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GAL PRODUCT INDEX
DEVICE PINS t,, (nS) l.c (MA) DESCRIPTION PAGE
GAL16V8A 20 10, 15, 25 55,115 E2CMOS Generic PLD 9
GAL18V10 20 15,20 115 E2CMOS Universal PLD 45
GAL20V8A 24 10, 15, 25 55,115 E2CMOS Generic PLD 9
GAL20RA10 24 15,20 115 E2CMOS Universal PLD 71
GAL22V10 24 15, 20, 25 130 E2CMOS Universal PLD 45
GAL26CV12 28 15,20 130 E2CMOS Universal PLD 45
GAL6001 24 30, 35 150 E2CMOS FPLA 85
iSpGAL16Z8 | 24 20, 25 90 E2CMOS In-System-Programmable PLD 97

Note: Specifications (t,, and |, ) listed above are for Commercial temperature range devices. See datasheets for Military
and Industrial temperature range device specifications.




Introduction to
Generic Array Logic

INTRODUCTION )

Lattice Semiconductor, located in Hillsboro, Oregon,
was founded in 1983 to design, develop and manufac-
ture high-performance semiconductor components. ltis
afirmbelief at Lattice that technological evolutioncanbe
accelerated through the continued development of
higher-speed and architecturally superior products.
This belief led to a decision to enter the programmabie
logic marketplace by developing the ideal product line:
the GAL® (Generic Array Logic) family of devices.

GAL devices are ideal for four important reasons:

1. GAL devices are fabricated using very high-speed
Electrically Erasable CMOS (E2CMOS), which offers the
highest degree of testability and quality of any process
technology, as well as instant erasability, making GAL
devices ideal for prototyping and manufacturing.

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

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

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

By melding all these features into a single product line,
the GAL family is ideally targeted to replace TTL/74HC
randomlogic, low-density gate arrays, and all other pro-
grammable logic. The GAL family offers the benefits of
reduced system cost, product size and power require-
ments, as well as higher reliability and greatly simplified
system design.

THE GAL CONCEPT

2CMQS — Th
Of the three major technology approaches available
E2CMOS,UVCMOS, and bipolar, the technology of
choice is clearly E2CMOS—for many reasons, includ-
ing:- testability, quality, high speed, low power, and
instant erasure for prototyping and error recovery.

ili
The biggest advantage of E2CMOS over competing
technologies is its inherent testability. Capitalizing on
very fast (50ms) erase times, Lattice. is able to pattern
and erase all devices many times during manufacture,
and to directly test all characteristics including AC, DC

* and functionality. The result is guaranteed 100% pro-

gramming and functional yields to the customer. Com-
peting technologies suffer serious test constraints, as
discussed below.

Another advantage of this technology is the low power
consumption of CMOS. This provides users the imme-
diate benefit of decreased system power requirements
allowing for higher-reliability, cooler-running systems,
while maintaining high performance. The low power
consumption of CMOS also permits circuit designs of
much higher functional density, because of lower junc-
tiontemperatures and power requirements on chip. The
user will benefit because higher functional density
means further reduction of chip count and smalier
boards in the system.

High Speed

Also advantageous is the very high speed attainable
with Lattice’s state-of-the-art E2CMOS process — the
speeds available are comparable to bipolar, and faster
than other CMOS processes.

P i

Finally, E2CMOS gives the user instant erasability, with
no additional handling, or special packages necessary.
This provides ideal products for prototyping because
designs can be altered instantly, with no waste and no
waiting.  On the manufacturing floor, instant erasability
can also be a big advantage for dealing with pattern
changes or error recovery. If a GAL device is acciden-
tally programmed to the wrong pattern, the recovery
process is simple, again with no waiting or waste. Parts
are simply put back into a device programmer and
repatterned. No other technology can offer this.




A LOOK AT OTHER TECHNOLOGIES

Here, the technologies that compete with EECMOS—bi-
polar and UVCMOS—are compared and contrasted
with the E2CMOS approach.

Bipolar

Bipolar fuse-link technology was the first available for
- programmable logic devices. - Although it offers high
speed, itis saddled with high powerdissipation. This not
only significantly increases system power supply and
cooling requirements it also limits the ability of high
functional density.

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

UVCMOS

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

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

Additionally, the devices must be housed in expensive
windowed packages to allow users to erase them.
Again, this erase is coupled with the time-consuming
and cumbersome task of shining ultraviolet light on the
parts to erase them. As a cost-cutting measure,
UVCMOS PLD manufacturers offer their devices in
windowless packages, which cannot be completely
tested after packaging, since they cannot be erased. Of
course, the user cannot erase them either. = These
factors significantly detract from the desirability of this
technology.

THE GAL ADVANTAGE

GAL devices are ideal programmable logic devices be-
cause, as the name implies, they are architecturally ge-
neric. Lattice has employed the macrocell approach,
which allows users to define the architecture and func-
tionality of each output. The key benefit to the useristhe
freedom from being tied to any specific architecture.
This is advantageous atthe manufactunng level, aswell
as the design level.

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

Manufacturing Advantages

The one-device-does-all approach greatly simplifies
manufacturing flow. Inventorying one generic-architec-
ture GAL device type versus having to monitor and
maintain many different device types, each with its own
architecture, will not only save money but will minimize
the paperwork and headaches associated with the latter
approach. Manufacturing flow is much smoother, too,
because the handling process is greatly simplified. A
generic-architecture GAL device also reduces the risk of
running out of inventory and halting production, which
canbe avery expensive nightmare. Reduced chance of
obsolete inventory and also easier QA tracking are ad-
ditional benefits of the generic architecture.

THE IDEAL PACKAGE

~ Programmable logic devices are ideal for designing to-
- day’s systems. Lattice Semiconductor believes that the

ideal design approach should be supported with the
ideal products. It was on this premise that GAL devices
were invented. The ideal device—with a generic archi-
tecture—fabricated with the ideal process technology,
E2CMOS.

Lattice will continue to develop and expand its line of
E2CMOS programmable logic devices, bringing higher
speeds, more flexibility, and exciting new capabilities
such as in-system programmability with our ispGAL®
family. Thisis the Lattice Commitment to programmable
logic and to you, our customer.
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DEFINITION OF DATASHEET LEVELS

Datasheet Identification Product Status Definition
In Design This datashest contains advance information and specifications
which are subject to change without notice.
Sampling or This datasheet contains preliminary data and supplementary data
Pre-Production will be published at a later date. Lattice reserves the right to make

changes at any time without notice.

No Identification Full Production This datasheet contains final specifications. Lattice reserves the
right to make changes at any time without notice.
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GAL16V8A
GAL20V8A

High Performance E2CMOS®
Generic Array Logic™

FEATURES

» HIGH PERFORMANCE E2CMOS TECHNOLOGY
— 10 ns Maximum Propagation Delay
— Fmax =62.5 MHz
— 7 ns Maximum from Clock Input to Data Output
— TTL Compatible 24 mA Outputs
— UltraMOS® lil Advanced CMOS Technology

+ 50% REDUCTION IN POWER
—75mATyp I

+ E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Cells
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<50ms)
— 20 Year Data Retention

+ EIGHT OUTPUT LOGIC MACROCELLS
— Maximum Flexibility for Complex Logic Designs
— Programmable Output Polarity
— GAL16V8A Emulates 20-pin PAL® Devices with Full
Function/Fuse Map/Parametric Compatibility
— GAL20V8A Emulates 24-pin PAL® Devices with Full
Function/Fuse Map/Parametric Compatibility

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

+ ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL16V8A and GAL20V8A, at 10 ns maximum propagation
delay time, combine a high performance CMOS process with
Electrically Erasable (E?) floating gate technology to provide the
highest speed performance available in the PLD market. CMOS
circuitry allows the GAL16V8A and GAL20V8A to consume just
75mA typical | which represents a 50% savings in power when
compared to their bipolar counterparts. The E? technology offers
high speed (50ms) erase times, providing the ability to reprogram
or reconfigure the devices quickly and efficiently.

The generic architecture provides maximum design flexibility by
allowing the Output Logic Macrocell (OLMC) to be configured by
the user. The GAL16V8A and GAL20V8A are capable of emu-
lating standard 20 and 24-pin PAL® devices. The GAL16V8Ais
capable of emulating standard 20-pin PAL architectures with full
function/fuse map/parametric compatibility. The GAL20V8A is
capable of emulating standard 24-pin PAL architectures with full
functionffuse map/parametric compatibility. On the right is atable
listing the PAL architectures that the GAL16V8A and GAL20V8A
can replace.

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.

GAL16V8A / GAL20V8A BLOCK DIAGRAM

GAL16VBA / GAL20V8A ARCHITECTURE EMULATION

GAL20V8A GAL16V8A
PAL Architecture PAL Architecture
Emulation Emulation
20L8 16L8
20H8 16H8
20R8 16R8
20R6 16R6
20R4 16R4
20P8 16P8
20RP8 16RP8
20RP6 16RP6
20RP4 16RP4
14L8 10L8
16L6 12L6
18L4 14L4
20L2 16L2
14H8 10H8
16H6 12H6
18H4 14H4
20H2 16H2
14P8 10P8
16P6 12P6
18P4 14P4
20P2 16P2

Copyright ©1990 Lattice Semiconductor Corp. GAL, E?*CMOS and UltraMOS are reg|

of Lattice icond d of Lattice d:

tor Corp. PAL is aregi d of Ad

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

Corp. Generic Array Logic is a

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

April 1990
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Specifications GAL16V8A

GAL20V8A

ABSOLUTE MAXIMUM RATINGS"

Supply voltage V,

-5t0+7V

Input voltage applied...............

. Off-state output voltage applied .
" Storage Temperature ...........ccccceeeeeeeeeeennen —65to0 125°C

=250 Vo +1.0V
.=2510 V , +1.0V

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

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V
Input Rise and Fall Times 3ns 10% - 90%
Input Timing Reference Levels 1.5V +5V
Output Timing Reference Levels 1.5V
Output Load See Figure T R
Tri-state levels are measured 0.5V from steady-state active
level.
COMMERCIAL INDUSTRIAL MILITARY FROM OUTELT (01) , TEST POINT
R, R, R, R, R, R, l
200 390 200 390 390 750 Re c,
AC Test Conditions:
Cond. 1) R, per table; C_ = 50pF; R, per above table
"-Cond. 2) ‘Active High R, = <; Active Low R, per table;

CLk- 50pF; R, per above table
Cond. 3): Active High R, = «; Active Low R, per table;
C, = 5pF; R, per above table

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE

CAPACITANCE (T, =25°C, f=1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0V,V,=2.0V
Cion 1/0/Q Capacitance 10 pF Vee =5.0V, V0 =2.0V

*Guaranteed but not 100% tested.
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GAL16V8A BLOCK DIAGRAM GAL20V8A BLOCK DIAGRAM
Vee
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GAL20V8A PIN DIAGRAM

GAL16V8A PIN DIAGRAM

Chip Carrier DIP Chip Carrier DIP

x © g 0 Vee

1 I UCLK Vee lO/Q - - g Cz) g -— g :]l
z » 2 28 N vora
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GAL16V8A LOGIC DIAGRAM
1 >
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e o
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[ 1
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5 1
[ 1
2 oLmc
6 — 5~ < -
: oLMC
3 14 "J’\] 14
7 — 5 P —
3 oLmMC L
% 13 ! 13
8 -———{:) £j.—
1 1
jt oLMC L 12
3 12 il
9 —Px <—
[ o < 11

12



L&tl:;l'CG Specifications GAL16V8A
Comporation GAL20V8A

GAL20V8A LOGIC DIAGRAM
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Specifications GAL16V8A
GAL20V8A

ELECTRICAL CHARACTERISTICS

GAL16 / 20V8A-10L Commercial

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. [TYP. | MAX.| UNITS
VoL Output Low Voltage — — 0.5 v
VOH Output High Voltage 24 | — | — v
liL, IiH Input Leakage Current — | — |10 | pA
lrora Bidirectional Pin Leakage Current - — | £10 | pA
los? Output Short Circuit Current Vec =5V Vour = 0.5V -30 — |-150 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fiogge=25MHz | — 75 115 | mA

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

ground degradation. Guaranteed but not 100% tested.

DC RECOMMENDED OPERATING CONDITIONS

GAL16 / 20V8A-10L Commercial

SYMBOL PARAMETER MIN. MAX. |UNITS
Ta Ambisnt Temperature 0 75 °C
Vce Supply Voltage 4.75 5.25 v
ViL Input Low Voltage Vss-05| 0.8 v
VIH Input High Voltage 2.0 | Vee+t
loL Low Level Output Current — 24 mA
IoH High Level Output Current — -3.2 mA

14
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SWITCHING CHARACTERISTICS GAL16 / 20V8A-10L commercial
Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION CI)ENSI.)I. 1| MIN. | MAX. | UNITS
tpd 1 1, VO (o] Combinational Propagation Delay 1 3 10 ns
tco 2 CLK Q Clock to Output Delay 1 7 ns
ten 3 I, 10 o Output Enable, Z—+ O 2 — 10 ns

4 OE Q Output Register Enable, Z—» Q 2 — 10 ns
tais 5| LVO o Output Disable, 0 - Z 3 — 10 | ns
6 OE Q Output Register Disable, Q > Z 3 — 10 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS GAL16 / 20V8A-10L Commercial
TEST :
PARAMETER| # DESCRIPTION COND.| MIN.| MAX. | UNITS
f 7 Clock Frequency without Feedback' = 1/ (t,, +1,) 1 0 62.5 | MHz
clk

8 Clock Frequency with Feedback' = 1/ t, +1) 1 0 58.8 | MHz

tsu 9 | Setup Time, Input or Feedback, before CLK 1 — 10 — | ns

th 10 Hold Time, Input or Feedback, after CLK T —_ 0 —_ ns

t 1 Clock Pulse Duration, High? —_ 8 — ns

v 12 Clock Pulse Duration, Low? — 8 — ‘ns

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

SWITCHING WAVEFORMS

~10 —11 12—
NS NP SN
7
OE
ety b
REG(I)STW%ZUE& >< ) Tri-State X X
t——§ —>

ol ST KKK KKK

e 1
COMBINATIONAL
OUTPUTS

VALID VALID
DISABLE ENABLE
3

p R
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ELECTRICAL CHARACTERISTICS GAL16 / 20V8A-15L Commercial
o ' Over Recommended Operating Conditions (Uniess Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. [ TYP. | MAX.| UNITS
VoL Output Low Voltage — | — | o5
VOH | OutputHigh Voltage 24 | — | = | v
liL, IH Input Leakage Current — | — |10 | pA
lvoiQ Bidirectional Pin Leakage Current — | — | #10 | pA
los! Output Short Circuit Current Vec =5V Vour = 0.5V -30 | — |-150 | mA
lcc Operating Power Supply Current [ ViL=05V ViH=3.0V fogge=25MHz| — | 75 | 115 | mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL16 / 20V8A-15L Commercial
SYMBOL PARAMETER MIN. MAX. [UNITS
TA Ambient Temperature 0 75 °C

Vcec Supply Voltage . 475 | 525

ViL Input Low Voltage Vss-05| 0.8

VIH Input High Voltage 20 | Veet

loL Low Level Output Current - 24 mA
IoH High Level Output Current - -32 | mA

16



Lattice Specifications GAL16V8A
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Corporation™ GAL20V8A
SWITCHING CHARACTERISTICS GAL16 / 20V8A-15L Commercial
Over Recommended Operating Conditions
TEST
PARAMETER| # FROM TO DESCRIPTION coNnD.!| MIN. | MAX. | UNITS
tpd 1 1, 110 o Combinational Propagation Delay 1 3 15 ns
tco 2| cLK Q Clock to Output Delay 1 2 10 ns
ten 3 1, 1O (o] Output Enable,Z > O 2 — 15 ns
4 OE Q Output Register Enable, Z—~ Q 2 — 15 ns
tdis 5 l, 1O (o] Output Disable, 0 » Z 3 — 15 ns
6 OE Q Output Register Disable, Q —» Z 3 — 15 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS GAL16 / 20V8A-15L Commercial
PARAMETER| # DESCRIPTION TEST | N, | MAX. | UNITS
COND.

7 Clock Frequency without Feedback' =1/t +1,) 1 0 62,5 | MHz
fet 8 Clock Frequency with Feedback' =1/ t,+1,) 1 0 455 | MHz
tsu 9 | Setup Time, Input or Feedback, before CLK 1 — 12 — | ns

th 10 Hold Time, Input or Feedback, after CLK T — 0 — ns

1 Clock Pulse Duration, High? — 8 —_ ns
tw 12 Clock Pulse Duration, Low? — 8 — ns

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

SWITCHING WAVEFORMS
11 12—

w P T

7

3
2 > {;_14*

REGISTERED > < Tri-State
OUTPUTS
ANY INPUT VALID VALID
i XX DK >
FOR OE CONTROL DISABLE ENABLE
3

KXXXZ@( : q———j(
COMBINATIONAL
OUTPUTS
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Lattice Specifications GAL16V8A

Semiconductor _
Corporation™ GAL20V8A
ELECTRICAL CHARACTERISTICS GAL16 / 20V8A-15Q Commercial

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage — | — o5 |V
VOH Output High Voltage ‘ 24 | — | —

e, IH Input Leakage Current — | — | £10 | pA
lvoa Bidirectional Pin Leakage Current A —_ — | £10 | pA
los! Output Short Circuit Current Vec=5V Vour =05V -30 | — |-150 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fogge = 15SMHz| — 45 55 mA

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

DC RECOMMENDED OPERATING CONDTIONS GAL16 / 20V8A-15Q Commercial

SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature 0 75 °C
Vce Supply Voltage 475 | 525
ViL Input Low Voltage Vss—05| 0.8 Y
VIH Input High Voltage 2.0 | Vect v
loL Low Level Output Current — 24 mA
IoH High Level Output Current — -3.2 mA

18



Slejatldice Specifications GAL16V8A
Comporation=" GAL20VSA

SWITCHING CHARACTERISTICS GAL16 / 20V8A-15Q Commercial
Over Reoommended Operating Conditions o ) o

PARAMETER| # FROM TO DESCRIPTION CENSJ 1| MIN. | MAX. | UNITS
tpd 1 I, IO o Combinational Propagation Delay 1 15 ns
tco 2 CLK Q Clock to Output Delay 1 10 ns
ten 3 I, 10 o Output Enable, Z~> O 2 —_ 15 | ns

4 OE Q Output Register Enable, Z > Q 2 —_ 15 ns
tdis 5 1, 110 [e) _ Output Disable, 0 - Z 3 — 15 ns
6 OE Q Output Register Disable, Q@ —» Z 3 — 15 ns

1) Refer to Switching Test Conditions section.

GAL16 / 20V8A-15Q Commercial

AC RECOMMENDED OPERATING CONDITIONS

PARAMETER| # ' DESCRIPTION o ooST | MIN. | MAX. | UNITS
7 Clock Frequency without Feedback' = 1/ ton+ 10 1 0 625 | MHz
fek Clock Frequency with Feedback' = 1/t +1t_) 1 0 455 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK T —_ 12 — ns
th 10 Hold Time, Input or Feedback, after CLK T —_ 0 — ns
11 Clock Pulse Duration, High? — .8 — ns
tw 12 Clock Pulse Duration, Low? —_ 8 —_ ns

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.
2) Clock pulses of widths less than the specification may be detected as valid clock signals.
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Lattice Specifications GAL16V8A

Semiconductor .
Corporation™ GAL20V8A
ELECTRICAL CHARACTERISTICS GAL16 / 20V8A-25L Commercial

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Low Voltage — | — o5 |V
VOH Output High Voltage 24 | — | — v
liL, hH Input Leakage Current — | — | +#t0
o Bidirectional Pin Leakage Current — — | 10 | pA
los! Output Short Circuit Current Vec =5V Vour'=0.5V -30 | — |-150 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fogge=15MHz | — 75 115 | mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL16 / 20V8A-25L Commercial
SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature 0 75 oc |
Vce Supply Voltage 475 | 525
ViL Input Low Voltage Vss-05| 0.8 v
VIH Input High Voltage 20 | Veet
loL Low Level Output Current — 24 mA
IoH High Level Output Current — -32 | mA

20



Lattice
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Corporation™

Specifications GAL16V8A
GAL20V8A

SWITCHING CHARACTERISTICS

GAL16 / 20V8A-25L Commercial
Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION c‘l(')ENS;‘ 1|  MIN. | MAX. [ UNITS
tpd 1 1, 110 o Combinational Propagation Delay 1 25 ns
tco 2 CLK Q Clock to Output Delay 1 12 ns
ten 3 I, 10 (0] Output Enable, Z—» O 2 — 25 ns

4 OE Q Output Register Enable, Z - Q 2 — 20 ns
tdis 5 1, 1O (o) Output Disable, 0 » Z 3 —_ 25 ns
6 OE Q Output Register Disable, @ - Z 3 — 20 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS

GAL16 / 20V8A-25L Commercial

PARAMETER| # DESCRIPTION oot | MIN. | MAX. | UNITS
7 Clock Frequency without Feedback' = 1/(t,, +1,) 1 0 41.7 | MHz
fek 8 Clock Frequency with Feedback' = 1/t +1t_) 1 0 37 MHz
tsu 9 Setup Time, Input or Feedback, before CLK T — 15 — ns
th 10 Hold Time, Input or Feedback, after CLK T — 0 —_ ns
1 Clock Pulse Duration, High? — 12 — ns
tw 12 Clock Pulse Duration, Low? — 12 —_ ns

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.

2) Clock pulses of widths less than the specification may be detected as valid clock signals.
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(]
Lau}ugg Specifications GAL16V8A
Corporation™ GAL20V8A
ELECTRICAL CHARACTERISTICS GAL16 / 20V8A-25Q Commercial
' 4 o Over Recommended Operatlrig Conditions (Uniess Otherwise Specified) '

SYMBOL ' PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage — | — o5 | vV
VOH Output High Voltage 24 | — | — v

L e input Leakage Current — | — |10 | pA

| lvoa Bidirectional Pin Leakage Current : — | — |10 | pA
los! Output Short Circuit Current Vec =5V Vout = 0.5V -30 | — |[-150 | mA
lcc Operating Power Supply Current ViL=0.5V VH=3.0V fiogge = 15SMHz| — 45 55 mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL16 / 20V8A-25Q Commercial
SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperaiure 0 75 G
Vce Supply Voltage 475 | 525 | Vv
ViL “Input Low Voltage Vss—05| 0.8 v
VIH Input High Voltage 20 | Veert | v
oL | Low Level Output Current - 24 mA

lIoH High Level Output Current - -32 | mA
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Laltice

Specifications GAL1 6V8A

Corporationr" GAL20VSA
SWITCHING CHARACTERISTICS GAL16 / 20V8A-25Q Commercial
Over Recommended Operating Conditions
PARAMETER| # FROM TO DESCRIPTION c'l(')ENSDT 1] MIN. | MAX. | UNITS
tpd 1 I, 10 (o] Combinational Propagation Delay 1 3 25 ns
tco 2 CLK Q Clock to Output Delay 1 12 ns
ton 3 1, 10 (o] Output Enable, Z—+ O 2 — 25 ns
4 OE Q Output Register Enable, Z > Q 2 —_ 20 ns
tais 5 I, 1O o Output Disable, 0+ Z 3 — 25 ns
6 OE Q Output Register Disable, Q - Z 3 — 20 ns

1) Refer to Switching Test Conditions section.

GAL16 / 20V8A-25Q Commercial

PARAMETER| # DESCRIPTION cong | MIN. | max. | uniTs
fork 7 Clock Frequency without Feedback' = 1/(t,, +1,,) 1 0 41.7 | MHz
cl
8 Clock Frequency with Feedback' = 1/t +1t.) 1 o] 37 MHz
tsu 9 Setup Time, Input or Feedback, before CLK T - 15 - ns
th 10 Hold Time, Input or Feedback, after CLK T —_ 0 — ns
11 Clock Pulse Duration, High? — 12 — ns
tw 12 Clock Pulse Duration, Low? —_ 12 — ns

1) fckk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.
2) Clock pulses of widths less than the specification may be detected as valid clock signals.
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Specifications GAL16V8A
GAL20V8A

ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

GAL16 / 20V8A-15L Industrial

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage — | — Jos | v
VoH Output High Voltage 24 | — | —

L, H Input Leakage Current — | — | 410 | pA
lvora Bidirectional Pin Leakage Current — | — | #10 | pA
los! Output Short Circuit Current Vec =5V Vour = 0.5V -30 | — |[-150 [ mA
Iicc Operating Power Supply Current ViL=05V VH=3.0V fogge = 25MHz | — 75 | 130 | mA

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

DC RECOMMENDED OPERATING CONDITIONS

GAL16 / 20V8A-15L Industrial

SYMBOL PARAMETER MIN. MAX. | UNITS
TA Ambient Temperature -40 85 °C
Vce Supply Voltage 45 55
ViL Input Low Voltage Vss—05| 0.8
ViH Input High Voltage 2.0 | Veet
loL Low Level Output Current — 24 mA
IoH High Level Output Current - -32 | mA
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S[ﬁ:@ﬂ};{}g Specifications GAL16V8A
Corporation™ GAL20V8A

SWITCHING CHARACTERISTICS GAL16 / 20V8A-15L Industrial
Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION c.:-,E,fg 1| MIN. | MAX.
tpd 1 1, 1O o Combinational Propagation Delay 1 3 15
tco 2 CLK Q Clock to Output Delay 1 2 12
ten 3 1, 1O (o) Output Enable,Z—+ O 2 — 15 ns
4 OE Q Output Register Enable, Z > Q 2 —_— 15 ns
tdis 5 I, O (o] Output Disable, O —» Z 3 — 15 ns
6 OE Q Output Register Disable, Q@ —» Z 3 — 15 ns

1) Refer to Switching Test Conditions section.

PARAMETER| # DESCRIPTION oot | MIN. | MAX. | UNITS
7 Clock Frequency without Feedback' = 1 I+t 1 0 50 MHz
feke 8 Clock Frequency with Feedback' =1/t +1_) 1 0 416 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK T — 12 — ns
th 10 Hold Time, Input or Feedback, after CLK T —_ 0 — ns
1 Clock Pulse Duration, High? — 10 — ns
tw 12 Clock Pulse Duration, Low? — 10 —_ ns

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

Corporation™

Specifications GAL16V8A
GAL20V8A

ELECTRICAL CHARACTERISTICS
Over Recommended Operating Conditions (Unless Otherwise Specified)

GAL16 / 20V8A-20L Industrial

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL . Output Low Voltage — | — |os [V
VOH Output High Voltage 24 | — | — v
liL, lIH Input Leakage Current — | — | +10 | pA
lvora Bidirectional Pin Leakage Current — | — |10 | pA
los! Output Short Circuit Current Vec =5V Vour=0.5V -30 | — |[-150 | mA

“lce Operating Power Supply Current ViL=0.5V VH=3.0V fiogge = 25MHz | — 75 | 130 | mA

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

DC RECOMMENDED OPERATING CONDITIONS

GAL16 / 20VBA-20L Industrial

SYMBOL PARAMETER MIN. MAX. [UNITS
TA Ambient Temperature -40 85 *C
Vce Supply Voltage 45 55 v
ViL input Low Voltage Vss—05/ 0.8 v
VH Input High Voltage 20 | Vectt | V
loL Low Level Output Current —_ 24 mA
lIoH High Level Output Current — -32 | mA




Specifications GAL16V8A

GAL20V8A

GAL16 / 20V8A-20L Industrial

Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION c.l.oE,fg 1| MIN. | MAX. | UNITS
tpd 1 I, 10 (o} Combinational Propagation Delay 1 3 20 ns
tco 2 CLK Q Clock to Output Delay 1 2 15 ns
ten 3 1, 10 (o] Output Enable, Z - O 2 — 20 ns

4 OE Q Output Register Enable, Z—»> Q 2 — 18 ns
tdis 5 I, 1O (o] Output Disable, O —» Z 3 — 20 ns
6 OE Q Output Register Disable, Q > Z 3 — 18 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS

GAL16 / 20V8A-20L Industrial

PARAMETER| # DESCRIPTION aosT | MmN | max. | uniTs
7 Clock Frequency without Feedback' =1/ (t,, +1,,) 1 0 41.7 | MHz
fet 8 Clock Frequency with Feedback' = 1/(t, +1.) 1 0 333 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK T — 15 — ns
th 10 Hold Time, Input or Feedback, after CLK T - 0 —_ ns
1 Clock Pulse Duration, High? — 12 — ns
W T Glock Paise Duration, Low? — [ 2] =1 ns

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.
2) Clock pulses of widths less than the specification may be detected as valid clock signals.
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Latlice | Specifications GAL16V8A

Semiconductor -
Corporation™ GAL20V8A

ELECTRICAL CHARACTERISTICS GAL16 / 20V8A-20Q Industrial

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Low Voltage — | — o5 |V
VoH Output High Voltage 24 | — | — v
L, H Input Leakage Current — | — |10 | pA
lvora - Bidirectional Pin Leakage Current — — |10 | pA
lost Output Short Circuit Current Vec =5V Vour = 0.5V -30 | — |=150 | mA
Iicc Operating Power Supply Current ViL=0.5V ViH=3.0V fiogge = 15MHz | — 45 65 mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL16 / 20V8A-20Q Industrial
SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambieni Temperature - 40 85 oG
Vce Supply Voltage ' 45 55 v
ViL Input Low Voltage Vss—05| 0.8 v
ViH Input High Voltage 20 | Veesl | V
loL Low Level Output Current — 24 mA
IoH * High Level Output Current : : —_ -32 | mA




Specifications GAL16V8A
GAL20V8A

GAL16 / 20V8A-20Q Industrial

Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION c.'c-i?g 1| MIN. | MAX. { UNITS
l’pd 1 I, 1O (o] Combinational Propagation Delay 1 3 20 ns
tco 2 CLK Q Clock to Output Delay 1 2 15 ns
ton 3 1, /0 o Output Enable,Z >0 2 —_ 20 ns

4 OE Q Output Register Enable, Z > Q 2 — 18 ns
tdis 5 I, 11O (@) Output Disable, 0 > Z 3 —_ 20 ns
6 OE Q Output Register Disable, Q > Z 3 —_ 18 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS

GAL16/ 20V8A-20Q Industrial

PARAMETER| # DESCRIPTION oooT | MIN. | MAX. | UNITS
f 7 Clock Frequency without Feedback' = 1/ (t,, +1,,) 1 0 41.7 | MHz
. 8 Clock Frequency with Feedback' = 1/t +1 ) 1 0 33.3 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK T — 15 | — ns
th 10 Hold Time, Input or Feedback, after CLK T — 0 — ns
1 Clock Pulse Duration, High? — 12 —_ ns
tw 12 Clock Pulse Duration, Low? _ 12 —_ ns

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.
2) Clock pulses of widths less than the specification may be detected as valid clock signals.
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Lattice | Specifications GAL16V8A

Semiconductor :
Corporation™ GAL20VS8A
ELECTRICAL CHARACTERISTICS GAL16 / 20V8A-25L Industrial

Over Recommended Operating Conditions (Unleés Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN.| TYP. | MAX.| UNITS
VoL Output Low Voltage » — | — |05 |V
VOH Output High Voltage 24 | — | — v
liL, IH Input Leakage Current — | — | %10 | pA
lvoa ‘ Bidirectional Pin Leakage Current - — | 10 | pA
lost Output Short Circuit Current Vec =5V Vour = 0.5V -30 | — |-150 | mA
lcc Operating Power Supply Current  [ViL=0.5V Vih=3.0V figge=25MHz | — | 75 | 130 | mA

1) One output at a time for a maximum duration of one second. Vour = 0 5V was selected to avoid test problems caused by tester
ground degradation. Guaranteed but not 100% tested

DC RECOMMENDED OPERATING CONDITIONS GAL16 / 20V8A-25L. Industrial
SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature -40 85 °C
Vce Supply Voltage 45 55 v
ViL Input Low Voltage Vss-05| 0.8 v
VIH Input High Voltage 20 | Veett | V
loL Low Level Output Current - 24 mA
lIoH High Level Output Current — -32 | mA




Laltice
Semiconductor
Corporation™

Specifications GAL16V8A
GAL20V8A

SWITCHING CHARACTERISTICS

GAL16 / 20V8A-25L Industrial

Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION c.:)Eng 1] MIN. | MAX. | UNITS
tpd 1 I, 110 (o} Combinational Propagation Delay 1 3 25 ns
tco 2 CLK Q Clock to Output Delay 1 2 15 ns
ten 3 I, 1O (o] Output Enable,Z» O 2 —_ 25 ns

4 OE Q Output Register Enable, Z - Q 2 — 20 ns
tais 5 I, 10 o Output Disable, O+ Z 3 —_ 25 ns
6 OE Q Output Register Disable, Q - Z 3 — 20 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS

GAL16 / 20V8A-25L Industrial

PARAMETER| # DESCRIPTION oosT | MIN.| MAX. | UNITS
7 Clock Frequency without Feedback' = 1/(t, +1,) 1 0 333 | MHz
fok Clock Frequency with Feedback' = 1/(t_, +1_) 1 0o | 285 MHz
tsu 9 Setup Time, Input or Feedback, before CLK T — 20 — ns
th 10 |  Hold Time, Input or Feedback, after CLK T - 0 — | ns
1 Clock Pulse Duration, High? — 15 — ns
tw 12 Clock Pulse Duration, Low? — 15 — ns

1) fckk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.
2) Clock pulses of widths less than the specification may be detected as valid clock signals.
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Specifications GAL16V8A
GAL20V8A

ELECTRICAL CHARACTERISTICS

Over Recommended Operating Conditions (Unless Otherwise Specified)

GAL16 / 20V8A-15L Wilitary

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage — | — o5 |V
VOH Output High Voltage 247 — | — v
liL, H Input Leakage Current — | = |10 | pA
o Bidirectional Pin Leakage Current — — [ 10 | pA
los! Output Short Circuit Current Vee =5V Vour = 0.5V -30 | — [-150 | mA
Ilcc Operating Power Supply Current ViL=0.5V ViH=3.0V fiogge = 25MHz | — 75 | 130 | mA

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

ground degradation. Guaranteed but not 100% tested.

DC RECOMMENDED OPERATING CONDITIONS

GAL16 / 20V8A-15L wmilitary

SYMBOL PARAMETER MIN. | MAX. |[UNITS
TC Case Temperaiure -55 125 °C
Vce Supply Voltage 45 55
ViL Input Low Voltage Vss-05| 0.8
VIH Input High Voltage 20 | Vee+t
loL Low Level Output Current — 12 mA
lIoH High Level Output Current — -20 | mA
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Specifications GAL16V8A

GAL20V8A

SWITCHING CHARACTERISTICS
Over Recommended Operating Conditions

GAL16 / 20V8A-15L Military

PARAMETER| # FROM TO DESCRIPTION C-l(-)EI‘?; 1| MIN. | MAX. | UNITS
tpd 1 1, 1O (o] Combinational Propagation Delay 1 15 ns
tco 2 CLK Q Clock to Output Delay 1 12 ns
ten 3 1, 10 o Output Enable,Z» O 2 — 15 ns

4 OE Q Output Register Enable, Z > Q 2 — 15 ns
tais 5 1, /O o Output Disable, 02 3 — 15 ns
6 OE Q Output Register Disable, Q@ > Z 3 — 15 ns

1) Refer to Switching Test Conditions section.

i AC RECOMMENDED OPERATING CONDITIONS

GAL16 / 20V8A-15L Wmilitary

PARAMETER| # DESCRIPTION conT | MIN. | MAX. | UNITS
y7 Clock Frequency without Feedback' =1/ tan+t) 1 0 50 MHz
fete 8 Clock Frequency with Feedback' = 1/{t, +1_) 1 0 416 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK T —_ 12 — ns
th 10 Hold Time, Input or Feedback, after CLK T -— 0 — ns
1 Clock Pulse Duration, High? — 10 — ns
W T Glock Pulse Duration, Lows — 1 10 ] =1 ns

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.

2) Clock pulses of widths less than the specification may be detected as valid clock signals.
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Specifications GAL16V8A
GAL20V8A

ELECTRICAL CHARACTERISTICS GAL16/20V8A-20L wilitary
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL - : PARAMETER "~ CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage , — | — |05 |V
VOH Output High Voltage L 24 | — | —

IiL, iH Input Leakage Current — | — |10

ll/Q/Q Bidirectional Pin Leakage Current |~ ~* = ; — — |10 | pA
lost Output Short Circuit Current Vec =5V VouT = 0.5V -30 | — [-150 | mA
icc Operating Power Supply Current Vi =0.5V" ViH=3.0V fiogge =25MHz | — 75 | 130 | mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL16 / 20VBA-20L wilitary
SYMBOL PARAMETER : MIN. MAX. |UNITS
Tc Case Temperature ‘ —85 125 °C
Vce Supply Voltage o ; | a4s 55 \
ViL Input Low Voltage v : , Vss—05| 0.8 v
VH Input High Voltage 2.0 | Veet v
loL Low Level Output Current — 12 mA
IoH High Level Output Current - =20 | mA
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Sl;gggﬂgg Specifications GAL16V8A
ot GAL20VSA

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

PARAMETER| # FROM TO DESCRIPTION CLENSJ 1|  MIN. | MAX. | UNITS
tpd 1 I, 110 (o) Combinational Propagation Delay 1 3 20 ns
) 2 CLK Q Clock to Output Delay 1 2 15 ns
ten 3 1,110 (0] Output Enable, Z > O 2 — 20 ns

4 OE Q Output Register Enable, Z > Q 2 — 18 ns
tais 5| Lo o Output Disable, 0+ Z 3 —_ 20 ns
6 OE Q Output Register Disable, Q + Z 3 — 18 ns

1) Refer to Switching Test Conditions section.

PARAMETER| # DESCRIPTION cosT | MIN. | max. UNITS
7 Clock Frequency without Feedback' = 1/(t,, +1,,) i 1 0 41.7 | MHz
fek 8 Clock Frequency with Feedback' =1/t +1,) 1 0 33.3 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK 1 — 15 | — ns
th 10 Hold Time, Input or Feedback, after CLK T : — 0 —_ ns
11 Clock Pulse Duration, High? — 12 e ns
-t 12 | Clock Pulse Duration, Low? — 12 — ns

1) fckk is for reference only and is not 100% tested. Various paths and architecture oonf igurations will result in differing felk speaf cat|ons
2) Clock pulses of widths less than the specification may be detected as valid clock signals. .
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Lattice Specifications GAL16V8A

Semiconduc
Corporation™ GAL20VS8A
ELECTRICAL CHARACTERISTICS GAL16 / 20V8A-20Q wmilitary

Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN.| TYP. | MAX. | UNITS
VoL Output Low Voltage — | — | o5
VOH Output High Voltage 24 | — | —
liL, IH Input Leakage Current — | — | +10 | pA
lvora Bidirectional Pin Leakage Current — — | £10 | pA
los! Output Short Circuit Current Vec =5V Vour= 0.5V -30 | — |[-150 | mA
Icc Operating Power Supply Current ViL= 0.5V ViH=3.0V fioggle = 1I5SMHz | — 45 65 mA

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

DC RECOMMENDED OPERATING CONDITIONS

GAL16 / 20V8A-20Q wmilitary

SYMBOL PARAMETER MIN. MAX. |UNITS
Tc Case Tempaerature -55 125 °c
Vcc Supply Voltage 45 55
ViL Input Low Voltage Vss-05| 0.8 v
VIH Input High Voltage 20 | Vectt
loL Low Level Output Current — 12 mA
IoH High Level Output Current — -20 | mA
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Lattjce Specifications GAL16V8A
Corporation GAL20VSA

GAL16 / 20V8A-20Q military

SWITCHING CHARACTERISTICS
Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION c-:)Eng 1| MIN. | MAX. | UNITS
tpd 1 I, 110 o Combinational Propagation Delay 1 3 20 ns
tco 2| CLK Q Clock to Output Delay 1 2 15 ns
ten 3 I, 1O (o] Output Enable, Z > O 2 — 20 ns

4 OE Q Output Register Enable, Z —» Q 2 — 18 ns
tdis 5 1, 110 (o] Output Disable, 0 -+ Z 3 —_ 20 ns
6 OE Q Output Register Disable, Q@ - Z 3 — 18 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS GAL16 / 20V8A-20Q wilitary

PARAMETER| # | DESCRIPTION cong. | MIN.| max. | uniTS

7 Clock Frequency without Feedback' = 1/(t,, +1,) 1 0 41.7 | MHz
fek 8 Clock Frequency with Feedback' = 1/{t, +t.) 1 0 333 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK 1 — 15 — ns

th 10 Hold Time, Input or Feedback, after CLK T —_ 0 — ns

11 Clock Pulse Duration, High? —_ 12 —_ ns
W 2T Glock Pulss Duration, Low? — [ 12| =1 ns

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

SWITCHING WAVEFORMS
INPUTS
s SOTK lem AKX et 1><><><><v~u»m»ur MK
1 12—

10+
w |5 q (G G
- 7 -~

OE
e
Tri-State

REGISTERED >< > X X
OUTPUTS
Q. o
Q
ANY INPUT
e R T CCCC SO

f—o1 @ 5+ sj
COMBINATIONAL
OUTPUTS >
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OUTPUT LOGIC MACROCELL (OLMC)

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

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

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

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

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

CLK oF
g g L
\ . TO
\
\ \ ADJACENT
\ \ STAGE
L}
\ TSMUX :
\ .
' l Vee — N
N = \
) [
\ [}
\ .
\ ]
\ §
: OMUX \ Vo)
'
\ D Q —
‘W=  |pTMux 1 Bae aan
\ \
\ ey ]
SRV G @ ,
FROM ) \
AND | —X \ \
ARRAY ¥ ] \
Y \ D L}
v ] \
N XOR (n) v
FEED N
BACK \ : FMUX :
\ \ 1
1}
\ 1 T\ FROM
\ = v ADJACENT
\ + _ STAGE
\ + OUTPUT (m)
bmemEmm " e ™ - - -—-wmm R W mwm R N N e T ““““““P‘
CLK OE
GAL®16 / 20V8A Output Logic Macroceli(n)
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REGISTERED MODE
In the Registered architecture mode macrocells are configured All registered macrocells share common clock and OE control
as dedicated, registered outputs or as I/O functions. ‘pins. Any macrocell can be configured as registered or /0. Up
; to 8 registers or up to 8 I/O's are possible in this mode. Dedicated
Architecture configurations available in this mode are similar to input or output functions can be implemented as sub-sets of the

the common 16R8, 20R6 and 16RP4 devices with various 1/O function.
permutations of polarity, /O and register placement.

Registered outputs have 8 data product terms per outpm, 1/0's
have 7 data product terms per output.

Registered Output with Programmable
Polarity

Q(n) NOTES:
- Al can be individually

0 o function.

figured to this

« Polarity of the register input is programmable on a
macrocell by macrocell basis. _

« Feedback into the AND array is from the Q signal of
the register with active low and active high feedback
paths provided.

AND
ARRAY

clock (pin 1) and

Reg| od 1 have
XOR(n) common OE (16V8 pin 11, 20V8 pin 13)

A

Lm
¥

Combinational Input/Output with
Programmable OE and Polarity

T .
Al lis can be individually configured to this
function.
« The polarity of each macrocell is programmable on
mom| trerreoe— ) amacrocell by macrocell basis.
A % "« All macrocelis have active high and active low
feedback of the output buffer and/or device pin data
FEED 1 XOR (n) into the AND array.
BACK 1

« When all 8 macrocells are configured into the /O
function the CLK and OE pins serve no valid logic
function.

Note: The devevlopment software configures all of the architecture control bits and checks for proper pin usage automatically.
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COMPLEX MODE , ; , ‘
In the Complex architecture mode macrocells are configured as puts ¢an be implemented as sub-sets of the /O function. The two
output only or /O functions. "outboard"” macrocells do not have input capability. Designs

requiring 8 1/0's can be implemented in the Registered mode.

Architecture configurations available in this mode are similar to '

the common 16L8, 20L.8 and 16P8 devices with programmable All macrocells have 7 data product terms per output. One prod-
polarity in each macrocell. uct term is used for programmable OE control. Pins 1 and 11on
a GAL16V8A, and pins 1'and13 on a GAL20V8A, are always

Upto 6 I/O's are possible in this mode. Dedicated inputs or out- available as data inputs into the AND array.

reED 11 XOR (n)
"

Combinational Input/Output with
Programmable OE and Polarity

NOTES:

+ The outer most macrocells (16V8 pins 12 & 19,
20V8 pins 15 & 22) cannot perform this function.

« The polarity of each macrocell is programmable on
a macrocell by macrocell basis.

« Each macrocell has active high and active low
feedback of the output buffer and/or device pin data
into the AND array.

1
)
L}
1
1
[
[l
[
1
1
1
)
1
1

AMAV

[::=L

xoa (m

D

Combinational Output with Program-
mable OE and Polarity

NOTES:

» The two outer most macrocells (16V8 pins 12 & 19,
20V8 pins 15 & 22) are permanently configured to
this function when in the Complex mode.

+ The other 6 macrocells can emulate this mode by
not using the feedback data as a data input to the

array.
+ The polarity of each macrocell is programmable on
a macrocell by macrocell basis.

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

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

Architecture configurations available in this mode are similar to
the common 10L8, 18H4 and 16P6 devices with many permuta-
tions of generic polarity output or input choices.

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

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

E

orex <3

Dedicated Input Mode

NOTES:

« The "center" two macrocelis (16V8A pins 15 & 16,
20V8A pins 18 & 19) cannot be configured to this
function.

Dedicated Combinational Output with
Feedback and Programmable Polarity

« The "center* two macrocells (16V8A pins 15 & 16,
20V8A pins 18 & 19) cannot be configured to this
function.

+ The polarity of each macrocell is programmable on a
macrocell by macrocell basis.

Dedicated Combinational Output with
Programmable Polarity

NOTES:

« The "center" two macrocells (16V8A pins 15 & 16,
20VBA pins 18 & 19) are permanently configured to
this function when in the Simple mode.

« The polarity of each macrocell is programmable on
a macrocell by macrocell basis.

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

An electronic signature (ES) is provided with every GAL16V8A
and GAL20V8A device. It contains 64 bits of reprogrammable
memory that can contain user defined data. Some uses include
user ID codes, revision numbers, or inventory control. The sig-
nature data is always available to the user independent of the state
of the security cell: .

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

SECURITY CELL

A security cell is provided with every GAL16V8A and GAL20V8A
device as a deterrent to unauthorized copying of the array pat-
terns. Once programmed, this cell prevents further read access
to the AND array. This cell can be erased only during a bulk erase
cycle, so the original configuration can never be examined once
this cell is programmed. The Electronic Signature is always avail-
able to the user, regardless of the state of this control cell.

INPUT BUFFERS

GAL16V8Aand GAL20V8A devices are designed with TTL level
compatible input buffars. These buffers, with their characteris-
tically high impedance, load driving logic much less than traditional
bipolar devices. This allows for a greater fan out from the driv-

ing logic.

GAL16V8A and GAL20V8A devices do not possess active pull-
ups within their input structures. As aresult, Lattice recommends
that all unused inputs and tri-stated /O pins be connected to
another active input, V.., or GND. Doing this will tend to improve
noise immunity and reduce |, for the device.

OUTPUT REGISTER PRELOAD

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

GAL16V8A and GAL20V8A devices include circuitry that allows
each registered output to be synchronously set either high or low.
Thus, any present state condition can be forced for test sequenc-
ing. if necessary, approved GAL programmers capable of exe-
cuting test vectors perform output register preload automatically.

LATCH-UP PROTECTION

GAL16V8A and GAL20V8A devices are designed with an on-
board charge pump to negatively bias the substrate. The nega-
tive bias is of sufficient magnitude to prevent input undershoots
from causing the circuitry to latch. Additionally, outputs are

designed with n-channel pull-un instead cf the traditional p-chan-

nel pullups to eliminate any possibility of SCR induced latching.

BULK ERASE MODE

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

POWER-UP RESET

Veo 90%
ov le—tpR ! L
M avavav.
Gk o XXX VALID CLOCK SIGNAL
tRESET
NTERNAL  TSOSESOSCSCSOCCKSON,  NIERAL peaisten
REG. Q N, RESET TOLOGIC 0
FEEDBACK/EXTERNAL
\VAVAVAVAVAVAVAVAVA Y EXTERNAL REGISTER
ohEe g XXX XXX XXX OUTRUT = LOGIC 1

Circuitry within the GAL16V8A and GAL20V8A provides a reset -

signal to all registers during power-up. All internal registers will
have their Q outputs set low after a specified time (t o.¢.  , 451
MAX). As a result, the state on the registered output pins (if they
are enabled through OE) will always be high on power-up, regard-
less of the programmed polarity of the output pins. This feature
can greatly simplify state machine design by providing. a known
state on power-up.

The timing diagram for power-up is shown above. Because of
asynchronous nature of system power-up, some conditions must
be met to guarantee a valid power-up reset of the GAL16V8A and
GAL20V8A. First, the V. rise must be monotonic. Second, the
clock input must become a proper TTL level within the specified
time (t,;, 100ns MAX). The registers will reset within a maximum
of toeqer time. As in normal system operation, avoid clocking the
device until all input and feedback path setup times have been
met.
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Normalized Tpd vs. Vec

Normalized Tsu vs. Vcc

Normalized Tco vs. Ve
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GAL22V10 Family

~ GAL18Vi0
GAL22V10

GAL26CV12
High-Performance E2CMOS®

FEATURES

+ HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— 15 ns Maximum Propagation Delay
— Fmax =50 MHz
— TTL Compatible 8 - 16 mA Outputs
— UltraMOS? lll Advanced CMOS Technology
— Internal Pull-Up Resistor on all Pins

+ 50% REDUCTION IN POWER
—75-90mATyp I

« E2 CELL TECHNOLOGY
— Reconfigurable Logic
— Reprogrammable Celis
— 100% Tested/Guaranteed 100% Yields
— High Speed Electrical Erasure (<50ms)
— 20 Year Data Retention

» OUTPUT LOGIC MACROCELLS
— Maximum Flexibility for Complex Logic Designs
— Uses the Standard 22V10 OLMC Architecture

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

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

+ ELECTRONIC SIGNATURE FOR IDENTIFICATION

DESCRIPTION

The GAL22V10 Family of devices are high-speed, E2CMOS®
PLDs built using the familiar 22V10 architecture. Three devices
are offered in the GAL22V10 Family. They are the GAL18V10 (20-
pin), GAL22V10 (24-pin), and the GAL26CV12 (28-pin). Each
of these devices uses the industry standard 22V10 universal
architecture which provides maximum design flexibility by allow-
ing the Output Logic Macrocell (OLMC) to be configured by the
user. The devices differ in the number of 1/Os, Pins, and Prod-
uct Terms offered.

The GAL22V10 is a 24-pin device which contains twelve (12)

dedicated input pins and ten (10) input/output pins. The device
has a variable number of product terms per OLMC, ranging from
eight (8) to sixteen (16) per output.

The GAL18V10 is a 20-pin version of the popular 22V10 device.
The GAL18V10 provides design engineers with a smaller foot-
print and lower cost alternative to the 24-pin 22V10 device. The
GAL18V10 contains eight (8) dedicated input pins and ten (10)
input/output pins.

The GAL26CV12 is a 28-pin version of the 22V10 device. The
GAL26CV12 features more inputs and outputs in order to provide
greater functionality and increased /0. The GAL26CV12 con-
tains fourteen (14) dedicated input pins and twelve (12) input/out-
put pins.

Electrically reprogrammable CMOS technology allows complete
AC, DC, and functional testing of every GAL device. Therefore,
LATTICE guarantees 100% field programmability and function-
ality of all GAL products. LATTICE also guarantees 100 erase/
rewrite cycles and that data retention exceeds 20 years.

BLOCK DIAGRAM: GAL18V10, 22V10, and 26CV12

[

GAL22V10

GAL26CV12

GAL18V10 and
GAL22V10
GAL26CV12

Copyright ©1990 Lattice Semiconductor Corp. GAL, E2CMOS, and UitraMOS are reg d

of Lattice S

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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GAL18V10 BLOCK DIAGRAM

VLK [

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

INPUT

GAL18V10 PIN DIAGRAMS GAL22V10 PIN DIAGRAMS
Chip Carrier Skinny Dip Chip Carrier Skinny Dip

vew [] 1 20 [ vee . o ek Q1 7 2a[]vee
' 1 vora g 8 /0  vora
1[0 ] vora 1] ] vo/@
1 ] vora 1 ] vo/a
CAL1EVIS 'l AL GAL22V10 ] s o
Top View ' 18V10 ] vora Top View 10 1 vorQ
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1 [ ] vora 10 1 vo/a
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GAL22V10 BLOCK DIAGRAM
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GAL26CV12 BLOCK DIAGRAM PRODUCT SELECTOR GUIDE
COMMERCIAL TEMP.
vek o A— : GAL18V10 | GAL22V10 | GAL26CV12
INPUT Pins 20 24 28
WPUT Tpd (Max.) 15ns 15ns 15ns E
INPUT lcc (Typ.) 75mA 90mA 90mA
Dedicated 8 12 14
WPt Inputs
INPUT Inputs/ 10 10 12
Outputs
INPUT
Product Terms 8-12 8-16 8-10
INPUT per macrocell
NPUT Technology E2CMOS | E2CMOS E2CMOS

INPUT

INPUT

INPUT

INPUT

INPUT

GAL26CV12 PIN DIAGRAMS SPEED/GRADE SELECTOR GUIDE

. . . . GRADE
Chip Carrier Skinny Dip g
— Commercial | Industrial Military
. gg vewk 01 = GAL18V10 15, 20ns 15, 20ns 15, 20ns
___%8_¢¢ 1 vora
2__28 i 1vo/Q GAL22Vv10 15, 20, 25ns | 15, 20, 25ns | 15, 20, 30ns
! 0 vorq ' 1voiQ .
L j vorQ 1 ] vora GAL26CV12 15, 20ns 15, 20ns 15, 20ns
v § GAL26CV1I2 oo GAL [ ... — , —
o I S e
1 TopView heno | Vel 26CV12 Nvora Voc . . SOOViS% 2
: j vora ' o Temperature | 0575°C | -4
j vora ' jvoa .
---gggg 1 1 vora Packaging . | PlasticDIP. |
gggg 1g Vo o
1 ] vorQ
1 1 vora
114 15[]vorQ
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GAL18V10 LOGIC DIAGRAM

GAL18V10

AR > ASYNCHRONOUS RESET
OE Iy (TO ALL REGISTERS)
> 19
7 owmC
53 . i
o I
> —DL]——— 18
7 owc
2 —I== =)
L3 o |
L] 1
8
17
. 7 OoLMC
3 —I= =3
OE I
o 1
%3“"—" 16
7 oLMC
4 —3 4
e o [
L] 1
L ——4>L 15
10 OoLMC
5 —I= =
oe - T
L] 1
L Mci» 14
0 oLMe
6 —T= : =1
3 I .
° i
8 )
13
! oLmc
7 —Ix =
oe . : . T
o Il
s L
12
7 OowMC
8 —I= : 4% <3
o ] L |
'] 1
%‘7‘"’ 11
7 OLMC
L,
o . T
o T
8
’ oLmMC °
=1
P SYNCHRONOUS PRESET
(TO ALL REGISTERS)

48



Sleltriaiwtglgg Specifications GAL22V10 Family
Corporation™

GAL22V10 LOGIC DIAGRAM
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GAL26CV12 LOGIC DIAGRAM
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ABSOLUTE MAXIMUM RATINGS

Supply voltage V.

-510 +7V
Input voltage applied..........coocemieninee -2.51t0 V +1.0V
Off-state output voltage applied .......... —2.5t0 Vg, +1.0V
Storage Temperature .........cc.cccceeeevercennne —65 to 125°C

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

SWITCHING TEST CONDITIONS

Input Pulse Levels

GND to 3.0V

Input Rise and Fall Times

3ns 10% — 90%

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

Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V oy
Output Load See Figure

COMMERCIAL | INDUSTRIAL | MILITARY Eﬁg%ﬂg SP1EJT (0Q) TEST POINT
R, | R, | R, | R, | R, | R,
GAL18V10 | 300Q | 390Q | 300Q | 390Q | 390Q | 750Q & ——c,
GAL22V10 | 300Q | 390Q | 300Q | 3902 | 390Q | 7500
GAL26CV12 | 470Q | 390Q | 470Q | 390Q | 4709 | 390Q
AC Test Conditions: L

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

Cond. 2) Active High R, = <; Active Low R, per table;
C, = 50pF; R, per above table

Cond. 3) Active High R, =<o; Active Low R, per table;
C, = 5pF; R, per above table

Cu INCLUDES JIG AND PROBE TOTAL CAPACITANCE

CAPACITANCE (T, = 25°C, f= 1.0 MHz)

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0V, V= 2.0V
Cioia 1/0/Q Capacitance 10 pF Ve =5.0V,V, =20V

*Guaranteed but not 100% tested.
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ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-15L Commercial
Over Recommended Operating Conditions (Unless Otherwise Specified)
SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage loL = Max. — | — | o5
VOH Output High Voltage low = Max. 24 | — | — v
liL, IvoraL | Leakage Current Low V=0V GAL26CVI2& 18VIO] — | — |-100 | kA
GAL22V10 —_ — |-150 | pA
liH, IVO/QH | Leakage Current High VH23.5V — | — | 10 | pA
losz Output Short Circuit Current Vec=5V Vour=05V T=25°C =50 — |-135 [ mA
ViL=0.5V ViH=3.0V |GAL18V10 — 75 | 115 | mA
Icc Operating Power Supply Current
fioggle = 15MHz GAL22V10& 26CV12| — 90 | 130 | mA

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

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

SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature 0 75 °C
Vce Supply Voltage 475 | 5.25
ViL Input Low Voltage Vss—05| 0.8
VIH Input High Voltage 20 | Veest v
loL Low Level Output Current GAL18ViD & 22v10 - 1 mA

‘ GAL26CV12 — 8 mA
IoH High Level Output Current —_ -3.2 mA
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SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-15L Commercial
Over Recommended Operating Conditions
PARAMETER| # | FROM TO DESCRIPTION C.I(-)ENSI:)I- 1| MIN. | MAX. | UNITS
tpd 1 1, 10 (0] Input or Feedback to Combinational Output 1 —_ 15 ns
GAL22V10 1 — 8 ns
fco 2 Ck 1 Q Clock to Register Output
GAL18V10 & 26CV12 1 — 10 ns
ten 3 1,110 0,Q Output Enable, Z— 0, Q 2 — 15 ns
tdis 4| LWO | O,Q | OutputDisable, 0,Q~ Z 3 — 15 ns
tres 5 1, 110 Q Asynchronous Register Reset 1 —_ 20 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS

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

PARAMETER| # DESCRIPTION cong | MIN. | max. |uniTs

6. | Clock Frequency without Feedback' = 1/ (t,, +1,) — 0 62.5 MHz

fec 7 | Clock Frequency with Feedback' = 1/(t, +1 ) — 0 50 MHz
GAL22V10 — 12 — ns
tsu 8 | Setup Time, Input, Feedback, or SP before Clk T GAL1BVI0 & 260V12 — 0 — s
th 9 | Hold Time, Input or Feedback, after Clk T — 0 — ns
twh 10 | Clock Pulse Duration, High? — 8 — ns
twi 11 | Clock Pulse Duration, Low? — 8 - ns
GAL22V10 — 15 — ns

tw 12 | Asynchronous Reset Pulse Duration

GAL18V10&26CVi2 | — 10 — ns
trec 13 | Asynchronous Reset to Clk T Recovery Time — 15 — ns

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

SWITCHING WAVEFORMS
X X KX INKK
0 11—

1

ASYNCHRONOUS Y
ANY NPUT
PROGRAMMED

FOR OE CONTROL m

) i

53

le—12
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ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-20L Commercial
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Low Voltage lot = Max. ' — | — Jo0o5 | V
VOH - Output High Voltage loH = Max. o 24 | — | — | v
liL, 11OrQL! | Leakage Current Low ViL =0V GAL26CV12& 18V10) — | — |7100 | kA
GAL22V10 — — |-150 | pA
liH, l¥O/QH | Leakage Current High VH23.5V — | — |10 | pA
los2 Output Short Circuit Current Vec=5V Vour=05V T=25°C -50 | — |-135 | mA
ViL=0.5V Vi =23.0V |GAL18V10 - 75 115 | mA
Icc Operating Power Supply Current
E foggle = 15SMHz GAL22V10 & 26CV12| — 90 130 | mA

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

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. MAX. |UNITS
A Ambient Temperature | o 75 °C
Vce Supply Voltage 475 | 525
ViL Input Low Voltage Vss-05| 0.8
VIH Input High Voltage 2.0 | Veest
| oL Low Level Output Current GALTEVIO — B mA

. GAL22V10 & 26CV12 — 8 mA
IoH High Level Output Current — -3.2 mA

SWITCHING WAVEFORMS

REGISTERED
OUTPUTS

ASYNCHRONOUS
RESET

ol TSI KK KKK KKK KKK
1

5. TRXKXKHKK , = =
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SWITCHING CHARACTERISTICS

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

Over Recommended Operating Conditions

PARAMETER| # | FROM TO DESCRIPTION c1<.)Eng 1| MIN. | MAX. | UNITS

tpd 1 I, 110 o Input or Feedback to Combinational Output 1 — 20 ns

tco 2 Ck T Q Clock to Register Output gaLz2vio 1 — 10 e
GAL18V10 & 26CV12 1 — 12 ns

ten LW | 0,Q | OutputEnable, Z-0,Q 2 —_ 20 ns
tdis 4| LW | 0,Q | OutputDisable, 0,Q— Z 3 i 20 ns

. GAL22V10 1 — 25 ns

tres 5 I, 1O Q Asynch. Register Reset BALIGV10 8 260v12 ] — 2 "

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS

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

PARAMETER| # DESCRIPTION cong.| MIN. | MaX. |uniTS
GAL22V10 — 0 50.0 | MHz
6 |Clk Frequency without Feedback' = 1/ ton+t)
fok GAL18V10 & 26CV12 — 0 625 | MHz
cl
GAL22V10 — 0 40.0 | MHz
7 | Clk Frequency with Feedback' = 1/(t, +t_)
GAL18V10 & 26CV12 — 0 416 | MHz
GAL22V10 — 15 —_ ns
tsu 8 |Setup Time, Input, Feedback, or SP before Clk T
GAL18V10 & 26CV12 — 12 —_ ns
th 9 |Hold Time, Input or Feedback, after Clk T — 0 - ns
GAL22V10 - 10 — ns
twh 10 | Clock Pulse Duration, High?
GAL18V10 & 26CV12 — 8 — ns
GAL22V10 - 10 - ns
twi 11 | Clock Pulse Duration, Low?
GAL18V10 & 26CV12 — 8 — ns
GAL22V10 —_ 20 — ns
trw 12 | Asynchronous Reset Pulse Duration
GAL18V10 & 26CV12 — 15 — ns
GAL22V10 — 20 - ns
trec |13 |Asynchronous Reset to Clk T Recovery Time
GAL18V10 & 26CVi2 | — 15 — ns

1) fclk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.

2) Clock pulses of widths less than the specification may be detected as valid clock signals.
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ELECTRICAL CHARACTERISTICS GAL22V10-25L Commercial
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Low Voltage loL = Max. — | —| o5| vV
VOH Output High Voltage loH = Max. 24| —| — | V
liL, lvorQL! | Leakage Current Low ViL=0V — | — |-150 | pA
liH, IVO/QH: | Leakage Current High VH23.5V — | — | 10 | pA
los? Output Short Circuit Current Vec=5V Vour=05V T=25°C -50 | — [-135 | mA
Icc Operating Power Supply Current | ViL= 0.5V ViH=3.0V fiogge = 15MHz — 90 | 130 | mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL22V10-25L Commercial

SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature 0 75 °C
Vce Supply Voltage 475 5.25 v
ViL Input Low Voltage Vss-05| 0.8 \
ViH Input High Voltage 20 |Veest | V
loL Low Level Output Current — 16 mA
loH High Level Output Current — -3.2 mA
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Corporation™
SWITCHING CHARACTERISTICS GAL22V10-25L Commercial
Over Recommended Operating Conditions

PARAMETER| # | FROM TO DESCRIPTION CTOENSJ 1| MIN. | MAX. | UNITS
tpd 1 I, 10 o Input or Feedback to Combinational Output 1 — 25 ns
feo 2| ckt | a Clock to Register Output 1 — 15 ns
ten 3| LW | 0,Q | OutputEnable, Z-0,Q 2 - 25 ns
tdis 4| LW | O0,Q | OutputDisable, 0,Q~ Z 3 — 25 ns
tres 5 I, 1O Q Asynchronous Register Reset 1 — 25 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS GAL22V10-25L Commercial
PARAMETER| # DESCRIPTION TEST | wiN. | MAX. | UNITS
COND.
folc 6 | Clock Frequency without Feedback' = 1/ (t,, +1,) — 0 333 MHz
7 | Clock Frequency with Feedback' = 1/t + o) -—_— 0 333 MHz

tsu 8 |Setup Time, Input, Feedback, or SP before Clk T — 15, — ns
th 9 |Hold Time, Input or Feedback, after Clk T —_ 0 —_ ns
twh 10 | Clock Pulse Duration, High? — 15 e ns
twi 11 | Clock Pulse Duration, Low? —_ 15 — ns
tw 12 | Asynchronous Reset Pulse Duration — 25 — ns
trec 13 | Asynchronous Reset to Clk T Recovery Time — 25 — ns

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

SWITCHING WAVEFORMS
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ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-15L Industrial |
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL' PARAMETER ~ CONDITION MAX. | UNITS
VoL Output Low Voltage loL = Max. 05 | V
VOH' Output High Voltage " | low = Max. v
L, Wo/aL! | Leakage Current Low ViL= OV 100 | wA

’ 150 | pA

liH, IvO/QH | Leakage Current High VH23.5V — | 10 | pA

los? Output Short Circuit Current Vec =5V Vo — |-135 | mA

oo Noset Biooh & ViL = 0.5V, 4% — |75 |125 | mA
' rating Power Su urrent

Ope 9 oY —_ 90 150 | mA

ffer section for more information.

1) The leakage current is due to the internal pull-up re;
6 lected to avoid test problems caused by

2) One output at a time for a maximum duration of oré:

SYMBOL
TA -40 85 °C
Vce 45 55
viL Vss—-05| 0.8
2.0 | Vees
o GAL18V10 & 22V10 —_ 16 mA
pit Current GAL26CV12 — 8 mA
High Lev§/0umut Current —_ -3.2 mA

58



Lattice

Semicondictor Specifications GAL22V10 Family
Corporation™
SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-15L Industrial

Over Recommended Operating Conditions

PARAMETER| # | FROM TO DESCRIPTION MAX. | UNITS

tpd 1 (Mo} o Input or Feedback to Combinational Output
GAL22V10
GAL18V1

15 ns

8 ns

teo 2 Ck T Q Clock to Register Output
10 ns

ten 3 1, 10 0,Q Output Enable, Z— 0, Q 15 ns
tdis 4 I, 10O 0,Q Output Disable, 0,Q— Z 15 ns
tres 5 1, 110 Q Asynchronous Register —_ 20 ns

1) Refer to Switching Test Conditions section.

TEST
PARAMETER| # COND. MIN. | MAX. | UNITS
— 0 62.5 MHz
fek
7 —_ 0 50 MHz
t GAL22V10 — 12 - ns
= GAL18V108&26CVi2 | — 10 | — | ns
th —_— 0 — ns
twh — 8 — ns
twi — . 8 — ns
GAL22V10 —_ 15 — ns
tw Pulse Duration
GAL18V10 & 26CV12 — 10 — ns
trec 13 | Asynchrongus Reset to Clk T Recovery Time — 15 — ns

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

SWITCHING WAVEFORMS
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Semicondhctor Specifications GAL22V10 Family

ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-20L Industrial
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER - CONDITION MIN. |TYP. | MAX.| UNITS
VoL Output Low Voltage loL = Max. — | — |05 |V
VOH Output High Voltage loH = Max. 24 | — | — v
liL, l¥O/QL' | Leakage Current Low ViL=0V GAL26CV12& 18V10) — | — |-100 | A

GAL22V10 — | = [-150 | pa
liH, IVO/QH | Leakage Current High VH23.5V — —_ 10 pA
los? Output Short Circuit Current Vec=5V Vour=05V T=25°C -50 | — |-135 | mA

ViL=0.5V ViH=3.0V |GAL18V10 —_— 75 125 | mA
Ilcc Operating Power Supply Current
foggle = 15MHz GAL22V10 & 26CV12| — 90 150 | mA

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

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

SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature -40 85 °C
Vce Supply Voltage 45 55 v
ViL Input Low Voltage Vss—05| 0.8 v
VIH Input High Voltage : 20 | VecHl v
loL Low Level Output Current GAL1BV1O&22V10 — 18 mA

GAL26CV12 - — 8 mA
IoH High Level Output Current -— -3.2 mA

SWITCHING WAVEFORMS

o B SO R KK e ST mme SISO
8' [+ 10 11— o
a | SN
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SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-20L Industrial
Over Recommended Operating Conditions
PARAMETER| # | FROM | TO DESCRIPTION cooT | MIN. | max. | uNiTs
tpd 1 1, 110 0 Input or Feedback to Combinational Output 1 — 20 ns
GAL22V10 1 — 10 ns
tco 2 Ck T Q Clock to Register Output
GAL18V10 & 26CV12 1 —_ 12 ns
ten 3 1, 110 0,Q | OutputEnable, Z—0,Q 2 - 20 ns
tais 41 L1 0,Q | OutputDisable, 0,Q - Z 3 — 20 ns
tres 5 1, /0 Q Asynch. Register Reset 1 — 25 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS

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

PARAMETER| # DESCRIPTION conT | MIN. | max. | unITS
GAL22V10 — 0 50.0 | MHz
6 |Clk Frequency without Feedback' = 1/(t,, +1,)
fok GAL18V10 & 26CV12 —_ 0 62.5 MHz
c
) GAL22V10 - 0 40.0 | MHz
7 |Clk Frequency with Feedback' = 1/(t, +1t_)
GAL18V10 & 26CV12 — 0 41.6 MHz
GAL22V10 — 15 — ns
tsu 8 |Setup Time, Input, Feedback, or SP before Clk T
GAL18V10 & 26CV12 — 12 —_ ns
th 9 [Hold Time, Input or Feedback, after Clk T — 0 — ns
GAL22V10 —_ 10 — ns
twh 10 | Clock Pulse Duration, High?
GAL18V10 & 26CV12 —_— 8 —_— ns
GAL22V10 — 10 —_ ns
twi 11 | Clock Pulse Duration, Low?
GAL18V10 & 26CV12 — 8 — ns
. GAL22V10 — 20 — ns
trw 12 | Asynchronous Reset Pulse Duration
GAL18V10 & 26CV12 —_ 15 -_ ns
GAL22V10 - 20 — ns
trec 13 | Asynchronous Reset to Clk T Recovery Time
GAL18V10 & 26CV12 — 15 —_ ns

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

ELECTRICA CHARACTERISTICS 18V10, 22V10, 26CV12-15L military
Over Recommended Operating Conditions (Unless Otherwise Specified)

‘SYMBOL PARAMETER CONDITION TYP. | MAX.| UNITS
VOL . | Output Low Voltage lot = Max. 05
VOH Output High Voltage loH = Max. — v
liL, lvoraL! | Leakage Current Low ViL=0V 100 | wA
-150 | pA
liH, I¥O/QH | Leakage Current High VH23.5V — | 10 | pA
losz Output Short Circuit Current Ve = 5V — |-135 | mA
| _ — |75 | 135 | mA
CC ’ Operating Power Supply Current o8 260v12| — 9 1150 | mA
1) The leakage current is due to the internal pull-y ‘ 5 4k pi % Mgt Buffer section for more information.
2) One output at a time for'a maximum duration gf: . s Selected to avoid test problems caused by

tester ground degradation. ' Guaranteed but n

SYMBOL
Tc 55 125 °C
Vce 45 55 v
ViL Vss—05| 0.8
VH 20 | Vect \
oL Lo A GAL18V10 & 22V10 1= 12 mA

4 GAL26CV12 — 8 mA
loH High Level Output Current ; - 2.0 mA
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SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-15L military
Over Recommended Operating Conditions

PARAMETER| # | FROM TO DESCRIPTION MAX. | UNITS

tpd 1 1, 110 (o] Input or Feedback to Combinational Output 15 ns

GAL22V10 ns

tco 2| Cck1 Q Clock to Register Output
ns
fen 3| LW | 0,Q | OutputEnable, Z-0,Q . 15 ns
tis |4 | LWO | 0, | OutputDisable, 0,Q—>Z 4 . Ui 8 0 — | 15| s
tres 5 1, 110 Q Asynchronous Register Rz .‘ — 20 ns

1) Refer to Switching Test Conditions section.

ITIO
TEST \
PARAMETER| # COND. MIN. | MAX. | UNITS
; 6 = 0 625 | MHz
fei ; = 0 50 | MHz
—_ 0 455 | MHz
tsu 8 — 12 — ns
th 9 — — ns
twh 10 — 8 — ns
twi 11 — 8 — ns
trw 12 : — 15 — ns
trec 13 | Asynchronous R { to Clk T Recovery Time = 15 — ns

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

SWITCHING WAVEFORMS
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Corporation™
ELECTRICAL CHARACTERISTICS 18V10, 22V10, 26CV12-20L military
) Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. |TYP. | MAX. | UNITS
VoL Output Low Voltage | lo. = Max. — | = o5 | v
VOH ‘Output High Voltage JoH = Max. 24 | — | — vV
liL, lvoraL! | Leakage Current Low ViL=0V GAL26CV12& 18V10) — | — |-100 | kA

i GAL22V10 | = | — {-150 | pA
liH, IVO/QH | Leakage Current High V2 3.5V — | = |10 |pua
los2 Output Short Circuit Current Voo =5V Vour=05V T=25°C -50 | — [-135 | mA

ViL=0.5V ViH=23.0V |[GAL18V10 — 75 | 135 | mA
Icc Operating Power Supply Current
foggle = 15SMHz GAL22V10 & 26CV12| — 90 150 | mA

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

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

SYMBOL PARAMETER i ’ MIN. MAX. |UNITS
Tc Case Temperature 55 125 °C
Vce Supply Voltage ‘, 45 55 |V
ViL Input Low Voltage Vss—05| 0.8 v
VIH Input High Voltage 20 | Vees v
loL Low Level Output Current GALT8V10 & 22V10 — 12 mA

GAL26CV12 — 8 mA
IoH High Level Output Current — -2.0 mA
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Semicondlictor Specifications GAL22V10 Family
Corporation™
SWITCHING CHARACTERISTICS 18V10, 22V10, 26CV12-20L Military
Over Recommended Operating Conditions
PARAMETER| # | FROM TO DESCRIPTION CTOENSJ 1| MIN. | MAX. | UNITS
tpd 1 |, o (o] Input or Feedback to Combinational Output 1 — 20 ns
GAL22V10 ‘ 1 — 15 ns
tco 2|l ckt | aQ Clock to Register Output
) GAL18V10 & 26CV12 1 — 15 ns
ten 3 1, 1O 0,Q Output Enable, Z— 0, Q 2 — 20 ns
tais 4 1,110 o,Q Output Disable, O,Q— Z 3 — 20 ns
tres 5 1, 110 Q Asynch. Register Reset 1 — 25 - ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED ORATING CONDITIONS

18V10, 22V10, 26CV12-20L military

PARAMETER| # DESCRIPTION ’ Conp.| MIN. | Max. | uniTs
6 |Clock Frequency without Feedback' =1/t +1,)) i — 0 33.3 MHz
fe 7 | Clock Frequency with Feedback' =1/ (t, +teo) — 0 31.2 k MHz
tsu 8 |Setup Time, Input, Feedback, or SP before Clk T — 17 — ns
th 9 |Hold Time, Input or Feedback, after Clk T i 0 —_ ns
twh 10 | Clock Pulse Duration, High? — 15 — ns
twi 11 |Clock Pulse Duration, Low? — 15 —_ ns
trw 12 | Asynchronous Reset Pulse Duration —_ 20 — ns
trec 13 | Asynchronous Reset to Clk T Recovery Time — 20 — ns

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

The GAL18V10, 22V10, and 26CV12 each have a variable num-
ber of product terms per OLMC.

Of the ten OLMCs available in the GAL18V10, eight OLMCs have
access to eight product terms and two haveten product terms
(refer to GAL18V10 Logic Diagram).

Of the ten OLMCs available in the GAL22V10, two OLMCs have
access to eight product terms, two have ten product terms, two
have twelve product terms, two have fourteen product terms, and
two OLMCs have sixteen product terms (refer to GAL22V10 Logic
Diagram).

Of the twelve OLMCs available in the GAL26CV12, eight OLMCs
have access to eight product terms, two have ten product terms,

and two have twelve product terms (refer to GAL26CV12 Logic
Diagram).

The output polarity of each OLMC can be individually programmed
to be true orinverting, in‘eithér combinational or registered mode.
This allows the user to reduce the overall number of product terms
required i ina dessgn and/or to invert the output signal.

GAL22V10 Fam ily devices have a product term for AR (Asynchro-
nous Reset) and a product term for SP (Synchronous Preset).
These two product terms are oommon to all registered OLMCs.

NOTE: Output polanty selectlon does NOT affect the behavior of
the OLMC'’s integral “D” flip-flop but does affect the value (0 or 1)
of the output. The AR and SP product terms will force the flip-flop
into the same state regardless of the polarity of the output.

™)
| g

CLK

SP

GAL18V10, 22V10, and 26CV12 OUTPUT LOGIC MACROCELL (OLMC)-

OUTPUT LOGIC MACROCELL CONFIGURATIONS ‘

The GAL18V10, 22V10, and 26CV12 have two primary functional
modes which may be selected when compiling source equations
(registered and combinational / input). Each of these two primary
modes are described below.

REGISTERED

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

NOTE: In registered mode a tri-stated output pin may NOT be
used as an input into the “AND” array.

COMBINATIONAL /INPUT

In combinational mode the pin associated with an individual OLMC
is driven by the output of the sum term gate. Logic polarity of the
output signal at the pin may be selected by specifying that the
output buffer drive either true (active high) or invert (active low):
Output tri-state control is available and may be individually se-
lected as either “on” (dedicated output), “off” (dedicated input),
or “product-term driven” (dynamic I/O). Feed back into the “AND”
array is from the device pin, via the “AND” array buffer. Both po-
larities (true and invert) of the pin are fed back into the “AND” ar-
ray.
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REGISTERED MODE

Vi

ACTIVE LOW ACTIVE HIGH

COMBINATIONAL MODE

Jeee CTU
Jeee (U

ACTIVELOW ; ACTIVE HIGH
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ELECTRONIC SIGNATURE OUTPUT REGISTER PRELOAD

An electronic signature (ES) is.provided with every GAL18V10, When testing state machine designs, all possible states and state
22V10, and 26CV12 device. It contains 64 bits of reprogrammable transitions must be verified in the design, not just those required

memory that can contain user defined data. Some uses include in the normal machine operations. This is because in system
user ID codes, revision numbers, or inventory control. The sig- operation, certain events occur that may throw the logic into an
nature data is always available to the user independent of the state . - - illegal state (power-up, line voltage glitches, brown-outs, efc.). To
of the security cell. test a design for proper treatment of these conditions, a way must
be provided to break the feedback paths, and force any desired

SECURITY CELL ‘ (i.e., illegal) state into the registers. Then the machine can be

A security cell is provided with every GAL18V10, 22V10, and sequenced and the outputs tested for correct next state condiians.

26CV12device as a deterrent to unauthorized copying of the array GAL18V10, 22V10, and 26CV12 devices include circuitry that

patterns. Once programmed, this cell prevents further read allows each registered output to be synchronously set either high
access to the AND array. This cell can be erased only during a or low. Thus, any present state condition can be forced for test
bulk erase cycle, so the original configuration can never be sequencing. If necessary, approved GAL programmers capable
examined once this cell is programmed. The Electronic Signa- of executing test vectors perform output register preload automati-
ture is always available to the user, regardless of the state of this cally.

control cell.

BULK ERASE MODE Illl.l |.|-|.I| | | | Illl "II lll—

g GAL22V10 Family devices are designed with TTL level compat-
Before writing a new pattern into a previously programmed part, ible input buffers. These buffers, with their characteristically high
the old pattern must first be erased. This erasure is done auto- impedance, load driving logic much less than bipolar logic.

matlcally by the programming hardware as part of the program- " - -
The buffers also possess active pull-ups within their input struc-
ming cycle and takes only 50 milliseconds. ture. Unused inputs and I/O's will float to a TTL "high" (logical 1",
i 0-Op ® — Lattice recommends that all unused inputs and tri-stated /O pins
PROTECTION be connected to an adjacent active input, V., or GND. Doing this

GAL18V10, 22V10, and 26CV12 devices are designed with an will tend to improve noise immunity and reduce I, for the device.

on-board charge pump to negatively bias the substrate. The -
negative bias is of sufficient magnitude to prevent input under- E
shoots from causing the circuitry to latch. Additionally, outputs ‘E 20 e
are designed with n-channel pullup instead of the traditional p- 5 >
channel pullups to eliminate any possibility of SCR induced latch- % N
ing. . £
0.0 1.0 20 3.0 40 50
Input Voltage (V)

POWER-UP RESET
Vee o 90%7

[e—tpr )
Vin
oK ZXZX VALID CLOCK SIGNAL
i

t RESET
INTERNAL REGISTER
WEES OO, hdsetro oeica

FEEDBACK/EXTERNAL
i/~ EXTERNAL REGISTER
T XXX G

Circuitry within GAL18V10, 22V10, and 26CV12 devices provides the V. rise must be monotonic. Second, the clock input must

areset signal to all registers during power-up. All internal regis- become a proper TTL level within the specified time (t., 100ns

ters will have their Q outputs set low after a specified time (t ..o MAX). The registers will reset within a maximum of t__.; time.
, 45us MAX). This feature can greatly simplify state machme As in normal system operation, avoid clocking the device until all

dessgn by providing a known state on power-up. . input and feedback path setup times have been met.

The timing diagram for power-up is shown above. Because of the Note that the internal register powers-up to a logic 0. The device

asynchronous nature of system power-up, some conditions must pin state is determined by the user-defined polarity control bit on

be met to guarantee a valid power-up reset of the device. First, each macrocell (refer to OLMC description).
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GAL 20RA10
High Performance E2CMOS®
Generic Array Logic™

FEATURES

» HIGH PERFORMANCE E?’CMOS TECHNOLOGY
— 15 ns Maximum Propagation Delay
— Fmax =50 MHz
— 15 ns Maximum from Clock Input to Data Output

FUNCTIONAL BLOCK DIAGRAM

L[}

— TTL Compatible 8 mA Outputs e voa
— UitraMOS? lll Advanced CMOS Technology
— Internal Pull-Up Resistor on all Pins NPT [ 2 ‘ o
+ 50% REDUCTION IN POWER
— 100 mA MAX .
« E2 CELL TECHNOLOGY WPUT 3 D vora
— Reconfigurable Logic
— Reprogrammable Cells
— 100% Tested/Guaranteed 100% Yields INPUT vo/a
— High Speed Electrical Erasure (<50ms)
— 20 Year Data Retention
volQ
- TEN OUTPUT LOGIC MACROCELLS PaTH -
— Maximum Flexibility for Complex Logic Designs
Registered or Combinational with Polarity INPUT (2 . voio
— Individually Programmable Macrocell Functions: 2
Product Term Clock
Asynchronous Reset
Asynchronous Preset INPUT L] L1 voia
Output Enable
— Common Output Enable & Preload Functions NPUT O - 100
« PRELOAD AND POWER-ON RESET OF ALL REGISTERS
— 100% Functional Testability
INPUT [} (] voia
» ELECTRONIC SIGNATURE FOR IDENTIFICATION
o ¢ - voa
The GAL®20RA10, at 15 ns maximum propagation delay time,
combines a high performance CMOS process with Electrically
Erasable (E?) floating gate technology to provide the highest per- JOE
formance available of any 20RA10 device on the market. CMOS
circuitry allows the GAL20RA10 to consume just 100 mA maxi- PIN DIAGRAMS
mum |, which represents a 50% savings in power when com-
pared to its bipolar counterparts. The E2technology offers high H H
speed (50ms) erase times providing the ability to reprogram or Chlp Carrier oip
reconfigure the devices quickly and efficiently. pdT ™~ 2all veo
. o
The generic architecture provides maximum design flexibility by --z2¢gé g § i 1 vore
allowing the Output Logic Macrocell (OLMC) to be configured by [ B SR o hvore
the user. The GAL20RA10 is fully functionfuse map/paramet- 1 h vora
ric compatible with bipolar and CMOS 20RA10 devices. i b vora g [ vora
. . 1 h vorQ 10 [ voia
Unique test circuitry and reprograr_nmable cells allow complete w4 GAL20RA10 | we " GAL H vora
AC, DC, and functional testing during manufacture. Therefore, Top View 20RA10
LATTICE guarantees 100% field programmability and function- ! P b voia 1 ] ora
ality of all GAL products. LATTICE also guarantees 100 erase/ ! p vora 1 1 vora
rewrite cycles and that data retention exceeds 20 years. ! p vora T 1 vora
1 1 vora
11 1 voia
GND [] 12 13{1 /0€
Copyright ©1990 Lattice Semiconductor Corp. GAL, EXCMOS and UttraMOS are registered of Lattice Corp. Generic Array Logic is a of Lattice
tor Corp. PAL is a regi d of Ady d Micro Devices, Inc. The specifications and information herein are subject to change without notice.
LATTICE SEMICONDUCTOR CORP., 5555 N.E. Moore Ct., Hillsboro, Oregon 97124, U.S.A. April 1990

Tel. (503) 681-0118; 1-800-FASTGAL; FAX (503) 681-3037
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Specifications GAL20RA10

ABSOLUTE MAXIMUM RATINGS"

-5t0+7V

Supply voltage V.
Input voltage applied.................... =251tV +1.0V
Off-state output voltage applied ..........—2.5t0 V; +1.0V

Storage Temperature ..........cccoeevervenereinens —65 to 125°C

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

SWITCHING TEST CONDITIONS

Input Pulse Levels GND to 3.0V

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

Input Timing Reference Levels 1.5V
Output Timing Reference Levels 1.5V
Output Load See Figure

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

COMMERCIAL INDUSTRIAL MILITARY
R1 R? RI Rz R‘l R2
470 390 470 390 470 390
AC Test Conditions:

Cond. 1) R, pertable; C, = 50pF; R, per above table

Cond. 2) Active High R, = «; Active Low R, per table;
C_ =50pF; R, per above table

Cond. 3) Active High R, = «; Active Low R, per table;
C, = 5pF; R, per above table

CAPACITANCE (T, =25°C, f = 1.0 MHz)

FROM OUTPUT (O/Q) o TEST POINT

UNDER TEST L

R2 E

CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE

SYMBOL PARAMETER MAXIMUM* UNITS TEST CONDITIONS
C, Input Capacitance pF Ve =5.0V,V,=2.0V
Cion I/O/Q Capacitance pF Ve =5.0V, Vo0 =2.0V

*Guaranteed but not 100% tested.
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LECTRICAL CHARACTERISTICS GAL20RA10-15L Commercial
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL v PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Low Voltage oL = Max. — | — o5 | V
VOH Output High Voltage loH = Max. 24 | — | —

liL, lvo/rQL' | Leakage Current Low ViL =0V I"— | — |-100 | pA
liH, IVOrQH' |  Leakage Current High | V235V — | — | 10 | pA
los? Output Short Circuit Current Vec=5V Vour=05V T=25°C -50 — |-135 | mA
) ICCA rge Operating Power Supply Current ViL=0.5V ViH=3.0V fioggle = 15MHz| — 75 | 100 | mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL20RA10-15L Commercial
SYMBCL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature 0 75 °C

Vce Supply Voltage 475 | 5.25

ViL Input Low Voltage Vss-05| 0.8

VIH Input High Voltage 20 | Vee+t

loL Low Level Output Current v — 8 mA
IoH High Level Output Current — -3.2 mA
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SWITCHING CHARACTERISTICS GAL20RA10-15L Commercial
Over Recommended Operating Conditions
PARAMETER| # FROM TO DESCRIPTION C?ng.‘ MIN. | MAX. | UNITS
tpd 1 V(o] o Input or Feedback to Combinational Output 1 = 15 ns
tco 2 1,110 Q Input Clock to Registered Output 1 — 15 ns
tenvdis 3 I, 1o 0, Q Input to Output Enable/Disable 23 — 15 ns
tendis 4 | o, Q Pin 13 to Output Enable/Disable 23 — 12 ns
tar/ap 5 |, 110 Q Asynchronous Register Reset/Preset 1 — 15 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS GAL20RA10-15L Commercial
PARAMETER| # DESCRIPTION TEST | pin. | max. |uNiTs
COND.
f 6 Clock Frequency without Feedback' = 1/(t,,+t,) - 0 50.0 MHz
o 7 Clock Frequency with Feedback' = 1/(t_+t_) — 0 450 | MHz
tsu 8 Setup Time, Input or Feedback, before Clk T — 7 — ns
th 9 Hold Time, Input or Feedback, after Clk T —_ 0 — ns
10 Clock Pulse Duration, High? — 10 — ns
W T Clook Puiss Duration, Low? — [ 10 [ = | ns
trpw 12 |  Asynchronous Reset/Preset Pulse Duration - 15 — ns
trec 13 Asynchronous Reset/Presetto Clk T Recovery Time — 10 — ns

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

SWITCHING WAVEFORMS

INPUTS, 10,
REGISTERED Em sy m(».m mwr)(}O(vmo INPUT ><><><><vmo INPUT M
- = 1°“§E -
CLOCK CONTROL < X )
2— 5§
REGISTERED
R N % N
7 l——13 —»
ANY INPUT PROGRAMMED L
FOR ASYNCHRONOUS X
PRESET/RESET CONTROL Pty
PROGRANMED VATD \|/ VALD
FOR OE CONTROL pisaBLE JK_ENABLE
1 3= 3+

; L] b

COMBINATIONAL
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ELECTRICAL CHARACTERISTICS GAL20RA10-20L commercial
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION ~ | MIN. |TYP. | MAX. | UNITS
VoL Output Low Voltage loL = Max. — | — o5 |V
VOH Output High Voltage loH = Max. 24 | — | — v
liL, lvoraL! | Leakage Current Low ViL =0V — | — |-100 | pA
IiH, IVO/QH! |  Leakage Current High ViH23.5V : — | — |10 |pA
los? Output Short Circuit Current Vec=5V Vour=05V T=25°C |-50 | — |-135 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fiogge = 1I5SMHz| — 75 {100 | mA

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

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

DC RECOMMENDED OPERATING CONDITIONS GAL20RA10-20L Commercial
SYMBOL PARAMETER MIN. MAX. |[UNITS
TA Ambient Temperature 0 75 °C
Vce Supply Voltage 475 5.25 v
VIiL Input Low Voltage Vss—05| 0.8 v
VIH Input High Voltage 20 | Vec+t v
loL Low Level Output Current — 8 mA
IoH High Level Output Current - -3.2 mA
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SWITCHING CHARACTERISTICS GAL20RA10-20L Commercial
o Over Recommended Operating Conditions
PARAMETER| # FROM TO DESCRIPTION cToE,fg 1| MIN. | MAX. | UNITS

tpd 1 1, 110 o Input or Feedback to Combinational Output 1 — 20 ns

tco 2 1,10 Q Input Clock to Registered Output 1 — 20 ns

tenvdis 3 LW o,Q Input to Output Enable/Disable 2,3 — 20 ns

tensdis 4 | 0,Q Pin 13 to Output Enable/Disable 23 - 15 ns

tar/ap 5 I, 110 Q Asynchronous Register Reset/Preset 1 — 20 ns

1) Refer to Switching Test Conditions section.

PARAMETER| # DESCRIPTION ceoT | N, | Max. | uniTS

f 6 Clock Frequency without Feedback' = 1/(t,,+1,) — 0 417 MHz

X 7 | Clock Frequency with Feedback! = 1/(t,+t_) - 0 | 333 | MHz
tsu 8 Setup Time, Input or Feedback, before Clk T — 10 — ns
th 9 | Hold Time, Input or Feedback, after Clk T — 0 - ns
10 Clock Pulse Duration, High? — 12 — ns
tw 11 Clock Pulse Duration, Low? — 12 — ns
trpw 12 Asynchronous Reset/Preset Pulse Duration — 20 — ns
trec 13 Asynchronous Reset/Preset to Clk T Recovery Time — 12 — ns

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

SWITCHING WAVEFORMS

REGISTERED e aa: XZ><VAL|D INPUT> <><><.VALID INPUT >O<X><vn.m INPUT W
ANY INPUT 2 e 10—;E‘1 1—=
L] X X X
t 6
X

2— la— 5 —|
REGISTERED /
OUTPUTS K
7 l——13 —=]
ANY INPUT PROGRAMMED YV
FOR ASYNCHRONOUS >'\
PRESET/RESET CONTROL
T
PHO?E’;'AII::‘EJD VALID VALID
FOR OE CONTROL DISABLE ENABLE
1 3> 3+

" Ao b

COMBINATIONAL L
surmirs L X XX XXX
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ELECTRICAL CHARACTERISTICS GAL20RA10-20L Industrial
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Low Voltage loL = Max. — | — |o5 |V
VOH Output High Voltage loH = Max. 24 | — | — |V
liL, lvo/QL' | Leakage Current Low ViL= 0V — | — |-100 | uA
liH, IVO/QH' | - Leakage Current High VH23.5V — | — |10 | pA
losz? Output Short Circuit Current Vec=5V Vour=05V T=25°C -50 | — |-135 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fioggle = 15MHz| — 75 120 | mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL20RA10-20L Industrial

SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature -40 85 °C
Vce Supply Voltage 45 55 v
ViL Input Low Voltage Vss-05| 0.8 v
VIH Input High Voltage 20 | Veett v
loL Low Level Output Current — 8 mA
IoH High Level Output Current — -3.2 mA
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‘ GAL20RA10 20L Industnal

s rsring artions

PARAMETER # | FROM | To | DESCRIPTION o o ’CTOENSJ_ || MIN. | MAX. |uNITS
_tpd 1 1,110 .0 ,Input or Feedback to Combinational Output A1 L — 20 ns
teo 2 Lo . | .. Q _ Input Clock to Registered Output B T N Y ns
tensdis 3| LW .. o, Q Input toOufputEnabIei/Dtsable Cot ’2’3:} — ] 20 | ns

tevsis |4 | 1 | 0, | Pin13toOutputEnableisable - | 23 | — | 15 | ns
tavap |5 | LWO | Q. Asynchronous Reglsier Reset/Preset b — | 20 | ns

1) Refer to Swliching Test Conditions'séction. -

PARAMETER| # |  DESCRIPTION | ggﬁg MIN. | MAX. | UNITS
i 6 Clock Frequency withput Feedbagk‘ = 1((twh+t ) o = -0 41 7 MHz
O T Glook Frequency wih Fesdbade = 1Att) | — | o | %as | whz
tsu 8 Setup Time, Input or Feedback, before Clk T o | - 10 — ns
Tt 9 | Hold Time, Input or Feedback, after Clk T~ o — 0 — | ns
10 |. Clock Pulse Duration; Higyi‘w2 ‘r ; o =12 ) — ns

e 1 Clock Pulse Duration, Low? ‘ o = “12 — ns
trow 12| Asynchronous Reset/Preset lsulse Duratlon ‘ o =] 20 — | ns
trec 13 Asynchronous Reset/Preset to Clk T Recovery Time N ) — 12 — ns

1) felk.is for refefence only.and is not 100% tested. Various paths and architecture configurations will resul( in dmenng felk speclfiwllons
2) Clock pulses of widths less than the specification- may be detected as valid clock signals.

SWITCHING WAVEFORMS

e R SXOOK R ST eSS SCmmmra (ST
ANY INPUT —— 8 9 el 1 0 1 1
PSR o ;\t X X X
2— | 6 ft— 5 —|
R XX X I ¢
7 tt—— {3 ——]
ANY INPUT PROGRAMMED % 2 | i
FOR ASYNCHRONOUS > N
PRESET/RESET CONTROL Do 1 2
ANY INPUT
FOR OF CONTROL DISABLE DK_ENABLE
1 3 = 3 -]

3 L] b

COMBINATIONAL
OUTPUTS

VAN
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ELECTRICAL CHARACTERITICS GAL20RA10-20L wilitary
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX. | UNITS
VoL Output Low Voltage 7 loL = Max. — | — | os
VOH Output High Voltage loH = Max. 24 | — | —
liL, lvoaL' | Leakage Current Low ViL=0V — | — |-100 | pA
lIH, lvorQH! Leakage Current High VH23.5V - — 10 pA
los? Output Short Circuit Current Vec=5V Vour=05V T=25°C -50 | — ([-135 [ mA
Icc Operating Power Supply Current V=05V ViH=3.0V fogge=15MHz| — | 75 | 120 | mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL20RA10-20L military
SYMBOL PARAMECTER MIN. MAX. |UNITS
Tc Case Temperature 55 125 °C
Vce Supply Voltage 45 55 v

ViL Input Low Voltage Vss-05| 0.8

VIH Input High Voltage 20 | Vectl v
loL Low Level Output Current — 8 mA
loH High Level Output Current - -3.2 mA
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SWITCHING CHARACTERISTICS GAL20RA10-20L wmilitary
Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION CLESJ 1| MIN. [ MAX. | UNITS
tod 1 |, /0 o Input or Feedback to Combinational Output | 1 —_ 20 ns
tco 2 |, 110 Q Input Clock to Registered Output 1 — 20 ns
fendis |3 | LI1O o,Q Input to Output Enable/Disable 23 — 20 ns
tondis | 4 | o Xe Pin 13 to Output Enable/Disable 23 = 15 ns
tavap | 5 |, 1O | Q Asynchronous Register Reset/Preset ' 1 — 20 ns

1) Refer to Switching Test Conditions section.

ACRECOMENDED OPERATING CONDITIONS

GAL20RA10-20L military
PARAMETER| # DESCRIPTION oosT | N, | max. |uniTs
f 6 Clock Frequency without Feedback’ = 1/(t,,.+t,) . — 0 41.7 | MHz
* 7T oo Frequency with Feedback' = 1/t_,+1_) - 0o | 333 | MHz
tsu 8 Setup Time, Input or Feedback, before Clk T ] — 10 - ns
th 9 Hold Time, Input or Feedback, after Clk T — 0 —_ ns
10 Clock Pulse Duration, High? — 12 — ns
W T Glook Pulse Duration, Lows =] 2] = [ ns
trpw 12 Asynchronous Reset/Preset Pulse Duration — 20 - ns
trec 13 Asynchronous Reset/Presetto Clk T Recovery Time - 12 — | ns

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

| SWITCHING WAVEFORMS I N .
REGISTERED FEEDBACK XX><VN.ID:NPUT><><XVM.MNNT ><><>O<vu.lompu‘r W
8

ANY INPUT 3+ 10 T1 1—
ProonameDFon X X X
X

22— |t— 5 —»]
- X X X
7 lt—— 13—
ANY INPUT PROGRAMMED V
FOR ASYNCHRONOUS >'\
PRESET/RESET CONTROL ; L— 12 ‘%
Pm";vlmg; \ VALID VALID
FOR OE CONTROL DISABLE ENABLE
1 3 » 3 -

: Lo b

COMBINATIONAL
aimirs XXX XXX

7N\
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OUTPUT LOGIC MACROCELL ARCHITECTURE

The GAL20RA10 has eight product terms for each of the ten avail-
able OLMCs. Four of the product terms are used for generating
the logic function. The remaining four product terms control asyn-
chronous reset, asynchronous preset, clock and output enable
individually for every OLMC. Each OLMC can also be individu-
ally configured as registered or combinational.

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

OUTPUT ENABLE

The output enable function of each:macrocell is controlled by a
dynamic "AND" function of a product term in each macrocell and
a common, active low /OE device pin. If product term control is
selected then all macrocells must be product term controlled as
the /OE device pin must be tied to a logic "O" for product term con-
trol to be effective.

REGISTER/ COMBINATIONAL CONTROL

Register control in each macrocell is dynamic through the use of
the individual Clock, Reset and Preset product terms. Macrocells
with both the Reset and Preset product terms held logic "1"
simultaneously will have register-bypass enabled for asynchro-
nous operation. Selection of the registered operating mode is
accomplished by not allowing both the Reset & Preset product
terms to be logic "1" simultaneously. Preset and Reset affect the
register on the rising edge of a logic "1" level of the appropriate
product term. Similarly, the data is clocked into the register on
the rising edge of the Clock product term. The GAL20RA10 has
a common register preload function controlled by the PL pin.

OUTPUT POLARITY

The output polarity can be individually programmed to be true or
inverting without any performance degradation, in either combi-
national or registered mode. This allows the user to reduce the
overall number of product terms required in a design and to invert

_ the output signal.

NOTE: Output polarity selection does NOT affect the behavior
of the OLMC's integral “D” flip-flop. The AR and AP prod-
uct terms will force the flip-flop to Reset/Preset regard-
less of the polarity of the output.

U

) >

XOR(n)

£

GAL20RA10 OUTPUT LOGIC MACROCELL (OLMC)

PL |OE
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OUTPUT LOGIC MACROCELL CONFIGURATIONS

D

xoRM) — D —
A XOR(n)
N
— ——
IPL 1OE OE ]
REGISTERED WITH POLARITY COMBINATIONAL WITH POLARITY
RESET/PRESET FUNCTIOALlTY ASYNCRHONOUS CLOCK °

The AR and AP product terms are sensed on the rising edge. In
addition, these pins control the selection of registered or combi-
national operating mode.

RESET | PRESET | FUNCTION
0 0 Registered function of data product terms|
1 0 Reset register to "0" (device pin = "1')
0 T Preset register to "1" (device pin = "0')
0 * Register-bypass (combinational output)
ELECTRONIC SIGNATURE

An electronic signature (ES) is provided with every GAL®220RA10
device. It contains 80 bits of reprogrammable memory that can
contain user defined data. Some uses include user ID codes,
revision numbers, or inventory control. The signature data is
always available to the user independent of the state of the
security cell.

SECURITY CELL

A security cell is provided with every GAL®20RA10 device as a
deterrent to unauthorized copying of the array patterns. Once pro-
grammed, this cell prevents further read access to the AND array.
This cell can be erased only during a bulk erase cycle, so the origi-
nal configuration can never be examined once this cell is pro-
grammed. The Electronic Signature is always available to the
user, regardless of the state of this control cell.

BULK ERASE MODE

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

A separate clock control product term is provided for each
+GAL20RA10 macrocell. The datais clocked into the register on
the rising edge of the clock product term. The use of individual
clock control product terms allows up to ten seperate clocks or
clock pins for a highly asynchrounous system, or through the use
of a common AND function driving several clock product terms
groups of registers can be clocked together.

LATCH-UP PROTECTION |

GAL®20RA10 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
pullup instead of the traditional p-channel pullups to eliminate any
possibility of SCR induced latching. :

INPUT BUFFERS

GAL®20RA10 devices are designed with TTL level compatible in-
put buffers. These buffers, with their characteristically high
impedance, load driving logic much less than traditional bipolar
logic.

The buffers also possess active pull-ups within their input struc-
ture. As aresult; unused inputs and I/O's will float to a TTL "high"
(logical "1"), however, Lattice recommends that all unused inputs
and tri-stated /O pins be connected to an adjacent active input,

Ve or GND. - Doing this will tend to improve noise immunity and
reduce |, for the device.

z°

2

g @ -
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o -40. 1/

I

-3

£

60-
0.0 1.0 20 3.0 40 5.0
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REGISTER PRELOAD

I0E
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mL
Over Recommended Operating Conditions
PARAMETER| # FROM TO DESCRIPTION MIN. | MAX. | UNITS
tenidis | 4| 0ET o) Pin 13 to Output Enable/Disable — * ns
tsup 14 Vo /PLT Setup Time, Apply Preload Data before /PLT 15 — ns
tp 15| pLT nodata | Hold Time, after /PL T — 15 ns
twp 16 /PLY mLT Preload Pulse Duration — 15 ns

* Dabae ba Qusidalal,
SIS 10 Wi

TP P

TP o TP 1o ToLa_
Tig WiaiaviSniisuscs iauo.

The registers of the GAL20RA10 can be preloaded from the /O
pins to facilitate board-level (TTL-level) control for initialization and
testing of state machine designs. This capability can be used to
force the device into a particular state without lengthy sequenc-

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

POWER-UP RESET
b B
CLK :::ZXQ( VALID CLOCK SIGNAL
tRE:
MERL  TSTSTSTSTICOOh, Mo

Circuitry within the GAL20RA10 provides a reset signal to all reg-
isters during power-up. All internal registers will have their Q
outputs setlow after a specified time (t .. ; , 45us MAX). This
feature can greatly simplify state machine design by providing a
known state on power-up.

The timing diagram for power-up is shown above. Because of the

asynchronous nature of system power-up, some conditions must
be met to guarantee a valid power-up reset of the GAL20RA10.
First, the V. rise must be monotonic. Second, the clock input
must become a proper TTL level within the specified time (1.,
100ns MAX). The registers will reset within a maximum of t_..-
time. As in normal system operation, avoid clocking the device
until-all input and feedback path setup times have been met.
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GAL6001

High Performance E2CMOS®
Generic Array Logic™

FEATURES

« ELECTRICALLY ERASABLE CELL TECHNOLOGY
— Instantly Reconfigurable Logic
— Instantly Reprogrammable Cells
— Guaranteed 100% Yields

+ HIGH PERFORMANCE E2CMOS™ TECHNOLOGY
— Low Power: 90mA Typical
— High Speed: 12ns Max. Clock to Output Delay
25ns Max. Setup Time
30ns Max. Propagation Delay

+ UNPRECENTED FUNCTIONAL DENSITY
— 78 x 64 x 36 FPLA Architecture
— 10 Output Logic Macrocells
— 8 Buried Logic Macrocells
— 20 Input and I/0 Logic Macrocells

» HIGH-LEVEL DESIGN FLEXIBILITY
— Asynchronous or Synchronous Clocking
— Separate State Register and Input Clock Pins
— Functionally Supersets Existing 24-pin PAL®
and IFL™ Devices

« TTL COMPATIBLE INPUTS AND OUTPUTS

« SPACE SAVING 24-PIN, 300-MIL DIP

» HIGH SPEED PROGRAMMING ALGORITHM
» 20-YEAR DATA RETENTION

DESCRIPTION

Using a high performance E2CMOS technology, Lattice Semicon-
ductor has produced a next-generation programmable logic
device, the GAL6001. Having an FPLA architecture, known for
its superior flexibility in state-machine design, the GAL6001 offers
the highest degree of functional integration, flexibility, and speed
currently available in a 24-pin, 300-mil package.

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

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

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

FUNCTIONAL BLOCK DIAGRAM

ILMC | INPUT LOGIC MACROCELL
IOLMC| 110 LOGIC MACROCELL
BLMC | BURIED LOGIC MACROCELL
OLMC | OUTPUT LOGIC MACROCELL

INPUT /0/Q | BIDIRECTIONAL

by~ I1o

Copyright ©1990 Lattice Semiconductor Corp.  GAL, E2CMOS and UltraMOS are reg d

tor Corp. PAL is aregi of Ad

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

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

ICLK | INPUT CLOCK Vee POWER (+5)
OCLK | OUTPUT CLOCK | GND | GROUND
PIN DIAGRAM
Chip Carrier pIp
X 08 g newk 1 24[] Vee
- =esee i i
i : = ] ro/Q i vora
10 1 voiQ
1 GALeoo1 [l g GAL hioa
i TopView | i 6001 hioq
' h vo/a i 1vo/a
1 h vora i 1 vo/a
g h vora 1] [ vo/a
TE T T R ST T 1] 1 vo/a
F 2 g § § 1] 1 vorQ
GND [ 12 13[] oCLK
of Lattice Corp. Generic Array Logicis a of Lattice Semicond
d Micro Devices, Inc. IFL is a trademark of Signetics. The specifications and information herein are subject to change without notice.
March 1990
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ABSOLUTE MAXIMUM RATINGS"

Supply voltage V. -5t0 +7V
Input voltage applied........................... -2.510 Vg, +1.0V
. Off-state output voltage applied .......... -2.5t0 V, +1.0V
- Storage Temperature ............cococereveeeeneenes 65 to 125°C

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

SWITCHING TEST CONDITIONS

GND to 3.0V
3ns 10% - 90%

Input Pulse Levels

Input Rise and Fall Times

Input ﬁming Reference Levels 1.5V etd
Output Timing Reference Levels 1.5V
Output Load See Figure Rs
Tri-state levels are measured 0.5V from steady-state active
level.
FROM OUTPUT (O/Q) A TEST POINT
COMMERCIAL INDUSTRIAL MILITARY UNDER TEST l
R1 RZ R1 RZ R1 RZ c
300 | 390 300 | 390 390 | 750 Re -
AC Test Conditions:

Cond. 1) R, pertable; C = 50pF; R, per above table
Cond. 2) Active High R, =o; Active Low R, per table; ‘ P

CL = 50pF; R2 per above table CL INCLUDES JIG AND PROBE TOTAL CAPACITANCE
Cond. 3) Active High R, = <; Active Low R, per table; i

C, = 5pF; R, per above table

CAPACITANCE (T, =25°C, f = 1.0 MHz)

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

*Guaranteed but not 100% tested.
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GAL6001 LOGIC DIAGRAM
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ELECTRICAL CHARACTERISTICS GAL6001-30 Commercial
' Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage | — | — o5 |V
VOH Output High Voltage 24 | — | — v
i, hH Input Leakage Current — | — | 10 | pA
o Bidirectional Pin Leakage Current — | — | %10 | pA
los! Output Short Circuit Current Vee =5V Vour = Gnd -30 — |-130 | mA
lcc | Operating Power Supply Current ViL=0.5V ViH=3.0V foggle = 15MHz | — 90 150 | mA

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

- ommercia
DC RECOMMENDED OPERATING CONDITIONS GAL6001-30 C ial
SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature 0 75 °C
Vce Supply Voltage 475 5.25 v
VIL Input Low Voltage Vss—05| 0.8 %
VH Input High Voltage 20 |Veet! |V
loL Low Level Output Current — 16 mA
loH High Level Output Current — -32 | mA
SWITCHING WAVEFORMS
INPUT
o X X X
«—1,2,3 <——9-—:| —8
ASYNCHRONOUS _.If——
OUTPUT / N——
4,5 12 -
=13 = 18
ICLK ‘/%_2'2_\ 23 19—
INPUT
K X X =z —X
14 20 27
le— 16 ——]
ocLK e \ A ”\ 23
6
-t X —
le— 21 —f —17 28
SUM TERM .15 /
CLOCK y, , _\_/ 24 » 25—
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SWITCHING CHARACTERISTICS GAL6001-30 Commercial

Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION c.:,E,fg 1| MIN. | MAX. | UNITS
1 | (o] ILMC = Async, OLMC = Combinational 1 — 30 ns
tpa 2| o,Q o Feedback > O, OLMC = Combinational 1 _ 30 ns
3 | (o] ILMC = Latch, OLMC = Combinational 1 — 35 ns
4 ICLK T o ILMC = Reg, OLMC = Combinational 1 — 35 ns
teo 5 ICLK T : (0] ILMC = Latch, OLMC = Combinational 1 — 35 ns
6| OCLK?T Q OLMC = D/E Reg 1 — 12 ‘ns
7| STCLK?T Q OLMC = DReg STCLK 1 —_— 35 ns
ten 8| Lo 0.Q Output Enable, Z- 0,Q 2 — 25 ns
tdis 9 1, 110 0,Q Output Disable, 0,Q—Z 3 — 25 ns
tres 10 1, 1O Q Register Reset, Q— 1 1 — 35 ns
1) Refer to Switching Test Conditions section.
AC RECOMMENDED OPERATING CONDITIONS GAL6001-30 commercial
PARAMETER| # DESCRIPTION ggﬁg MIN. | MAX. | UNITS
fei 11-| Clock Freduency, OCLK or STCLK — 0 27 MHz
12 | Input Setup Time before ICLK { , ILMC = Latch ) — 25 —_— ns
13 | Input Setup Time before ICLK T, ILMC = Reg i — 25 — ns
tsu 14 | Setup Time, input or feedback, before OCLK T, OLMC = D/E Reg — 25 — ns
15 | Setup Time, input or feedback, before STCLK T, OLMC = DReg STCLK |  — 7.5 —_ ns: |
16 | Setup Time, ICLK T, before OCLK T, OLMC = D/E Reg — 30 —_ ns
17 | Setup Time, ICLK T, before STCLK T, OLMC = DReg STCLK —_ 15 —_ ns
18 | Hold Time after ICLK | , ILMC = Latch — 5 — ns
th 19 | Hold Time after ICLK T, ILMC = Reg — 5 - ns
20 | Hold Time after OCLK T, OLMC = D/E Reg — -5 —_ ns
21 | Hold Time after STCLK T, OLMC = DReg STCLK — 10 — ns
22 | ICLK or OCLK pulse duration, high —_ 10 — ns
23 | ICLK or OCLK pulse duration, low — 10 — ns
tw 24 | STCLK pulse duration, high — | 15 — ns
25 | STCLK pulse duration, low —_ 15 — ns
26 | Reset pulse duration — 15 — ns
trec 27 | Resetto OCLK Recovery Time - 20 - - ns
28 | Resetto STCLK Recovery Time — 10 —_ ns
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ELECTRICAL CHARACTERISTICS GAL6001-35 Commercial
Over Recommended Operating Conditions (Unless Otherwise Specified)

SYMBOL PARAMETER CONDITION MIN. |TYP. | MAX.[ UNITS
VoL Output Low Voltage — | — o5 |V
VOH Output High Voltage 24 | — | — s
I, H Input Leakage Current — | — | x10 | pA
lvorQ Bidirectional Pin Leakage Current — — | £10 | pA
los! Output Short Circuit Current Vee =5V - Vour = Gnd -30 | — |-130 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fogge = 15MHz | — 90 150 | mA

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

DC RECOMMENDED OPERATING CONDITIONS GAL6001-35 Commercial
SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Temperature : ' 0 75 °C
vce Supply Voltage 4.75 5.25 v
ViL Input Low Voltage Vss-05| 0.8 v
VIH Input High Voltage 20 Vece+1 v
loL Low Level Output Current — 16 mA
IoH High Level Output Current ! — -3.2 mA

SWITCHING WAVEFORMS

INPUT
o X X X
le—1,2,3 <—9“‘:| : 8
ASYNCHRONOUS Y S —
OUTPUT / ~
4,5 12 -
13 o] FS
ICLK 22 23 19 -
INPUT
o X X —2—X
~ 14 20 27
e 16—
OCLK A T 22—\ 23
6 11
REGISTERED
OUTPUT 4 10—
le— 21— 17 28
SUM TERM 15 T ' —
CLOCK A B N e vy e
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SWITCHING CHARACTERISTICS GAL6001-35 Commercial
Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION » C'E)E,f; 1| MIN. | MAX. | UNITS
1 | (0] ILMC = Async, OLMC = Combinational 1 - 35 ns
tpd 2 0,Q o Feedback - O, OLMC = Combinational 1 — 35 ns
3 | (o] ILMC = Latch, OLMC = Combinational 1 — 40 ns
4 ICLK T (o] ILMC = Reg, OLMC = Combinational 1 — 40 ns
teo 5 ICLK T .0 ILMC = Latch, OLMC = Combinational 1 — 40 ns
6 | OCLKT Q OLMC = D/E Reg 1 — 13.5 ns
7| STCLK?T Q OLMC = DReg STCLK 1 — 40 ns
ten 8 1, 110 0,Q Output Enable, Z—-> 0,Q 2 — 30 ns
tais 9 1, /0 0,Q Output Disable, O,Q—Z 3 — 30 ns
tres 10 I, 1O Q Register Reset, Q- 1 1 — 35 ns

1) Refer to Switching Test Conditions section.

AC RECOMMENDED OPERATING CONDITIONS GAL6001-35 Commercial

PARAMETER| # DESCRIPTION Jgs; MIN. | MAX. | UNITS
fei 11 | Clock Frequency, OCLK or STCLK — 0 229 MHz
12 | Input Setup Time before ICLK | , ILMC = Latch -— 3.5 — ns
13 | Input Setup Time before ICLK T, ILMC = Reg — 3.5 — ns
tsu 14 | Setup Time, input or feedback, before OCLK T, OLMC = D/E Reg — 30 i ns
15 | Setup Time, input or feedback, before STCLK T, OLMC = DReg STCLK — 10 — ns
16 | Setup Time, ICLK T, before OCLK T, OLMC = D/E Reg — 35 — ns
17 | Setup Time, ICLK T, before STCLK T, OLMC = DReg STCLK — 17 — ns
18 | Hold Time after ICLK ! , ILMC = Latch — 5 — ns
th 19 | Hold Time after ICLK T, ILMC = Reg — 5 —_ ns
20 | Hold Time after OCLK T, OLMC = D/E Reg — -5 — ns
21 | Hold Time after STCLK T, OLMC = DReg STCLK — 125 —_ ns
22 | ICLK or OCLK pulse duration, high — 10 — ns
23 | ICLK or OCLK pulse duration, low — 10 — ns
tw 24 | STCLK pulse duration, high — 15 — ns
25 | STCLK pulse duration, low —_ 15 — ns
26 | Reset pulse duration — 15 —_ ns
trec 27 | Resetto OCLK Recovery Time — 20 — ns
28 | Resetto STCLK Recovery Time : - 10 — ns
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INPUT LOGIC MACROCELL (ILMC) AND I/O LOGIC MACROCELL (IOLMC)

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

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

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

The Output and Buried Logic Macrocells are configurable on a
macrocell by macrocell basis. Buried and Output Logic Macro-
cells may be set to one of three configurations: combinational,
“D-type register with sum term (asynchronous) clock”, or “D/E-
type register.” Output macrocells always have 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 “D” XOR. Polarity selection is available for
BLMCs, since both the true and complemented forms of their
outputs are available in the AND array. Polarity of all “E” sum
terms is selected through the “E” XOR.

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

the GAL6001, external registers and latches are not necessary.

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

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

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

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

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

The three macrocell configurations are shown in the macrocell
equivalent diagrams on the following pages.
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ILMC AND IOLMC CONFIGURATIONS
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OLMC AND BLMC CONFIGURATIONS
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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 complemented forms). 64 product
terms serve as inputs to the OR array. There is a RESET PT; it
generates the RESET signal described in the earlier discussion
of Output and Buried Logic Macrocells. There are 10 output en-
ables, thus allowing device pins 14-23 to be bi-directional or tri-
state.

OR ARRAY

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

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

ELECTRONIC SIGNATURE

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

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

SECURITY CELL

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

BULK ERASE

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

REGISTER PRELOAD

When testing state machine designs, all possible states and state
transitions must be verified, not just those required during normal
operations. This is because in system operation, certain events
may occur that cause the logic to assume an illegal state: power-
up, brown out, line voltage glitches, etc. To test a design for proper
treatment of these conditions, a method must be provided to break
the feedback paths and force any desired state (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-
up instead of the traditional p-channel pull-ups to eliminate any
possibility of SCR induced latching.

INPUT BUFFERS

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

GAL6001 devices do not possess active pull-ups within their in-
put structures. As a result, Lattice recommends that all unused
inputs and tri-stated 1/O pins be connected to another active in-
put, V.., or GND. Doing this will tend to improve noise immunity
and reduce |, for the device.
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POWER-UP RESET

Vee

90% 7‘-
ov

[<+—1tpR
ICLK V,
STCLK Vi

tRESET
INTERNAL INTERNAL REGISTER
REG. Q N RESET TO LOGIC 0
OUTPUT OUTPUT = LOGIC 1

Circuitry 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 (t,.o.;, 451s). As aresult, 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.

DIFFERENTIAL PRODUCT TERM SWITCHING (DPTS) APPLICATIONS

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

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

DPTS restricts the number of product terms that can be switched

The timing diagram for power-up is shown above. Because of the
asynchronous nature of system power-up, some conditions must
be met to guarantee a valid power-up reset of the GAL6001. First,
the Vcc rise must be monotonic. Second, the clock inputs must
become a proper TTL level within the specified time (t,;, 100us).
The registers will reset within a maximum of t__.. . time. Asin
normal system operation, avoid clocking the device until all input
and feedback path setup times have been met.

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

Asoftware utility is available from Lattice Applications Engineering
that will perform this calculation on any GAL6001 JEDEC file. This
program, DPTS, and additional information may be obtained from
your local Lattice representative or by contacting Lattice
Applications Engineering (Tel: 503-681-0118 or 800-FASTGAL;
FAX: 681-3037).
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In-System Programmable
Generic Array Logic™

FEATURES

+ IN-SYSTEM-PROGRAMMABLE -—- 5-VOLT ONLY
— Change Logic "On the Fly" (in milliseconds)
— Nonvolatile E2 Technology

+ DIAGNOSTICS MODE FOR CONTROLLABILITY AND
OBSERVABILITY OF SYSTEM LOGIC

» HIGH PERFORMANCE E2CMOS® TECHNOLOGY
— 20 ns Maximum Propagation Delay
— Fmax =41.6 MHz
— 90mA MAX I

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

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

* 24-PIN 300-MIL DIP, AND 28-LEAD PLCC PACKAGING
» MINIMUM 10,000 ERASE/WRITE CYCLES

« DATA RETENTION EXCEEDS 10 YEARS

« ELECTRONIC SIGNATURE FOR IDENTIFICATION

« APPLICATIONS INCLUDE:
— Reconfigurable Interfaces and Decoders
— Copy Protection and Security Schemes
— "Soft" Hardware (Generic Systems)
— RFT™ (Reconfiguration For Test)
— Proprietary Hardware/Software Interlocks

DESCRIPTION '

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

The 24-pin ispGAL16Z8 is architecturally and parametrically
identical to the 20-pin GAL®16V8, but includes 4 extra pins to
control in-system programming. These extra pins are: data clock
(DCLK), serial data in (SDI), serial data out (SDO), and mode
control (MODE). These pins are not associated with normal logic
functions and are typically used for programming and for diagnos-
tics. Additionally, this 4-pin interface allows an unlimited number
of devices to be cascaded to form a serial programming and di-
agnostics loop.

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

Supply voltage V. -5t0 +7V
Input voltage applied.............cccu.n...... -2.51t0 V +1.0V
Off-state output voltage applied ..........=2.5t0o V. +1.0V
Storage Temperature ..........c..ccceveevenueeunncene —65 to 125°C

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

SWITCHING TEST CONDITIONS

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

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

COMMERCIAL INDUSTRIAL MILITARY
R, R, R, R, R, R,
200 390 200 390 390 750
AC Test Conditions:

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

Cond. 2) Active High R, = <; Active Low R, per table;
C,_ = 50pF; R, per above table

Cond. 3) Active High R, = «; Active Low R, per table;
C, = 5pF; R, per above table

+5V

FROM OUTPUT (O/Q)

UNDER TEST ’ TEST POINT

|

C.

Cu INCLUDES JIG AND PROBE TOTAL CAPACITANCE

CAPACITANCE (T, =25°C, f= 1.0 MHz)

SYMBOL PARAMETER MAXIMUM®* UNITS TEST CONDITIONS
C, Input Capacitance 8 pF Ve =5.0V,V,=2.0V
Cion 1/0/Q Capacitance 10 pF Vee =5.0V, Vo =2.0V

*Guaranteed but not 100% tested.

98



Lattice

Semiconductor Specifications ispGAL16Z8
Corporation™
ispGAL16Z8 LOGIC DIAGRAM
11—
2 2%"3'-’( PROGRAM CONTROL LOGIC MODE 23
\/ PROGRAM CONTROL SIGNALS V4
0 4 8 12 16 20 4 28 CLK
; e
3 — et <+
[ 1
; e 21
4 <
[ 1
E — %™ ®
2
5 p <
[ 1
| owe g, o
6 3 ‘:}._.__.‘
[ 1
| el L
7 >3 s !
[ T
; owe |, "
8 P = {
[ 1
: : oue $I %
9 —p A
[ 1
56
; owel g 1w
10 > ——
OE
A PROGRAM DATA (ROW/COLUMN DATA) A e g
" S&LK SHIFT REGISTER LATCH spo 14

— 13

99



Lattice
Semiconductor
Corporation™

Specifications ispGAL16Z8

ELECTRICAL CHARACTERISTICS
Over Recommended Operating Conditions (Unless Otherwise Specified)

iSpGAL16Z8-20L Commercial

SYMBOL PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage — | — o5 |V
VOH Output High Voltage 24 | — | — v
liL, liH Input Leakage Current — | — | %10 | pA
o Bidirectional Pin Leakage Current — — | 10 | pA
los! Output Short Circuit Current Vec =5V Vour=0.5V T=25°C -30 | — |[-150 | mA
Icc Operating Power Supply Current ViL=0.5V ViH=3.0V fiogge = 15MHz | — 75 90 | mA

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

DC RECOMMENDED OPERATING CONDITIONS iSpGAL16Z8-20L Commercial

SYMBOL PARAMETER MIN. MAX. | UNITS
Ta Ambient Temperature 0 75 °C
Vce Supply Voltage 475 525 | V
ViL Input Low Voltage Vss-05| 0.8 v
VIH Input High Voltage 2.0 Veesl | V
loL Low Level Output Current — 24 | mA
IoH High Level Output Current - -32 | mA

100



Semicondlctor Specifications ispGAL16Z8

V ispGAL16Z8-20L Commercial
Over Recommended Operating Conditions

PARAMETER| # FROM TO DESCRIPTION gg:g MIN. | MAX. | UNITS
tpd 1 1, 1O (o] Combinational Propagation Delay 1 20 ns
to |2| cwk Q Clock to Output Delay 1 2 15 | ns
ten 3 I, 110 o Output Enable, Z > O 2 — 20 ns

4 OE Q Output Register Enable, Z—~ Q 2 — 18 ns
tais 5 I,_l/f) (o] Output Disable, O > Z , 3 — 20 ns
6 OE Q Output Register Disable, Q —» Z 3 — 18 ns

ispGAL16Z8 Commercial

TEST

PARAMETER| # : DESCRIPTION : COND MIN. | MAX. | UNITS
f 7 Clock Frequency without Feedback' = 1/ e+ 1) 1 0 41.6 | MHz
clk
8 Clock Frequency with Feedback' =1/t +t_) 1 0 33.3 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK T — 15 — ns
th 10 |  Hold Time, Input or Feedback, after CLK 1 — 0 — | ns
t 11 Clock Pulse Duration, High? —— 12 — ns
W 12 Clock Pulse Duration, Low? — 12 — ns

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

SWITCHING WAVEFORMS
Fé’é?g‘:‘:"?( XE< NPT /<X>< VALID INPUT ><><><><vmompur W
" 12—

<10
= NI i
7 -
OF

REGISTERED Tri-State
oUTPUTS X X X
ANY INPUT
PROGRAMMED KXZ
FOR OE CONTROL

] 1
COMBINATIONAL
OUTPUTS
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ELECTRICAL CHARACTERISTICS ispGAL16Z8-25L Commercial
qur R’ecommendedy Operatlng Conditions (Unless Otherwise Specified) :

SYMBOL . PARAMETER CONDITION MIN. | TYP. | MAX.| UNITS
VoL Output Low Voltage — | — o5 |V
VOH Output High Voltage : 24 | — | — v
lie, bH Input Leakage Current . — | — | +10 | pA
lvor@ Bidirectional Pin Leakage Current — | — |10 | pA
los! Output Short Circuit Current Vec=5V Vour=0.5V T=25°C -30 | — [-150 | mA
Ilcc Operating Power Supply Current ViL= 0.5V ViH = 3.0V fiogge = 1I5SMHz | — 75 90 | mA

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

DC RECOMMENDED OPERATING CONDITIONS ispGAL16Z8-25L Commercial

SYMBOL PARAMETER MIN. MAX. |UNITS
TA Ambient Tempsiature 0 75 °C
Vce Supply Voltage 4.75 525 |V
ViL Input Low Voltage Vss—05| 0.8 v
VIH Input High Voltage 2.0 Veesl | V
loL Low Level Output Current - ' — 24 | mA
loH High Level Output Current , — -32 | mA
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SWITCHING CHARACTERISTICS

Over Recommended Operating Qondttlons

ispGAL16Z8-25L Commercial

PARAMETER| # FROM T0 DESCRIPTION ggzs MIN. | MAX. | UNITS
tpd 1 1,110 ] Combinational Propagation Delay 1 3 25 ns
o 2 CLK Q Clock to Output Delay 1 2 15 ns

3 I, 1O [¢) Output Enable, Z—» O 2 — 25 ns

fon 4 OE Q Output Register Enable, Z —> Q 2 — 20 ns
: 5| 110 o Output Disable,0>Z 3 — | 25 ns
lola 6 OE- Q Output Register Disable, Q — Z 3 — 20 ns

AC RECOMMENDED OPERATING CONDITIONS

ispGAL16Z8-25L Commercial

PARAMETER| # | DESCRIPTION . oot | MIN. | MAX. UNITS
i 7 Clock Frequency without Feedback® = 1/t +1,,) 1 0 333 | MHz
ok Clock Frequency with Feedback® = 1/t +1t.) 1 0 285 | MHz
tsu 9 Setup Time, Input or Feedback, before CLK T —_ 20 — ns
th 10 Hold Time, Input or Feedback, after CLK T — 0 — ns
11 Clock Pulse Duration, High? — 15 — ns
tw 12 Clock Pulse Duration, Low? — 15 — ns

1) felk is for reference only and is not 100% tested. Various paths and architecture configurations will result in differing fclk specifications.

2) Clock pulses of widths less than the specification may be detected as valid clock signals.

SWITCHING WAVEFORMS

]
FEEDBACK
11 12—

S 10>
CLK |/
7-

OE A t
a2 6. -4

X

X

REGISTERED > < Tri-State
OUTPUTS
ft—— § —]
ANY INPUT

sy SOOI

r—— 1
COMBINATIONAL
OUTPUTS

VAUD
DISABLE

VALID
ENABLE
3

Rt o

103




Lamce
Caporauon" '

Specifications ispGA‘L1 628

OUTPUT LOGIC MACROCELL (OLMC)

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

NOTE: See jspGAL16Z8 Programmer's Guide for additional in-

formation on in-system OLMC reconfiguration.

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

The outputs of the AND array are fed into-an OLMC, where each
output can be individually set to active high or active low, with

* either combinational (asynchronous) or registered (synchronous)

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

The six valid macrocell configurations, two configurations per
mode, are shown in each of the macrocell equivalent diagrams.
Pin and macrocell functions are detailed in the following diagrams.
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In the Registered architecture mode macrocells are configured Al registered macrocells share common clock and OE control
as dedicated, registered outputs or as IO functions. pins. Any macrocell can be configured as registered or /0. Up

: to 8 registers or up to 8 /O's are possible in this mode. Dedicated
Architecture configurations available in this mode are similar to input or output functions can be implemented as sub-sets of the

the common 16R8 and 16RP4 devices with various permutations I/O function.
of polarity, I/O and register placement. i

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

Registered Output with Programmable
Polarity

NOTES:

< Al lis can be individually igured to this
function.

« Polarity of the register input is programmable on a
macrocell by macrocell basis.

« Feedback into the AND array is from the Q signal of
the register with active low and active high feedback
paxhs prowded

lis have clock (pin 1) and
oommon OE (pin 13)

Combinational Input/Output with
Programmable OE and Polarity

NOTES:

- Al can be individually configured to this
function.
« The polarity of each macrocell is programmable on
a macrocell by macrocell basis.

= All macrocells have active high and active low
feedback of the output buffer and/or device pin data
into the AND array.

* When all 8 mac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>