National
Semiconductor

Programmable Array Logic (PAL®)

20-Pin Small PAL Family

General Description

The 20-pin Small PAL family contains nine popular PAL ar-
chitectures. The devices in the Small PAL family draw only
80 mA maximum supply current for standard power ver-
sions, and as little as 45 mA for Series A2 as compared to
180 mA in the 20-pin Medium PAL devices. These devices
offer speeds aa fast as 26 ns maximum propagation delay.
National Semiconductor’'s Schottky TTL process with titani-
um tungsten fusible links provides high-speed user-pro-
grammable replacements for conventional SSI/MS! logic
with significant chip-count reduction.

Pragrammable logic devices provide convenient solutions
for a wide variety of application-specific functions, including
random logic, custom decoders, state machines, etc. By
programming fusible links to configure AND/OR gate con-
nections, the system designer can implement custom logic

_ as convenient sum-of-products Boolean functions. System
prototyping and design iterations can be performed quickly
using these off-the-shelf praducts. A large variety of pro-
gramming units and software makes design development
and functional testing of PAL devices quick and easy.

The Small PAL logic array has between 10 and 16 comple-
mentary input pairs and up to 8 combinatorial outputs gener-
ated by a single programmable AND-gate array with fixed
OR-gate connections. The Small PAL family offers a variety
of input/output combinations as shown in the Device Types
table below. Security fuses can be programmed to prevent
direct copying of proprietary logic pattams.

Features

W As fast as 25 ns maximum propagation delay

B User-programmable replacement for TTL logic

u Large variety of JEDEC-compatible programming equip-
ment available

= Fully supported by National PLAN™ devslopment
software

® Security fuse prevents direct copying of logic patterns

Device Types
Device Dedicated Combinatorlal
Type inputs Outputs
PAL10HB/PAL10LS 10 8
PAL12H6/PAL12L6 12 6
PAL14H4/PAL14L4 14 4
PAL16H2/PAL16L.2 16 2
PAL16C1 16 1 Pair
Speed/Power Versions
Serles Example Commercial Mititary
tp | lcc | tep | lcc
Standard | PAL10OH8 | 35ns [ 90mA | 45ns | 90 mA
A PAL10HBA | 25 ns* | 90 mA | 30 ns* | S0 mA
A2 PAL10OHBA2 | 35ns* [ 45mA | 45ns | 45mA

*Except PAL16C1A tpg = 30 ns Commarcial, 35 ns Military.
PAL16C1A2 tpp = 40 ns Commercial.
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20-Pin Small PAL Family

Standard Series (PAL10H8, PAL12H6, PAL14H4, PAL16H2, PAL10LS, PAL12L6, PAL14L4, PAL16L2, PAL16C1)

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconducter Sales

Office/Distributors for availability and specifications.

Output Current (Iop)
Storage Temperature
Ambient Temperature

+ 100 mA
—65°Cto +150°C

Supply Voltage (Vcc) (Note 2) —0.5t0 +7.0v with Power Applied ~65°Cto +125°C
Input Voltage (Notes 2 and 3) —15t0 +55V Junction Temperature ~65°Cto +150°C
Off-State Output Voitage (Note 2) —1.5t0 +5.5V
Input Current (Note 2) ~30.0mAto +5.0 mA
Recommended Operating Conditions
Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 5.5 4.75 5 5.25 v
Ta Operating Free-Air Temperature —55 0 75 °C
Tc Operating Care Temperature 125 *C
Electrical Characteristics over Recommended Operating Conditions (Note 4)
Symbol Parameter Test Conditions Min Typ Max | Units
ViL Low Level Input Voltage (Note 5) 08 \)
ViH High Level Input Voltage (Note 5) 2 \'%
Vic Input Clamp Voltage Ve = Min, | = —18 mA -08 | —15 %
L Low Levsl Input Current Voo = Max, V| = 0.4V —002 | —-0.25| mA
iy High Level Input Current Voo = Max, V| = 2.4V 25 pA
Iy Maximum Input Current Vce = Max, V) = 5.5V 1 mA
VoL Low Level Output Voltage Vee = Min loL = 8 mA 0.3 0.5 \
VoH High Level Qutput Voltage Vce = Min loy = —2mA MIL 24 29 v
loy = —3.2mA COM
los Qutput Short-Circuit Current Vg = 5V, Vp = 0V _a0| —70 | —130 | ma
{Note 6)
Icc Supply Current Vce = Max, Outputs Open 55 90 mA

Note 1: Absolute maximum ratings are those values beyond which the device may be psrmanently damaged. Proper operation is nol guaranteed outside the
specified recommended operating conditions.
Note 2: Some device pins may be raised above these limils during programming operations according to the applicable specification.
Note 3: !t is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and %1 are connected
directly to the sacurity fuses, and the security fuses may be damaged preventing subsequent programming and verification operations.
Mote 4: All typical values are for Vo = 5.0V and Ty = 25°C.

Note 5: These are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 6: To avoid Invalid readings in other parameter tesls, it is praferable to conduct the lgg test last. To minimize internal heating, only one output should be
shorted at a time with 2 maximum duration of 1.0 second each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent
damage may result.
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Standard Series (PAL10HS, PAL12HS, PAL14H4, PAL16H2, PAL10LB, PAL12L6, PAL14L4, PAL16L2, PAL16C1)
{Continued)

SWItChlng Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military - Commercial Units
Min Typ Max Min Typ Max
tpD Input to Cutput CL = 50pF 25 45 25 35 ns
Test Load Test Waveform
5V Propagation Delay
INPUT vy oV ¥
R1 T ov
Yoy e = tonL 1 Vo
OUTPUT * MIL/COM IN=PHASE Vi | v
J_ OUTPUT o
“L " R < 1K OUT OF PHASE e
=1 Y,
| OUTRUT v v o
— — oL
TL/L/9895-2 TL/L/9995-3
Notes:
Vr = 1.5V

Cy includes probe and jig capacitance.

In the examples above, the phase relalionships between inputs and outputs
have been chosen arbitrarily.

Schematic of Inputs and Outputs

EQUIVALENT INPUT TYPICAL OUTPUT
Ve o ’ —o0 Yec

5k NOM. 400 NOM.

INPUT O—4

OUTPUT

1 -1
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20-Pin Small PAL Family

Series A (PAL10H8A, PAL12HBA, PAL14H4A, PAL16H2A, PAL10OLBA, PAL12L6A, PAL14L4A, PAL16L2A, PAL16C1A)

Absolute Maximum Ratings (note 1)

It Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

Office/Distributors for availability and specifications.
Supply Voltage (Vcp) (Note 2)
Input Voltage (Notes 2 and 3)
Off-State Output Veoltage (Notes 2)

Input Current (Note 2)

—051t0 +7.0V
—1.5t0 +5.5V
—1.5t0 +5.5V
—30.0mAto +5.0mA

Output Current {Ig)
Storage Temperature

Ambient Temperature
with Power Applied

Junction Temperature

Recommended Operating Conditions

+100 mA
—65°Cto +150°C

—85°Cto +125°C
—85°Cto +150°C

Symbol Parameter Military Commercial Units
Min Nom Max Min Nom Max
Yeo Supply Voltage 45 5 55 475 5 525 Vv
Ta Operating Free-Air Temperature —-55 0 75 °C
Tc Operating Case Temperature 125 °C
Electrical Characteristics over Recommended Operating Conditions (Note 4)
Symbol Parameter Test Conditions Min Typ Max | Units
ViL Low Level Input Voltage {Nots 5) 08 v
VIH High Level Input Voitage (Note 5) 2 v
Vi Input Clamp Voltage Voo = Min, 1= —18mA -0.8 -1.5 v
li Low Level Input Current Voo = Max, Vp = 0.4V —0.02 | -025 | mA
K High Level Input Current Voo = Max, V| = 2.4V 25 BA
I Maximum Input Current Ve = Max, V) = 5.5V 1 mA
VoL Low Level Output Voitage Voe = Min loL = 8 mA 0.3 05 Vv
VoH High Level Output Voltage Voo = Min loH = —2mA MIL 24 29 v
lon= —32mA | coMm
los Output Short-Circuit Current Voo = 5V, Vg = 0V 30! —70 _130 | ma
{Note 6)
lce Supply Current Voo = Max, Qutputs Open 55 90 mA

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. Proper operation is not guaranteed outside the
specified recommended operating conditions.

Note 2: Same davice pins may be raised above these limits during programming operations according to the applicable specification.
Note 3: It is recommended that precautions be taken to minimize electrostatic discharge when handling and testing this product. Pins 1 and 11 are connected
directly to the security fuses, and the securily fuses may be damaged preventing subsequent programming and verification operations.
Note 4: All typical values are for Vog = 5.0V and Tp = 25°C.

Note 5: These are absolute voltages with respect 10 the ground pin on the device and include all overshoots due 1o system and/or tester noise. Do not attempt to
test these values without suitable equipment.

Note 6: To avoid Invalid readings in other parameter tests, it is preferable to conduct the lgg test last. To minimize intarnal heating, only one output should be
shorted at a time with a maximum duration of 1.0 second each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent
damage may result.



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

Series A (PAL10HBA, PAL1ZHEA, PAL14H4A, PAL16H2A, PAL10LSBA, PAL12L6A, PAL14L4A, PAL16L2A, PAL16C1A)

{Continued)

Switching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Military Commercial Units
Min Typ Max Min Typ Max
tpp Input to Output CL = 50pF Except 16C1A 15 30 15 25 ns
16C1A 35 30 ns
Test Load Test Waveform
5v Propagation Delay
3y
R1 INPUT Yy Vr o
toLy towe e Vo
outPUT MIL/COM IN-PHASE Vi Vr"g
I o / <50 OUTPUT . N VoL
€ R2 = HL LH [+
R2 = 1.1K OUT OF PHASE v
I OUTPUT vy “’T;l_ OH
= = VoL
TL/L/9895-2 TLIL/9895-3
Notes:
V1 = 1.8V

Schematic of Inputs and Outputs

C_ includes probe and jig capacitance.

In the examples above, the phase retationships between inputs and outputs
have been chosen arbitrarily.

EQUIVALENT INPUT TVPICAL OUTPUT
Yeo © Yee
$ 5ka NOM. 400 NOM.
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20-Pin Small PAL Family

Series A2 (PAL10HBAZ, PAL12HBA2, PAL14H4A2, PAL16H2A2, PAL10LBA2, PAL12L6A2, PAL14L4A2, PAL16L2A2,

PAL16C1A2)

Absolute Maximum Ratings (Note 1)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

+ 100 mA
—65°Gto +150°C

Qutput Current (igp)
Storage Temperature
Ambient Temperature

Supply Voltage (Vcc) (Note 2) —-05t0 +7.0V with Power Applied —65°Cto +125°C
input Voltage (Notes 2 and 3) —1.5t0 +5.5V Junction Temperature —85°C to + 150°C
Off-State Output Voltage (Note 2) —-15tp +55V
Input Current (Note 2) —30.0 mAto +5.0 mA
Recommended Operating Conditions
Symbol Parameter Mititary Commercial Units
Min Nom Max Min Nom Max
Vee Supply Voltage 4.5 5 55 475 5 5.25 v
Ta Operating Free-Air Temperature —55 o 75 °C
Tc Operating Case Temperature 125 °C
Electrical Characteristics over Recommended Operating Conditions (Note 4)
Symbol Parameter Teet Conditions Min Typ Max | Units
ViL Low Level Input Voltage (Note 5} 08 v
ViH High Level Input Voltage {(Note 5) 2 v
Vic Input Clamp Voltage Voc = Min, i = —18 mA -0.8 —-1.5 v
IiL Low Level Input Current Voo = Max, V| = 0.4V —-0.02| -0.25 [ mA
lH High Level Input Current Voo = Max, V| = 2.4V 25 pA
Iy Maximum Input Current Voo = Max, V| = 5.5V 1 mA
VoL Low Level Output Voltage Vce = Min loL = 8mA 0.3 0.5 Vv
VoH High Level Output Voltage Voo = Min loH= —2mA MIL 24 29 v
loH = —3.2mA COM
los Output Short-Circuit Current Voo = 5V, Vg = OV —30l —70 | —130 | mA
{Note 6)
lcc Supply Current Ve = Max, Outputs Open 28 45 mA

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

specilied recommended operating conditions.

Note 2: Some device pins may be raised above these limits during programming operations according to the appiicable specification.

Note 3: it is recommended that precautions be taken to minimize electrostatic discharge when handling and (esﬁnﬁ this product. Pins 1 and 11 are connected
directly to the security fuses, and the security fuses may be damaged preventing subsequent programming and verification operations.

Note 4: All typical values are for Voo = 5.0V and Tp = 25°C.

Note 5: Thase are absolute voltages with respect to the ground pin on the device and include all overshoots due to system and/or tester noise. Do not attempt to

test these values without suitable equipment.

Note 6: T avoid Invalid readings in other parameter tests, it is preferable to conduct the Igg tast last. To minimize internal heating, onty one output should be
shorted at a time with a maximum duration of 1.0 second each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent

damage may result.
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Series A2 (PAL10H8A2, PAL12HEA2, PAL14H4A2, PAL16H2A2, PAL10LBA2, PAL12L6A2, PAL14L4A2, PAL16L2A2,

PAL18C1A2) (Continued)

Swltching Characteristics over Recommended Operating Conditions

Symbol Parameter Test Conditions Milltary Co ¢ Units
Min Typ Max Min Typ Max
trp Input to Output Cy = 50pF Except 16C1A2 25 45 25 35 ns
16C1A2 45 40 ns
Test Load Test Waveform
sy Propagation Delay
v
INPUT Vr vﬁ‘ o
R tonpe =t = Vou
IN-PHASE vr | V¢
ouTPuT MIL/COM OUTPUT Vou
Rl = 560 to [ =1ty
o R2 1= OUT OF PHASE Vou
R2 = 1.1K OUTPUT Vi Vy
YoL
—_— — TL/L/9995-3
TL/L/9995-2 Notes:
V1 = 1.6V

Schematic of Inputs and Outputs

C includes probe and jig capacitance.
In the examples above, the phase relationships botwoen inputs and outputs
have been chosen arbitrarily.

EQUIVALENT INPUT TYPICAL OUTPUT
VCC o vOC
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20-Pin Small PAL Family

20-Pin Small PAL Family Block Diagrams—DIP Connections
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20-Pin Small PAL Family Block Diagrams—DIP Connections (continued)
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20-Pin Small PAL Family

20-Pin Small PAL Family Block Diagrams—DIP Connections (continued)
PAL16C1
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*Series-A parts arg not available in this package.
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Functional Description

The 20-pin Small PAL logic arrays consist of betwesn 10
and 16 complementary input lines and 16 product-term lines
with a programmable fuse link at each intersection (up to
512 fuses). The family consists of nine device types with
different numbers of combinatorial outputs. The 20-pin
Small PAL Family Block Diagrams show the number of
product tarms allocated to each output for each device. All
product terms allocated to each output connect into an OR-
gate to produce the sum-of-products output logic function.

An unprogrammed (intact} fuse establishes a connection
betwesn an input line (true or complement phase of an ar-
ray input signal) and a product term; programming the fuse
removes the connection. A product term is satisfied (logical-
ly true) while all of the input lines connected to it (via unpro-
grammed fuses) are in the high logic state. Therefore, if
both the true and complement of at least one array input is
left connected to a product line, that product term is always
held in the low logic state (which is the state of all product
terms in an unprogrammed device). Conversaly, if all fuses
on a product term were programmed, the product term and
the resuiting logic function would be held in the high state.
As with any TTL logic circuits, unused inputs to a PAL de-
vice should be connected to ground, Vg, Vo, or resistive-
ly to Voo However, switching any input not connected to a
product term or logic function has no effect on its output
logic state.

Security Fuse

Security fuses are provided on all National PAL devices
which, when programmed, inhibit any further programming

Ordering Information
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*Serigs-A is not available in the V-package.

or verifying operations. This feature prevents direct copying
of proprietary logic patterns. The security fuses should be
programmed only after programming and verifying all other
device fuses.

Design Development Support

A variety of software tools and programming hardware is
availabie to support the development of designs using PAL
products. Typical software packages accept Boolean logic
equations to define desired functions. Most are available to
run on personal computers and generate JEDEC-compati-
ble “fuse maps”. The industry-standard JEDEC format en-
sures that the resulting fuse-map files can be down-loaded
info a variety of programming equipment. Many scftware
packages and programming units support a wide variety of
programmable fogic products as well. The PLANTM software
package from National Semiconductor supports all pro-
grammable logic products available from National and is ful-
ly JEDEG-compatible. PLAN software also provides auto-
matic device selsction based on the designer's Boolean
logic equations.

Detailed logic diagrams showing all JEDEC fuse-map ad-
dresses for the 20-pin Small PAL family are provided for
direct map editing and diagnostic purposes. Contact your
local National Semiconductor sales representative or dis-
tributor for a list of current software and programming sup-
port tools available for these devices. Contact the National
Semiconductor Programmable Device Suppert Department
if detailed specifications of PAL programming algorithms are
needed.

Programmable Array Logic Femily
Number of Array Inputs
Output Type:

H = Active High

L = Active Low

C =Complementary

R =Registered

X =Exclusive=0R Registered

P =Programmable Polarity

Number of Outputs

Spead/Power Yersion:
No Symbol =35ns
A =25ns
A2 =35 ns, Haif Power
Package Type:
N =20-Pin Plastic DIP
J=20-Pin Ceramic OIP
V =20-Lead Plastic Chip Carrier
Temperature Range:
C =Commercial ?0°C to f75°Cg
M = Military (=55°C to #125°C

TL/L/9295-15
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20-Pin Small PAL Family

Logic Diagram PAL10H8

DIP PIN NUMBERS
l—PRODUCT LINE FIRST FUSE NUMBERS

INPUT LINE  DIP PIN
NUMBERS  NUMBERS

"
G
1 1 19 20
19
202 B —
2 .
—%
18
5020
3
17
10022 B >—

;

16
140120 B >—

5
15

!

200

4

220

;

240

i

260

;

280

300

— 00

J

TL/L/9995-16
Note: JEDEC Logic Array Fuse Number = Product Lina First Fuse Number + Input Line Number.
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Logic Diagram PAL12H6
DIP PIN NUMBERS INPUT LINE  DIP PIN
PRODUCT LINE FIRST FUSE NUMBERS NUMBERS  NUMBERS
l-o 468 10 12 14 1618 20224
113151719 (1t (13 (15 1718|2123 vec 20
1%
2 ! 19
! s
]
0 18
4824 B >——
72 i
17
120-28 B >—
—I3
16
165144
1%
15
216122 B:D—
S
14
264240
{3
288 13
32 »
336355 =
8 E :I 12
9 E :] 11
10 ol2l 4lel sl 1ol 121 14l 1818l 20l22
357 9 11 13 15 1719 2123

J

Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.

TL/L/9095-17
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20-Pin Small PAL Family

Logic Diagram PAL14H4

DiP PIN
DIP PIN NUMBERS INPUT LINE NUMBERS
PRODUCT LINE FIRST FUSE NUMBERS NUMB‘EIRS l
A
02 4 6 810 12 14 1618 2022 24 26 cC
113|579 13 15 17|19 |21|123 |25)27 i A
—Ts
: st
4
3 E J 19
—T% F—
i
0 17
28
%651 g\D
—3
[
2w Ep il
196
\
[
224 15
% 5o
336 » 14
392324 = >o——
420 =
7 E J 13
8 E J 12
—3 -
10 ol2/ 4161 8110112 14 16118| 20122} 24|26
13 57 91113 15 1719 2123 2527

:

Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.

TL/L/9995-18
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Logic Diagram PAL16H2

DIP PIN NUMBERS
PRODUCT LINE FIRST FUSE NUMBERS

11 (1315 17119 | 21)23 |25)27

02 46 8101214 1618 2022 2426 2830
113151719

INPUT LINE
NUMBERS

29131

DIP PIN
NUMBERS

VCC 20

.-

9

I

8

I

7

I

ULCULLLL)

15

T

UL

!

3

]

2

I

11

—

0
:L_

0l21 4161 81101121141 160
1357 911131517

Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.

81 201221 241281 28130
19 2123 2527

2931

%

TL/L/9895-18
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20-Pin Small PAL Family

Logic Diagram PAL10L8

DIP PIN NUMBERS INPUT LINE  DIP PIN
PRODUCT LINE FIRST FUSE NUMBERS NUMBERS  NUMBERS

02 4 6 8 10 12 14 16184 v \

W33 [7 19 0 |13 |'s [7pe ‘s 20

13

19
202 By So—
2 .
—37
18
g0 42 B do—
k] ~

(o]
o
~J

18
140120 B3] do—
] N
15
150160 B Do—
iy
14
220220 By Jo——
7 N
13
260242 B] >o—
8 "~
—13
12
300280 B >o——
4

TL/L/9995-20
Note: JEDEC Logic Array Fuse Number = Produci Line First Fuse Number + Input Line Number.
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Logic Diagram PAL12L6

DIP PIN NUMBERS

PRODUCT LINE FIRST FUSE NUMBERS

INFUT LINE  DIP PIN
NUMBERS  NUMBERS

02 46,8 10 .t remamdy
318 ¢ 20
5 —
2 | A 19
—LF &N—
r
0 = 18
-2 B Do——
) 5+
gy
17
120-28 B Do—
*py
16
168 144 B do—
13
15
216192 By >o—
LR
14
264240 B Jo—
13
r
288 = 13
312 =
336350 5
8 > 4
9 D 1"
10 ol2l 4l6l8] 10l 121 14l 18li8l 2022
1113 15 1719 212

-4

Note: JEDEC Logic Array Fuse Numbar = Product Line First Fuse Number + input Line Number.

TL/L/8985-21
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20-Pin Small PAL Family

Logic Diagram PAL14L4

DIP PIN
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TL/L/9995-22
Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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Logic Diagram PAL16L2

DIP PIN
DIP PIN NUMBERS INPUT LINE NUMBERS
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v
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Note: JEDEC Logic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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20-Pin Small PAL Family

Logic Diagram PAL16C1

DIP PIN NUMBERS INPUT LINE
PRODUCT LINE FIRST FUSE NUMBERS NUMBERS

02 46 8101214 1618 2022 2426 2830<J
I3 157 191t P35 (17119 {2123 |25[27 |29]31

DIP PIN
NUMBERS
Vcc: 216
‘I 19

UL L)

1

j 14

j 13

j 12

o2l 4161 81101 12114) 161181 201221 24126] 281301
13 57 9111315 1718 2123 2527 29 31

Note: JEDEC Lagic Array Fuse Number = Product Line First Fuse Number + Input Line Number.
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