coupling is made worse if the equate amount. speed logic are input and output ac 
second trace has a high impedance or Ground striping, 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, sabotaging a conceptu- 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 for 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 overall perfor
mance of the logic circuit, it should 
be examined before a particular de
vice is selected for a design. To. en
sure specified performance, the total 
load capacitance that a device 
drives-including the distributed ca-
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v. 

(b) 

1 4. IDEALLY, THE VOLTAGEatpointBOIIciIIate&fomerbetween +2.5Vand" 
1.5 V (a). In reality, it will be a damped rincinc (b). 

paeitance 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 havethe capability 
to determine which devices are high
speed and which are not. This is 
where the logic designer must step in 

T. 
. 

.he fOliO. wing ten rules 
summarize everything 
the logic .designer needs 
to know when designing 

withbigh-speed CMOS. 

·l)Keepsignal interconnections as 
sl\ort as POSSl'ble. 
2) Use a multilayer PCB. 

3) Provide ground and power 
. plaDes. Diseontinuities in the 
. planes should be avoided because 
lWIeetions~noeeur from abrupt 
dianges in the ebaraeteristie im
pedanee. 

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. 78). The reason: As 
frequencies go up, wavelengths 
come down to the point where they 
are of the same order as circuit
board dimensions. Once that hap
pens, any connection between de
vices should be considered a trans
mission line. The lumped-element as
sumption is simply invalid above that 
point. 

The most common consequence of 
failing to consider the distributed na-

RUlES TO REMEMBER 

4) Fragment the ground and pow
er planes to supply separate sec
tions for high-eurrent switching 
devices. 

5) Use decoupJingcapaeitors on 
every high-speed 10gic device (0.1 
".F MLC type) located as close to 
the V cc pin as possible. 

6) Provide the maximum possible 
spaeingamong all high-speed par
allel signal leads • 

7) Terminate high-speed· signal 
]ineswheretR < iTD• 

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 dcat 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 TD 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. 78), 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 ::::: 0, you get a value for the 
source refleetion 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 eonditions 
within the design. Exceeding the 
manufacturer's recommended o~ 
erating eonditions, especially for 
capacitance, can cause problems. 

9) When using parallel termina
tion, put bends in all high-speed 
signal runs that go to more than 
one load. Use a termination load 
at the absolute end of the line. 

10) Create islands of high-speed 
devices on the pe board. This.sim
plifies board layout and ropes-:off 
the high-speed areas. 



~ 
Zo 110. - Zo rUVdc 

I C> 
+5.0Vdc 

Zo 5/3Zo 

5. THE BASIC PARALLEL 
termination scheme works well but 
requim a separate 3-V supply (a). The 
Thevenln equivalent eliminates the need 
for a separate supply,but dissipates 
extra power from the regular 5-V supply 
(b). The use of a capacitor eats de 
dissipalion a1lopther while snppbing Ie 

terminalion (e). 

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 B is the sum of the in
cident and reflected waves at that 
point (Fig. 4a). Actually, because of 
the non-ideal nature of a real circuit 
board (finite input and output imped
ances, losses in the transmission 
lines, and so forth), 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
tion (Fig. 4b). 

If the ringing amplitude is large 
enough, it can cause the receiving de
vice to see an illegal level transition 
and possibly result in spurious logic 
states occupying the logic design. In 
some cases, the amplitude of the 
ringing can actually be large enough 
to damage the input of the receiving 
device. 

TERMINATE YOUR TRoUBLES 
The way to eliminate ringing on a 

transmission line is to terminate the 
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 

DESIGNING WITH 
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the receiving end (Fig. 5). 
In the configuration (Fig. 5a), RL 

= Zo and RL is pulled 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 pdEq. 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 .tjme delay, T D, the line will 
act as if it were a dc circuit. It's im
portant to note that even though de
vices or gates may be placed at any 
location on the line, the terminating 
resistor should be placed at the end 
of the line. In no case should the line 
be split like a Tee to feed several de
vices. in parallel (Fig. 6a). Instead, it 
should be serpentined to feed them 
sequentially (Fig. 6b). 

The 3-V power source shown (Fig. 
5a) appears at first to be a major 
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 desiguer 
should bear in mind that it dissipates 
additional power. 

REDUCING DISSIPATION 
A solution that dissipates less 

. power than either of the others uses 
a capacitor to C\lt the dc dissipation 
to zero (Fig. 5c). The recommended 
capacitor is a 0.1-,...F MLC type. Sev
eral manufacturers produce both ca
pacitor-resistor and pull-up/pull
down termination packs. The pull
up/pull-down packs usually come in 
a single in-line package (SIP) with 
pins on 0.1-in. centers, while the ca
pacitor-resistor combination comes 
in a standard 16-pin DIP. The most 
common SIP pull-up/pull-down re
sistor values are 2200/3300, 3300/ 
4700 combinations. 

An alternative to a parallel termi
nation at the receiving end is a series 
termination at the sending end (Fig. 
7). The idea behind serial termination 
is to make Ps =' o 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 
seen at the receiving end of the line is 
a full-size pulse. 

The main disadvantage of a series 
termination is that the receiving 
gate or gates must be at the end of 
the line-no distributed loading is 
possible. The obvious advantage of a 
series termination over a parallel one 
is that a series termination doesn't 

(I) 

(b) 

1.6 •. S.ERP.ENTINING IS easential 
when terlninatiDg a line. Never spilt the 
line to feed parallel devices (a). Rather. 
feed them sequentially with a serpentinetl 
line (b). 

• 
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require any connection to a power other words. lines must be terminat- For a typical board constructed of 
supply. edwhen, FR4 material, eR (the dielectric con-

Transmission-line effects must be 
2To=TR' stant) is 4.7 to 4.9. If an average eR of 

taken into consideration whenever 4.8 is used in the equation, then tpo 
line propag;1tion delays get up to the CALCULATING DELAY turns out to be 1.75 ns/ft, which 
point where a signal transition can Taking 2 ns as a typical rise time for a works out to 6.86 in.lns. As a rule of 
be completed before that signal can state-of-the-art high-speed logic de- thumb, then, any line thatis over 7 in. 
travel down a line, be reflected, and vice, how long can a board trace get long should be considered a trans-
travel back to its starting point. In before its propagation delay gets to mission line and approached accord-

be 1-ns long? For a pc board with a ingly.D 

1~ vi continuous ground plane and a sig-
nal trace on the adjacent layer, the 
propagation delay depends on only 

Zo one variable, the dielectric constant Jock 7bmlinson, senior applica-17. THE SERIES termination needa 
of the board material. That delay tiona engineer at Lattice, holds a 

no pulhlp .. ,ply. Its main diaadvaniap 
time is given by: BSEE from Colorado State Uni-

II thu it clII't handle .. tribatetll ..... tpo = 1.017 (0.475eR + 0.67)112 ns/ft versity. 
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Uses E2PROM PROGRAMMING 

Lattice fields 
FPGA 

Hillsboro, Ore. - Lattice Semicon
ductor Corp. is jumping into high-com
plenty PLDs with two families of de
vices that compete with FPGAs. The 
move significantly broadens the com
pany's thrust in the logic market and 
puts it in the middle of the fastest
growing market segment. The new 
products also make Lattice the first 
company to move up from PAL devices 
to FPGAs with its own architecture. 

Lattice's new pLSI and ispLSI de
vices will offer up to 8,000 .equivalent 
gates. Both families will use E'PROM 
programming for the first time in 

By STAN BAKER 

FPGAs, and the ispLSI family will be 
in-system programmable. 

"I see the '90s as the decade of pro
grammability," said Cyrus Tsui, presi
dent and CEO of Lattice. Market-re
search firms suggest he's right. They 
indicate the bipolar portion of the PLD 
business is dropping. Meanwhile, the 
CMOS portion is growing at a com
pound annual growth rate of more 
than 40 percent, and the high-com
plexity segment of the CMOS market 
is the most active. 

"From a global standpoint, entering 
the high-density market will double 
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Lattice's total addressable market 
from 1 billion to 2 billion dollars in 
1994," Tsui said. "In practical terms, 
these products will enable us to reach 
a class of customers in telecommunica
tions, industrial cOntrol and the mili
tary that we currently cannot serve 
with our low-density GAL product of
ferings. This is both a unique product 
and company positioning." . 

The new architecture features flexi
ble granularity-the circuit blocks pro
vide highly flexible programming of 
product terms, flexible choice of prod
uct-term sharing and steering, and 
choices of four outputs from the com
binatorial and registered ports of the 
block. 

FM' function. 
A single circuit block can imple

ment up to four functions, since it has 
four outputs and the logic-array flexi
bility to separate them in the pro
grammed cell routing. It can also im
plement functions from two to 18 lines 
wide in a single block, offering sigpifi
cant delay-time advantages over ar
chitectures that. have to implement 
wide functions in a Series of logic lev
els (see related story. on reverse sidel. 

UnlikeFPGAs, the design of the 
routing resources and the architecture 
of the circuit blocks makes the timing 
characteristics of these devices pre-



dictable-or "deterministic," to use the 
industry term-along with those of AI
tera and Plus Logic. Precise timing 
can be predicted from data sheets. This 
differs from the timing of the true 
FPGAs ofXilinx.and Actel, for which 
the data sheet can give only statistical 
estimates of actual post-route timing. 

Meets requirements 
Lattice is coming to market with up 

to 8,000 equivalent gates soon after 
Xilinx forecasted 20,000 gates and To
shiba projected 40,000 gates for next 
year. But Lattice's complexity meets 
the current requirements of most cus
tomers for FPGAs and even gate ar
rays. As for the future path for the new 
architecture, "we plan to expand to 
include mask versions of these devices 
for high-volume designs," said Steve 
Donovan, director of marketing at Lat
tice. "And current product plans call 
for densities exceeding 20,000 gates. 
We will introduce these devices as 
market 'conditions warrant." 

Lattice specifies its pLSI devices to 

NEWS 
work at system clock rates up to at 
least 70 MJlz. That's for a single cir
cuit block operating through an input 
and output circuit. The delay time for . 
such a function is 15 ns. 

Lattice claims the circuit modules, 
called generic logic blocks, can imple
ment 90 percent of all 4-bit MSI func
tions. The proprietary routing net
work provides global intercon
nectivity, 100 percent routability and 
over 80 percent device utilization. 

The new Lattice products encom
pass eight devices, four of which offer 
in-system programming. The pinout 
count ranges from 44 to 120. The num
ber of II0s range from 32 to 104. 

The ispLSI types are programmed, 
reprogrammed, and reconfigured for 
test without having to be removed 
from the circuit board. Real-time pro
totyping and debugging, and reconfi
guring or upgrading the system in the 
field, are possible. With the E'PROM 
programming technology, the devices 
are guaranteed to deliver 100 percent 

programming yields and 100 percent 
conformation to functional, ac and dc 
specifications. SB_..-. 

The 0.8-micron process that is used 
to fabricate these devices is developed 
and .maintained by Lattice engineers. 
The UltraMOSIV process is the same 
used in the 7.5-ns and 10cns GAL de
vices now in production at Lattice. 

The first pLSI devices will begin 
shipping in the third quarter of this 
year. The in-system programming 
ispLSI . versions will come a quarter 
later. Software and programming sup
port will accompany the first product 
shipments. 

Beta testing of the new pLSI devices 
will begin next month. Engineering 
samples will be generally available by 
October. The general market release 
of software and silicon will come in 
November. The price of the 6,OOO-gate 
device with 192 registers in an 84-pin 
PLCC will be $98.50 each in lots of 
100. 

Lattice aims at best of architectural worlds 
FPGA architectures generally implement gat
ing functions up to four or five lines wide. Wider 
functions are then implemented using a series 
of such narrow functions. But every level of 
logic costs more delay time. Wider functions 

consequently, two or three circuit delays. The 
accompanying figure, developed by Lattice en
gineers, shows the pLSI devices with a 10-ns 
delay per block not changing its delay from two 
through 18 inputs. 

save time, but they 
also can cost silicon 
area and waste cir
cuitry where the 
width is not needed. 

Lattice Semiconduc
tor is trying to offer the 
best of both worlds 
with logic blocks that 
can handle widths up to 
18 signals, but do so in 
logic arrays within the 
blocks that can be used 
for several narrow
width functions when 
the wide ones are not 
needed. 

However, the com
pany's research shows the most popular widths 
for gating functions are from eight to 12 lines. 
The current FPGA and other complex PLD 
devices offer ·less width than what is most 
needed, requiring two or three logic levels and. 

But a competing 
FPGA with five-input 
blocks starts at 8 ns. 
but adds another 8 ns 
each time the width 
expands by five inputs. 
For the most popular 
widths. from eight to 
12. the competing 
FPGAs will have block 
delays of 20 ns to 30 
ns. The delays are in 
lO-ns increments he
cause of intercolUlect 
delays heyond the 8-ns 
delay in each block. 

For wide gating ap
plications. such as 

large counters. wide address decoding and multi
plexing. the system speed slows considerably in 
current FPGAs hecause of the the need to cas
cade the logic block outputs. 

-Stan Baker 

Copyright< 1991 by CUP Publlcationa. Inc .• 600 Community Drive. Manhasset, NY 11030. Aepnnled from ElectronIC Eng~ TIMES With penrnSSMJn. 
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DESIGN APPLICATIONS 

BASIC TECHNIQUES LET DESIGNERS 
BUILD A FINITE-IMPULSE-RESPONSE 

FILTER IN DEDICATED HARWARE 
USING PROGRAMMABLE LOGIC. 

LEARN THE FUNDAMENTALS OF 
DIGITAL FILTER DESIGN 

istorically, designers often have taken an analog ap
proach to filtering. Filters were constructed using 
operational amplifiers, resistors, and capacitors. 
One op amp could implement a second-order filter, 
and higher-order filters could be implemented by 
cascading second-order filters. However, passive 

components with tolerances of 1% or better are necessary for the filter to have 
reproducible characteristics. And the filter is typically fine-tuned by trial-and
error substitution of available component values. In addition, operational amplifi
ers with a high gain-bandwidth product may be needed to keep undesirable phase 
shift to a minimum or keep a closed-loop system stable. These factors are among 
the many problems in real-world implementations of filters. 

With the advances made in digital-signal processing, however, digital filters are 
becoming a more attractive design alternative to traditional analog techniques. 
Because digital-system information is in digital form, filtering can be accom
plished relatively easily by passing the data through a filter algorithm. In addition, 
digital filters have the advantages of no filter-characteristic drift over time, tem
perature, or voltage. And they can easily be designed to filter low-frequency sig
nals. Moreover, the filter response can be made to closely approximate the ideal re
sponse, and linear phase characteristics are possible. 

There are many well established methods of determining the filtering algo
rithm. Basically, the designer establishes the desired filter characteristics, there
by yielding a filter transfer function. The continuous-time transfer function is then 
transformed to the equivalent linear discrete-time-difference function. This func
tion in the Z domain has the general form of: 

G(Z)= (Ao + A,Z-' + A2Z-2+ ... AnZ-n) / (1 + BIZ-! + B2Z-2+ ... Bmz-m) = Y(Z)/X(Z) 

The equation is referred to as the pulse transfer function. It's actually the Z 
transform of the continuous-time filter's unit impulse response. Conversely, the 
inverse Z transform of the pulse transfer function yields the impulse response of 
the filter. 

The coefficients An and Bm determine the response of the digital filter. Changing 

MIKE TRAPP 
Lattice Semiconductor Corp., Carlsbad Pacific Center One, 701 Palomar Airport Rd., 
Third Floor, Carlsbad, CA 92009; (619) 931-4751. 

Reprinted with permiSSion from Electronic Design - July 25, 1991 8-9 
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the coefficients changes the re
sponse of the filter. The terms z-n 
and z-m represent sampling delays or 
taps. The G(Z) equation represents 
the algorithm of sampling the input, 
multiplying it by Ao, and adding it to 
the previous sample that's been mul
tiplied by AI' then adding that value 
to the next previous sample which 
has been multiplied by A2, and so on. 
An output value occurs when all N 
values have been multiplied and ac
cumulated. 

In parallel, each output value is 
stored, multiplied by Bj , then added 
to the previous output value which 
has been multiplied B2, and so on. 
The equation can be rearranged so 
that the result of the output multiply 
accumulate is added to the result of 
the input multiply accumulate to pro
duce an output. This procedure is re
ferred to as convolution. An output 
sample is produced for every input 
sample (Fig. 1). 

The key to digital-filter design is to 
determine the filter coefficients that 
will produce the desired frequency 
response. Recursive digital filters, 
or infinite-impulse-responsive (IIR) 
filters, are a type of digital filter in 
which the design methodology close
ly follows that of an analog filter. 
One method for determining the co
efficients is to define a realizable 

DIGITAL FILTERS 

continuous-time domain Chebyshev, 
Butterworth, or equal-ripple filter 
then use Z transforms to transform 
the continuous-time-domain trans
fer function to the equivalent dis
crete-time transfer function that 
yields the filter coefficients. 

A second popular method is the bi
linear transform. In this method, en
gineers first design an analog filter 
so that after it's transformed to a 
digital filter, the resulting filter 
meets a set of desired digital-filter 
specifications. This analog filter is 
then transformed to a digital filter 
via the bilinear transform from the S 
variable of the Laplace transform to 
the Z variable of the Z transform. 

In a non-recursive digital filter or 
finite-impulse-response (FIR) filter, 
the output is computed using the pre
sent input Xn and the previous inputs 
Xn _ j , Xn _ 2 ••• Xn _ N • This implies that 
the coefficients, Bm, are all 0, and 
there's no feedback from the output. 
Designing non-recursive digital fil
ters (FIR) involves defining an ideal 
desired frequency response from 
which the ideal impulse response is 
computed. The ideal impulse re
sponse is truncated to a finite num
ber of non-zero samples using a win

. dowing function, which is judiciously 
chosen. A common windowing func
tion is the Kaiser window function. 

Scalelactor 
An interesting 
property of FIR fil
ters is that if an 
FIR system has lin
ear phase, then its 
frequency re
sponse is con
strained to be zero 
at f = 1/2T, where 
T equals the sam
pling frequency if: 

XIN)-.------t >--..... >--,..-Y(N) 

h[M - n]=h[n] and 
M is odd. (M = trun
cation length of the 
window). 

11. IN THE FUNCTIONAL structure of a digital filter, 
the A and B coefficients determine the response of the filter 
and the Z terms represent sampling delays called taps. 

This implies the M 
should be even 
when designing 
high-pass and band
stop filters. Or, 

h[M - n]= -h[n] and 
Mis even. 

8-10 

A second method is the Parks
McClellean method. In this ap
proach, the filter order and the edges 
of the passbands and stopbands are 
fixed, and the impulse-response coef
ficients are varied systematically so 
that an equal-ripple behavior is 
achieved in each approximation 
band. With this approach, the filter 
order can't be specified in advance. 
Therefore, a cut and try procedure 
must be used to find the minimum 
filter order. The cut and try can be 
reduced by using a formula that pre
dicts the filter order required to meet 
a given set of specifications. 

There are advantages and disad
vantages to each type of digital filter 
(IIR and FIR). An FIR filter is al
ways stable because there's no feed
back from the output and the im
pulse response is finite. In addition, 
the amplitude and phase can be arbi
trarily specified. On the other hand, 
an FIR filter will generally require 
more taps, and consequently more 
math, to compute the output value. 
The design methodology doesn't re
semble the familiar analog design 
techniques. 

An IIR will generally have fewer 
coefficients, but the required output 
feedback can make circuit implemen
tation more complex. A stable IIR fil
ter can become unstable if the coeffi
cients aren't chosen properly to ac
count for digital math errors. 

There are four main type of errors 
that can arise in the design of digital 
filters. These are referred to as 
quantization errors. They are: 

1. Quantization errors of the input 
analog-to-digital conversion 
2. Quantization errors of the coeffi
cients 
3. Quantization errors due to arith
metic computations, including over
flow 
4. Limit cycles 

In most cases, a 12-bit analog-to
digital converter (ADC) provides 
enough dynamic range and suffi
ciently small quantization noise. If 
floating-point numbers are used for 
the filter coefficients, the quantiza
tion error is usually small enough. 
However, floating-point arithmetic 
is more complex and more expensive 
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1 2. AN FIR FILTER IS IMPLEMENTED in a circuit that uses a single-port l&bit multiplier-accumulator capableof a 85-ns clock 
speed. Because it's ~asedon microcode, the multiplier-accumulator can be controlled with a PLD. 

to implement than integer or fixed
point arithmetic. If 12- or 16-bit coef
ficient are used, the quantization er
ror is generally negligible. 

In the digital domain, math is per
formed using finite precision binary 
arithmetic. All digital filters need to 
multiply a signal sample by a con
stant coefficient. Of course, multi
plying 2 N-bit binary numbers re
sults in a 2N-bit result, but digital 
systems are usually confined to a 
fixed number of bits with which to 
represent binary numbers. There
fore, it's necessary to round off the 
2N-bit digital number back to N bits. 
If a 32-bit multiply accumulator is 
used and the final output is rounded 
to 16 bits, the arithmetic quantiza
tion errors can be minimized. 

If overflow occurs during mathe
matical operations, the digital filter 
can behave in a nonlinear fashion 
and oscillations . can occur. Twos
compliment arithmetic can help elim
inate overflow. In addition, a satu-

rating adder can be used. If the coef
ficients are less than one, then the 
resulting product will also be less 
than one. Scaling is used to force this 
condition. The coefficient can be 
scaled by a multiple of two so that 
the largest coefficient uses all avail
able bits in the binary representa
tion. The input is then scaled by the 
same amount. 

The detail with which a digital fil
ter can be described can seem end
less. Fortunately, a wide variety of 
computer programs exist that help 
the engineer with the filter's design. 
One such product is the DFDPsoft
ware from Atlanta Signal Process
ing Inc. (ASPI), Atlanta, Ga. 

Before a signal can be digitally fil
tered it must be digitized by an ADC. 
If a delta-sigma converter is used, 
the need for antialiasing filters 
(which must be analog and can be 
many orders) is virtually eliminated. 
Delta-sigma converters may have 
sample rates as high as 100 kHz. The 
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filter algorithm can then be imple
mented in software or hardware. 

A single-chip microprocessor can 
be used to implement a digital filter 
ih software. However, "single chip" 
may be misleading, because a micro
processor system will generally re
quire system RAM, ROM, 1/0, and 
glue logic. The microprocessor can 
implement low· to medium-perfor· 
mance digital filters if the only func· 
tion they're performing is the digital 
filtering. As the work load of the mi
croprocessor increases, its capability 
to digitally filter a signal in real time 
decreases. Once the system is de
signed, changing the filter's charac
teristics is as easy as changing vari
ables in software and downloading 
the code to the system. 

For higher performance and mod
erate flexibility, the filter can be im
plemented in dedicated hardware us
ing programmable logic for design 
flexibility. The limiting parameter 
will be the time to do a multiply'accu-

I 



mulate function and the amount of 
physical space required for the hard
ware implementation of the taps. 
Consider a circuit that uses a single
port I6-bit multiplier-accumulator 
capable of an 85-ns clock speed (Fig. 
2). The device can work in twos-com
pliment numbers and has output sat
uration capabilities. As stated be
fore, these two features are desir
able when implementing digital fil
ters. In addition, the device can be 
easily controlled with a programma
ble logic device (PLD) because it's 
microcoded based. 

First, the system must initially 
load the first N (N = 64) samples into 
the FIFO before any convolution 
takes place. Otherwise, the FIFO 
would never fill up. A counter imple
mented in a 20RA10 works well. The 
6-bit counter is implemented with the 
four least-significant bits imple
mented as an asynchronous counter. 
SMPLDN (ADC sample done) acts 
as the clock. The two most-signifi
cant bits are implemented as a ripple 
Counter. This type of counter design 
makes it possible for a long counter 
to be implemented with only four 
product terms per output. The 
SMPLDN signal is also generated 
in the 20RA10, and is triggered off 
signals from the ADC. 

When the counter reaches the val
ue 63, indicating that the FIFO is full 
minus the one sample that's held in 
the shift/hold register, GO becomes 
true and the system begins to exe
cute the filtering algorithm. Because 
the system is linking two asynchro
nous subsystems (ADC and the mul
tiplier-accumulator), there must be 
an asynchronous interface 'between 
the two. The 20RAI0 is utilized by 
generat~g one interface signal 
SMPL ONV (sample or convolve 
mode). The system powers up with 
this line held in the sample mode 
(SMPLCONV = 1). When GO goes 
true, synchronous with the falling 
edge of the clock from the ADC, 
SMPLCONV goes low asynchro

'nously with MCLK (synchronous 
with SCLK). Because 
SMPLCONV is an input to the 
state machine, the machine could be 
subject to a metastable input. The 
Lattice CMOS PLDs are very high 
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13. AN S-STATE state machine 
implements the ope, rations of loading a 
wnple into the multiplier-aecwnulator, 
then loading the coefficients in and , 
issuing the mnltiply-1leClllllnIate 
command until all N samples are done. 

speed, so the metastable characteris
tics are eXC;ellent. That is, the state 
flip-flop has a very low probability of 
going metastable. Therefore, the 
state machine will have to wait, at 
most, one extra MCLK cycle before 
starting the convolution. 

Once the convolution is started, 
the operations of loading a sample 
into the multiplier-accumulator, 
then loading the coefficient into the 
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multiplier-accumulator and issuing 
,the multiply-accumulate command, 
can be repeated until all N samples 
have be done. At this time, the filter 
output is valid and the cycle is re
started. These steps can be imple
mented with an 8-state state machine 
(multiplier-accumulator controller) 
(Fig. 3). 

By coding the states properly, the 
state variables out of the state ma
chine can be used to directly control 
the multiplier-accumulator. Two out
put enable signals, XOE and 
YOE~CDN, control the data into 
the multiplier-accumulator. The sig
nal CONY _DN indicates that all N 
samples have been convolved. A 
dummy state variable (ST_BIT) is 
used so that the state bit (XOE, 
YOE~CDN, CONV~N) can be 
employed as outputs. If the dummy 
bit was unused, two states would be 
forced to have the same state assign
ments, which isn't allowed. The de
sign takes advantage of the power
up reset of Lattice's programmable 
logic devices (PLD s). After power
up, the registers will be left in the 0 
state, which by careful design is also 
the start state ofthe state machine. 

Except for the last SMP~N 
during initial load, every time 
SMPL-DN (sample done by the 
ADC) takes place, SHFT_IN occurs 
to load sampled data from the shift/ 
hold registers into the FIFO. During 
convolution, XOE occurs every time 
a coefficient is loaded to the multipli
er-accumulator. The first XOE of a 
convolution causes the last data sam
ple left in the shift/hold registers 
during initial load or sample mode to 
be shifted into the FIFO. Following 
every XOE is a YOE~CDN (Y
output enable, multiply-accumulate 
done). YOE_MCDN causes data 
from the FIFO's output to be parallel 
loaded into the shift/hold registers. 
A single data sample is then shifted 
out of the FIFO. The system is ready 
for the next XOE that shifts in the 
data held in the shift/hold registers 
and so on. This loop continues until 
SMPL-CONV (sample or convolve 
mode) goes to sample mode, at which 
time a new sample is loaded into the 
shift register, restarting the cycle. 

Inputs to the state machine, 

\ 
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1 4. FIFO CONTROL SIGNALS are pneraled Uynuronously. The system timiDg diagrams for the convolve (a) and initial load (b) 
operations show the appropriate Shift In and Shift Out signals. and clock signals sent to the shift/hold register. 
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SMPL_CONV, tell the machine 
when it's time to begin the convolu
tion cycle. This signal comes from 
the mode-control device. TC (Termi
nal Count) indicates when the convo
lution is to end. TC comes from a 6-bit 
coefficient counter, and is valid when 
the count equals 63, which indicates 
when all 64 samples have been con
volved with the respective coeffi
cients. ORDY comes from the FIFO 
and tells the state machine that the 
sample from the FIFO is valid. The 
state machine will continue to load in 

. the coefficient to the multiplier-accu
mulator until ORDY goes true, at 
which time the state machine will ad
vance to the next state. If the cycle 
time of the multiplier-accumulator 
never exceeds the access time of the 
FIFO, ORDY should always be true 
when it's an input the state machine 
depends on. 

Microcoded instructions to the 
multiplier-accumulator are generat
ed by decoding the state variables. 
The first instruction is a NOOP. 
When SMPLCONV goes low, then 
state machine issues a XBUS in
struction to the multiplier-accumula
tor. This causes the multiplier-accu
mulator to load data from the 110 
port into an internal register. The 
state machine then issues a YBUS; 

1.2 

tor-
GO 

I 0.8r-.... ... e 
I ... r-
'a; .... ... 
:Iii '.4r-

D.2r-

D.I J I 
1.0 U 13.& 28.4 

(I) Fra!HY (1Hz) 

DIGITAL FILTERS 

CLKMR TC. This command tells the 
multiplier-accumulator to perform a 
multiply operation in twos-compli
ment without accumulation because 
it's the first multiply operation of the 
convolution. 

The machine then enters a loop 
and issues another XBUS command 
followed by a YBUS; CLMR; TC; 
MR+. This command is a multiply
accumulate function in twos-compli
ment arithmetic. The machine re
mains in this loop until TC goes true, 
at which time the last multiplier-ac
cumulator cycle is completed and the 
output command MS (SAT) is issued. 
MS causes the filter's outputs (multi
plier-accumulator outputs) to be
come valid and latched into a final 
output register. This command will 
saturate the multiplier-accumulator 
output if the final value has an over
flow, keeping the digital filter from 
oscillating. The multiplier-accumula
tor is statically configured to round 
off the final output to the most sig
nificant 16 bits. 

The instructions to the multiplier
accumulator can be changed simply 
by decoding the state variables to 
different output values. If E2CMOS 
devices are used, the programmable 
device can simply be reprogrammed 
and put back into the circuit. An E2C-

(dB) 
28.118 

1.0 

el - ·2U' 

I "'.08 1/\1' " (1 

:; "'.08 I 

27.2 34 12.0 15.2 

(b) 

MOS 22VI0 from Lattice Semicon
ductor is one such device that can be 
used for this application. 

Two 64-word-by-8-bit FIFOs can 
be used to implement the filter taps. 
The FIFO can be loaded up with the 
initial N samples. A sample is then 
shifted out of the FIFO and into the 
multiplier-accumulator for process
ing. This sample is also stored in a 

.shift/hold register and is shifted 
back into the FIFO prior to the next 
sample being shifted into the multi
plier-accumulator for processing. 
After all N samples have been pro
cessed, the oldest sample is shifted 
out and a new ADC sample shifted 
in. The multiplier-accumulator can 
then output a filter value. Program
mable logic can be used to interface 
the digital filter to the ADC, act as 
temporary storage register, and im
plement FIFO control. 

These shift/hold registers can be 
implemented with two 20V8 devices. 
In the sample mode (SMPL_CONV 
= 1), the devices act as shift regis
ters. Data is serially loaded into 
them under control of the ADC. The 
registers are then placed in a hold 
mode so that the data sample isn't 
lost. When the system enters the 
convolve mode, (SMPLCON = 0), 
data is immediately loaded into the 

"1'1",, , 

18.4 21.& 24.8 2B.O 

15.A PLOT OF THE MAGNITUDE response shows that the bandpass filter's center frequency is 20 kHs with a passband of 5 kHz 
(a). The transition region occurred in 2 kIh. The Joe mapitude response plot reveals a 17511B/liecade slope at the edges of the filter (b). It 
would take a 9th-orller analog filter 10 implement the same specifications. 
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shift/hold registers in parallel. 
Filter coefficients are stored in 

PLDs emulating ROM. A 6001 has a 
programmable AND and a program
mable OR array so that it easily emu
lates a 64-by-8 high-speed PROM. 
Again, if E2 devices are used, the fil
ter coefficients can be changed sim
ply by reprogramming the devices. 
An address counter is used to access 
the coefficients in the correct order. 
Because there are 64 required coeffi
cients for the 64 taps, only 6 bits of 
address are required. 

The coefficient-address counter is 
a simple 6-bit counter implemented 
in a 22VI0. The counter is a synchro
nous type with a count enable. The 
clock is synchronous with the multi
plier-accumulator clock. The count
enable input pin is connected to XOE 
from the multiplier-accumulator 
controller. Therefore, the counter is 
incremented only after the coeffi
cient value has been loaded into the 
multiplier-accumulator. When the 
counter reaches 63, TC goes true to 
indicate that all 64 coefficients have 
been convolved. Again, the power-up 
reset is used to ensure that the 
counter starts in a known state. 

The remaining four output-logic 
macro cells can be used to generate 
FIFO control signals. These signals 
are generated a.synchronously. De
pending on the state of the system
whether it be initially loading, sam
pling, or convolving-the appropri, 
ate Shift In, Shift Out, and clock sig
nals for the shift/hold register will 
be generated (Fig. 4). 

When the convolution is done, the 
state machine sets the CONY _DN 
signal true synchronous with 
MCLK. Hence, SMPLCONV will 
also be set synchronous with M CLK. 
This will create glitches on the signal 
CLKIN, which is the clock to the 
shift/hold registers. This is a don't
care condition, as the registers will 
soon be loaded with a new valid data 
sample under the control of the 
ADC. 

The system requires 133 MCLK 
cycles to complete the convolution. 
With a 11.7-MHz clock, this takes 
11.4 /Ls. This system used an ADC . 
with a serial interface that requires 
3.3 /LS to shift the data into the shift/ 

hold registers. Thus, the system can 
sample an input signal at 11.4 + 3.3 = 
14.7 /Ls or 68 kHz. The Nyquist sam
pling theorem states that a signal 
must be sampled at twice the highest 
frequency component to accurately 
preserve the information in that sig
nal. Therefore, this system can accu
rately filter a signal with the fre
quency component as high as 34 kHz. 

Using the DFDP software from 
ASPI, a bandpass filter was de
signed using the Parks-McCleliean 
method. The center frequency is at 
20 kHz with a passband of 5 kHz. The 
transition region occurred in 2 kHz 
(Fig. 5). It's interesting to note that 
the edges of the filter have a slope of 
approximately 35 dB/O.2 decade, or 
175 dB/decade. It would take a 9th
order analog filter to implement the 
same specifications. 

The system presented in this ex
ample is a straightforward FIR fil
ter. Because of the extensive use of 
programmable logic, the system can 
be easily adapted to implement an 
IIR filter. The final output value can 
be fed back into the FIFO prior to a 
new sample shifting into the FIFO. 
The coefficients can be staggered in 
the coefficient ROM so that the Bms 
line up with the Y(n - M), and the Ans 
line up with the X(n - N). 

If enhancement of the system's 
performance is desired, a larger 
FIFO memory can be used with a 
faster multiplier-accumulator. Be
cause 15-ns programmable-logic de
vices are used, they're not a limiting 
factor. If a parallel ADC, 64-by-8 
FIFO, and a 45-ns mUltiplier-accu
mulator are employed, the system 
could be made to run at 167 kHz with 
little modification.o 

The author would like to thank At
lanta Signal Processing for their 
help in developing this article. 

Mike Trapp, an applications engi
neer for Lattice Semiconductor, 
holds a BSEE from the University 
of Colorado, Boulder. 
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DESIGN IDEAS 

Multiclock GAL doubles clock rate 
Ted Marena 
Lattice Semiconductor, Burlington, MA 

Fig 1 shows a block diagram of a 386SX .... p system. 
The 386SX runs at 20 MHz. However, the memory 
circuitry needs to run at 40 MHz. The PLD program 
in Listing 1 sets up the multiple clocks in the 
GAL20RA10 to strobe on both the rising and falling 
edges of the .... p's clock, effectively synthesizing a 40-
MHz clock for the memory circuitry. 

The program also sets up the PLD to develop the 
DRAM's .critical RAS and CAS signals according to 
the timing diagram in Fig 2. Note that CAS follows 
RAS by 25 nsec, meeting the 20-nsec minimum interval 
for 70-nsec DRAM. A 2-bit counter in the PLD satisfies 
RAS-precharge timing specs: RAS must be low for at 
least 70 nsec, high for at least 50 nsec, and go high 
only after CAS goes low. In this design, RAS goes low 
for 70 nsec and high for 60 nsec. 

Note that because an EPROM's chip-select line does 
not have to be clocked, the program in the listing 
develops the EPROM-select signal using combinatorial 
logic. You can obtain the listing from the EDN BBS's 
DI Special Interest Group (617-558-4241,300/12001 
24oo,8,N,1-from Main Menu, enter (s)ig, <s/dLsig>, 
rk1028). IBDII 

20 MHz 

\ ~, A20 - A22 ! '---.;.-...... -"!'""---', 
RIW / ' , , , 

1 , 

i r-~-+-~-+-~~,-~, 
BIE 

1 ,.' _+-......,,"", ' : DATA IS READ INTO THE 
~ ~:/ CPU ON THIS EDGE 

t: ! \ 

READY 

I I I I 
I \ .......Lso..l......--

1 

INTRASl 

INTRAS2 

Fig 2-B9 generating internal docks, intrasl and intras2, from 
both edges of the 2o-MHz clock signal, the PLD effectively doubles 
the clock rate. 

Fig I-The PLD's internal circuitry can clock on both edges of the 
",P's clock, thereby synthesizing a 40-MHz clock for the memory 
system. 

listing 1-Memory-control PlO program 

Na_ GAL20ralOI 
Partno 1II8111nterfacel 
Revision 021 
Date 3/1/911 
Designer Ted Marena, 
Company Lattice s.Dieonductor~ 
Ass8lllbly PC Huiti-Function; 
Location U12 r 
Device q20ra10: 

/**************************"*"****"***"****,."**************************,.*/ /* Tnis c2evice controls the _ory interface to a c2rala and eproa. */ 
/* A 386111){ cpu with 1 aeq of drall and epro.. placed above 1 meq */ 
/* of address space. */ 
/***********************************"************************************/ /* Allowable Target Device TypeslGAL20RA10 */ 
/**,,***************************,.**.************************************,.*/ 

/** Inputs **/ 

pin 2: .. III 10: 
pin 3 .. !bhe: 
pin 4 '"' Ible; 
pin 5 .. Irefresh; 
pin 6 .. I ready: 
pin 7 .. a22: 
pin 8 .. a21; 
pin 9 .. a20, 
pin 10 .. wr_rd: 
pin 11 .. 20mclk: 

/*" Outputs .... / 

pin 14 .. leas 
pin 15 .. Irasl 
pin 16 .. Iras2 ; 
pin 17 ..! eprOllisel 
pin 18 .. intrasl 
pin 19 .. intras2 
pin 20 = tdrataW'r 

/, 

/' 
/' /, 

/' 
/' 
/' 
/' 

lIIelllOry or I/O select ,/ 

'/ 
control aiqnals frail the cpu ,/ 

'/ 

address bits to decode aboVe '/ 
and below I meq ,/ 

write or read control from cpu ,/ 
20 111hz clock froll the cpu '/ 

/* cas for both bankli of dram */ 
/* rltal to strobe low bank */ 
/* ras2 to strobe hiqh bank */ 
/* eproJl select */ 
1* these 2 bits control the */ 
/* wic2th of the ras pulse */ 
/* write pulse for the c2ram */ 

/*. Declarations an4 tnter1Mdiate Variable Definitions **/ 

1ntrasl.ck 
lntras2.ck 
rasl.ck 
ras2.ck 
c;:aa.ck 

'/ 
r.lls2.d 

,/ 
cas.d 

.. 20lllclk, 

.. !20Ilclk; 

.. 201\lClk; 

.. 20Mclk: 

.. IllOJllClk; 

/* both ras are clocked on ana clk e<lqe */ 

/* and. cas is clocked on the other ./ 

.. 111 10 , ble , Irefresh , la20 , la21 " !a22 f /* $tart rasl */ 
refresh' cas I /* cas before ras refresh 

= II io , tlhe , Irefresh " la20 , la21 , 10122' /* start ras2 */ 
refresh' cas I /* cas before ras refresh 

.. (rasl f ras2) " !refresh t /* start cas ./ 
l"e!ady , cas f /* hold and end cas */ 
retresh , !a20 , !a21 « 1&22 « h._lo: /* refresh cycle 

,/ 
__ r .. II 10 , !refresh , vr rd; /* write tor memory */ 
eprOlllsel ... la_To « ! retresb « a20-' a21 , a22 , ads' !wr rd: 
lntrasl.d .. rasl II ras2: /* after either ras starts, ./ 
intras2.d .. intras1; /. count 2 clocks to end ras -/ 

rasl. ar .. intras2: 
raS2.ar .. intras2; 
intras2. ap .. ! intrasl: 

; .. end. rasl by asynchronous reset */ 
If< end r4&2 by asynchronous reset .; 

1* I:IsynchronoU$ preset to allow res *1 
1* to begin next tialng cycle */ 

8-16 Reprinted with permission from EON - December 5, 1991 
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Lattice Semiconductor recommends that customers use 
only Lattice qualified programming equipment. Lattice 
guarantees 100% programming yield to customers using 
qualified programming tools. Below is a matrix that 
provides the third-party programmers which are qualified 
to program Lattice GAL devices. 

Lattice works closely with third-party programming 
equipment manufacturers to ensure that customers 

GAL Development 
Tools 

achieve the highest programming yields and quality levels. 
Lattice's stringent qualification program includes an 
evaluation of algorithms, verification of timing and voltage 
levels, and a complete yield analysis. 

For a current listing of Lattice qualified GAL programmers, 
please call Lattice's Literature Distribution Department 
(Tel: 503-693-0287; FAX: 503-681-3037). 

LATIICE QUALIFED PROGRAMMERS (as of May 1992) 

lattice GAL DeVice Type 
Vendor Progremmer 

16V8AIB 2OV8A1B 18V10 22V101B 26CV12B 26CV12 2OXV10 2ORA10 

Unlslte • • • • • • • • 
3900 • • • • • • • • 

Deta 110 2900 • • • • • • • • 
29B • • • • • • • • 
60AIH • • • • • • • • 
Allproaa • • • • • • • • 

logical DeVIcae 
Allpro40 • • • • • • • • 
System 3000 • • • • 0 • 0 • Stag 
ZL30IA • • • • • • • • 
TURPRO·1 • • • • • • • • 

Syetam Gen_1 SGUP-85A • • • • • • • • 
SGUp·85 • • • • 0 • 0 • 

SM$ 
Sprint Expert • • • • • • • • 

Microcomputer 
Sprint Plus • • • • • • • • 

Dlgelec: Model 860 • • • • a a • • 
Cp·ll28 • • • • • • • • BP-Mlcroayetams 
PLD·1128 

PLD-1100 • • • • a a • • 
Prog. logic Tech. logic lab • • • • 0 • • • 

PIIot·U84IU40 • • • • • • • • Advln 
PIIot·GUGCE • • • • • • • • 

• = Programmer is qualified, refer to the GAL Development Tools document for additional information. 
a = Programmer was not qualified as of 5/92. Contact Lattice or programmer vendor for latest information. 
o = Programmer does not support 28-pin devices. 
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6OO2B 6001 

• • 
• • 
• • 
• • 
0 • 
• • 
• • 
0 • 
• • 
• • 
0 • 
0 • 
• • 
0 • 
0 • 
• • 
• • 
0 • 
• • 
• • 
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Development Tools 

LOGIC COMPILER SUPPORT (as of May 1992) 

LIIItIce GAL DeVIce Type 
Vendor LogIc Compiler 

18V8A/B 2OV8A/B 1BV10 22V1Q/B 26CV12IB 20)(V1OB 

Acc.ITech. TangoPLD • • • • • 0 

DIIIIIIfO ABEL • • • • • • 
ISDATA LOGIIC • • • • • 0 

LogIcIII DevIcee CUPL • • • • • • 
Mine PLOe8Igner • • • • • 0 

OrCAD OrCADPLD • • • • • 0 

Om8llon Sc;hama.pLD • • • • • 0 

• = Compiler supports GAL device type. Contact vendor or Lattice for the current revision level. 
o = Contact vendor for support date. 

PROGRAMMER/COMPILER VENDORS 

Accel Technologies Dlgltronles Israel Ltd. Omstlon 
6825 Randers Dr. 25 Galgaley Haplada St. 801 Presidential 
San Diego, CA 92121 Herzliya B 46722 Richardson, TX 75081 
Tel: (619) 554-1000 Israel Tel: (214) 231-5167 
FAX: (619) 554-1019 Tel: 052-559615 FAX: (214) 783-9072 

FAX: 052-555240 
Advln Systems In the U.S. contact orCAD Systems Corp. 
1050-l Duane Ave Digelec 3175 N.W. Aloclek Dr. 
Sunnyvale, CA 94086 20144 Plummer St. Hillsboro, OR 97124 
Tel: (406) 243-7000 Chatsworth, CA 91311 Tel: (503) 690-9881 
FAX: (406) 736-2503 Tel: (818) 701-9677 FAX: (503) 690-9891 

FAX: (818) 701-5040 
BP Mlerosystems Programmable logic Tech 
10681 Haddington ISDATAGmbH P.O. Box 1567 
Suite #190 Haid-und-Neu-StraBe 7 longmont, CO 80501 
Houston, TX 77043 7500 Karlsruhe 1 Tel: (303) 772-9059 
Tel: (713) 461-9430 Germany FAX: (303) 772-5617 
FAX: (713) 461-7431 Tel: 0721-693092 
BBS: (713) 461-4956 FAX: 0721-174263 SMS Micro Systems 

In the U.S. contact 1M Grund 15 
Data 110 Corp. ISDATAlnc. 0-7988 Wangen 
10525 Willows Road N.E. Tel: (406) 373-7359 Germany 
P.O. Box 97046 FAX: (408) 373-3622 Tel: (49) 7522-5018 
Redmond, WA 98073-9746 FAX: (49) 7522-8929 
Tel: (206) 881-6444 logical Devlcas In the U.S. contact: 
Tel: 1-800-247-5700 1321 N.W. 65th Placa. SMS Norht America, lne. 
FAX: (206) 882-1043 Fort lauderdale, Fl 33309 16522 N.E. 135th PI. 

In Europe contact: Tel: (305) 974-0967 Redmond, WA 96052 
Data 110 Corp. FAX: (305) 974-8531 Tel: (206) 883-8447 
Tel: +31 (0) 20-6622866 FAX: (206) 883-8601 

In Japan contact: Mine Incorporated 
Data 110 Corp. 6755 Earl Dr. 
Tel: (03) 432-6991 Colorado Springs, CO 80918 

Tel: (719) 590-1155 
FAX: (719) 590-7330 
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20RA10 BOO2B 6001 

• 0 • 
• • • 
• 0 • 
• • • 
• 0 • 
• 0 0 

• 0 • 

Stag Mlerosystems 
Martinfield 
Walwyn Garden City 
Herts Al7 1JT 
United Kingdom 
Tel: 011-44-707-332148 
FAX: 011-44-707-371503 

In the U.S. contact: 
Stag Microsystems 
1600 Wyatt Dr. 
Santa Clara, .CA 95054 
Tel: (406) 968-1118 
FAX: (406) 968-1232 

System General 
3R., No.1, Alley 8, lane 45 
Bao Shing Rd. 
Shin Dian 
Taipei, Taiwan R.O.C. 
Tel: 886-2-9173005 
FAX: 886-2-9111283 

In the U.S. contact: 
System General 
510 S. Park Victoria Dr. 
Milpitas, CA 95035 
Tel: (408) 263-6667 
FAX: (408) 262-9220 



Copying PA' , EPI.D & PEEL 
Paftel71S Into GAL Devices 

INTRODUCTION 
The generic/universal architectures of Lattice GAL devices 
are able to emulate a wide variety of PAL, EPLD and 
PEEL devices. GAL devices are direct functional and 
parametric replacements for most PLD device 
architectures. To use GAL devices in place of other PLD 
types, some conversion of the Original device pattem may 
be needed. This conversion is not difficuH, and can be 
accomplished at either the design or manufacturing level. 
The following sections describe several techniques 
available to convert PAL, EPLD and PEEL device pattems 
to Lattice GAL device pattems. 

CROSS PROGRAMMING: GAL16V8 AND GAL20V8 
The GAL l6V8 and GAL20V8 devices replace most 
standard 20-pin and 24-pin PAL devices. To simplify the 
conversion process, Lattice has worked with programmer 
hardware manufacturers to provide the ability to program 
GAL devices directly from existing PAL JEDEC files, or 
master PAL devices. Lattice qualified programmers can 
automatically configure the architecture of a GAL device 
to emulate the source PAL device. 

To provide a conceptual framework for the conversion 
from PAL devices to GAL devices, a mythical device 
known as a RAL device was created. A RAL device is 
simply a GAL device configured to emulate a PAL. There 
is a one-to-one correspondence between the name of a 
PAL device and that of a RAL device. For example, a 
RAL l6L8 is Simply a GAL l6L8 configured as a PAL l6L8. 
Some programmers list the RAL device types as choices 
for cross-programming, while others specifically state 
that a cross-programming operation is to be performed 
using a PAL device type as the architecture type. Other 
programmers list devices such as a Lattice l6L8. Even 
though Lattice does not make a l6L8 device, choosing 
this selection allows the programmer to accept a l6L8 
JEDEC file, and will program a GAL l6V8 device to 
emulate a PALl6L8. 

To program a GAL16V8 or GAL20V8 device from an 
existing PAL JEDEC file, simply select the appropriate 
device code (either RAL type, or PAL type to cross
program from), then download the PAL JEDEC file to the 
programmer. Insert the appropriate GAL device that can 
directly emulate the PAL device (according to the chart in 
the GAL l6V8 or GAL20V8 datasheets). The programmer 
will automatically configure the GAL device to emulate the 
PAL device during programming. The resulting GAL 
device is 100% compatible with the original PAL device. 
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A GAL device may also be programmed from a master 
PAL device by reading the pattem of the master PAL into 
the programmer memory, then selecting the appropriate 
RAL device or PAL type to cross-program from. The GAL 
device can then be programmed from the programmer 
memory. 

CROSS PROGRAMMING: GAL22V1OfGAL20RA10 
The GAL22Vl 0 and GAL20RA 10 are direct replacements 
for bipolar PAL devices, and are JEDEC fuse map 
compatible with these industry standard devices. To 
program a GAL22Vl0 or GAL20RA10 device from an 
existing PAL JEDEC file, simply select the appropriate 
GAL device code, then download the PAL JEDEC file to 
the prog~ammer. The resulting GAL device is 100% 
compatible with the original PAL. 

GAL devices also may be programmed from Master PAL 
devices by reading the pattem of the Master PAL into the 
programmer memory, then selecting the appropriate GAL 
device code. The GAL device can then be programmed 
from the programmer memory. 

The GAL22Vl0 and GAL20RA 10 also can store a User 
Electronic Signature (see the datasheets on these devices 
for more information). To use this feature, the JEDEC file 
must contain this information. To add the signature data 
to the JEDEC map, use the PALtoGAL conversion utility 
(see next section) or recompile the source equations for 
a Lattice GAL device instead of a generic 22Vl0 type. 
Many programmers list two device types to differentiate 
between the two types of JEDEC files, and list both a 
GAL22Vl0 and a name such as GAL22Vl0-UES or 
GAL22Vl0-ES. Other programmers allow both types of 
JEDEC files to be accepted, and simply don't program the 
Signature fuses if they are not present in the file. 

CROSS PROGRAMMING: GAL20XV10 
The GAL20XVl 0 can be configured as a direct replacement 
for bipolar PAL20Xl0, 20X8, 20X4, and 20L 10 devices. 
Many programmers provide cross-programming support 
simiiartothat provided forthe GAL l6V8IGAL20V8 devices. 
This allows the use of existing PAL device files to program 
the GAL20XV10 to emUlate the PAL devices. The 
PALtoGAL conversion software (described below) also 
supports conversion of the PAL JEDEC files to a 
functionally equivalent GAL device file. 

PAL TOGAL CONVERSION UTILITY SOFTWARE 
Lattice has created a software utility that will convert an 
existing PAL device JEDEC file to the appropriate GAL 
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Copying PAL Pattems 
Into GAL Devices 

device JEDEC fonnat. Called PALtoGAL, this software 
utility can be used to convert PAL device files to GAL 
device files, add/or change the User Electronic Signature 
without changing device functionality, and reformat existing 
GAL JEDEC files for readability. 

Since a few programmable logic devices have features 
that a GAL device cannot exactly emulate, the PALtoGAL 
utility will clearly describe the incompatibility but will not 
create an output file. GAL devices programmed using 
files converted by PALtoGAL will be 100% compatible 
with the original logic device. PALtoGAL Is Just another 
method of cross-programming, and should produce the 
same results as using a programmer. The advantage is 
that a full GAL device JEDEC map is created, meaning 
that the appropriate GAL device may then be selected on 
the programmer, which may simplify the manufacturing 
flow. Also, the PALtoGAL conversion software provides 
conversions that programmers do not. 

A copy of the PALtoGAL conversion utility software can be 
obtained through your local Lattice representative, or by 

contacting the GAL Applications Hotline at 1-800-
FASTGAL (327-8425) or (503) 693-0201. The software 
also may be downloaded from Lattice's Electronic Bulletin 
Board at (503) 693-0215; the file name is 
·PAL TOGAL.EXE-. 

SOFTWARE COMPILER CONVERSION 
If the equation source file is available for the PAL device, 
it can be converted by re-compiling using a suitable logic 
compiler that supports GAL devices. H there are any 
device incompatibilities (there shouldn't be in most cases), 
the compiler will describe the errors. The output of the 
compiler will be a GAL JEDEC file that can be used to 
program a GAL device directly. The resulting GAL device 
will be 100% functionally compatible with the original 
device. 

Suitable logic compilers are listed In the Development 
Tools section. If additional qU$stions arise, contact your 
compiler manufacturer or a Lattice Applications Engineer 
by calling the GAL Applications Hotline at 1-800-FASTGAL 
or (503) 693-0201. 



MANUFACTURER PART" LATTICE PART" 

ALTERA EP310 GAL16V8A1B' 
EP320 or ... GAl18V10 
EP330 

AMD PAL10H8 GAL16V8AIB 
PAL10L8 
PAL12H6 
PAL12L6 
PAL14H4 
PAL14L4 
PAL16H2 
PAL16L2 

PAL16L8 GAL16V8A1B 
PAL16R4 
PAL16R6 
PAL16R8 
PALC16L8 
PALC16R4 
PALC16R6 
PALC16R8 
AmPAl16L8 
AmPAL16R4 
AmPAL16R6 
AmPAL16R8 
PAl16P8 
PAL16RP4 
PAL16RP6 
PAl16RP8 

PALCE16V8 GAL16V8A1B 

AmPAL18P8 GAL16V8AlB' 
PALC18U8 or ... GAL18V10 

PAL14L8 GAL20V8AlB 
PAl16L6 
PAL18L4 
PAL20L2 

PAL20L8 GAL20V8AIB 
PAL20R4 
PAL20R6 
PAL20R8 
AmPAL20RP4 
AmPAL20RP6 
AmPAL20RP8 

PALCE20V8 GAL20V8AIB 

PAL20RA10 GAL20RA10 

1) Possible conversion but not 100% compatible to this device. 
2) DIP package compatible only. 
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GAL Aoduct Une 
Cross Reference 

MANUFACTURER PART" LATTICE PART , 

AMD AmPAL20RP10 GAL22V101B 

PAL20S10 GAL22V10/B 
PAL20RS4 
PAL20RS8 
PAL20RS10 

PAl12l10 GAL20XV10B 
AmPAL20L10 
PAL20l10 
PAL20X42 

PAL20X82 

PAL20X1Q2 

AmPAL22V10 GAL22V10/B 
PAL22V10 
PALC22V10 
PALCE22V10 

PALCE24V10 GAL26CV12/8' 
PALCE26V12 

ATMEL AT22V10 GAL22V10/B 

CYPRESS PALC16L8 GAL16V8AIB 
PALC16R4 
PALC16R6 
PALC16R8 

PLDC18G8 GAL16V8A1B' 
or ... GAl18V10 

PALC2OCG10 GAL20V8A/B' 
PALC22V10 or ..• GAL22V101B 
PAL22V10 

PLD20RA10 GAL20RA10 

HARRIS HPL16LCS GAL16V8AIB 
HPL16RC4 
HPL16RC6 
HPL16RC8 

ICT PEEl18CV8 GAL16V8AlB' 
or •.. GAL18V10 

PEEl153 GAl16V8A/B' 
PEEL253 or ... GAL18V10' 

PEEL2OCG10 GAL20V8AlB' 
PEEL22CV10A or ... GAL22V101B 
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GAL Product Une 
CIVss Refetence 

MANUFACTURER PART. 

INTEL 5C031 
50032 
85C220 

85C224 

NATIONAL PAL10H8 

PAL10L8 
PAL12H6 
PAL12L6 
PAL14H4 
PAL14L4 
PAL16H2 
PAL16L2 

PAL16L8 
PAL16R4 
PAL16R6 
PAL16R8 

GAL16V8 
GAL16VSA 

GAL18V10 

PAL14L8 
PAL16L8 
PAL18L4 
PAL20L2 

PAL20L8 
PAL20P8 
PAL20R4 
PAL20RP4 
PAL20R6 
PAL20RP6 
PAL20R8 
PAL20RP8 

PAL20RA10 

PAL20L10 
PAL20X4 
PAL20XB 
PAL20X10 

GAL22V10 

,GAL26CV12 

GAL6001 

LAnlCE PART. MANUFACTURER 

GAL 16V8AIB' RICOH 
or ••• GAL18V10 

GAL20V8AIB' 
or ••• GAL22V101B 

. GAL18V8AIB 

GAL16V8AIB 
SAMSUNG 

GAL16V8AIB 

GAL16V8AIB 

SGS-THOMSON 
GAL18V10 

GAL20V8AIB 

SIGNmCS 
GAL20V8AIB 

GAL2ORA10 

GAL20XV10B 

GAL22V101B SPRAGUE 

GAL26CV12IB 

GAL6001 
or ••• GAL6002B 

1) Possible conversion but not 100% compatible to this device . 
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PART. LAnlCE PART. 

EPL10P8 GAL16V8AIB 
EPL12P6 
EPL14P4 
EPL16P2 

EPL16P8 GAL16V8AIB 
EPL16RP4 
EPL16RP6 
EPL16RP8 

CPL16L8 GAL16V8AIB 
CPL16R4 
CPL16R6 
CPL16R8 

CPL20L8 GAL20V8AIB 
CPL20R4 
CPL20R6 
CPL20R8 

CPL20L10 GAL20XV1OB 

CPL22V10 GAL22V101B 

GAL16V8 GAl16V8AIB 

GAL20V8 GAL20V8AIB 

GAL39V18 GAL6001 
or •.• GAL6002B 

PLHS16L8 GAL16V8AIB 
PLUS16L8 
PLUS16R4. 
PLUS16R6 
PLUS16R8· 

PLHS18P8 GAL16V8AIB' 
or .•. GAL18V10 

PLS153 GAL16V8AIB' 
PHD16N8 or ... GAL18V10' 

PLUS20L8 GAL20V8AIB 
PLUS20R4 
PLUS20R6 
PLUS20R8 

SPL14LCB GAL16V8AIB 
SPL16LCB 
SPL16RC4 
SPL16RC6 
SPL16RC6 



MANUFACTURE~ PART. LATIlCE PART' 

SPRAGUE SPL18LC4 GAL20V8AIB 
SPL20LC2 

SPL20LC8 GAL20V8AIB 
SPL20RC4 
SPL20RC6 
SPL20RC8 

TI TIBPAL16L8 GAL16V8AIB 
TIBPAL16R4 
TIBPAL16R6 
TIBPAL16R8 

TICPAL16L8 GAL16V8AIB 
TICPAL16R4 GAL16V8AIB 
TlCPAL16R6 
TlCPAL16R8 

EP330 GAL16V8AIB' 
TIBPAD16N8 or ... GAL18V10' 

TIBPAL20L8 GAL20V8AIB 
TIBPAL20R4 
TIBPAL20R6 
TIBPAL20R8 

TIBPAL20L 10 GAL20XV10B 
TIBPAL20X4 
TIBPAL20XB 
TIBPAL20X10 

TIBPAL22V10 GAL22V101B 
TICPAL22V10 

1) Possible conversion but not 100% cOmpatible to lhis device. . 
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Cmss Reference 
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Package Thennal 
Resistance 
The following table provides information on the package mounted on a thermal test board confonning to SEMI 
thermal resistance of Lattice commercial and industrial SPECIFICATION G42-88: "Thermal Test Board 
grade devices. For infonnation on the package thermal Standardization for Measuring Junction-to-Ambient 
resistance of Lattice military grade devices, please refer Thennal Resistance of Semiconductor Packages". 
to "MIL-M-38510, Appendix C·. 

Test Condbion, 
Testing was perfonned per SEMI TEST METHOD G3B- Power Dissipation = O.Swatts (IC chip reverse biased) 
87: "Still and Forced-Air Junction-to-Ambient Thennal Ambient Air Velocity = Zero (still air) 
Resistance Measurements of IC Packages' with devices Ambient Temperature = 65°C 

Measuring Current = 3mA 

PACKAGE THERMAL RESISTANCE 

Commercialllndustrial Grade Devices 

Package Type: Device Type: °JA OJC 

20-Pin Plastic DIP GAL16V8AIB 6~CNI 39°CN/ 
GAL18V10 

24-Pin Plastic DIP GAL20V8AIB 65°CNI 36°CN/ 
GAL22V101B 
GAL20XV10B 
GAL20RA10 
GAL6ClO1 
GAL6ClO2B 

28-Pin Plastic DIP GAL26CV12IB S~CNI 33°CN/ 

20-Pin Plastic LCC GAL16V8AIB 67°CN/', 32°CN/ 
GAL18V10 

28-Pin Plastic LCC GAL20V8AIB 56°CN/ 29°CN/ 
GAL22V101B 
GAL20XV10B 
GAL20RA10 
GAL26CV12IB 
GAL6001 
GAL6ClO2B 
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.010/.110 

· Package Diagrams 

2o-pin plastiC DIP 
Dimension. In Inchea MIN. I MAX. 

24-pin Plastic DIP 
Dimension. In InchH MIN. I MAX. 



Package Diagrams 

28-Pin PI" C oM~_I~,"""~'"-L~~AX' 
1.345/1.370 

m#-li i m~ ~I ~.D15MIN 
l- ~ ~ _,.," Il= .. " ... , I .045/.C1155 
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Package Diagrams 

20-pin plee package 
Dlmenalons In Inches MIN.' MAX. 

.lM2/ .... X 41' 
.013/.821 

.3111 1 .3111 Top View 

.2110/.330 

. ~ 
I---.. , .. ::::jl 111 ~::;720 t------,-===il '''''--1l 1= 

28-Pin PLee Package 
Dlmenalonaln Inch.. MIN. I MAX. 

.1M2 1.0411 X 41' .013/.821 

I 

t---_,_~.I 
t-----~/~~ 
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Package Diagrams 

20-Pin (300 MIL) CERDIP 
Dimensions in Inches MIN. I MAX. 

~ : : : : : : : : :1 L' ll-·OOII- I • .1130/1.010 

~'~-;;-n.:. 
• ..aMAX .010/.110 

24-pin (300 MIL) CERDIP 
Dlinensions In Inches MIN. I MAX. 

DOE 
I--.IIIN 

1.230 11.210 

.081 MAX .010 I .110 
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.001/.015 .,S' 

.ooe 1.015 .,5' 



Package Diagrams 

28-Pin (300 MIL) CERDIP 
Dimensions In Inches MIN. I MAX. 

CJDJ::' 
i--.OOSMIN 

1.430 11.485 

.008/.015 0.15' 

.150 MIN 

.100 MAX .090/.110 

I 
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Package Diagrams 

2Q-Pln LCC 
Dimensions In Inche8 MIN. I MAX. 

_TYP. 
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28-Pln Lee 
Dimensions In Inchell IIIN. I IIAX • 

. 000TYP • 

. 442/.458 ----J-r .. H .0fi(J 1 .075 
~ ...., .., 

'\ 
/ '\ i 

) 
TopYIew i~' 

c 

.458 I 
c 

\.. ~ ) 
1--1.050 1.065 
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Tape and Reel 
Specifications 
A tape-and-reel packing container is available for plastic 
leaded chip carriers to protect the product from mechanicaV 
electrical damage and to provide an efficient method for 
handling. Lattice's tape-and-reel containers are shipped 
in full compliance to Electronics Industry Association 
Standard EIA-RS481. 

The tape-and-reel packing system consists of a pocketed 
carriertape loaded with one device per pocket. A protective 
cover tape seals the carrier tape and holds the devices in 

the pockets. A full reel holds a maximum quantity of 
devices depending on the package size. Lattice requires 
ordering in full reel quantities. Once loaded, the tape is 
wound onto a plastic reel for labeling and packing. 

Devices packaged in tape-and-reel containers must be 
factory programmed (pre-pattemed). Custom marking of 
devices prior to mounting on tape-and-reel is available 
upon request. Contact your local Lattice sales office for 
more details on Lattice's tape-and reel packing system. 

TAPE-AND-REEL QUANTITIES AND DIMENSIONS 

Package Pin Count Carrier Tape Dimensions Quantity Per 
Width Pitch 13 Inch Reel 

PLCC 20-pin 16mm 12mm 1000 

28-pin 24mm 16mm 750 
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Sales Offices 
LATTICE SALES OFFICES 

~ ..IA2AH LaIIice SemIconductor MIHHESOTA 
Laitice Semiconductor Lattice Semiconductor CaIIsbad Pacific Ctr. One Lattice SemIconductor 
Les Bureaux de sevres Peony Kikuchi 201 701 Palomar Airport Rd. 3445 Washington Dr. 
72-78, Grand Rue 1-8-4,BoIan 3rd Floor SUite 105 
92310 sevres Koto-ku, Tokyo 135 Carlsbad, CA 92009 Eagan, MN 55122 
TEL: (33) 1 45 34 10 10 TEL: 33-842-0621 TEL: (819) 931-4751 TEL: (612) 686-8747 
FAX: (33) 1 46 26 71 36 FAX: 33-842-0629 FAX: (619) 431-1821 FAX: (612) 686-8746 

GERMAIff UHlIEg Kl6lmM GEORGIA HEW"EB&E~ 
Lattice Samlconductor Lattice semiconductor Lattice Semiconductor Lattice Semiconductor 
Hanns-Braun-str. 50 Lords Court 3105 Medlock BrIdge Rd. TEL: (201) 744-5906 
8058 Neufahm bel MOnchen SI. Leonard's Road Norcross, GA 30071-1443 FAX: (201) 509-9309 
TEL: 06165-652-45 Windsor TEL: (404) 446-2930 
FAX: 06165-652-49 Berkahire SL4 3DB FAX: (404) 416-7404 .QBEggH 

TEL: 753-830-84.2 TEL: FAE - (404) 242-2990 Lattice Semiconductor 
HOHGKQtfG FAX: 753-833-457 5555 N.E. Moore CI. 

Lattice Samiconductor MAliSACtlU&ETTS HiIIsbQro, OR 97124 
2802 Admiralty Centre, Tower 1 HQBItI AMEB~A Lattice Semiconductor TEL: (503) 780-6771 
18 Harcourt Road 67 S. Bedford SI. FAX: (503) 681-3037 
Hong Kong CAUFOBHIA SUite 400 West 
TEL: (852) 529-0356 Lattice Semiconductor Burlington, MA 018.03 IEXA& 
FAX: (852) 866-2315 4000 Burton Drive TEL: (617) 229-5819 Lattice Semiconductor 

Santa Clara, CA 95051 FAX: (617) 272-3213. 100 Decker Ct. Ste. 280 
TEL: (408) 980-7878 Irving, TX 75062 
FAX: (406) 980-0839 TEL: (214) 650-1236 

FAX: (214) 650-1237 

NORTH AMERICAN SALES REPRESENTATIVES 

AlABAMA Earla Associates omBGlA MAB~LAtm 
CSR Electronics, Inc. 7585 Ronson Rd. Il2OO CSR Electronics, Inc. Deitatronics 
303 WHIiams Avenue San Diego, CA 92111 1651 Mt. Vernon Rd.' 200 24048 SUgar Cena Ln. 
Ste.931 TEL: (619) 278-5441 Atlanta, GA 30336 Gaithersburg. MD 20882 
Huntsville, AL 35801 FAX: (619) 276-5443 TEL: (404) 396-3720 TEL: (301) 253-0615 
TEL: (205) 533-2444 FAX: (404) 394-8387 FAX: (301) 253-9108 
FAX: (205) 536-4031 COLOBAIlQ 

Waugaman Associates J.WHQIl MAUACtlUSETTS 
ABJmI'!IA 4600 Ven Gordon HearUand TechMktg. Comp Rep Associatas 
Sunvnit Sales Wheat Ridge, CO 80033 1615 Colonial Pkwy. 100 Everett Street 
7802 E. Gray Rd •• 600 TEL: (303) 423-1020 Invemess, IL 60067 Westwood, MA 02090 
Scottsdale, AZ 85260 FAX: (303) 467-3095 TEL: (70s) 358-6622 TEL: (617) 329-3454 
TEL: (602) 996-4850 FAX: (708) 358-7660 FAX: (617)~. 
FAX: (602) 998-5274 COHHECDCIJI 

Camp Rep Associates IQYIA MICttlGAH 

I CALlFOBHIA 60 Connolly PkWy. Stan CIothierCompeny Greiner & AssocIates 
Sager Electronics Bldg. 12 Suite 210 1930 St. Andrews, N.E. 15324 E. Jefferson Ave. 
17220 Newhope SI. '209 Hamden, CT 06514 cedar Rapids, IA 52402 Grosse Pointa Park; MI48230 
FOI.Iltain Valley, CA 92708 TEL: (203) 230-8369 TEL: (319) 393-1576 TEL: (313) 499-0188 
TEL: (714) 957-3367 FAX: (203) 230-8394 FAX: (319) 393-7317 FAX: (313) 499-0665 
FAX: (714) 546-2654 

£IJHIIIlA KAIiUI MIHHE&QU .. 
Sager Electronics Sales Engineering Concepts Stan Clothier Compeny Stan ClothIer Compeny . 
6324 Varlal Ave •• 314 776 S. MUitery Trail. 815 Cialrbome. Ste. 275C 9600 W. 76th St., Ste •• A 
Woodland Hils, CA 91367 Deerfield Beach, FL 33442 Olathe, Kensas 66082 Eden Prairie, MN 55344 
TEL: (818) 712-0011 TEL: (305) 426-4601 TEL: (913) 829-0073 TEL: (612) 944-3458 
FAX: (818) 712-0160 FAX: .(305) 427-1338 FAX: (913) 829-0429 FAX: (612) 944-6904 

CrIterion Sales Sales engineering Concepts 
3350 Scott Blvd, BIdg.44 600 S. Nolhliake Blvd .• 230 
Santa Clare, CA 95054 AitamonteSpgs, FL 32701 
TEL: (408) 988-6300 TEL: (407) 830-8444 
FAX: (408) 988-9039 FAX: (407) 830-8884 
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Sales Offices 

MISSOURI 
Stan Clothier Company 
3910 Old Highway 94 South 
Suite 116 
SI. Charles, MO 63304 
TEL: (314) 928·8078 
FAX: (314) 447·5214 

NEW JERSEY 
T echnicel Marketing Group 
175-30 Fairfield Ave. 
West Caldwell, NJ 07006 
TEL: (201) 226·3300 
FAX: (201) 226·9518 

NEW YORK 
Technical Marketing Group 
20 Broad Hollow Rd. 
Melville, NY 11747 
TEL: (516)351·8833 
FAX: (516) 351-8667 

TIl·Tech Electronics 
300 Main SI. 
E. Rochester, NY 14445 
TEL: (716) 385·6500 
FAX: (716) 385·7655 

Tri· Tech Electronics 
14 Westview Dr. 
Fishkill, NY 12524 
TEL: (914) 897·5611 
FAX: (914) 897·5611 

Tri·Tech Electronics 
6836 E. Genesee SI. 
Fayetteville, NY 13066 
TEL: (315) 446·2881 
FAX: (315)44~7 

NORTH CAROUNA 
CSR Electronics, Inc. 
5848 Faringdon Piece, Ste. 2 
Raleigh, NC 27609 
TEL: (919) 878·9200 
FAX: (919) 878·9117 

CSR ElectroniCS, Inc. 
6425 Creft Cr. 
Indian Trail, NC 28079 
TEL: (704) 882·3992 
FAX: (704) 882-3999 

QtIIQ 
Makin & Associates 
3165 Lynwood Rd. 
Cincinnati, OH 45208 
TEL: (513) 871·2424 
FAX: (513) 871·2524 

Makin & AssocIates 
6400 Riverside Dr. Bldg. A 
Dublin, OH 43017 
TEL: (614) 793-9545 
FAX: (614) 793-0256 

Makin & Associates 
32915 Aurora Ave. #270 
Solon, OH 44139 
TEL: (216) 248·7370 
FAX: (216) 248·7372 

OKLAHOMA 
West Associates 
9717 E. 42nd SI. #125 
Tulsa, OK 74146 
TEL: (918) 665·3465 
FAX: (918) 663-1762 

. Q8EGQN 
Northwest Marketing 
6975 SW Sandburg Rd. #330 
Portiend, OR 97223 
TEL: (503) 620-0441 
FAX: (503) 684-2541 

PENNSYLVANIA 
Deltatronics 
921 Penllyn Pike 
Blue Bell, PA 19422 
TEL: (215) 641·9930 
FAX: (215) 641·9934 

TENNESSEE 
CSR Electronics, Inc. 
Andrew Johnson Office PI. 
912 S. Gay Street, Ste. 1218 
Knoxville, TN 37902 
TEL: (615) 637·0293 
FAX: (615) 637·0466 

IEXAi 
West Associates 
4615 Southwest Fwy #720 
Houston, TX n027 
TEL: (713) 621·5983 
FAX: (713) 621·5895 

West Associates 
9171 Capital of Texas Hwy. 
North Houston Bldg. #120 
Austin, TX 78759 
TEL: (512) 343-1199 
FAX: (512) 343-1922 

West ASSOCiates 
801 E. campbell Rd. #350 
Richardson, TX 75081 
TEL: (214) 680·2800 
FAX: (214) 699-0330 

UIAt1 
Waugaman Associates 
876 East Vlna St. 
Murray, UT 84107 
TEL: (801)261~2 
FAX: (801) 261-0830 

~ 
Deltatronics 
6040 Knights Ridgeway 
Alexandria, VA 22310 
TEL: (703) 971·1733 
FAX: (703) 971·1343 

WASHINGTON 
Northwest Marketing 
12835 BeI·Red Rd. #33ON 
Bellevue, WA 98005 
TEL: (206) 455·5848 
FAX: (206) 451·1130 

WiSCONSIN 
Heartland Technical Mktg. 
350 Bishops Way 
Brookfield, WI 53005 
TEL: (414) 789-6860 
FAX: (414) 789-6864 

PUERTO RICO 
Sales Engineering Concepts 
Condo. Buena Vista 
Urb. Marcedlta 
Local Commercial 0.1 
Ponce, P.R. 00731 
TEL: (809) 841-4220 
FEX: (809)259·7223 

9·18 

ALBERTA 
Dynasty Components 
Calgary, Alberta 
TEL: (403) 560·1212 
FAX: (403) 723-8820 

ElMISH COLUMBIA 
Dynasty Components 
Vancouver, British Columbia 
TEL: (604) 597·0068 
FAX: (604) 723-8820 

maABIQ 
Dynasty Components 
174 Colonede Rd. S. 
Unit 21 
Nepean, Ontario 
canada, K2E 7J5 
TEL: (613) 723-0671 
FAX: (613) 723-8820 

Dynasty Components 
Toronto, Ontario 
TEL: (416) 672·59n 
FAX: (416) 723-8820 

~ 
Dynasty Components 
Montreal, Quebec 
TEL: (514) 843-1879 

FAX: (514) 694-6826 



Sales Offices 

INTERNATIONAL SALES REPRESENTATIVES AND DISTRIBUTORS 

AUSTRAUA Frane/ec CompreI S.P.A. SINGAPORE 
RAE Industrial Elect. Ply. 50 Rue de L'Aubepine Viale F. Test!, 115 Technology Distribution 
62 Moore St. B.P.158 20092 Cinosello B. 14 SungeI Kadut Ave. 103-00 
Au8timer, NSW 215 92185 Antony Cedex Milano Singapore 2572 
TEL: (61) 42-673722 TEL: (33) 1 4096 0909 TEL: . (39) 2-6120641 TEL: (85) 368 6065 
FAX: (61) 42-681075 FAX: (33) 1 4096 0250 FAX: (39) 2-61280526 FAX: (65) 368 0182 

TLX: 842250067 
ZATEK Components, Ltd. .IA!AH SOUTH AfRICA 
1059 VICtoria Road DataOIs Ado Electronic Indust. Co. Mullikomponent 
P.O Box 397, SUIte 8 3 SIs Rue Rene Cassin 71h Floor, Sasage BuIlding Cnr. Vanacht & Gawel Sl 
West Ryde, NSW 2114 B.P84 No. 4-6 SOIDkancIa lsando 1600, P.O Box 895 
Sidney, 3153 91303 Massey Cedex 2-Chome, ChIyoda-ku TEL: (27) 119741525 
TEL: (61) 2 874-0122 TEL: (33) 89-20 4141 Tokyo 101 FAX: (27) 11 392 2463 
FAX: (61) 2 874-6171 FAX: (33) 89-20 4900 TEL: (81) 3-3257-2600 TLX: 960426905 

FAX: (81) 3-3251-6796 
ZATEK Components, Ltd. GERMANY TLX: 7812224754 &I!AIK 
Level 2, 96 Phillip Street Alfatron GmbH. ATD 
Parramatla 2150 Stahlgruberring 12 MacnIca, Inc. Avenlda de la Industria 
P.OBox1077 8000 MOnchen 82 Hakusan Hlgh·Tech Park No.32,28 
Parramatla 2150 TEL: (49) 89 4204 910 1-22-2 Hakusan-cho, MIdori-ku 28100 Alcobendas 
TEL: (61) 2 895-5534 FAX: (49) 89 4204 9159 Yokohama, 228 Madrid 
FAX: (61) 2895-5535 TLX: (49) 5216935 TEL: (81) 45-939-6140 TEL: (34) 1 681-6551 

FAX: (81) 45-939-6141 FAX: (34) 1 681 6300 
AIlUBIA HONGKQNG TLX: 78128968 
Ing. E. Steiner GmbH. ATI Industries Co. Ltd. mmEtJ 
Hummelgasse 14 823, 31d Floor Hakuto Co., Ltd. Pek:on Electronics 
A-1130WIen ProficIent Ind. centre 2-29, Toranomon, 1 chome Fagerstagatan 8-8 
TEL: (43) 222-827-4740 6, Wang Kwan Rd. Mlnato-Ku, Tokyo 105 8-163 08 Spanga 
FAX: (43) 222-828-5617 Kowloon TEL: (81) 3-3597-8910 TEL: (46) 8 795 9870 

TEL: (852) 795 7421 FAX: (81) 3-3597-8975 FAX: (46) 8 760 7885 
IIEIJ:WII FAX: (852) 795 7839 TLX: J22912BRAPAN 
Alcorn Electronics B.V.B.A. SWITZERLAND 
Singel3 It:tPIA Hoe! DenId Asoom Prtmolec AG 
2550 KontIch Hlndetron 8-60, 2-ChQme, Niitaka Tifernstrasse 37 
TEL: (32) 3 458-3033 331441\, 8th MaIn Road Yodogawa·Ku, CH-5405 Baden-DAttwH 
FAX: (32) 34583126 Rajmahal V~as Ext Osaka 532 TEL: (41) 5684-0171 

Bangaore 560-080 TEL: (81) 8 3941113 FAX: (41) 5683-3454 
DENMARK TEL: (91) 812 348 268 FAX: (81) 63965647 TLX: 828 221 &prt ch 
Ditz Schweitzer FAX: (91) 812 345 022 TLX: 5233894H0EIDK J 
VaHensbaekvej 41 TLX: (91) 08452741 HSPL IN IAIYiAH 
Postboks5, GBEA Mester Electronics 
DK-2605 Brendby .IBEI.AHIl Ellen & Company 5F,9 Lane 
TEL: (45) 42 45 30 44 SHIcon ConcepIs SUIte .302 llbok Bldg. Hsln-Chung Sl 
FAX: (45) 42 45 92 06 3 Mills V_ Close 1602-4 Seocho-Dong Taipei 
TLX: 85533257 Dukasmeadow, KIlkenny Seocho-ku, Seoul TEL: (888) 2-735-0905 

Kilkenny CoI.mty TEL: (82) 02 587 5724 FAX: (888) 2-735-0902 
fIfUHD TEL: (353) 568 4002 FAX: (82) 02 5851519 • TelercasOY SCore Zap Industry 
LuomannoIko 6, PL73 IIBAEL NETHERLANDS 2F, No. 26, Alley 89, Lane 91 
02201 Espoo Unltec Alcorn Electronics B.V. Sec. 1 Nel Hu Rd. 
TEL: (358) 804 521622 Rechov MasIdt 1 P.O. Box 358 Taipei 
FAX: (358) 804 523337 Herzlia B, PO Box 2123 2900 AJ CapeHe AID Ijssel TEL: (888) 2-627-7045 
TLX: 857123212 46120 TEL: (31) 104519533 FAX: (888) 2-659-0089 

TEL: (972) 52 576006 FAX: (31) 104586482 
fBAHC£ FAX: (972) 52 576790 TLX: 26160 LlHIIEP IIHGPmI 
AIrnex TLX: 922341990 Macro Markellng 
48 Rue de l'Aubepln6 BmnYAY BumhamLane 
BP 102 IIALY HenacoAlS Slough SL 1 6lN 
92184 Antony Cedex Comprel S.R.L. TrondheImsveIen 438 England 
TEL: (33) 1 4096 5400 VIaIe F. Test!. 115 PO Box 126 TEL: (44) 628 804383 
FAX: (33) 1 4888 6028 20092 Cinosello B. Kaldbakken, Oslo 9 FAX: (44) 828 686873 

Milano TEL: (47) 2162110 TLX: 851847945 
TEL: (39) 2-61206415 FAX: (47) 2257780 
FAX: (39) 2-6128158 TLX: 76718 
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Sales 0IIices 
MlcroC81I 
17 Thame Park Rd. 
Thame, OXon 0)(9 3XD 
England 
TEL: (44) 84 426-1939 
FAX: (44) 84 426-1678 

Silicon Concep1s, Ltd. 
, PEC Lynchborough Rd. 

Passfield, Liphook 
Hampshire GU30 7S8 
England 
TEL: (44) 428 751617 
FAX: (44)428 751603 

Silicon Concepts, Ltd. 
Meridale, Welsh Street 
Chepston, Gwent, NP6 5LR 
Willes 
TEL: (44) 291-624101 
FAX: (44) 291-629878 

NORTH AMERICAN DISTRIBUTORS 

AI AIAMA MarahaIIlndustrIes 
ArrrNI Elecbonlcs 336lo8 Coches St. 
1015 Henderson Rd. MilpItas, CA 95035 
HUntsvIlle, AL 35816 (408) 942-4600 
(205) 837-6955 

Marehallindustries 
Hall-Mark Electronics 3039 KHgore Ave. '140 
4890 University Square Rancho CoIdova, CA 95870 
Suite 1 (916) 635-9700 
Huntsville, AL 35816 
(205) 837-8700 IQUIHE.BI!I CALlEOBI!lIA 

ArrrNI Electronics 
Marshall Industries MaHbu Canyon Bus. Park 
3313 Memorial Pkwy S. 26707 W. AgaIn Road 
Huntsville, AL 35801 CaIabases, CA 91302 
(205) 881-9235 (818) 880-9888 

~ ArrrNI Elecbonlcs 
ArrrYN Electronics 6 Cromwell, Suite 100 
2415 W. Erie DrIve Irvine, CA 92718 
Tempe, AZ 85292 (714) 587-0404 
(602) 431-0030 

ArrrNI Electronics 
Hall-Mark Electronics 9511 Rldgehaven Ct. 
4637 S. 36th Place Sen otego, CA 92123 
Phoenix, /lIZ. 85040 (619) 565-4800 
(602) 437-1200 

Hall-Mark Elecbonlcs 
Insight Electronics 3878 B-Ruffin Road 
1525 W. University Dr. San Diego, CA 92123 
Suite 11105 1619) 288-1201 
Tampe, /lIZ. 85281 
(602) 829-1800 HIIII-Mark Electronics 

1 Mauchly 
Marshall Industries Irvine, CA 82718 
9830 S. 51st St. IIB121 (714) 727-6000 
Phoenix, /lIZ. 85044 
(602) 496-0290 HIllI-Mark Electronics 

9420 Topanga canyon 
I!IOBIHEBI!I CALlEOBI!IIA Chatsworth, CA 91311 
Arrt:NI Electronics (818) 773-4500 
1180 Murphy Ave. 
Sen Jose, CA 95131 Insight ElectronIcs 
(408) 441-9700 26038 Dorothy Dr. 12 

Aquora Hills, CA 91301 
ArrrNI Elecbonlcs (818) 707- 2100 
90 Eas1 Tasman Dr. 
San Jose, CA 95134 Insight Electronics 
(408) 428-8400 8885 Flanders Dr. IIC 

San Diego, CA 92121 
Hall-Mark Electronics (619) 587-1100 
580 Menlo Drive 
Suite 2 Insight Elecbonlcs 
Rocklin, CA 95677 15835 Alton Pkwy. '120 
(916) 624-9781 Irvine, CA 92718 

(714) 727-3291 
Hall-Mark Electronics 
2105 Lundy Avenue MarahaIIlndustries 
Sen Jose, CA 95131 26837 Agoura Rd. 
(408) 432-4000 CaIabases, CA 91302 

(818) 878-7000 
Insight Electronics 
1295 Oakmead Pkwy. 
Sunnyvale, CA 94086 
(408)720-9222 

e.20 

Marehallindustries 
9320 Telstar Ave. 
EI Monte, CA 91731-3004 
(818) 307-6000 

Mershall Industries 
One Morgen 
Irvine, CA 92718 
(714) 458-5301 

MarshaIIlnduslrles 
10105 GarroII Canyon Rd. 
Sen Diego, CA 92131 
(619) 578-9600 

COLOBADO 
ArrrNI Electronics 
61 Inverness Drive Eas1 
Suite 105 
Englewood, CO 80112 
(303) 799-0258 

Hall-Mark Electronics 
12503 E. Euclid Drive 
Suite 20 
Englewood, CO 80111 
(303) 790-1862 

Marshall Industries 
12351 N. Grant 
Thornton, CO 80241 
(303) 451-8383 

COI!II!IECIICUI 
ArrrNI EIec:tronics 
12 Beaumont Rd. 
WIilIIngford, CT 06492 
(203) 265-7741 

Hall-Mark Electronics 
125 Convnerce Ct. 
UnIt 6 
Chealre, CT 06410 
(203) 271-2844 

Marshall Industries 
20 Sterling Dr. 
PO Box 200 
WIilIIngford, CT 06492 
(203) 265-3822 

.EI.OBmA 
ArrrYN Electronics 
400 Fairway Dr. 
Deerfield Beach, FL 33441 
(305) 429-8200 

Arrt:NI Elecbonlcs 
37 Skyline Dr. 
Bldg. 0, Su.1te 3101 
Lake Mary, FL 32746 
(407) 333-9300 



Sales Offices 

Hall-Mark Electronics Marshall Industries Marshall Industries Hall-Mark Electronics 
10491 72nd North 50 E. Commerce Dr. # 1 33 Upton Dr. 225 Executive Drive 
Largo, FL 34637 Schaumberg,lL 60173 Wilmington, MA 01887 Suite 5 
(813) 541-7440 (708) 490-0155 (508) 658-0810 Moorestown, NJ 08057 

(609) 235-1900 
Hall-Mark Electronics mDJAHA MICHIGAN 
3161 SW 15th Street Arrow Electronics Arrow Electronics Hall-Mark Electronics 
(McNabb Road) 7108 Lakeview Pkwy. W. 19880 Haggerty Rd. 200 Landidex Plaza 
Pompano Beach, FL 33069 Indianapolis, IN 46268 livonia, MI 48152 2nd Floor 
(305) 971-9280 (317) 299-2071 (313) 482-2290 PanDppany,NJ 07054 

(201) 515-3000 
Hall-Mark Electronics Hall-Mark Electronics Hall-Mark Electronics 
489 E. Semoran Blvd. 4275 West 96th Street 44191 Plymouth Oaks Blvd. Marshall Industries 

, Suite 145 Indianapolis, IN 46268 Suite 1300 101 Fairfield Rd. 
Casselberry, FL 32707 (317) 872-8875 Plymouth, MI 48170 Fairfield, NJ 07006 
(407) 830-5855 (313) 416-5800 (201) 882-0320 

Marshall Industries 
Marshall Industries 6990 Corporate Dr. Marshall Industries Marshall Industries 
380 S. Northlake Rd. #1024 Indianapolis, IN 46278 31067 Schoolcraft 158 Gaither Dr. 
Altamonte Springs, FL 32701 (317) 297-0483 livonia, MI 48,150 Mt. Laurel, NJ 08054 
(407) 767-8585 (313) 525-5850 (609) 234-9100 

KAtiSM 
Marshall Industries Arrow Electronics MINNESOTA NEWVORK 
2700 Cypress Ck. Rd. #0114 9108 Legler Road Arrow Electronics Arrow Electronics 
Ft. Lauderdale, FL 33309 Lenexa, KS 66214 10100 Viking Drive # 100 25 Hub Drive 
(305) 977-4880 (913) 541-9542 Eden Prairie, MN 55344 Melville, NY 11747 

(612) 941·5280 (516) 391-1300 
Marshall Industries Hall-Mark Electronics 
2840 Scherer Dr. #410 10809 lakeview Drive Hall-Mark Electronics Arrow Electronics 
St. Petersburg, FL 33716 Lenexa,KS 66215 9401 James Ave. South 200serAve. 
(813) 573-1399 (913) 888-4747 #140 Hauppauge, NY 11788 

Bloomington, MN 55431 (516) 231- 1000 
GEORGIA Marshall Industries (612) 881-2600 
Arrow Electronics 10413 W. 84th Ter. Arrow Electronics 
4205E River Green Pkwy. Pine Ridge Business Park Marshall Industries 3375 Brighton-Henrietta 
Duluth, GA 30136 Lenexa, KS 66214 3955 Annapolis Lane TownlineAd. 
(404) 497-1300 (913) 492-3121 Plymouth, MN 55447 Rochester, NY 14623 

(612) 559-2211 (716) 427-0300 
Hall-Mark Electronics MARYLANP 
3425 Corporate Way Arrow Electronics MISSOURI Hall-Mark Electronics 
Suite A 9800J Patuxent Wood Dr. Arrow Electronics 6605 Pittsford-Palmyra 
Duluth, GA 30136-2552 SuiteH 2380 Schuetz Rd. SuiteE8 
(404) 623-4400 Columbia, MD 21046 51. Louis, MO 63146 Fairport, NY 14450 

(410) 596-7800 (314) 567-6888 (716) 425-3300 
Marshall Industries 
5300 oakbrook Pkwy #140 Hall-Mark Electronics Hall-Mark Electronics Hall-Mark Electronics 
Norcross, GA 30093 10240 Old Columbia Rd. 4873 Rider TraU South 3075 Veterans Mamorial 
(404) 923-5750 Columbia, MD 21046 Earth City, MO 63045 Ronkonkoma, NY 11779 

(410) 988-9800 (314) 291-5350 (516) 737-0600 

I IOWA 
Arrow Electronics Marshall Industries Marshall Industries Marshall Industries 
375 CoIUns Rd. NE 2221 Broadbirch Dr. 33n Hollenberg Dr. 275 Oser Ave. 
Cedar Rapids, IA 52402 Silver Springs, MD 20904 Bridgeton, Me 63044 Hauppauge, NY 11788 
(319) 395-7230 (410) 622-1118 (314) 291-4650 (516) 273-2424 

II.I.lt!IQIS. MASSACHUSETTS NEW JERSEY Marshall Industries 
Arrow Electronics Arrow Electronics Arrow Electronics 1250 Scottsville Rd. 
1140 W. Thorndale Ave. 25 Upton Dr. 4 East Stow Rd. Unit 11 Rochester, NY 14624 
Itesce,lL 60143 Wilmington, MA 01887 Mariton,NJ 08053 (716) 235-7620 
(312) 250-0500 (508) 658-0900 (609) 596-8000 

Marshall Industries 
Hall-Mark Electronics Hall-Mark Electronics Arrow Electronics 100 Marshall Drive 
210 Mittel Drive Pinehurst Park 43 Route 46 East Endicott, NY 13790 
Wood Dale,IL 60191 6 Cook Street Pinebrook, NJ 07058 (607) 785-2345 
(708) 860-3800 Blilerice, MA 01821 (201) 221-7880 

(508) 667·0902 
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Sales Offices 

HOBIH CABOUHA Marshall Industries Marshall Industries CAtWlA 
Am:NI Electronics 9705 SW GemIni Dr. 7250 Langtry 
5240 Greens Dairy Rd. Beaverton,OR97005 Houston, TX 77040 ALBEBTA 
Raleigh, NC 27604 (503) 644-5050 (713) 895-9200 Futura Electronics 
(919) 876-3132 3833-29th Street 

~IiiHH&ruAl!lIA Marshall Industries Calgary, Alberta 
Hall-Mark Electronics Marshall Industries 2045 Chenault Street C8nada, T1Y 685 
5234 Greens Dairy Road 401 Parkway View Dr. carrolltOn, TX 75006 (403) 250-5550 
Raleigh, NC 27604 PIttsburgh, PA 15205 (214) 233-5200 
(919) 872-0712 (412) 788-0441 Future Electronics 

UIAH 4606-97th Street 
Marshall Industries IiXA& Am7N Electronics Edmonton, Alberta 
5224 Greens Dairy Rd. Am7N Electronics 1946 West Parkway Blvd. C8nada, T6E 5N9 
Raleigh, NC 27604 2227 West Braker Lane Salt Lake City, UT 84119 (403) 438-2858 
(919) 878·9882 Austin, TX 78758 (B01) 973-6913 

(512) 835-41BO ElBIII&H COI.UMElIA 
QtIIQ HaII·Mark Arraw Electronics 
Arrow Electronics Am7N Electronics 545 E4500 South 8544 Baxter Place 
6573E Cochran Rd. 3220 Comniander Dr. Suite 130 Burnaby, British COlumbia 
Solon, OH 44139 carrollton, TX 75006 Salt Lake City, UT 84107 Canada, VSA 4T8 
(216) 248-3990 (214) 380-6464 (B01) 972·1008 (604) 421·2333 

Arrow Electronics Am7N Electronics Marshall Industries Future Electronics 
8200 Washington Village Dr. IIA 10899 Kinghurst Dr. 11100 2355 South 1070 West 1695 Boundary Road 
CentervlUe, OH 45458 Houston, TX 77099 Salt Lake City, UT 84119 Vancouver, British COlumbia 
(513) 435·5563 (713) 530·4700 (B01) 973-2288 C8nada, V5K 4X7 

(604) 294·1166 
Hail· Mark Electronics HaiI·Mark Electronics WMHIHGTOH 
m Dearbome Park Lane 11420 Pagemill Road Arraw Electronics MANITOU 
Worthington, OH 43065 Dallas, TX 75243 14360 S.E. Eastgate Way Future Electronics 
(614) 888-3313 (214) 553-4300 Bellevue, WA 98007 lOOKing Edward 

(206) 843-9992 Winnipeg, ManItoba 
Hall·Mark Electronics Hall·Mark Electronics C8nada, R3H ON8 
5821 Harper Road Corporate Headquarters Hall·Mark Electronics (204) 788-7711 
Solon, OH 44139 11333 Pagemill Road 25ONW39th 
(216) 349·4632 Dallas, TX 75243 Suite 4 maABIQ 

(214) 343-5000 Seetlle, WA 98107 Arraw Electronics 
Marshall Industries (206) 547·0415 36 Antares Dr. Unit 100 
3520 Park Csnter Dr. Hall·Mark Electronics Nepean, Ontario 
Dayton, OH 45414 12211 Technology Blvd. Insight Electronics Canada, K2E 7W5 
(513) 898·4480 Austin, TX 78727 12002 115th Avenue, NE (613) 226·6903 

(512) 258-8848 Kirkland, WA 98034 
Marshall Industrias (206) 820·8100 Arraw Electronics 
30700 Bainbridge Rd. Unit A Hal'·Mark Electronics 1093 Meyereide Dr. 
Solon, OH 44139 8000 Westgien Marshall Industries Mississauga, Ontario 
(216) 248·1788 Houston, TX 77063 11715 N. Creek Pkwy. S. Canada, L5P 1 M4 

(713) 781·6100 Suite 112 (416) 670·7769 
OKLAHOMA Bothell, WA 98011 
Arraw Electronics InSight Electronics (206) 486-5747 Future Electronics 
12111 East 51st St. 11101 12703-A Research Blvd. 111 1050 Baxter Road 
Tulsa, OK 74146 Austin, TX 78759 WJ&«OH&lH Ottawa, Ontario 
(918) 252·7537 (512) 467·0600 Arraw Electronics C8nada, K2C 3P2 

200 North Patrick Blvd. (613) 820-8313 
HaiI·Mark Electronics Insight Electronics BrookfIeld, WI 53005 
5411 S. 125th East Ave. 1778 Plano Rd. 11320 (414) 792·0150 Future Electronics 
Tulsa, OK 74148 Richardson, TX 75081 5935 Airport Rd., 11200 
(918) 254-6110 (214) 783-0600 HaiI·Mark Electronics Mississauga, Ontario 

2440 South 179th St. C8nada, L4V lW5 
~ Insight Electronics New Beriln, WI 53146 (416) 612·9200 
Arrow Electronics 15437 McKaskie (414) 797·7844 
1865 N.W. 169th Place Sugariand,TX 77478 Marshall Industries 
Beaverton, OR 97006 (713) 448·0600 Marshall Industries 4 Paget Rd. 
(503) 629-8090 20900 Swenson Dr. 11150 Bldg. 1112, Unit 10 

Marshall Industries Waukesha, WI 53186 Brampton, Ontario 
Insight Electronics 8504 Cross Park Dr. (414) 797·8400 C8nada, L6T 503 
8705 SW Nimbus It200 Austin, TX 78754 (416) 458·8046 
Tigard, OR 97005 (512) 837·1991 
(503) 644-3300 
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~ 
Arrow Electronics 
1100 51. Regis Blvd. 
Dorval. Quebec 
Canada. H9P 2T5 
(514) 421·7411 

Future Electronics 
237 Hymus Blvd. 
Pointe Claire. Quebec 
Canada. H9R 5C7 
(514) 694·nl0 

Future Electronics 
1000 5t-Jean Babtiste #100 
Quebec City. Quebec 
Canada. G2E 5G5 
(418) 877·6666 

Marshall Industries 
148 Brunswick Blvd. 
Pointe Claire. Quebec 
Canada. H9R 589 
(514) 694-8142 

Sales Offices 

I 
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Lattice Introduces High-Density PLD Families 
• pLSfM and ispLS(fM Devices eE2C~ ReprograrnmabIlity & Quality 
• High Density - 2K to 8K PLD Gates eIn-System Programmable 
• World's Highest Performance -15ns Tpd (pln-to-pin), SOMHz System Speed 

Please send me Information on the new pLS(fM and IspLSITM families of 
High-Density E2CMOS~ programmable logic. 
For immediate response call 1-800-327-8425 and ask for information packet #1003. 
lama: 
GAL- User: Q Yes Q No 
PLD User: Q Yes Q No 

FPGA User: Q Yes Q No Vendor: ___________ _ 

I use the following Development S/W-Platform _______________ _ 

I use the following Programmer(s) _________________ _ 

Name 

Title 

Company 

Address 

City State 

Country Zip 

Phone ~~~Latlice 
GAl and E'CMOS are registered trademallcs 01 lattice Semiconduc:tor Corp. plSl and IsplSI are 
trademallcs 01 Lattice Semiconductor Corp. 

•••••• •••••• •••••• 

Please send me information on the new pLSITM and ispLSITM families of 
High-Density E2CMOS~ programmable logic. 
For immediate response call 1-800-327-8425 and ask for information packet #1003. 
lama: 
GAL- User: Q Yes Q No 
PLD User: Q Yes Q No 

FPGA User: Q Yes Q No Vendor: ___________ _ 

GDB92 

I use the following Development S/w-Platform _______________ _ 

I use the following Programmer(s) ___ ---------------

Name _______________________ _ 

Title ______________________ _ 

Company ______________________________ _ 

Address ___________________________________ _ 

City ________ _ State ______ _ 

Country _____________ _ 

Phone _______________ _ 

Zip _____ _ 

~~~Latlice 
GAl and E'CMOS are registered trademallcs 01 lattice Semiconductor Corp. pLSI and IspLSI ara 1,-... ....... of lAtIn SAm;"""duclo, Corn 

•••••• •••••• •••••• 
GDB92 
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Hillsboro, Oregon 97124 USA 
Telephone: (503) 681-0118 

FAX: (503) 681-3037 
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