
24
-P

in
 E

xc
lu

siv
e-

OR
 P

AL
 F

am
ily

m  National 
SjA  Semiconductor
Programmable Array Logic (PAL®) 
24-Pin Exclusive-OR PAL Family
G eneral Description
The 24-pin Exclusive-O R PAL fam ily con ta ins fou r industry- 
standard PAL arch itectu res optim ized fo r a spec ific  c lass o f 
app lica tions. N ational S em iconducto r’s advanced S chottky 
T TL  p rocess w ith  titanium  tungsten fusib le  links provides 
high-speed user-program m able  rep lacem ents fo r conven ­
tional S S I/M S I log ic w ith  sign ifican t ch ip -coun t reduction. 
Program m able log ic devices provide conven ient so lu tions 
fo r a w ide varie ty  o f app lica tion-specific  functions, including 
random  logic, custom  decoders, sta te  m achines, etc. By 
program m ing fusib le  links to  configure  A N D /O R  gate co n ­
nections, the  system  designer can im plem ent custom  logic 
as convenient sum -of-products Boolean functions. System  
proto typ ing and design ite ra tions can be perform ed qu ickly 
using these  o ff-the -she lf p roducts. A  large varie ty  o f p ro ­
gram m ing un its and softw are m akes design deve lopm ent 
and functiona l testing  o f PAL devices qu ick and easy.
The  PAL logic array has a to ta l o f 20 com plem entary inputs 
and 10 ou tpu ts generated by a single program m able  AND- 
gate  a rray w ith  fixed  OR-gate connections. D evice outputs 
are e ither taken  d irec tly  from  the  AND-O R functions (com bi­
natorial) o r passed through exclusive-O R ga tes and D-type 
flip -flops (registered). R egisters a llow  the  PAL device  to  im ­
p lem ent sequentia l log ic circuits. The  exclusive-O R  fu n c­
tions provide easy im plem entation o f the  “ ho ld ”  operation 
used in coun te rs and o ther sta te  sequences. TRI-STATE®

outputs fac ilita te  busing and provide b id irectiona l I /O  capa ­
bility. The exclusive-O R  PAL fam ily o ffe rs  a varie ty o f com bi­
natoria l and reg istered ou tpu t m ixtures, as shown in the  De­
vice Types tab le  below.
Series-A  devices have pow er-up rese t and register preload 
features available. On power-up, all reg isters are reset to  
s im plify sequentia l c ircu it design and testing. D irect register 
pre load is also provided to  fac ilita te  device testing. Security 
fuses can be program m ed to  preven t d irec t copying o f p ro­
p rietary logic patterns.

Features
■ A s fa s t as 30 ns m axim um  propagation delay 

(com binatorial)
■ Exclusive-O R function  fac ilita tes design o f coun te rs and 

sta te  sequences
■ U ser-program m able rep lacem ent fo r TTL logic
■ Large varie ty o f JE D EC -com patib le  program m ing 

equ ipm ent and design deve lopm ent softw are available
■ Fully supported by N ationa l P LAN ™  deve lopm ent 

softw are
■ Power-up rese t fo r reg is tered ou tpu ts (Series-A)
■ R egister pre load fac ilita tes device testing  (Series-A)
■ Security fuse preven ts d irec t copying o f logic patterns

Device Types Block D iagram — PAL20X10
D e vice
T y p e

D e d ica te d
In p u ts

R e g is te re d
O u tp u ts

(W ith  F e e d b ack)

C o m b in a to ria l

I /O s O u tp u ts

PAL20L10 14 — 6 2

PAL20X4 12 4 4 —

PAL20X8 12 6 2 —

PAL20X10 12 8 — —

S p e e d /P o w e r Versions

S erie s E xa m p le C o m m e rc ia l M ilita ry

tpD Ic c tpD Ic c
Standard PAL20L10 50 ns 165 mA 60 ns 165 mA

A PAL20L10A 30 ns 165 mA 35 ns 165 m A
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Standard Series (pal2ouo, pal2ox4, pal20X8, pal2oxioj

Absolute Maxim um  Ratings (Note 1)
If M ilitary /A ero sp ace  specified  devices are  required, 
please c on tac t the  N ational S em iconductor Sales  
O ffic e /D is trib u to rs  fo r availability  and specifications.
Supply V oltage (VCc) (N ote 2) - 0.5V to  +  7.0V
Input V oltage (N otes 2 and 3) - 1 ,5V to  +  5.5V
O ff-S ta te  O utput V oltage (N ote 2) -  1.5V to  +  5.5V
Input C urrent (N ote 2) - 3 0  m A to  +  5.0 m A
O utput C urrent (Io l ) + 1 0 0  mA

R ecom m ended O perating Conditions

S torage Tem perature  
A m bien t Tem peratu re  w ith 

Power A pplied 
Junction  Tem perature

—65°C to  + 1 50°C

— 65°C to  +  125°C
— 65°C to  + 1 50°C

Sym bol Param eter M ilitary Com m ercial Units
Min Norn M ax Min Norn M ax

V cc Supply V oltage 4.5 5 5.5 4.75 5 5.25 V

T a O perating Free-A ir Tem perature - 5 5 0 75 °C

Tc O perating Case Tem perature 125 °c

tw C lock Pulse W idth Low 40 20 35 20 ns

High 30 10 25 10 ns

tsu Setup T im e from  Input 
o r Feedback to  C lock 60 38 50 38 ns

tH H old T im e o f Input a fte r C lock 0 - 1 5 0 - 1 5 ns

fCLK C lock Frequency 
(N ote 4)

W ith Feedback 17.2 10.0 17.2 12.5 M Hz

W ithou t Feedback 33.3 14.3 33.3 16.7 M Hz

Electrical C haracteristics O ver R ecom m ended O perating C onditions (N ote 5)

Symbol Param eter T e s t Conditions Min Typ M ax Units

V|L Low Level Input V o ltage (N ote 6) 0.8 V

V|H High Level Input V o ltage (N ote 6) 2 V

V IC Input C lam p Voltage V c c  =  M in, I =  - 1 8  m A - 0 . 8 - 1 . 5 V

11L Low  Level Input C urrent (Note 7) V c c  =  Max, V| =  0.4V -0 .0 2 - 0 .2 5 mA

>IH H igh Level Input C urrent (Note 7) V c c  =  Max, V| =  2.4V 25 jliA

l| M axim um  Input Current V c c  =  Max, V| =  5.5V 1.0 m A

VOL Low  Level O utpu t Voltage V c c  =  M in ■o l  =  12 m A MIL 0.3 0.5 V
■o l  =  24 m A COM

V OH High Level O utpu t Voltage cIIoo>

Io h  =  - 2  mA M IL 2.4 2.9 V
Iq h  =  —3.2 m A COM

■OZL Low  Level O ff-S ta te  O utput 
C urrent (N ote  7)

V c c  =  Max V 0  =  0.4V - 1 0 0 jwA

■OZH High Level O ff-S ta te  O utput 
C urrent (N ote 7)

VCc  =  Max V 0  =  2.4V 100 jutA

■os O utpu t S hort-C ircuit Current 
(N ote 8)

V Cc  =  5V, V0  =  o v - 3 0 - 7 0 - 1 3 0 m A

■cc Supply C urrent V c c  =  Max, 

O utputs Open

20L10 90 165 m A
20X4, 20X8, 20X10 120 180
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Standard Series (P A L20L10,P A L20X 4,P A L20X 8,P A L20X 10) (Continued)

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: Some device pins may be raised above these limits during programming and preload 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 13 (DIP) are connected 
directly to the security fuses, and the security fuses may be damaged preventing subsequent programming and verification operations.
Note 4: fcLK with feedback is derived as (tcLK +  tsu)- 1 -

fcLK  w ith o u t fe e d b a c k  is d erive d  a s  (twLOW +  I w h ig h ) - 1 - 

Note 5: All typ ical va lu e s  a re  fo r V c c  =  5.0V a n d  Ta =  25'C.
Note 6: 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 7: Leakage current for bidirectional I/O  pins is the worst case between Iil and Iqzl or between Iih and Io zh -
Note 8: To avoid invalid readings in other parameter tests it is preferable to conduct the los test last. To minimize internal heating, only one output should be 
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent 
damage may result.

Sw itching C haracteristics O ver R ecom m ended O perating C onditions

Sym bol P aram eter T est C onditions
M ilitary Com m erical Units

Min Typ M ax Min Typ M ax

tpD Input o r Feedback to  
C om binatoria l O utput

C l  =  50 pF, S1 C losed 35 60 35 50 ns

tCLK C lock to  Registered 
O utput o r Feedback

C l  =  50 pF, S1 C losed 20 40 20 30 ns

tpZXG G Pin to  Registered 
O utput Enabled

C l =  50 pF, A ctive  High: S1 Open, 
A ctive  Low: S1 C losed 20 45 20 35 ns

tpXZG G Pin to  Registered 
O utput D isabled

C l  =  5 pF, from  Vo h '- S1 Open, 
from  V o l - S1 C losed

20 45 20 35 ns

tpzx i Input to  C om binatoria l O utput 
Enabled via P roduct Term

C l =  50 pF, A ctive  High: S1 Open, 
A ctive  Low: S1 C losed 35 55 35 45 ns

tpxz i Input to  C om binatoria l O utput 
D isabled via P roduct Term

C l =  5 pF, from  Vo h : S1 Open, 
from  Vq l : S1 C losed

35 55 35 45 ns

Test Load Schem atic o f Inputs and O utputs
EQUIVALENT INPUT TYPICAL OUTPUT

R1 =  390 
R2 =  750

R1 =  200 
R2 =  390
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Series---A (PAL20L10A, PAL20X4A, PAL20X8A, PAL20X 10A)

Absolute Maxim um  Ratings (Notei)
If M ilitary /A erospace  specified  devices are  required, 
please contact the  N ational S em iconductor Sales  
O ffic e /D is trib u to rs  fo r availability  and specifications.
Supply Voltage (V cc ) (N ote 2) - 0.5V to  +  7.0V
Input V oltage (N ote 2) - 1 .5V to  +  5.5V
O ff-S ta te  O utput V oltage (N ote  2) - 1 ,5V to  +  5.5V
Input Current (N ote 2) -  30 m A to  +  5.0 mA
O utput Current (Io l ) + 1 0 0  mA

Recom m ended O perating Conditions

Storage Tem perature  
A m bien t Tem perature  w ith 

Power Applied 
Junction Tem perature  
ESD To le rance  (N ote 3)

C ^a p  =  100 pF 
Rz a p  =  1 5 0 0 ft
T e s t M ethod: Human Body Model 
T e s t S pecifica tion: NSC SOP-5-028

— 65°C to  + 1 50°C

— 65°C to  + 1 25°C
— 65°C to  + 1 50°C

2000V

Symbol P aram eter M ilitary C om m ercial Units
Min Nom M ax Min Nom M ax

V C C Supply V oltage 4.5 5 5.5 4.75 5 5.25 V

Ta O perating Free-A ir Tem perature - 5 5 0 75 °C

T c Operating Case Tem perature 125 °c

tw C lock Pulse W idth Low 35 15 25 15 ns

High 20 7 15 7 ns

tsu Setup Tim e from  Input 
or Feedback to  C lock 40 20 30 20 ns

tH Hold T im e o f Input a fte r C lock 0 - 1 5 0 - 1 5 ns

f C L K C lock Frequency 
(N ote 4)

W ith Feedback 15.4 22.2 M Hz

W ithou t Feedback 18.2 25.0 M Hz

Electrical C haracteris tics Over R ecom m ended O perating C onditions (N ote 5)

Sym bol Param eter T e s t C onditions Min Typ M ax Units

V|L Low Level Input V o ltage (N ote 6) 0.8 V

V|H High Level Input Voltage (N ote  6) 2 V

V ic Input C lam p Voltage V c c  =  M in, I =  - 1 8  mA - 0 . 8 - 1 . 5 V

IlL Low Level Input C urrent (N ote 7) VCc  =  Max, V| =  0.4V - 0 .0 4 - 0 .2 5 m A

IlH High Level Input C urrent (N ote  7) VCc  =  Max, V| =  2.4V 25 juA

l| M axim um  Input C urrent VCc  =  Max, V| =  5.5V 100 jliA

VOL Low Level O utput Voltage V c c  =  Min Io l  =  12 mA M IL 0.3 0.5 V
Io l  =  24 mA COM

VOH High Level O utput Voltage V c c  =  Min Io h  =  “ 2 mA MIL 2.4 2.9 V
Iq h  =  ~  3-2 mA COM

l0ZL Low Level O ff-S ta te  O utput 
C urrent (N ote 7)

V c c  =  Max V0  =  0.4V - 1 0 0 /xA

!0ZH High Level O ff-S ta te  O utput 
C urrent (N ote 7)

V c c  =  Max V 0  =  2.4V 100 p,A

lo s O utput Short-C ircuit C urrent 
(N ote 8)

VCC =  5V, V0  =  o v - 3 0 - 7 0 - 1 3 0 m A

'CC Supply Current V c c  =  Max, 
O utputs O pen

20L10A 115 165 m A
20X 4A ,20X 8A , 20X10A 135 180
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Series— A (PAL20L1OA, PAL20X4A, PAL20X8A, PAL20X 1OA) (Continued)

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: Some device pins may be raised above these limits during programming and preload 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 13 (DIP) are connected 
directly to the security fuses, and although the input circuitry can withstand the specified ESD conditions, the security fuses may be damaged preventing 
subsequent programming and verification operations.
Note 4: fcLK with feedback is derived as (tci_K +  tsu)_1-

fcLK without feedback is derived as (tyvLOW +  *w high)_1- 
Note 5: All typical values are for Vcc =  5.0V and T *  =  25°C.
Note 6: 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 7: Leakage current for bidirectional I/O  pins is the worst case between l|i_ and Iozl or between Ijh and Io zh -
Note 8: To avoid invalid readings in other parameter tests it is preferable to conduct the los test last. To minimize internal heating, only one output should be 
shorted at a time with a maximum duration of 1.0 sec. each. Prolonged shorting of a high output may raise the chip temperature above normal and permanent 
damage may result.

Sw itching C haracteris tics O ver R ecom m ended O perating C onditions

Sym bol P aram eter T e s t Conditions M ilitary C om m erlcal Units
Min Typ M ax Min Typ M ax

tpD Input o r Feedback to  
C om binatoria l O utput

C l  =  50 pF, S1 C losed 23 35 23 30 ns

tCLK C lock to  Registered 
O utput o r Feedback

C l  =  50 pF, S1 C losed 10 25 10 15 ns

tpZXG G Pin to  Registered 
O utput Enabled

C l =  50 pF, A ctive  High: S1 Open, 
A ctive  Low: S1 C losed 11 25 11 20 ns

tpXZG S  Pin to  Registered 
O utpu t D isabled

Cl  =  5 pF, from  Vo h : S1 Open, 
from  V o u  S1 Closed

10 25 10 20 ns

tpzx i Input to  C om binatoria l O utput 
Enabled via  P roduct Term

C l  =  50 pF, A ctive  High: S1 Open, 
A ctive  Low: S1 Closed 19 35 19 30 ns

tpxz i Input to  C om binatoria l O utput 
D isabled via  P roduct Term

C l  =  5 pF, from  Vo h : S1 Open, 
from  Vq l : S1 C losed

15 35 15 30 ns

tRESET Power-Up to  Registered 
O utpu t High 600 1000 600 1000 ns

Test Load

R1 =  390 R1 =  200 
R2 =  750 R2 =  390

Schem atic o f Inputs and O utputs
EQUIVALENT INPUT TYPICAL OUTPUT
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Test W aveform s

CLOCK

DATA' 
INPUT ,

S et-U p and

___________________ 1

Hold

tSET-UP ' hold

______________ }O ) i —

•3V

-0V

■3V

-0V

HIGH-LEVEL 
PULSE INPUT ,

Pulse W idth  

_ _

LOW-LEVEL 
PULSE INPUT \ VT VT7^

3V

•OV

-3V

OV

P ropagation D elay Enable and D isable

VT =  1.5V
Cl Includes probe and jig capacitance.
In the examples above, the phase relationships between inputs and outputs 
have been chosen arbitrarily.

Sw itching W aveform s

INPUTS y y w  VALID INPUT

CLOCK / — V Jt-----------i  t ---------- \
G __________ /

* --------- \

'& K 'PXZG { PZXG
KLGISILKLU

OUTPUTS > ;  a ; _____________________s ____________________________________

PROGRAMMED (valid disable) [ VALID ENABLE X
SJAIt luNIKuL

' pxzi
-  —

■*— ' pzxi—*•
COMBINATORIAL V v Y Y '  

OUTPUTS______________ ’\A A A / c z
Pow er-U p R eset W aveform  (Series-A  only)

ov
y

REGISTERED

CLOCK
VIL

- — ' r es e t------ -

7Z/77///7Z//7/
C - .. . . . . . . . .

INTERNAL REGISTERS RESET TO LOGIC 0

<7777777777777

•The clock input should not be switched from low to high until after time tRESET-
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Functional Description
All o f the  24-pin Exclusive-O R PAL log ic arrays cons is t o f 20 
com plem entary input lines and 40 product-term  lines w ith  a 
program m able  fuse link a t each in te rsection  (1600 fuses). 
The p roduct term s are organized into ten  groups o f four 
each. Three  or four o f the  p roduct te rm s in each group con ­
nect in to  O R -gates to  p roduce the  ou tpu t log ic function , de­
pending on w hether the  ou tpu t is com binatoria l o r regis­
tered.
An unprogram m ed (intact) fuse  estab lishes a connection 
between an input line (true o r com plem ent phase o f an ar­
ray inpu t signal) and a p roduct term ; program m ing the  fuse 
rem oves the  connection. A  p roduct term  is satisfied (logica l­
ly true) w hile  all o f the  input lines connected  to  it (via unpro­
gram m ed fuses) are in the high log ic state. Therefore , if 
both the  true and com plem ent o f a t least one array input is 
le ft connected  to  a product line, tha t p roduct term  is a lways 
held in the  low  log ic sta te  (which is the sta te  o f a ll product 
term s in an unprogram m ed device). Conversely, if a ll fuses 
on a p roduct term  w ere program m ed, the  product term  
w ould be  held in the  high state.
The exclusive-O R PAL fam ily cons ists o f four device  types 
w ith d iffe ring  m ixtures o f com binatoria l and reg istered ou t­
puts. The 2 0 L 1 0 ,20X4, 20X8 and 20X10 a rch itectu res have 
0 ,4 , 8 and 10 registered outputs, respective ly, w ith  the  ba l­
ance o f the  10 outputs com binatoria l. A ll outputs are active- 
low  and have TR I-STATE capability .
Each com binatoria l output has a th ree  product-te rm  logic 
function, w ith  the  fourth  p roduct term  being used fo r 
TR I-STATE contro l. A  com bina to ria l ou tpu t is enabled w hile 
the TR I-STATE product term  is satisfied (true). C om binato ri­
al outputs a lso have feedback paths from  the  device pins

in to  the  logic a rray (except fo r tw o  outputs on the  20L10). 
This a llow s a pin to  perform  b id irectional I /O  or, if the  asso ­
cia ted log ic function  w ere  le ft unprogram m ed, the  output 
driver w ould  rem ain d isabled and the  pin cou ld  be used as 
an add itiona l ded ica ted  input.
For the  reg istered outputs, the  groups o f the  fou r product 
term s are segm ented  in to  tw o  O R-sum s o f tw o  p roduct 
term s each; w hich are then com bined by an exclusive-O R  
gate a t the  input o f the  D-type flip-flop. A ll registers are trig ­
gered by the  high-going edge o f the  c lock input pin. A ll reg­
istered outputs are con tro lled  by a com m on ou tpu t enable  
(G) pin (enabled w hile  low). The  output o f each reg is ter is 
a lso fed  back in to  the  log ic array via an internal path. Th is 
provides fo r sequentia l log ic c ircu its (state m achines, coun ­
ters, e tc.) w h ich can be  sequenced even w hile  the  ou tpu ts 
are disabled.
The 24-pin Exclusive-O R PAL Series-A  devices rese t all 
reg is ters to  a low  sta te  upon pow er-up (active-low  ou tpu ts 
assum e high log ic leve ls if enabled). This may sim plify se ­
quentia l c ircu it design and test. To ensure successfu l pow ­
er-up reset, V c c  m ust rise m onoton ica lly  until the  specified  
operating vo ltage  is a tta ined. During power-up, the  c lock 
input shou ld  assum e a valid, stab le  logic sta te  as early  as 
poss ib le  to  avo id  in terfering w ith  the  rese t operation. The 
c lock inpu t shou ld  a lso rem ain stab le  until a fte r the  pow er- 
up rese t opera tion  is com ple ted  to  a llow  the reg is ters to  
capture  the  p roper next sta te  on the  first high-going c lock 
transition.
As w ith  any T TL  log ic circuits, unused inputs to  a PAL de­
vice shou ld  be connected  to  ground, Vo l . Vo h . o r resistive- 
ly to  V cc- How ever, sw itch ing any input no t connected  to  a 
product term  o r log ic function  has no e ffect on its  output 
logic state.

2-68



2-69

24-Pin Exclusive-OR PAL Fam
ily



24
-P

in
 E

xc
lu

siv
e-

OR
 P

AL
 F

am
ily

28-Lead PLCC C onnection Conversion D iagram *

JEDEC PLCC D iagram  N on-JED EC  PLCC Diagram

is °

24-PIN  
DIP PIN 

NUMBERS —► B 0 0 nc 0 0 0

|~2l1 | /o  or Q 

| 20l  I/O  or Q 

[Til I/O  or Q 

NC

| T i1 I/O  or Q

fT7| I/O  or Q 

|Ti~| I/O  or Q

0  0  0  0  0  0  0

~25 | 01 I/O  o r 0

~24 | [0 I/O  o r Q

~23~| on I/O  or Q

n \ on I/O  or Q

~2t l qa I/O  o r Q

~20l QE I/O  o r Q

Tal NC

0  0  0  0  0  0  0
TL/L/9998-14

TL/L/9998-23

•For availability of old (Non-JEDEC) pinout, please contact your local National Semiconductor sales representative or distributor. PAL20L10 (Standard Series) is 
not available in the JEDEC pinout shown above.

Typical R eg istered  Logic Function W ithout Feedback

TL/L/9998-15

Typical R eg istered  Logic Function W ith Feedback

TL/L/9998-16
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Functional Description (Continued)

CLOCK FREQUENCY SPEC IF ICA TIO N
The c lock frequency (fcLk) param eter specifies the m axi­
mum speed a t w h ich a reg istered PAL device is guaranteed 
to  operate. C lock frequency is defined d iffe ren tly fo r the  tw o 
cases in which reg is te r feedback is used versus w hen it is 
not. In a data-path  type app lica tion, w here the logic func­
tions fed  into the  reg is ters are no t dependent on register 
feedback from  the  previous cycle  (i.e., based on ly on exte r­
nal inputs), the m inim um  required cycle  period (fci_K-1  w ith ­
out feedback) is defined as the  g rea te r o f the  m inimum 
c lock period (tyy high +  tyy low) and the  m inim um  “ data  
w indow ”  period (tsu  +  tn ). Th is assum es optim al a lignm ent 
between data inputs and the  c lock  input. In sequentia l logic 
app lica tions such as sta te  m achines, the  m inim um  required 
cycle  period (fci_K-1  w ith  feedback) is defined as tcLK +  
tsu- Th is provides su ffic ien t tim e fo r ou tpu ts from  the  regis­
ters to  feed back through the  log ic array and set-up on the 
inputs to  the  reg is ters before  the  end o f each cycle.

Output R egister Preload (Series-A)
The pre load function  a llow s the  reg isters to  be loaded asyn­
chronously from  data  p laced on  the  ou tpu t pins. Th is feature  
sim plifies device testing s ince any sta te  m ay be loaded into 
the reg isters a t any tim e during the  functiona l te s t se ­
quence. Th is a llow s com ple te  verifica tion  o f sequentia l logic 
circuits, including s ta tes tha t are norm ally im possib le o r d iffi­
cu lt to  reach. R eg iste r pre load is not an operational mode 
and is not in tended fo r board level testing  because e levated 
vo ltage levels are required. The  program m ing system  nor­
m ally provides the pre load capab ility  as part o f its functiona l 
test facility.
The reg is ter pre load procedure is as fo llows:
1. VCc  is raised to  4.5V.
2. Registered ou tpu ts are d isabled by raising output enable 

(G) to  V|H.
3. The desired data  va lues are applied to  all registered ou t­

put pins (V il  =  set, V ih =  reset).
4. DIP pin 10 (PCC pin 12) is pu lsed to  Vp, then back to  V||_. 

(VP =  18.0V ±0.5V ).

5. Data inputs are rem oved from  registered ou tpu t pins.
6. G is low ered to  V||_ to  enable  registered outputs.
7. The desired data  va lues are verified  at a ll reg is te red  ou t­

puts (Vo l  =  Set, Vo h  =  Reset).
Note: The minimum recommended time delay (to) between successive input 
transitions (including the Vp pulse width on DIP pin 8) is 100 ns.

Security Fuse
Security fuses are provided on all 24-pin Exclusive-O R  PAL 
devices which, w hen program m ed, inhib it any fu rthe r p ro­
gram m ing o r verifying operations. Th is fea ture  p reven ts d i­
rect copying o f proprietary logic patterns. The  security fuses 
should be program m ed on ly a fte r program m ing and ve rify ­
ing all o ther device fuses. R egister pre load is no t a ffected  
by the security fuses.

Design D evelopm ent Support
A  varie ty o f so ftw are too ls and program m ing hardw are is 
available to  support the  deve lopm ent o f designs using PAL 
products. Typical so ftw are packages accept B oo lean  logic 
equations to  define desired functions. M ost are ava ilab le  to 
run on personal com puters and generate  JE D EC -com pati- 
b le “ fuse m aps” . The industry-standard JED EC  fo rm at en ­
sures tha t the  resulting fuse-m ap files  can be dow n-loaded 
into a large varie ty o f program m ing equipm ent. M any so ft­
w are packages and program m ing units support a large va ri­
e ty o f program m able  logic products as w ell. The  P L A N tm  
softw are package from  N ational S em iconducto r supports all 
p rogram m able  logic products ava ilab le  from  N ationa l and is 
fu lly  JED EC -com patib le. PLAN softw are a lso  provides au to ­
m atic device se lection  based on the  des igne r’s Boolean 
log ic equations.
Detailed logic d iagram s show ing all JEDEC fuse-m ap ad­
dresses fo r the  24-pin Exclusive-O R PAL fam ily are p rovid­
ed fo r d irec t m ap editing and d iagnostic purposes. For a list 
o f cu rrent softw are  and program m ing support too ls  ava il­
able fo r these  devices, p lease con tact your loca l N ational 
S em iconducto r sales representa tive  or d is tributor. If de ­
ta iled spec ifica tions o f the PAL program m ing a lgorithm  are 
needed, p lease con tact the  N ational S em iconducto r Pro­
gram m able  D evice Support Department.

R egister Preload W aveform
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Ordering In form ation
The device num ber is used to  form  part o f a sim plified purchasing code w here a package type  and tem perature  range are 
defined as fo llows:

---------------- --------------------------------------- Program m able Array Logic Fam ily

----------------------------------------------N um ber o f A rray Inputs

------------------------------------- O utput Type:
H =  A ctive  High 
L =  A ctive  Low 
C =  C om plem entary 
R =  Registered 
X =  Exclusive-O R Registered 
P =  Program m able Polarity

-----------------------------N um ber o f Registered O utputs (or to ta l ou tpu ts if non-registered)

-------------------- S peed /P ow er Version:
No Sym bol =  50 ns 
A =  30 ns

------------ Package Type:
N =  24-Pin P lastic DIP 
J =  24-Pin Ceram ic DIP
V =  28-Lead P lastic Chip C arrier JEDEC Standard Pinout*

XV =  28-Lead PLCC Non-JED EC  Standard P inout*

—  Tem perature  Range:
C =  Com m ercia l (0°C to  +  75°C)
M =  M ilitary (~ 5 5 °C  to  +125°C )

PAL 20 X 10 A  N C
*For ava ilab ility o f PAL20L10 in PLCC package, please con tact your sa les o ffice.
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Logic Diagram  PAL20L10
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