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General Description

The EECMOS GAL22CV10 devices are fabricated using
electricaly erasable fioating gate technology. This program-
mable memory technology applied to array logic prowides
designers with reconfigurable logic and bipolar performance
at significantly reduced power levels.

The 24-pin GAL22CV10 features 10 programmable Output
Logic Macrocells (OLMCs) allowing each TRI-STATE® out-
put to be configured by the user. The GAL22CV10 1s also
cabable of emulating most popular 24-pin PAL® devices.
Programming 1s accomplished using popular hardware and
software tools. NSC guarantees a minimum of 100 erase/
write cycles.

Unique test circuitry and reprogrammable cells allow com-
plete AC, DC, cell, and functionality testing during manufac-
ture. Therefore, NSC guarantees 100% field programmabili-
ty and functionality of NSC GAL® devices. In addition, a
secunity circuit is built-in, providing proprietary designs with
copy protection.
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GAL22CV10-10 24-Pin Generic Array Logic Family

Features
| High performance EECMOS technology
— 10 ns maximum propagation delay
— 6 ns setup time delay
— TTL compatible 16 mA outputs
— 2000V ESD protection
B Reduced power
— lgc max = 130 mA @ 25 MHz
B Electrically erasable cell technology
— Reconfigurable logic
— 100% tested at manufacture
u Output Logic Macrocells (OLMCs)
— Maximum flexibility for complex logic design
— Programmable output polarity
— Emulates popular PAL devices
m Fully supported by National OPAL™ and OPALjr
development software as well as 3rd-party PLD
development tools
m Security cell prevents copying logic

Ordering Information

Generic Array Logic Family
Number of Array inputs
Output Type
CV = CMOS Variable
Number of Outputs
Speed
10 tpp = 10ns
L = Low Power
Package Type
N = 24-Pin Plastic DIP
V = 28-PnPLCC
M = 24-Pin SOIC

Temperature Range
€ = Commercial {0°C to +75°C)

4 1L L
AL 22 CV 10 - 0L MC

TRI STATE® 5@ of National ictor G
OPALT™ 18 a trademark of Natonal Semiconductor Corporation

GAL® 1s & of Lattice

PAL® 1s a registered trademark of and used under license from AMD inc

Block Diagram

L

2 +—> ~ >0Luc

L

HERERSaRERaREaNaRERERENE

E3
v
Va
3
N
L]

l
]

aLue

H
N

omc
P>

AND
ARRAY

oLMC

@

e

OLMC

I

F— r" ] oLuc

o

Sgies

[

— =

l OLMC

A EEEGMERFACE

(||j

TL/L/11812-1

©1993 National Semiconductor Corporation  TL/L/11812

B L50112k 00bL9817 387 MM

RRD-B20M103/PrintedinU S A

Ajweg 21607 Aetdy o1iduay uld-¥Z 0L-0LADZZTVD



Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required,

Lead Temperature

please contact the National Semiconductor Sales (Soldering, 10 seconds) 300°C
Office/Distributors for availability and specifications. ESD Tolerance 2000V
Supply Voltage (Vcc) (Note 2) —0.5Vto +7.0V Czap = 100 pF
Input Voltage (Note 2) —0.5V 1o Vg + 0.6V ?ZAtPM: ;5303 Sody Model

g _ est Method: Human Body Mode
Off-State Output Voltage (Note 2) 0.5Vio Vg + 0.6V Test spec.: NSC SOP-5-028
Output Current +100 mA
Storage Temperature —65°Cto +150°C
Recommended Operating Conditions

Symbol Parameter Commercial Units

Min Typ Max

Veeo Supply Voltage 4,75 5 5.25 \

Ta Operating Free-Ar Temperature 0 25 75 °C

4 Clock Rise Time 250 ns

t¢ Clock Fall Time 250 ns

trvee Vce Rise Time 250 ms
Electrical Characteristics
Symbol Parameter Conditions Commercial Units

Min Max
ViH High Level Input Voltage 2.0 Vee + 0.3 \%
ViL Low Level Input Voltage —-0.3 0.8 V'
Von High Level Output Voltage Ve = Min, Iy = —3.2mA 2.4 \
VoL Low Level Output Voltage Vee = Min, g = 16 mA 0.5 '
los Output Short Circuit Current Voe = 5.0V, Vg = 0.5V, Tp = 25°C
. —30 —135 mA
(One output, duration < 1 sec.)

(o] Input Capacitance Voo = 5.0V, Tp = 25°C, f = 25 MHz 6 pF
Ciro 1/0 Capacttance Veg = 5.0V, Tp = 25°C, f = 25 MHz 12 pF

specified recommended operating conditions

Note 2: Some device pins may be raised above these mits during programming and preload operations according to the applicable spectfication

Note 1: Absolute maximum ratings are those vaiues beyond which the device may be permanently damaged. Proper operation 1s not guaranteed outside the

M L50112kL 00LS818 213 N




AC Specifications

Commercial
Symbol Parameter Conditions (Note 3) GAL22CV10-10L Units
Min Max
tpp Input or F/B to Combinatorial S1 Open, G = 50 pF 10 ns
Output
tsu Input or F/B Setup Time 6 ns
before Clock
th Hold Time (Input after Clock) ns
toLk Clock to Registered Ouput or F/B S1 Open, C = 50 pF 8 ns
tcrB Clock to Registered F/B S$1 Open, C_ = 50 pF 7 ns
fMax Clock Frequency With Feedback 71 MHz
Without Feedback 125
w Clock Pulse Width (High/Low) Referenced at 10% and 90% 4 ns
tCYCLE Clock Period (with F/B} toycle = tsy t+ toik 12 ns
tpzH/L Input to Output Enable CL = 50pF 10 ns
tpzH/LZ Input to Output Disable CL = 50pF 11 ns
tap Input to Asynchronous Reset 13 ns
AR Asynchronous Reset
y 9 ns
Recovery Time
tRESET Power-Up to Registered S1Open, C_ = 50 pF 75 s
QOutput High ’ w
icc Supply Current f = 25 MHz, Vo = max, No Load 130 mA
Note 3: See AC test load
AC Test Load
¥ —C R1 = R2 — 5000
§ G = 50 pF
Al For
OUTPUT taa S1 open
tpzH/Hz S1 open
. A2 tpzL/Lz S1 closed
I Active to TRI-STATE measurement
- - level = active output level +0 3V
TL/L/11812-2
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Test Waveforms

Setup and Hold

Test inputs have nse and fall times of 3 ns 10%-90%

have been chosen arbitraniy

Switching Waveform

In the examples above, the phase relationships between inputs and outputs
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Power-Up Reset Waveform
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Functional Description

The GAL22CV10 logic array consists of a programmable
AND array with fixed OR-gate connections, similar to the
traditional bipolar PAL architecture. The logic array is orga-
nized as 22 complementary input hines crossing 132 *“‘prod-
uct term”’ hnes with a programmable EEPROM ceil at each
intersection (5808 cells). Each programmable cell may es-
tablish a connection between an input line (frue or comple-
ment phase of an array input signal) and a product term. A
product term is satisfied (logically true) when all of the input
nes “connected” to it are In the high logic state.

Of the 132 product terms, 130 are distributed among ten
“output logic macrocells™ (OLMCs) with a varying number of
terms allocated to each OLMC. For a given OLMC, 8, 10,
12, 14, or 16 product terms feed into an OR-gate to produce
each output value. This vaned distribution of product terms
among outputs allows more optimum use of device resourc-
es. One additional product term in each of the additional
OLMCs 1s used to control the associated TRI-STATE device
output. One global product term 1s used to control an asyn-
chronous reset and another global product term controls a
synchronous preset.

Under control of an OLMC, each output may be designated
either registered or combinatonal (non-registered). In the
registered output configuration, the logic function output
passes through a D-type flip-flop triggered by the nsing
edge of the clock input. Additionally, the logic function’s out-
put polarity may be designated active-tugh or active-low.
OLMC options such as these are selected by a set of pro-
grammable architecture control EEPROM cells. These cells
are normally configured automatically by the development
software or programming hardware.

The four possible output configurations of each OLMC are:
registered active-high, registered-active-low, combinatonal
active-high, and combinatonal active-low. The registered

TL/L/11812-8

configurations include an internal feedback path taken di-
rectly from the register output. The combinatorial configura-
tions include feedback from the 170 pin, thus allowing for
bidirectional I/0 or additional nput channels.

All registers in a GAL22CV10 dewvice are reset to the low
state upon powering up. Outputs, in turn, assume erther low
or high logic levels depending on the selected output polari-
ty. Power-up reset may simphfy sequential circuit design and
test by inttializing the device to a known state. To ensure
successful power-up reset, Voc must rise monotomically un-
til the specified operating voltage Is attained.

The GAL22CV10 includes a programmable security
EEPROM cell which, once programmed, prevents unautho-
nzed reading or copying of designs programmed into the
device.

Programmable Preset and Reset

The ten macrocell flip-flops share common programmable
preset and reset control for easy system initializatton. The Q
outputs of the register will go to the logic high state follow-
Ing a low-to-high transition of the clock input when the syn-
chronous preset (SP) product term is asserted. The register
will be forced to the logic low state independent of the clock
when the asynchronous reset (AR) product term 1s asserted.
Product term control allows preset and reset to be functions
of any combination of device inputs and output feedback.
The outputs will be high or low depending upon the polarity
option chosen.

Note that preset and reset control the flip-flop, not the out-
put. Thus, if active low polanty is selected, a synchronous
preset would produce low-level outputs, and an asynchro-
nous reset would produce high-level outputs (if enabled).

BN 6501126 0069821 808 mm
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GAL22CV10 Block Diagram—DIP and SOIC Connections
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PIN NUMBERS

EEE: HEE

28-Lead PLCC Connection Diagram
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FIGURE 2
The GAL22CV10 can accept fuse-maps prepared for other
C|OCK/|nPUt Frequency PAL22V10 devices. PAL22V10 fuse-maps can be created
Specmcatlons by any JEDEC-compatible PAL development software or by
The clock frequency (fcLk) parameter listed in the AC Spec- loading the fuse pattern from an existing programmed
sfications table specifies the maximum speed at which the PAL22V10 device into the programming unit (provided the
GAL22CV10 registers are guaranteed to operate. Clock fre- PAL device has not been secured).
quency is defined differently for the two cases in which reg- Detailed logic diagrams showing all JEDEC celi-map ad-
ister feedback 1s used versus when it 1s not. In a data-path dresses in the GAL22CV10 logic array and OLMC are pro-
type applhication, when the logic functions fed into the regis- vided for direct map editing and diagnostic purposes. Fig-
ters are not dependent on register feedback from the prewi- ures 3 and 4 show details of the OLMC and the programma-
ous cycle (1.e. based only on external inputs), the mimimum ble architecture cell combinations. Figure 5 shows the
required cycle period (foLk — 1 without feedback) is defined JEDEC logic diagram and details of all programmable cell
as the greater of the minimum clock penod (ty high + ty locations. For a list of current software and programming
low) and the mintmum “data window” period (tgy + tH). support tools available for these devices, please contact
This assumes optimal alignment between data inputs and your local National sales representative or distributor.
the clock nput. In sequential logic applications such as
state machines, the minimum reguired cycle period (tcycLE Security Cell
= fok™! vaf'th feedbacl;) 's defined fas tC'BK * sy Tht's A secunity cell is provided on all GAL22CV10 devices as a
?ég;lzzzkstlrj\réﬂe:ttrtzzgigrar?z;p:r:z sre()trn toﬁ t;‘eeg:rs]telzz tg deterrent to unauthorized copying of the array configuration
the registers besf;ore the end of each cyclep P patterns. Once programmed, the circuitry enabling array ac-
. cess is disabled, preventing further programming or verffica-
. tion of the array. The security cell can be erased only in
Des'Qn Development Support conjunction with the array during a bulk erase cycle, so the
A varniety of software tools and programming equipment are original configuration can never be examined once this cell
available to support the development of designs using is programmed.
GAL22CV10 products. Typical software packages, including
National's OPAL software, accept Boolean logic equations Bulk Erase
to define desired functions. Most are available to run on . .
. The programming equipment autornatically performs a bulk
Bersonal fomputers and genelzlate a JEE)EC-cqmpatnble erase operation prior to each programming operation. No
cell-map” (analogous to a PAL “fuse-map”). The industry- special erase operation need be performed by the user.
§tandard JEDEC lformat ensgrzs that the res:ltlng cefl-map Bulk erase clears the logic array, architecture cells and se-
gfu?:rrr::ri down-loaded into industry standard programming curity cell. The GAL device I1s thereby reverted back to its
) virgin state.
National strongly recommends using only approved pro- 9
gramming hardware Programming using unapproved equip-
ment generally voids all guarantees.
7




H cell and every logic path through every device is fully tested
Manufacturer TeStlng . for programmability, functionality and performance to all AC
Because of EECMOS technology, GAL devices can be re- and DC parameters. The customer can therefore expect
programmed. This allows each device to be completely test- 100% programming and functional yield and 100% compli-

ed by the manufacturer using numerous logic array and ar- ance of all GAL products to datasheet specifications.
chitecture patterns prior to shipping. Every programmable
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TABLE |

S1 S0 Output Configuration

Registered/Active Low
Registered/Active High
Combinatorial/Active Low
Combinatonal/Active High
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OLMC Selection Table

FIGURE 4-4. Combinatorial/Active High
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GAL22CV10 Logic Diagram

DIP/SOIC PIN NUNBERS
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Physical Dimensions inches (mitlimeters) (Continued)
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GAL22CV10-10 24-Pin Generic Array Logic Family

Physical Dimensions inches (milimeters) (Continued)
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LIFE SUPPORT POLICY

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustan life, and whose
faliure to perform, when properly used in accordance

V28A (REV J}

Lit # 104317-002

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

Santa Clara CA 95052-8090
Tel 1(800) 272 9959
TWX (910) 339 9240

Germany

Tal (0-81-41) 103-0
Telox 527649

Fax {0-81-41) 10 35-06

FAX 3 3299 7000

Shinjuku-Ku,
Tokyo 160, Japan
Tel 33299 7001

Tsimshatsui, Kowloon
Hong Kong

Tel {852) 737 1600
Telex 51292 NSHKL

Fax (B52) 736 9960

Cep 01451, Paulisiano
Sao Paulo SP Brazi
Tel (65-11) 212-5066

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
National Semiconductor National National National National Semiconductores National Semiconductor
Corporation GmbH Japan Ltd. Hong Kong Litd Do Brazit Lida. {Australia) Pty, Lid
2900 Drve 10 Sansaido Bldg 5F 13th Flcor, Straght Block Av. Bng Fana Lima, 1409 16 Business Park Dr
PO Box 58090 D-8080 Furstenfeidbruck 4-15-3 Nishi Shinjuku Ocean Centre 5 Canton Rd & Andar Notting Hill VIC 3168

Australia
Tei (3) 558-9999
Fax (3) 558 9998

Telex 391 1131931 NSBR BR

Fax (55-11) 212 1181

National does not assume any responsibility for use of any circurtry descnbed no circurt patent icenses are impliad and National reserves the night at any time without notice to chan
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