




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































PAL Design

22 23 24 25 26 27 28 29 30 31

18 19 20 21

17

14 15

12 13

9 10 11

7

= | [+ & [ f= = [& 3 = & & 5 [&
af G| [ J#] [ i B b [ [ +...u.* s [&
gje 7 [2 2l 8] 2 = 8 2 2 g &l 8| =
el [ ] 1] |2 || g |2 B B 2 3 g g g g
z[= 15 = 2l 2 e E 2 2 B B 2 B £
NE Iz g El g = 5] E] E g Bl lE 5| [
af= {=l = =] B B =z 18] 2 2 _m 2 2 £
z[= [=] g g| EHRERE = gl B B g B g [
al= 15 S 5 ENEREE E 5] B E B 3] s g
S E l#] [z 2 B B E B & B |2 g| g| gl £
al= B B B B B B A B B 3 B 2 El E 2
sl= B B = B B 3| = 2 g |2 g E Bl B B
2| B 2 o B 2 ] B =z 2 3 Q) 3 B 2 B
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FIGURE 3-61. Programming Format Sheet, PAL16A4.
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‘Application Suggestions

National
# Semiconductor

Application Suggestions

Using PALs, you may not only replace conven-
tional logic in existing products but also op-
timize the design of new products. The other
chapters of the book discuss the PAL concept
and provide information on the advantages
gained and the techniques used when design-
ing with PALs. This section shows practical ap-
plications 'that range from simple logic gate
replacements to complex control sequencers.

Each example is presented as a complete PAL
design, carried through step by step, from the
selection of the best PAL to solve the problem
to the writing of the
PALASM notation. In most cases, manual
coding is shown as well. This makes the ex-
amples complete enough for you to incor-
porate into your own system designs.

The uses to which PALS can be put are virtually
limitless. Let your imagination run wild!

EXAMPLE 1:
BASIC GATES

B=/A A—Po—

E=C+D —a—

H=F+G :D—
1

L=h+ 1+ JEDov—L
K

0O=M-IN To—

R=P:+:Q P
=P+/Q+/P+Q @

logic equations in’

Programmable Logic

Here is a list of the design ideas you’ll find in
the ensuing pages:

Example 1-BasicGates............ PAL12H6
Example 2-6-Bit Shift Register ..... PAL16R6
Control store sequencer ........... PAL16R4,
16R6
Memory-mapped /O .............. PAL16L2
8080 Control Logic for CPU Board ... PAL16L8
Hexadecimal Decoder & Lamp Driver. PAL16L8
Hex Keyboard Scanner ............ PAL16R4
Micro Floppy Control Logic......... PAL14H4
Between-Limits Comparator ....... PAL16X4,
16C1
Priority Encoder with Register ...... PAL16R4
Quad 3-line/1-line Data Selector . ... PAL14H4
4-Bit Counter with Multiplexing. .. .. PAL16R4
4-Bit Up/Down Counter with Shift ... PAL16X4
ALU Accumulator............ [P PAL16X4

PAL 12H6

cfi
o[2]
F[E
o[
[
NE]

o[

o[

o
ano [io

This example demonstrates how fusable logic can implement
the basic inverter, AND, OR, NAND, NOR, and exclusive-OR
functions. Note the one to one correspondence between con-
ventional logic symbology and PAL logic symbology. The
PAL12H6 is selected because it has 12 inputs and 6 outputs.
For this this example, the fuse pattern is generated using

20] Vee
19] A
e
7] e
[16] H
i5] o
1a] R
i3] L
[12]

11]J

N

a) PALASM
b) Manual Programming Format (BHLF) Manual Coding
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- vV iro U v

Basic Gates

PRODUCT TERMS (0-63)

0123 4567 839

INPUTS (0-31)

121

00

4252621 202320

Logic Diagram PAL12H6

Bl

0
1

I

1
"

F
G

i
25

—x
ME—_W

2
n

a0
4

0123 4587 a8

121

1817

02

4252827 28293001
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Application m:ommm:o:m

B A At~ U0 D0DDOD
B A~ Do
ROVt 0RO ®®mo®
OV B2 O 00

HEX FORMAT

By OVt et B 1100 00 0@
BOAAAS L0000
BLOA~A~— ~~0Q KD ®
O A~ U Qoo mo®
MO~ A A~ RO ®©©©©
[ R N e e W Rl <Vl RSN SN I N ]
LA~ A= O U®O000

Design Specification PAL12H6

MO A~~~ QOO ©
O e N R e Rl N SN SN SN - - N ]
LM A A~ ROV oo ®
By OVt e = ] B3 Q) 0O 0 0

PAL DESIGN SPECIFICATION

B A A A A~ — O ®®©©0®
[ O e R e R Rl 7H N SN SN - X N ]
[T O N e R Rl N PR SN SN - N -]
O A~~~ KO W0®DO®®

306

[ e e R R R Rl PR O N SN K- ]
MmO OO 0o

[T R N N e R N PN PR SN O N- I ]
B OVt e e T 21 ) 0 00 0

Bt T B QO 00 0@

THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO

IMPLEMENT THE BASIC GATES.

OOt~ U0 @o
BOV A e [ O 00 ®
B~ A [ B O 0o ®

Basic Gates

NP~ A N~ RO
B A~ A~ B O o0 ©

ca
CDFGMN PQIGNDJKLROHESBAVCC

C*D
F+G
0=/M*/N
P*/Q+/P*Q
/1+/3+/K
DESCRIPTION:

O e T WU 000 ®

MO AAA A~~~ RO OO 0o©

BASIC GATES EXAMPLE
NUMBER OF FUSES BLOWN

PALASM Output

PAL12H6
P0O0OS55A
S.V.
B=/A
E
H
R
L

MO A A~~~y oo oo

PALASM Output
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Application Suggestions

PALASM Output: Basic Gates

BHLHHF
BHHHHF
BHHHHF
BHHHHF
BHLLHF
. BLLLHF
BHLLHF
BHLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHLF
BHHHLF
BHHLLF
BHHLLF
BHHLLF
BHHLLF
BHHLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF

BHHHHF
BHHHHF
BHHHHF

-BHHHHF

BHLLHF
BHLLHF
BHLLHF
BHLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BHHHHF
BHHHHF
BHHHLF
BHHLHF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHLLF
BHHLLF
BHHLLF
BHHLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF

BHLHHF
BHHHHF
BHHHHF
BHHHHF
BHLLHF
BHHHHF
BHHHHF
BHLLHF
BLLLHF
BLLHHF
BLLHHF
BLLLHF
BLLLHF
BLLHHF
BLLHHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHHF
BHHHHF
BHHHLF
BHHLLF
BHHLLF

BHHLLF.

BHHLLF
BHLLLF
BHHLLF
BHHLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF

BHHHHF BLHHHF
BHHHHF BHHHHF
BHHHHF BHHHHF
BHHHHF BHHHHF
BHLLHF BHLLHF
BHHHHF BHLLHF
BHHHHF BHLLHF
BHLLHF BHLLHF
BLLLHF BLLLHF
BLLHHF BLLLHF
BLLHHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLHHF BLLLHF
BLLHHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BLLLHF BLLLHF
BHHHHF BHHHHF
BHHHHF BHHHHF
BHHHHF BHHLHF
BHHHHF . BHHHHF
BHHHLF BHHHLF
BHHHHF BHHHLF
BHHHHF BHHHLF
BHHHLF BHHHLF
BHHLLF BHHLLF
BHHLLF BHHLLF
BHHLLF BHHLLF
BHLLLF BHHLLF
BHLLLF BHLLLF
BHHLLF BHLLLF
BHHLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF
BHLLLF BHLLLF

BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHLLHF
BHLLHF
BHLLHF
BHLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BHHHHF
BHHHLF
BHHHHF
BHLHHF
BHHHLF
BHHHLF
BHHLLF
BHHHLF
BHHLLF
BHHLLF
BHHLLF
BHHLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF

BHLF Format PAL12H6

BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHLLHF
BHHHHF
BHHHHF
BHLLHF
BLLLHF
BLLHHF
BLLHHF
BLLLHF
BLLLHF
BLLHHF
BLLHHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF

'BLLLHF

BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BHEHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHHF
BHHHHF
BHHHLF
BHHLLF
BHHLLF
BHHLLF
BHHLLF
BHLLLF
BHHLLF
BHHLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF

BHHLHF
BHHHHF
BHHHHF
BHHHHF
BHLLHF
BHHHHF
BHHHHF
BHLLHF
BLLLHF
BLLHHF
BLLHHF
BLLLHF
BLLLHF
BLLHHF
BLLHHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BLLLHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHHF
BHHHHF
BHLHLF
BHHLLF
BHHLLF
BHHLLF
BHHLLF
BHLLLF
BHHLLF
BHHLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
BHLLLF
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PALASM Output: Basic Gates

Nounaswn-O
[o]
o
o
o]
o
Q
[
o
o
o
o
o

23 0000 0000 0000
24 ---- X-=- - 00
25 —mme —e- X-00

39 0000 0000 0000
40 —--= --oo - 00
41 mmme meee - 00

LEGEND: X : FUSE NOT BLOWN
0 : PHANTOM FUSE

1111
2345

0000
0000
0000
0000
0000
0000
0000
0000

--00
XX00
XX00
XX00
0000
0000
0000
0000

--00
XX00
0000
0000
0000
0000
0000
0000

--00
--00
0000
0000
0000
0000
0000
0000

-X00
XX00
0000
0000
0000
0000
0000
0000

--00
--00
0000
0000
0000
0000
0000
0000

--00
--00
--00
XX00
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

Fuse Plot PAL12H6

1111 2222 2222 2233
6789 0123 4567 8901

0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000

--00 =-00 =~-=-- -=--= /A
XX00 XX00 XXXX XXXX
XX00 XX00 XXXX XXXX
XX00 XX00 XXXX XXXX
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000

--00 --00 ---- ---- C*D
XX00 XX00 XXXX XXXX
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000

--00 --00 -=--- ----~ F
--00 --00 ---- ---- G
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000

-X00 --00 =--- ---- /M*/N
XX00 XXOO XXXX XXXX
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000

--00 X-00 -X-- ---- P*/Q
--00 -X00 X--- ---= /P*Q
0000 0000 0000 0000 ‘
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000

--00 --00 ---- -X-- /I
--00 --00 --~- === X /3
--00 --00 ---X ---- /K

XX00 XXO0 XXXX XXXX
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000

0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000
0000 0000 0000 0000

FUSE BLOWN (H,P,1)

0) :
,0) O : PHANTOM FUSE (H,P,1)
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a

LOCK

Q Go
o

-—

sL

6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS
D
»—ED)L—\

EXAMPLE 2:

St

suoi}sabbng uonesijddy
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Manual Coding: 6-Bit Shift Register

Logic Diagram PAL16R6

with Three-State Outputs

PRODUCT TERMS (0-63)

INPUTS (0-31)

o >

123 ] 1001 12131815 16171819 20212221 24252620 28293031

% Lau

2 LIRD

P

i
i
]

7

Do —i’ 3

?.
s

:
L
7

o %

20

n

; -E]
Y

; £ x =R 4 '

: = $°_ Q

; ; :

7

1]

Lﬁ!ﬂ

Qs

05'—te

2 RiLO

" E

i @“ ﬁ‘

1

0123 @567 891011 12131815 16171813 20212223 24252627 28232031

24171
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1

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

7

Manual Coding

NH3llvd
9HCLIVd

(e9-

(=)

) SWH3L 10Naoud

jeunod bujwwesboud

T A T T e T Y f,*_:,,,zw_«:,m,.. AR = M EN M MY
sf=RtzgR] B R ey e e ey Luii#én,iaﬁm_w ot ) o oot 2 ol e oo A o)
N N S A B N e A T T e e e e T E e S E B N e M T e e e
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PALASM Output: 6-Bit Shift Reglster Design Specification PAL16R6
with Three-State Outputs '

PAL16R6 PAL DESIGN SPECIFICATION
PAT0005

6~BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS

MMI, SV

CK SR DO D1 D2 D3 D4 D5 SL GND /E RILO Q5 Q4 Q3 Q2 Q1 Q0 LIRO VCC

IF(SR*/SL) /LIRO=/Q0

/Q0 := /SR*/SL*/Q0 + SR*/SL*/Ql + /SR*SL*/LIRO + SR*SL*/D0
/Ql := /SR*/SL*/Ql + SR*/SL*/Q2 + /SR*SL*/Q0 + SR*SL*/Dl
/Q2 := /SR*/SL*/Q2 + SR*/SL*/Q3 + /SR*SL*/Ql + SR*SL*/D2
/Q3 := /SR*/SL*/Q3 + SR*/SL*/Q4 + /SR*SL*/Q2 + SR*SL*/D3
/Q4 := /SR*/SL*/Q4 + SR*/SL*/Q5 + /SR*SL*/Q3 + SR*SL*/D4
/Q5 := /SR*/SL*/Q5 + SR*/SL*/RILO + /SR*SL*/Q4 + SR*SL*/D5
IF(/SR*SL) /RILO=/Q5

DESCRIPTION:

THE 6-BIT SHIFT REGISTER WILL HOLD , SHIFT RIGHT, SHIFT LEFT, OR LOAD
ON THE RISING EDGE OF THE CLOCK (CK).

THE THREE STATE OUTPUTS ARE HIGH-Z WHEN THE ENABLE LINE (/E) IS HIGH AND
ENABLED WHEN ENABLE LINE (/E) IS LOW.

! INPUTS ! UTPUTS !
! SL SR ! RILO ! LIRO ! CLOCK ! RILO ! Q5 Q4 Q3 Q2 Q1 Q0 ! OPERATION !
!LL ot X ot X ot L-H ! Zz ! 0504030Q20Ql0Q0! 2z ! HOLD !
t LH ! RI ! X ! L-H ! 2 1Rl Q504030Q20Ql ! Ql ! RIGHT SHFT!
! HL ! Xt LI ! L-H ! Q4 ! 0403020l Q0LI! 2 ! LEFT SHFT!
! HH ! X ' X 't L-H ! Zz ! D5 D4D3D2DID0! Z ! LOADD !
NUMBER OF FUSES BLOWN = 818

PALASM Output HEX FORMAT
ELFFFFFDFFFBFFFI7FFFFFFFFFFFFFOFF.
l1FFFFFFEFFFDFFFBFFFITIFFFFFFFFFLFF.
EOECEEEAEEEG6EEEEEEEEEEEEEEEEOETEE. .
OEEEECEEEAEEEG6EEEEEEEEEEEEEEOEEE.
0000000000000000000000000000000O0O0 .
0000000000000000060000000000000DODO.
0000000000000000000000000000000O0O0.
00000000000000000000000000000000.
FOFFFFFFFFFFFFFFFFFEFFFDFFFBT7EFF

8 FFFFFFFFFFFFFFFFFFFFFFEFFFSFB8FB.
707777177777777767775777377770777.
07777777777777777677757773770777.
0000000000000000000000000000000O0O0.
0000000000000000000000000000O00O00O0D0 .
00000000000000000000000000000000.
00000000000000000000000000000000.
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Application Suggestions

PALASM Output: 6-Bit Shift Register
with Three-State Outputs

BHHHLF
BHHHHF
BHHHHF
BHHHHF
BLLLHF
BHHHHF
4 BHHHHF
BHHHHF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF

BLLLLF'

BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHLLLF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BLLLHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BLLLLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHLHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BLLLLF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHLF
BLLHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BLLLLF

BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHHHHF
BHLHHF
BHHHHF
BHHHHF
BHHHHF
BHHLHF
BLHHHF
BHHHHF
BHHLLF
BLHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHLF
BHLHHF
BHHHHF
BHHHHF
BHHHHF
BLHLHF
BLHHHF
BLHHHF
BLHLHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHHHHF
BHHHHF
BHHHHF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BLLLHF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHLLF
BLHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHLLLF
BHHHHF
BHHHHF
BHHHHF
BHLLLF
BLHHHF
BLHHHF
BLHHEHF
BLHHHF
BLHHHF
BLHHHF
BLHLHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHLF Format PAL16R6

BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHHLHF
BLHHHF
BHHHHF
BHHHHF
BHHHLF
BHLHHF
BHHHHF
BHHHHF
BHLHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BLLLLF

BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHLHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHLHHF
BLHHHF
BLHHLF
BLLHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
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PALASM Output: 6-Bit Shift Register

with Three-State Outputs

0
1
2
3
4 XXXX
5
6
?

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
48 ~X-- ----
49 X---
50 ~X--
51 X---
52 XXXX
53 XXXX
54 XXXX
55 XXXX

XXXX
XXXX
XXXX
XXXX

56 -X--
57 ----
58 XXKX
59 XXXX
60 XXXX
61 XXXX
62 XXXX
63 XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

LEGEND: X

---X
XXXX
XXXX
KXXX
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

111
2345

XXXX
XXXX
XXX
XXXX
XXXX
XXXX

FUSE NOT BLOWN

AR

6789

2222 2

0123 4

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

---X

---X
XXXX
XXXX
XXXX
XXXX

X
XXXX
XXXX
XXXX
XXXX

---x
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

(L,N,0) -

2033
8901

-X--
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

-X--
~X--
X---
X---
XXXX
XXXX
XXXX
XXXX

%=
~X--
X--=
X=~-=
XXXX
XXXX
XXXX
XXXX

“X--

K-~
X=~==
X=~==
XXXX
XXXX
XXXX
XXXX

-X--
~X--
Xem=
X-=--
XXXX
XXXX
XXXX
XXXX

-X-=
~X--
X-==
X---
XXXX
XXXX
XXXX
XXXX

-X--
-X-X
X--=
X~--
XXXX
XXXX
XXXX
XXXX

-
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

FUSE BLOWN

Fuse Plot PAL16R6

SR*/SL
/00

/SR*/SL*/Q0
SR*/SL*/Q1
/SR*SL*/LIRO
SR*SL*/D0

/SR*/SL*/Q1
SR*/SL*/Q2
/SR*SL*/Q0
SR*SL*/D]

/SR*/SL*/Q2
SR*/SL*/03
/SR*SL*/Q1
SR*SL*/D2

/SR*/SL*/Q3
SR*/SL*/Q4
/SR*SL*/Q2
SR*SL*/D3

/SR*/SL*/Q4
SR*/SL*/Q5
/SR*SL*/Q3
SR*SL*/D4

/SR*/SL*/Q5
SR*/SL*/RILO
/SR*SL*/Q4
SR*SL*/D5

/SR*SL
/05

(H,P,1)
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Application Suggestions

CONTROL STORE SEQUENCER whereas the application described here is
. designed for use with a vertical control store
Solutions to control store sequencing are as gy ctyre. The vertical control store has narrow

varied as the problems that are solved by cqonirof fields and may share field functions to
microprogrammed hardware. The traditional jncrease efficiency. It is fast.

approach tends to be horizontally structured,

PAL16C1
—] o)
ZH 19
TesT | ———3H io}——
INPUTS H o
_____E\_ AND E______
GATE
_L_I_s‘ ARRAY)| E
T me
e =
—H £
. s H 12
o I —
SELECT
INPUTS
PAL16R4
CLK 1 —>- |:]
[RE -
]l COND
By gy L)
el
F——3H tol—78—ICOND
skiP——4H HH-{17 CSAD
SET 5H ano |
SET {=H P E$~1s CSA1
BAO EH CsAz
BA1 [TH SR aa ) CSA3
. ! 1D
BA2 =H —rer—al o
BA3 GH B
[ig g
CONTROL
©{ STORE
BRANCH PAL16R6 ADDRESS
ADDRESS _—u_h
1 HD— © [29]
> H q—l [ Ci
! e =
IaAa IH HH-{el CSA4
BAS 4 P (]} CSAS5
u |
BAG SH oW a1 CSA6
e I g e e csar
BA8 7H : Wakem L) CSA8
gA9——7 e i3} CSA9
= ¥
EH & IL_E
[ 11—
TSEN

Control Store Sequencer Logic Schematic.
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How It Works

This control store sequencer is designed to
use a minimum of control bits while providing
sufficient sequencing flexibility. Only three
bits are required for the basic sequencer con-

trol. They make three things happen:
CSA = CSA + 1 Increment control store address
CSA = CSA + 2 A sort of branch instruction
CSA = BA Load a branch address

The three control bits are SKIP, COND, and TF.

Skip defines whether the sequencer will skip
or load.

Cond is the condition that is tested to see if
the sequencer executed the operation defined
by Skip. :

TF defines whether Cond is tested true or
false.

Table  below lists all of the states ‘the se-
quencer can assume.

Sequeéencer States

Skip Cond TF Operation
0 0 0 Load
0 0 1 Increment
0 1 0 Increment
0 1 1 Load
1 0 0 Skip
1 0 1 Increment
1 1 0 Increment
1 1 1 Skip

There are two additional control bits, whose
use is left to your discretion. They are /SET and
/TSEN.

ISet is asynchronous preset that is usually us-
ed as a power-on reset; however, it may also be
used as a one-bit vector to the last ad-
dressable location during normal operation.

ITsen is the enable for the TRI-STATETM out-
puts. This has several possible uses, one of
which might be testing the hardware by the
method of disabling the outputs, then supply-
ing a test address from an external source.

The sequencer generates ten bits, which are
divided into two parts. The least-significant
four bits are constructed from a PAL16R4, and
control the skip operation. During a skip, the
state of the LSB is maintained and the next
three bits function as a three-bit binary
counter. During an increment, all four

least-significant bits function as a binary
counter. Carry out (/CO) is generated during
skip when CSA through CSA3 = 1, and during
increment when CSAg through CSA3 = 1.
Load (/LD) is also generated by the
least-significant part, as a function of COND
and TF. (See table below.)

/LD States
TF. Cond LD
0 0 0
0 1 1
1 0 1
1 1 0

The most-significant six bits are constructed
using a PAL16R6, functioning as a six-bit
binary counter with carry-in (Cl), synchronous
load (/LD), and synchronous set (/SET). There is
an extra pin that can bte used to generate
carry-out if you need more than ten bits.

System Integration

One of the first features that is desirable from a
system standpoint is the expansion of the
COND input to accommodate more than one
condition for testing. The can be done nicely
by using a 16C1 as a multiplexer. In this
scheme, four terms are used as input selects.
This leaves 12 terms to be used as condition in-
puts. This might seem wasteful at first, as 4
select terms could decode 16 inputs. Using the
PAL, however, it is only a superficial waste, and
the trade-off is the greater design flexibility
you have by comparison with a standard
multiplexer.

One COND output should be either true or
false in order to generate unconditional in-
crements, skips, or branches. The true or false
state needs only to be a function of the four
select terms, and doesn’t require a condition
input to be grounded or pulled up. Other func-
tions, such as AND, OR, or XOR, can be per-
formed on the condition inputs internally,
too--functions a muitiplexer would force you
to design in external logic.

The following Figure shows how the sequencer
design described here can be integrated into a
system that provides subroutine capability. In
the figure, the same control-store field is used to
generate literals and branch addresses.
Subroutining is accomplished by loading the
return address into the register file before the
subroutine jump is taken and then reading the
return address out of the file when the
subroutine's return executes.

24177
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Application Suggestions

, y -
TEST [~
PROM STORE REGISTER
CONTROL FILE ACCUMULATOR
L V T

| A J
ALU

CONTROLS I

Sysiem implementation of Sequencer
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Control Store Sequencer, Design Specification PAL16R4
Most Significant Stage

FRL1EFY . ’ FRAL DEXZIGM ZPECIFICATION
FRT 0SS
CONTROL ITOFE ZECUEMCERs LERET SIGHIFICAMT EZTHSE

CLE HC O TF Ik T EAD EAR1 ERE EAZ GHD ~TEZEN ~CO LI

CIRZ CIAS

SIETOLZAOSCZAT & TCOMD +
TETSICOMDeZE IFeCZAL +

1 SEZETe-TCOMDe.
ETe 1C0OHDeZkK IF e

<EZETe-TC0OMHDeL

+ TesLDe =

ETe-IC0OMIe .
SETeICOMDeZK I

IF O8I0 CO0 = CEADeCZRAL e

+ TFeZOMDeZK
+

IF Ty ICOMD = TFeZOMD + -~ TFe.-COND
IF Ty LD = TFeCDMDesZKIP + ~TFe~COMDe~ ZKIP

LEZCFIPTION:  ZEE TEXT
PAL16R4

CLKE-——b: Evcc
NCE-—-t Li]-——ECOND
+[EH il_j_s']m

SKlPE H e} ECSAO
SET E u AONRD :& ECSA,
[

GATE
s (L ARRAY (5] con,

BA1E— . P Q«Ecsas
aAzE— :{‘_jl Eﬁ
BAaE— i ‘EE

GNDE <] Em
Logic Symbol

Control Store Sequencer, Least Significant Stage, Design Specification.
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Application Suggestions

Control Store Sequencer, Fuse Pattern PAL16R4

Most Significant Stage

- TFeCLOND
<TFe-COMD

"IETeICOMDe:
“ZETeICONDe -

CETeL ZANeL :Hl‘ I"D”I‘

TFeONDle- LK
STFe OMIe- K

THOSCIAI e RSO
!

Control Store Sequencer, Least Significant Stage, Fuse Pattern.
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Control Store Sequencer,
Most Significant Stage

Logic Diagram PAL16R4

>
CLK

0123 4587 §51011 12120415 16371018 2002

3 20252020 2829301

! COND

“ ICOND

10
L

)
L

) 9 \

5 15 (6 5

Y v ¥

¥

I csag

* csAq

CSA2

X CSA3

. N

N

™~

2 co

P

A
A

9 N
8A3 LY

N—

0123 4567 231800 1213415 18171818 20212223 24252027 W20 N

Control Store Sequencer, Least Significant State, Logic Diagram.
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Application Suggestions

Control Store Sequencer, Design Specification PAL16R6
Most Significant Stage . ‘

FAL TEZIGH ZFPECIFICATION

COMTROL STORE SEQUEMCERs MOST SIGMIFICAMT ZTAE
2 ER? LD GMD ~TZEM MO CIA3

TH3e JesLTIe~ZET + ~IZETeLDe-ERg4

. HSe CIesLD
~ETeLDe~EAS

o+

A3esLD
AYe-LD

DEZCRIPTION:

THE £-EIT COUMTER IMCREMEMTS WHEN THE ~LD LIME I% HIGH
IF CARRY AMD -ZET. THE OUTPUTI ARE EMARELED WHEN ~TIEM IZ LOW.

<L ! Lk ! CEA ! OFERRARTION ) !
51{ ! L-H ! ALL HIGH ! ZET H
L ! L-H! EA ! LD H
H ! L-H ! H ! MOF !
H ! L-H ! PLLEE 1! INCR !

Control Store Sequencer, Most Significant Stage, Design Specification.
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Control Store Sequencer, Fuse Pattern PAL16R6
Most Significant Stage

TelZR4eIe LD
H4e. 1o L Nle-SET
IETeLDe-BR4

4o THSe Je LD

TETe . CIRde.
- TETeLDe/ERS

Ane LLie-TET
. sCIASe IIRAS/LD
~ZETeLDe ERS

~ZETOCSR4SCSASSCIAGELSA7eC 1o LD

< ZETe/CSA7e CIe LD
ETe/C5A4e/CTAR7e/LD

ETe CSASe-CSAVe LD

“ETe-CSR6e/CIATS/LD

LDe/BA7e/SET

TeCSA4eCSASSLSRESCIATOCSARBSC]
ETe-CSASe/CIe /LD
ETe/CER4e/CEA8e/LD
Te/CSASe/CSARe/LD
IETe/CEAGe/CER2e/LD
~ZETesCSA7e-CSASe/LD
~ZETeLDe/BAS

]

~ZETSLSA4eLSASSCSAGSCSA7SCSABEC
sZETesCSA9e Cle LD
~ZETesCSR4e-CSA9e/LD

ETe/CEASe CEA9e/LD
ETe/LSAGe/CEA9e/LD
ETe/CSATe/CEASe/LD
ETe/LSASe/CSASe/LD
ETeLDe®-BRY

hetatrs L ORNRY
HUHK AKX
S KAAK

ey

3 KHARX
HARE D

AR o

HAEXK KK
KARA HAKK NREK WAKE

%XXX KNS SRR NN M ] HXHK

Control Store Sequencer, Most Significant Stage, Fuse Pattern.
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Application Suggestions

Control Store Sequencer,
Most Significant Stage

Logic Diagram PAL16R6
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Control Store Sequencer, Most Significant Stage, Logic Diagram.
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MEMORY-MAPPED I/O

Memory-mapped /O is an interface technique
that treats 1/0 devices’ physical addresses as
undifferentiated from memory address space.
That is, no Memory-1/0O decoding is required.
Furthermore, most computers have more in-
structions to manipulate the contents of
memory than they have /O instructions.
Therefore, the use of memory mapping can
make 1/O control much more flexible. PALs can
be used to make memory-mapped /O im-
plementation easy, even if changes in memory
addresses are required.

Functional Description

The figure below shows a circuit that is typical
of those found in memory-mapped /O applica-
tions. The inputs to the decode logic are the
system memory address lines, Ag-Ag. The
logic shown compares the address on the
memory bus with the programmed comparison
address. When an address on the bus matches,
the corresponding /O port enable signal is set.
In conjunction with other system control
signals, this enable can be used to transfer
data to and from the system data bus.

PORT 0 = 1F78

Do

Do

Do

DO—PORT 0
AB7 D—-———Do___

PORT 1

ABO > Dc
MEMORY MAPPED I0
PORT 1 = 1F79
ABF > {}c
ABE [ Dc
ABD > Dc
ABC [
ABB [
ABA [
AB9 >
AB8 [OD——
AB7 D—————Do——
AB6 [>
AB5 [~
AB4 [
AB3 > -
AB2 > >c
AB1 > Dc
AB0O >

MEMORY MAPPED 10
Memory-Mapped 1/0 Logic Diagram

suonsabbng uoijeolddy |
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Application Suggestions

PAL Design

One PAL16L2 can be used to monitor a 16-bit
address bus, fully decode addresses, and fur-
nish enables to two ports, each of which could
be anywhere within 64K of address space. Par-*
tial decoding for a larger number of ports could
be done using other members of the PAL fami-

ly.

Typical logic equations for the memory-map-
ped 1/O logic are as follows:

Port 0 = /ABO ¢ /AB1 « /AB2 » AB3 » AB4 »

AB5 e AB6 e AB7 » AB8* AB9
= ABA ¢ ABB * ABC ¢ /ABD © /ABE ¢ /ABF » ~
[Note: source data incorrect]

Port 1 = ABO » /AB1 » /AB2 « AB3 » AB4 ¢
AB5 » AB6 ¢ /AB7 = AB8 « AB9 » ABA
* ABB* ABC */ABD */ABE *

/ABFe

The above example shows address decoding
for memory locations 1F784 and 1F794. The
equation terms could be changed to accom-
modate any 16-bit address.

Memory Mapped i/0 Design Specification PAL16L2
FRL1ELE PR ODEITRH TRECIFICATICH
FRTOOD:S

HEMOFY MAFFED 1.0

AED AE1 AEZ REZ AE4 AES AES AEY AEZ GHD RER RER AHEE HEC
~FORT1 ~FOFTO AED AREE AEF OO

FOFTO = . AENe -HEle AEZeHEIeFAEGeHESORELe. FETeHESeHEYeHERNeRFESHED o
~HED®-HEE®. HEF
FOFTI = HENe-FHEle - AECeREIOREGeRESeREre “AETOHEZoRE~eNEReHEEeNHET &

“HED® -HEE®. -HEF

DEZCRIFTION:

THE FAL DECGLEZI THE FECIFIED MEMOFRY RDDFEIL WOFL TO FFOLLCE R FOFT
EMARELE FOF FOFTO RAMD FOFTL AT FOLLOWZ:

PAL16L2 Memory-mapped I/O Decoder Design Specification.
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Memory Mapped 1/0 : Fuse Pattern PAL16L2

SHEN® REle.- HEEOHE’E:’F!E-'QOHBSORBE-O*

REe -HE1 M--'HBC:‘0F1EiiEIOFiE-"o‘HESOHE‘:‘-OV-‘*

* PALASM Truncates beyond 31 characters

PAL16L2 Memory-mapped /O Decoder Fuse Pattern.
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Application Suggestions

Memory Mapped 1/O : Logic Diagram PAL16L2

0123 4587 881011 12131415 16171818 20212223 24252827 28293031

% )
28
7 1)
g: PORT 0
:z —
5 N
2 ~—)
b
3 1
u PORT 1
3

ngs——LF SH—Fnsc

ABsw—R Q—————‘-’Aas

AB7!'——-12 S fama

Aﬂa'——iz

0123 4587 891011 12131415 16171818 20212223 ° 24252827 28293031

PAL16L2 Memory-mapped 1/O Decoder Logic Diagram.
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CONTROL LOGICFOR 8080 CPU With the rapid decline in 8080 prices, the logic

required to perform this control decoding has
BOARD become more expensive than the 8080 itself.
The 8080 is one of the most widely-used of all  This application note shows how a PAL can be
current microprocessor designs. However, us- used to eliminate much of this costly support
ing it in a system requires that you decode and  logic on an 8080 CPU board.
supply a fairly complex set of control signals.

L DD -
- D>

.
¢ ) o

EN
EO j } c3

EA

sA- - E)c
0o Do——- LA

PAL16L8 Control Logic for 8080 CPU Board, Combinatorial Logic Diagram.

DEZCRIFTION:

FORTION OF LOGIC FROM 2030 CFU EOARD
FAL1ELE FAL DESIGH SFECIFICATION
FATO0LE
FOSTIOM DF FAHMDOM COMTROL LOGIC FOR S050 CRU EORRD

D EN ED EA %1 TR E1 DO DE GHD 20 MO C3 HA I3 LA MW R HCZ: W00

IF FWCCs - Mbl= S0e<FM + Z0e-TE

IF oty “LR= 3R + 10

IFWir wii= <31 + <FD + IR

IF WDy <HA= <%l +<FD + IR + “ER + ~EIl
IFey Oy »0x= -FPD + “E0D + -EHR

IFWCCr «HO= <FDID + EN

PAL16L8 Control Logic for 8080 CPU Board, Design Specification.
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- Application Suggestions

Portion of Random Control Logic for ‘ Fuse Pattern PAL16L8
8080 CPU Board '

PAL16L8 Control Logic for 8080 CPU Board, Fuse Pattern.
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Portion of Random Control Logic for Logic Diagram PAL16L8
8080 CPU Board

PD

EN

EO

EA

$1

SA

E1

Do

DE

0123 4567 881011 12131415 16171819 20212223 24252627 28293031

NC3

~amawmn~o

I

;

MW

;

.

.

-

p——— C3

LULYLTL I%ﬁlﬁﬁg%ﬁg

-

So

4;
|

0123 4567 891011 12131815 16171812 20212223 24252627 28293031

PAL16L8 Control Logic for 8080 CPU Board, Coded PAL Logic Diagram.
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Application Suggestions

Portion of Random Control Logic for Desigh Specification PAL12H6
8080 CPU Board (Iimproved Design) ‘

FAL 1E2HE FAL DEZIGH ZFPECIFICATION
FRATOO1Z .

© FORTIOW OF RAMDOM COMTROL LOSIC FOR =020 CFU EBOAFD

FI EM ED EA Z1 TR E1 DO DE GHD 20 HCE MO C3 HA OEE LA MW PWN VYOO

Ml = ~=0 + FuleDE
LA = ~THe- D0
T o= Z1eFTe-IA

HH = T1eFie IReEReE]

T3 FIeEOSER

]
1

FIe<EM

LDEZCRIFTION:
FORTIONM OF LOGIC FROM @030 CFPU BOARD

MOTE: THIZ DEZIGH IS IMFROYED OWER THE FREYIOUE EXAMFLE AIT WE WERE
AHELE TO IMFLEMENT THE ZAME EGUATIONT IM A ETMALLER FAL. THIE WAZ
ACCOMRLIZHED BY IMWERTIMG THE ESUATIOMEZs THUTs FEDUCIMG THE HUMEER OF
FFRODUCTE PER OUTFUT TO A MAXIMUM OF TWO.

PAL12H6 Control Logic for 8080 CPU Board, Design Specification.

:——D_:D—CD »
o

| — N
o D) o
B 1 ) »

PAL12H6 Control Logic for 8080 CPU Board, Combinatorial Logic Diagram.
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Portion of Random Control Logic for Fuse Pattern PAL12H6
8080 CPU Board (Improved Design)

FileDE

“TAes IO

Z1eFLie IR

Z1eFDe ZHeERSE]

FLeEDO*ER

Flie “EM

PAL12H6 Control Logic for 8080 CPU Board, Fuse Pattern.
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Application Suggestions

Portion of Random Control Logic for

Logic Diagram PAL12H6 '

8080 CPU Board (Improved Design)

0123 45871 89 121 1617 00 20252627 20233031

PD ‘—| >3
1]
- Gt w
L] AL)
K >————-— Mw
"
I
B0 —%—
17
" B:) D>———*u
1"
I 3:) )———— ss
s N
si—%
15
» ﬁ >——
. N
s +—¥
a ﬁ > ¢
7 N
o —7%
“a
13
; D>
51
oo ¥ K nes
R o ——

01231 4587 8 113 .1 02 24252627 20233031

PAL12H6 Control Logic fbr 8080 CPU Board, Coded PAL Logic Diagram.
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HEXADECIMAL DECODER/LAMP
DRIVER

The increasing use of microcomputers has led
ta an increased need to display numbers in
hexadecimal format (0-9, A-F). Standard drivers
for this function are not available, so most ap-
plications are forced to use several packages
to decode each digit of the display. Since 6 to
12 digits are often being displayed, this ap-
proach can become very expensive. This exam-
ple demonstrates how the hexadecimal display
format can be both decoded and the LED in-
dicators driven using a single PAL for each
digit of the display. i

Functional Description

A hex decoder/lamp driver accepts a four-bit
hex digit, converts it to its corresponding
seven-segment display code, and activates the
appropriate segments on the display. These
drivers can be used in both direct-drive and
multiplexed display applications. A single PAL
can provide both the basic decode/drive func-
tions, and additional useful features as well.

Circuit Description

The figure shows three digits of a display
system that uses three PALs to impiement the
complete decoding and display-driving func-
tions. The inputs to each section are a hex
code on pins Dg-D3, a ripple blanking signal, an
intensity control signal, and a lamp test signal.

The hex codes are decoded to form the seven-
segment patterns shown in the figure. The in-
put codes, digit, represented, and segments
driven are as follows:

D3 Da Dy Dg Digit Segments
0 0 0 0 0  ABCDEF
0 0 0 1 1 BC
0 0 1 0 2 ABDEG
0 0 1 1 3 ABCDG
0 1 0 0 4 BCFG
0 1 0 1 5 ACDF
0 1 1 0 6 ACDEF
0 1 1 1 7 ABC
1 0 0 0 8 ABCDEFG
1 0 0 1 9 ABCFG
1 0 1 0 A ABCEFG
1 0 1 1 B CDEFG
1 1 0 0 C ADEF
1 1 0 1 D BCDEG
1 1 1 0 E ADEFG
1 1 1 1 F AEFG

Ripple-blanking input RBI is used to suppress
leading zeroes in the display. The signal is pro-
pagated from the most significant digit to the
least significant digit. If the digit input is zero
and RBI is low (indicating that the previous
digit is also zero), all segments are left blank
and this digit position’s ripple-blanking output
RBO is set low.

Intensity control signal IC controls the duty cy-
cle of the display driver. When IC is high, all
segment drivers are turned off. Pulsing this pin
with a duty-cycled signal allows the adjust-
ment of the display’s apparent brightness.

Lamp test signal LT lets you check to see if all
LED segments are energized.

PAL Implementation

The PAL16L8 has both the required /O pins
and the drive current capability to perform as

"the complete display decoder-driver circuit

with seven inputs and eight outputs. The logic
equations for this circuits are shown in the
listing. One PAL drives each digit; they may be
cascaded without limit. With minor changes,
the same logical structure could be used with
multiplexer logic to allow a single PAL to
decode and drive multiple digits.

24-195
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Application Suggestions

Hex Decoder/7 Seg. Driver w/Ripple Blanking, Logic Schematic
Intensity Con., & Lamp Test

THREE STAGE HEXADECIMAL DECODER /DRIVER

A PAL16LS
Aol BCD TO HEXADECIMAL
S DECODER/7SEGMENT
g Jc DRIVER WITH RIPPLE BLANKING
D
II_II |I :ll i II__III: IC ”llf_lll:llt:lll_ In_ I _|I|: I|:1
1t Wz | [} ] D} Tl T T T ” h
DISPLAY )
LEADING 8 Vee BT Vcc ALS
ZEROS —1] 16L8 20—
Do A
BLANK § —zH 19} ——
LEADING = D1 GH &2 B — B | -
ZEROS =1 = 3
2 e [P —— &
Ic o E
GATE
‘ . {61 armay] &f gB
F
S I = i O .
B o
H R
GND ol @
RBT
Ve
5 1 16L8 20 ¢ 4
D et
1 B
HEXADECIMAL 0, | any
INPUTS 02 fH et .
3r=1d ano E&fﬁ b |
;cL's‘ o - £ Dnlbggléwsurs
e ——
T e
RBO
& B
H o FEe—ms
GNDE T E
RBT ~ Vee
1w e
D
D°E Pt ———
1 B
3 H 18]
el e
e Avee EH e (ol
. OFF, IC =1 | aaTe E B, E
INTENSITY / LT‘_ ARRAY e
4 T e ———
= . RB
2 B
ON
LAMP TEST EH il
OFF .._GND_EW T Eﬂ

1
|-
I

- . TO NEXT STAGE

Hex Display Decoder-Driver, Combinatorial Logic Diagram.
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Hex Decoder/7 Seg. Drive w/Ripple Design Specification PAL16L8

Blanking, Intensity
Con., & Lamp Test

PALLELE FAL DEZIGH TPECIFICATION
FAT OO
HE: DECODEF.-

DRIYER W-FIFFLE ELAMKIWG. IMTEMZITY COM.s @ LAMF TEZT

JRED DO DD D& D IS LT MO HC GHD HC 5 “FEDF E D C B A MWOC

IF voICY A = -FECe-[D0Oe-DZ + ~FEDe-INe0OZ + ~FEOQeLleDZ +
~REQeU1e-TIce I + ~FEQeDNeNCe-DZ + ~FEOe-D1e<0ZeD> + LT

>
o
°
o
b
=
o
3
w
c
Q
Q
o®
»
=
o
3
(/)

IF ¢+ICy «B = ~FREDe-LZe- D= + ~FEOe-T0e~<NE + ~FEOe-DNe-D1e-0= +
<~REOQeTNeNie D= + ~FEQeDOe-D1enL= + LT

“REDeDNe NI + ~FEO®-Ll1e- -0 +
~FEO®-DCeD> + LT

IF oIy 7 = <FEDeDNe-TI1 +
~REOeDCe -0 +

IF v<ICy D = ~FREDe "DleDx + <REQe-NIGe-DZe 0= + .
~REDeDOe01e-0S + -FEQe-DNINeN1eN> + ~FEOeDNe-NI1eLS + LT

IF ~ICy ~E = ~FEDe-DINe- 012 + ~REOODZeDZ + -~FEOe-LNeD1 +
<REO«T1LE + LT

IF v~ICy +F = REDe~DI0e-011 + -~REQe-DLceD= + -FEOeD1eD= +
sREOD®-DIheDs + <FEQe~Dlehze- D= + LT

T FED = ~Diae-Nle~-DCe-D0e-FEI

IF Iy «3 = -FEQeDle- D + ~REDeDUeDNZ + -REQe-LZeD= +
<FEQe-T0e01 + ~FEQe~Dl1elce-0Z + LT

LEZCRIFTION: y
THE HE=FDECIMAL DECODER-7-ZEGMEMT DRIVER FERTURES RACTIWE LOW OUTFUTE
FOFR DFIYIMG DIZFLAY DIFRECTLY.

IF DATA IMFUT IS JERD AMD RIFFLE ELAMEIMG IMPUT C<REI» I% LOW THRT
DIGIT WILL EE ELAMKED AMD FIFFLE ELAMKIMG DUTFUT WILL EE LOW.

THE RIFFLE ELAMEING OUTFUT (<REDY FROWIDEZ EBLAMKIWG IMFORMATION
FOF THE HMEXT LEAZT ZIGHIFICAMT ETRGE. 1T FROVIDEZ A LOW IF <REI IF
LOW AHD THE DATHR IM IX ZERD.

WHEM HISH THE IMTEMZITY COMTROL <ICy WILL TURM OFF THE EMTIFE DIZFLAY.
IS mMAY BE FULZED TO YARY THE IMTEMIITY OF THE DIZFLAY.

WHEM HIGH THE LAMF TEET IMPUT <LT» WILL TURM DM THE DIZFLAY.

Hex Display Decoder-Driver, Design Specification.
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Application Suggestions

Hex Decoder/7 Seg. Driver o Fuse Pattern PAL16L8

w/Ripple Blanking, Intensity
Con., & Lamp Test

S I
‘FED®-DINne - D2
FEQe Titeli:
"REGeDleDs
FEQeDle- I
CFEDeDne]
SFEDe- 11e-
LT

s

«FED®-DZe [

SFEDe - ONe D

-FEGe -Diite  [11e- D=

“FROeLeN] e Tt*

.FEDeDNe 11 -
LT

CIC

-FECeLe DL
EQeDiiie. Nz

“FEQe-D1e- D2

~FEO®DC®-DII:

-FEQe-DFeN
LT

SIC
EGe-D1eNz
“FED®<DNe -DZe-0O=
~REQeNiNeNl e LIS
“FEDe<LNeT 1ol
<FENeNNe-T11eDE
LT

<1
REQe-TIne D
“FECeDEeL =
FECe-Diuell
~REQJeD1 el
LT

S0

“FEOe-Diie- D11

SFED®-LCeD ™

~REQeD1eD >

SFREQe-TINeNZ

~FEQe-DIlelZe D=
LT

Tne-Die-De-N%e. FE]

=== . IC

“FEQeD1e- DS
~EEQeNnen

- FEGe-DLizeD >
~FEDQe -TineNil
“FEOe-DIlehze T2
T .

Hex Display Decoder-Driver, Fuse Return
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Hex Decoder/7 Ség. Driver Logic Diagram PAL16L8

w/Ripple Blanking, Intensity
Con., & Lamp Test

0123 4567 891011 12131415 16171819 20212223 24252627 2829303

(i

D1
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f

D2
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[

D3

5

LT

‘

NC

(RSN SR ki ob

-

NC

0123 4567 891011 12131815 16171819 20212223 24252627 28293031

Hex Display Decoder-Driver, Coded PAL Logic Diagram.
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Application Suggestions

HEXADECIMAL KEYBOARD
SCANNER

The popularity of pocket calculators and home
computers has created a large market for low-
cost keyboards. The logic required to scan
small keyboards is typically. implemented
either in SSI/MSI logic or in a computer-
generated software scan. In the first case, the

Hex Keyboard Scanner

logic may be rather expensive; in the second
case, if the microcomputer system is a busy
one, the software scan may be unacceptably
slow. A single PAL and just a few inexpensive
parts can do the task.

Logic Diagram PAL16L8

* EXT CLOCK
(Approx. 10KH2)
]

V+
HEX |. PAL16RA
KEYBOARD PAT0017
MATRIX = -
A u
v oy Rl fmpsa
A "
T 15H =N -
A Q
b AAA A"’{.,_‘J I a7 e
L AAA— SEH awo I e R
Ag ] | eate HEIH 02
—VWWv Aﬂ_“.a‘AnnAv' ¥ EQ
v STH R ——
A ¥
L—Wv GE_‘ j ESB
L il 3:]] ol
[ig L {11
A A2
H 74122
Q
ASCH
or
OTHER CODE
v

BINARY KEY PRESSED

Hex Keyboard Scanner, Combinatorial Logic Diagram.
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Hex Keyboard Scanner Design Specification PAL16R4

FAL DEZIGH TFECIFICATION

<EOARRD TCAMMEF

CLE ARD A1 AS AZ AG AS As AT BHD CEM ROZE B3I 02 01 00 MOOZR OWOC

+ cHle e D16 05 +
+ Cinerl]e.
+ CASeNNes 1 enT +

G f= Q0eR + SDDesF

S0l r= DNeR1eR 4+ sHlesD1eF + SDlesR

= Qe eNIZeR+- 00 <DZeF + ~D1e-DZeF + “0Ze-F

SR = ONeN1elZelTeRr + clNeriTeR + SIS RESRE + o012 0T + e SF
IF ¢ Yoo v ~IB = 3

IE ¢ WOT % <R = SHD + SATeD0eRn]1ens

DEZCPIFTION:

AM A 1& KEY FEYEORFD ARRPAMGED
i SELECTIMG OME ROM OF WITCHEE
=G A LOW OM AMY INFUT WILL DIZARELE THE CLOCE
GOIMG INTO THE DOME-ZHOT. THE OME-ZHOT IE UEED AE A DELAY TO ALLOW THE
ZWITCH EDUMCE 7O ZETTLE OUT. AT THE EMD OF THE TIME DELRY (10MZxs EEVPREZZED
WILL 50 LOW. THE OUTFUTE WILL THEM SIVE THE EIMARY CODE FOR THE ZWITCH
TELECTED. WHEM THE EWITCH [T RELERZEDs KEYPREEZZED WILL 50 HIGHs AMD

HIMG WILL COMTIMUE. WHEM THE EMD OF THE ROW IZ REACHEDs THE
! TCHEZ TO THE OTHER RO AMD COMTIMUEE ZCAMMIMNG.
THE EXTERMAL CLOCEK EZHOULD RFUM IM THE RAMSE OF 10 EHZ.
IF AZCIT OF OTHER CODED CHARACTERE ARE DEZIREDs THE EIMARY CAM EE
COMYERTED UZING A FROM.

IN A
HEZ

PAL16R4

cLK E ~ ) E vee
‘o[Z~ EﬂSA
"[Z- 18] ne
Az[z Eﬂoo
h[z Eam
‘scz :ﬂ°s
A7[: :an
GFDEE Ll &

Logic Symbol

Hex Keyboard Scanner, Design Specification.
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Application Suggestions

Hex Keyboard Scanner

Fuse Pattern PAL16R4

———— .~‘F|1¢l__.ll;l¢ Tle-

CHEe D eli] e
sHSe e L

SHSe e

ner
SNe s

M
SHTeR0eN] e

Hex Keyboard Scanner, Fuse Return
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Hex Keyboard Scanner : Logic Diagram PAL16R4

CcLK ‘—%

0123 4587 89001 12130415 16171818 20212220 24252627 28283031

[
'
H
3
‘. SA
s
.
!

:
i

%)
L

M
[~]
o

;
?

N —

n
n
u
s
n
n
n

a3 _

;,
7

o
[~]
%,/
t
o
»N

=)

™
4
50
L 1
52 sB
51
54

™

s
9
i
8
(] - %R
“
”
0

S > < —<p—w

0122 45877 59011 12131015 16171819 021221 20252827 28283031

Hex Keyboard Scanner, Coded PAL Logic Diagram.
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Application Suggestions

MINIDISKETTE CONTROL LOGIC

The flexible diskette (floppy), and its smaller
brother, the minidiskette, are very popular as
mass storage on small systems. Most of these
small systems are destined for high-volume ap-

economies should be explored. The disk con-
troller is the most complicated (and expensive)
part of the disk subsystem; this example
shows how a PAL can reduce the size and cost
of the controller for a minidiskette-drive con-
troller.

plications, so all possible production
SCK
o - —1 )
g— . SHIFT
I ) )Y - . DATA
Y < ———-———-‘_/ REG
WCK ]D
Q1 Q2 1' "‘
p— ____‘—\ SHIFT
WE l ) CLOCK
—1-/‘ . REG

CRB ™\
WCRC |
Qs )
T )
WE % { )

CLOCK BIT

Minidiskette Control Logic Diagram.
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Portion of Micro Floppy Control Logic Design Specification PAL14H4
FRL14HY » FAL DETIGH TFECIFICATION
FRTOOEY

FOFTION DF MICRD FLOFFY COWTROL LOSIC

DT o WCE G3E oWE CRE MRS o GHD 04 TG N0 CFE DRTAERT JCREG ILFEG He ) ol

LORER= TeilesWME + ZLKe-ME + WE®WE
ICFEGE DZeN1eME + ITEeCWE + WEeL
DRTRET= CRESWMESIWMIFT + 0 + Te-UEe-DZ + Wl FLelEeND

CEERE= OZelld + TerWE + MEoth

DEZCRIPTION:
FORTION OF FLOFFY DIZC COMTROL LOGIC

Minidiskette Control Logic Design Specification.
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Application Suggestions

Portion of Micro Floppy Control Logic " Fuse Pattern PAL14H4

CCE e WE
WE el

nEen1ellE
TCE e SNE
IE elil

CREeUWE S FL
e

Te LIE® 1%
SWCFCeLWEeDO

E e
Te  WE
WESZD

Minidiskette Control Logic, 14H4 Fuse Pattern.
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Portion of Micro Floppy Control Logic Logic Diagram PAL14H4

123 4587 s 1213 1517 20212223 24252627 28293031
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k1
EE] 15
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wee—F
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123 4587 3w nu wn 0212223 24252627 28253038

Minidiskette Control Logic, Coded 14H4 PAL Logic Diagram.
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Application Suggestions

BETWEEN LIMITS COMPARATOR/
REGISTER ‘

It is often needed to keep data between limits
as it is processed, or to halt a process when
limits are reached. This may be done for
system security, or as a means of self-
checking. The checker described here might

CLOCK UPPER LIMIT

2\ LOAD

A0 T
PAL16XA
CLEAR pat0020

search for a specific value, search for missing
values: values either in or out of a certain
range. The sample circuit shown monitors a
16-bit bus, using two PAL types, and latches a
complementary pair of BTWL status signals in-
to its output registers.

LOWER LIMIT
—

PAL16X4
PAT0020

s [\88

PAL16C1
PAT0021

BTWL

NB11

\B12
\B13
NB14
Res|

Bl

5

ST
HEEE

5

b

LT3

Limit Checker Combinatorial Logic Diagram.
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Between Limits Comparator/Register Design Specification PAL16X4

FALL= 3 FAL DEZIGH TFECIFICATION
FETONE N
PETHEEM LIMITD L ORFRFATOFR FERTITER

SO LOsD CLERF RG BL RS OREDZ MO MO SHD CE HO CED AT OAS AL AHO LT oRT WOC

IFv 00 LT = 'HRe B0 +

TAEe B e

‘Hle Bl e THELERLEZ +

CHue. B e VAELEDLEEY e ALLER, ELY
TF v 3T = o +

' * o+

' . e LAZLED.

' . e TRZLED. "H1LER ELY

Airot= 0 AN e LORTie CLERFR + - B0 oLORTLe-TLERF
Sl ot= 0 Rl ve LML CLERFR + « “BELs oL ORTIe - CLERF
CHE = 0 omii e LOANeSTLERF + ¢ oEZ eLOADLe ~CLERF

HE o= 0 Atoe LORDe - CLERR + CoBI el ORTIe - CLERF

ST ER = EELECLED. e AZLEDLEEZ ¢ (AL.EGLELY e CAOLED, B

T

LETCFIFRTION:

THE DEWTCE COMTINMLOUILY COMFARFED THE “WALUE OF B« E« 0WITH THE WALLE OF

FESIZTER A &HD FEFOFTT THHE ZTAHTUL OM OUTFUTE 6T« LTe AMD Ef. T IMDICATES

THAT B I% GTERTER THRM H. LT IMDICATES THAT B I:
JHDTCATET THRT A T2 EOUIAL TO B, | THE %A : 3

MAty FEAD BY OLOMERTMS ENRELE LINME. “E. REGSIZTER A I LOADED

WITH THE “WHLJE M RUZTe EBEe wHEN THE LOAD LIME I3 HIGH AMD THE CLEARF LINE
I2 L0 Ory THE (0w TO HIGH TRANTITION OF THE CLOCK.

LEZI THAM A. ER

tOLOAD Y CLEAR ! CLOCK ¢ FERIZTER A ¢ OFERATION !
--------- -H ! ! H
-H ! ALL HIGH ¢ CLEAF !
H ! E !

PAL16X4 Limit Checker Design Specification.
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Application Suggestions

Between Limits Comparator/Register Fuse Pattern PAL16X4

-—=~ “R3eB3
———————— <AZeR2eR3.EQ,. B2

: ~“H1eBl1eR3.EQ. B3eRZ.EQ. B2
<AOSBROSR3. ER. B3oH2.ER. BEoR1 . EQ.

RZe~R3
AZe B2eRZ.EQ, B2

Ale-EOeRZ. EQ. BXeAZ.ER. BE®A1.ED.

<ANe-LOADe CLEAR
~ROeLORL e~ CLERF

~Ale-LOADe - CLEAR
~E1eLOADI®- CLERF

‘e LORDe.<CLERF
¢LOADe-CLERF

CED.ETeRE.ED, ECeH1  EC, E1eAUE

PAL16X4 Limit Checker Fuse Pattern.
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>
Between Limits Comparator/Register Logic Diagram PAL16X4 g
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PAL16X4 Limit Checker Coded Logic Diagram.
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Application Suggestions

Between Limits Comparator/Logic

PAL1&LC]
FRTODZ1

Design Specification PAL16C1

FAL DEZISN EPECIFICATION

EETWEEN LIMITS COMPARATOR .~ LOGIC

SERIN SLT1 <ERIL #BTE2 <EREU ~LTE <ERZL <573 ~EQZL GMD
SLTE SE@3L MC MC MC <ETWL ~G3T0 <LTO <GT1 YOO

<BTWL = BT3
LTz
DESCRIPTION:

+

+

GT2eEQEL + GT1eEQZLSERZU + GTOSEGILICEQZUSERIU +

LTESERIL + LT1eEQILSERZL + LTNeEQILSEQZLSEGTL

THE BETWEEN LIMITES LOGIC DETERMINES THE BTWL EZTATUZ A
A FUNCTION OF THE G6Ts LT AND EG ZTATUZ FROM THE COMPARATOR

REGIZTERE.

PAL16C1 '
gaw [ J— ~ h!vu
m E~ ] &
g GH nEnD
57 E— 1] &%5
gazu [sH AND [16) srwe
o
EQZLE— E NC
& BH 73] ne
gasu [9 H EZEEE
ono [10 L—————E T
Logic Symbol

PAL16C1 Limit Checker Design Specification.
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Between Limits/Comparator/Logic

Fuse Pattern PAL16C1

BT

ST2eED2
ST1eERZLSERDZL
STOeERZLIeERZUSER L

T LT3

LTEeERIL
LT1eEQZLeEGCL
LTOeEQILSERZLSEDIL

PAL16C1 Limit Checker Fuse Pattern.
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Application Suggestions

Between Limits Comparator/Logic

0123 4567 891011 12131415 16171819 20212223 24252627 28293031

Logic Diagram PAL16C1

;l 18 m

;I l1m

N ~)
u o=
4 >
=
-
n
RN =) " W
R ’_J 15 NC
7

g._—____'!uc

g vlﬁs

D123 4567 B891011 12131415 16171818 20212223 24252627 28283031

PAL16C1 Limit Checker Coded Logic Diagram.
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8-BIT I/O PRIORITY INTERRUPT Design Specification PAL16R4
ENCODER WITH REGISTERS

FAL1ERS FAL DEIIGM IFECIFICAHTION
FRTOOOS

2 EIT I-0 FRIORITY IMTERRUFT EMCODER WITH REGIZTERS:

Ck I1 I& I3 I4 IS 16 IF IS GHD «<E MZ HI 94 03 02 01 M Mo VYOO

SR t= cT1eI2 4+ sTlescesTzeld + sIlerIZe TIerJde-TTelE +
STlesJ2esTies 4o ITesIC e TS

cller1ZesTae-Tde-[Se Tuelr +

S0E t= clleslZeld + <IlesZe
sIlesIEes[ie Tde [Ser]

T4e1S + ~I11e-1Ze I3 Td4er]
Sl14e 1Se 16617 + ~T1es ]2

Sele +
TerIdes [Te- [Ee 1Tl

Gt 14T+ S+ IS4+ IS+Ie+IV+]IE

DEZCRIFTION?
THE 1.0 FRIORITY INMTERFLFT EF

ODEFR FRIOFITIZET & 1.0 LINET
11 THFL OUTFITINHG 111 ¢ o1 FETFECTIMELYY FOF THE HIGHE:LT
FRIOFITY 1.0 DEWICE Il AMD U FOF AM IMTERFLFT FROM THE LOWMELT
FRIDRITY 1.0 LEWICE I3, CUTFUT 04 ZERYEZ AT THE IHTERFLFT FLAG
HHD GOE:Z LOW wHEM AMY OF THE = 1.0 INHFUTI 60 KHIGH, THE FRTOFITY
INTERFUFT EMCODER RERIZTERI AFE LFDATED OH THE RIZIMS EDGE (OF THE
CLOCE IMFUT Cks,  THE 2-TTRTE OUTFLTS RFE HISH-Z GHEM THE ENRELE
LIME <@ Ex IZ HIGH AMD EMAEBELEDL WMHEM THE ENMSFLED LIME g 12 0w,

[x]
S S
H o2 2z
[ tH L HHH
L THL LHHL
i H L L LHLH
L cHLLL L HULL
L «.HLLLL LLHH
L HLLLULL LLHL
L HiLLLLLL LLLH
LHLLLLLLL LLLL
LbLiLbLLbLbl HHHHA

Eight-Bit Priority Interrupt Encoder with Registers, Designs Specification.
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Application Suggestions

8 Bit 110 Pridrity Interrupt
Encoder with Registers

o —>

0123 4567 891011 12131415 16171819 20212223 24252627 28293031

: 3
10 5
AL a 18
I ”
I »
o3 <]
~
i _l_* -3 —% :Lﬂ
g ¥ ¥ u
I D Q
2

Y

4

e

NENEME!

0123 4567 831001 12131415 16171819 20212223 24252620 2829 3031

PAL16R4 Eight-Bit Priority Interrupt Encoder with Registers, Coded Logic Diagram.

Design Specification PAL16R4

NC

NC

Qq

Q2

Q3

Q4

NC

NC
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QUADRUPLE 3-LINE/1-LINE
DATA SELECTOR MULTIPLEXER

Design Specification PAL14H4

FRI_L4HY FAL DEZIGH ZFECIFICATION
FARTOO01E
DUADFUFLE Z-LIME-TO-1-LIME DATH ZELECTOR MULTIFLEXEFR

ROIR 4R 1B EB 3F 4EF 10 GND 20 30 40 4% BV 2Y 1Y T1 30 WOC

o

1A

1% = 1He.-ZNe-%1 + 1EBEel0e~-I1 + 1Ce-ZNe%]

e et

o
b

24 = SAe-TNesI1l + ZEeTlesT] o+

SHe-TesT1 + ZEetlersTi + ICersINel]

3y = dHe- e + JEeTNesTl + JdlesTen]

DEZCRIFTION:

‘A 4-EIT WOFD I ZELECTED FROM OME OF THREE ZOURCEET AMD II ROUTED
TO THE FOUR OUTFUT TRUE DATA I3 FREZEMTED AT THE OUTFUTE. IF
IMVYERTED DATA 1% DEZIREDs UZE THE ZAME EQUATIOME WITH THE FAL14L4,

1A 1 + + 20 WCC
1 1
LY LY R DATA ! 2R 2+ + 13 =0
f'H!'L ! EDARTA ! ! !
fLYH S DATA Y R34+ + 1= E1
t'H!Y H ! LOW ! ! !
——————————————————— 4/ 4 + + 17 1Y
H !
1B S + + 15 &Y
! !
(=3 + 15 3
! H
BV o+ + 14 4%
H !
4E = + + 13 40
! H
iz 2+ + 12 20
! H
+ +

GHIY 10

FIMOUT

Quad 3-to-1 Data Selector-Multiplexer, Design Specification.
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Application Suggestions

Quadruple 3-Line/1-Line
Data Selector Multiplexer

Logic Diagram PAL14H4

) 123 4587 wnoun w1 wnuN wsBD BN
! N
2AL—-r_‘-

s N = | 1"
e —x
¢ N - "
s s

i ’E—J»—’ gi > . LY
N
o3
u *——-—-—t
» % "
e =g
n *—-—-—1
s g
»
\
. »nN
¥
« .
ISt By e
o l
, (- v | n
B—1 2 s]—-———-——#c
. N 1 "
w—F =
s N 1 n
¥ =

123 4se? Bywn n2n

0212229 24252627 282930

PAL14H4 Quad 3-to-1 Data Selector Multiplexer, Coded Logic Diagram
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4-BIT COUNTER WITH 2
INPUT MUX

2 IMPUT ML

TLOcK A AL RS AT BOOEL EBES BT GHD CE COUT

SN i= sllesT0esR0 + sT1el0e SHD + T1esINes
Il1el e IHen0
01 i= cslle-InNe~il + ~I1el0esAl + Jle~Ille-

T1elnelIHer1en0 + I1elNe 01600

1= CJlesINe NZ + ~T1elNe<AS + Jle~sJiler
I1eldel IHenZo1 o0 + J1el0oe DZe ]

‘T1eINe- A2 + Ile.
Seilerint + I1e0e.

cll1esTNe 03
I1elneCINe

SCOUT = SCIH 4+ C3E o+ cng +

RIFTION:

4-EIT COUMTER LOADT
THREE ZTHTE OUTRUTE

A OF E FROM THE
ARE ACTIYE WHEHN

Design Specification PAL16R4

FARL DETIGM ZFECIFICATION

Be 01 0 ITo CIM WO

Il oz
Bl + I1elie-CIMesmN +
IlelNe ZIMe-] +

El +

EZ + Il1elnesCINe-d +
+I1eI0e-01Ze-011]

c +  [1eIn
+ I1eIne.

S

OF COUMTE LF.

! C,E Y ILOINY LOCKE ! DUTPUT 2 ! OFERATION !
LI U R T H 2 ! HOF H
¢t LY L H! H A tLOAD A H
! LY H O L! H E ! LOAD E H
! LY H H! H ] ! HOF !
!t L! H H! P PLUZ 1Y IHCREMEMT !
jt INPUT B
CARRY 1N ——>| |~ carrv out
4-BIT COUNTER
2INPUT MUX
:—'_\) :»sm&irwurs | D
OP SELECT
e—— ENABLE OUTPUT

<

OUTPUTS

Four-Bit Counter with Two-Input Multiplex, Design Specification.
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Application Suggestions

4-Bit Counter with 2 Input Mux

—>-

Logic Diagram PAL16R4

D123 4567 891011 12131815 16171819 202122

3 20252827 282930 M

)
L

)V V)

LREAL

Y

1Y

0123 4587 89161 12131415 18171819 20212223 24252627 282930 31

PAL16R4 Four-bit Counter with Two-Input Multiplex, Coded Logic Diagram.
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4-BIT UP/DOWN COUNTER WITH Design Specification PAL16X4
SHIFT AND THREE-STATE
OUTPUTS

FRL DEZIGH ZFECIFICATION

cLock I It EBEO OED ES BE I CLEARR GHD - E -LID HD AZ A

X

* A1 A0 MO FIO WCC

fi

[Fy - Igelle T « FIO = A

AN t= oA e TZe s T1e TN + B e ISe 1ol + ¢ AliesIZelle. 10 + RO eIZeI]
t+: RIDeIZe. Ile- 10 +

FIDeIZeI1e-T0 +

FIOeIzelles 10 + CLERF

AL 1= IcesT1e IO + o Elies IZesT1e10 + /AN e IZel1eT0 + toAlrelZell
1elCe-T1es10 +
b4 JeFIDeIceIles TN +
ANy eRI0eIzelle 10 + CLERAF
AZ 3= (RS eI 1110 + (oESre [Zes1lel0 + oo 0+ v+ RZselzell
P4 cAlselze-Tlesln +
ALrver AlveRIDeIZelle 0 +
eHLver R SRINeIZSI1e 10 + CLERF
<R3 Tres e T1eI0 + sLIOesIZeIle 10 + AT

teRI0eICeI1es 0 +
AlreRIDeIZeIle I0 + CLERF

DreRI0eIZeI1e IO +
~AeRI0eICeIle 10

THE UF-DOWH COUMTER WITH ZHIFT WILL LORD. OUMT UFPs ZOUMT DObMs
CLEAR OF MOF OM THE RIZIMNG EDSE OF THE CLOC "ECIFIED BY THE -
IMETRUCTIONs I. EHIFT I-0+ CARRY AMD EORROW ARE THE ZAME 1.0 LIMEZ
LI0 AMD RIOY. ACTIYE HIGH OUTFUTEZs Ay ARE EMAELED WHEM ~E IZ

LOW. HOTE: THE IMFLIED EXCLUZIYE DRs $#+: » MUET BE PLACED EETWEEN
THE FDOURTH AHMD FIFTH PRODUCT TERME.

[ INPUTE ' OUTFUTE ]
' CLEAR ! I2 I1 In ¢ LID RID ! CLOCK ! LIO ! AZ A2 AL A0 ! RIO ! OFERATION !
H L' L L LY ¥ ¥ 1 L-H ' Z 1 A0 Y2 '
YL ' L L H! ® ® ot L-H oz 1 vz '
' L ' L H L' RI 2 %' L-H ' Z 1 ' AL !
' L f* L H H! X ¥ % L-H ' Z 1 vz '
' L ' H L L! Z LI L-H ! RE!'AZALADLIY Z = '
' L ! H L H! Z % ! L-H ' L ' ALL HIGH ! Z ! ZET '
' L * H H L' 2 CIM?!' L-H ! COUT! AFLUZ ONE ¢ 2 ! INC IF CIN?
! L ! H H H! Z BIN!' L-H ! BOUT! A MINUS ONE ! Z ! DEC IF BIN?
'O H ! X X O W! o H ® 1 L-H ' Z ' ALLLOM ' Z ! CLERR H

Four-Bit Up/Down Counter with Shift and TRI-STATE (R) Outputs, Design Specification.
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Application Suggestions
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PAL16X4 Four-Bit Up/Down Counter with Shift and TRI-STATE (R) Outputs, Coded Logic Diagram.
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ALU ACCUMULATOR

FAL DEZIGH IPECIFICATION

CLOCE I0 It Eu Bl B BX L& IZ GHD FE LIO P A2 AZ AL AL G CIH SO0

Design Specification PAL16A4

=
Hiz= Tze IZe [le [oeHu, EO BN + IZe JZe Jlelier AN +  JZe JZelle INe: El+
JTZelle J1e le EN: 142 JZelle J1lelile:r HIOe B0 +
Trelcelle Tne 0 IN + Jreliellelner Al + IXZer HOv + CAHFFYVO
Al:= Jze Jce [le JOe'Al. EDN.E1 + IZe IZe Ilelier A1+ + 1Ze IZelle Iie: El '+
JZelle [1e 10Ne Bl 42 JZe]lZe Jlelller Hle Bl +
TZelelle T0e At + TZellelleliier A + IZe: ALY + CAFFYL
Hi=  TZe [Ze [le [Ne AT EDES + [2e [Ze Jleluer AIr + TZe [Zelle I0er EZ1+
TZelle [1e Jrhe ES t+: IZelZe Ileliler AZe-ES +
JIelelle 1e: FHl1v + IZelZellelie: A« + IZe AZ + LCAHFFYZ
AZi= JZe IZe Ile INe A E0.EZr + IZe IZe Jlelne. A2 + Txe Icelle-INe:r EZ:+
JZelle [1e Tue: HE 24 Jzelle Jtelle: RZe EZ +
[zellelle [e:. + JTzelZellelne LIO + Jzer A + LRFPYE
IF W0 5 o= I&e I1e 10 »
SIce Ile 10 o reRAZeRS +
Ice Il1e T » ES e Al1eELl '+
Ice Jle 10 » Fio+ES e AH1+E1 e ROSED:
IFow iy P o= Ice [1e 10 o tr e AS+ES e HI+EL o HO+ED Y +
ISe I1el0i e AZrer Alie. AO +
Icelle I e . EZrer Elre BN+
Icellel . + EXiet AZ+ EZver AL+ Elre HO+. EOr +
Ice T1elnd * + EXve AZe EZ1e Hie El e Hie B +
Cellelle I . e Kl oer AOre DIH 4+
Zelcelleln . FHirer HIr e AL
IF+ Tzelzelle In + LIOD =+ A
IF Trelcelteln + CIN =« Al
HOTE: CAFFCD = Txe I&e I1e IO & CIN !
THFFYL = IZe Joe I1e 100 & ‘AlOeED+
TZe I2e Ile 10 & ‘AO+EOSCIN
CHFFYE = TZzZe Ice. Ile. 10 & ‘HleEl:+
[Ze I&e Ile 10 & 'AlI+E1 e AOSED+
IJZe IZe Ile I o 'FAl+El e AO+ED ol IN
CAFFYE ~ IZe IZe Ile IO & (HIeEZ«+
J2e IZ2e I1e Il ¢ 'AS+ES e AleE1 4+
JZe ICe I1e 10 & AZ+EC e HI+El e HUOeED + X
IZe I&e. I1e I0 & AS+ES e HLI+EL e RO+ED oCIN
DEICFIFTION:
THE AL RCCUMULATOR LOAD. THE A-FEGIZTEF WITH OHE OF EIGHT OFEPANDZ ON
THE FIZINS EDGE OF THE CLOCH. & AMD F OUTFUT GENEPATE AND FROFRGATE
O THE ADD INZTRUCTION. F OUTFUTI OF = ZEFD ON IMITRLCTIONE
! IHFUTZ ! H H
———————————————————————————————————————————————————— OFEFATIDN H
Iz IS It It LIDCIM Y LIo ! POCIN 2 H
! L L L L -t Z ! RLD H:=H FLUI E H
! L L L L 2t Z Y ADD A:=AFLUZEFLIIZL !
! L L L H!? L. Z ' HOoR H:=H !
¢ L L H L ¢ Z ! LOARD Fi: =E !
! L L H H! -G Z ! AND H:=HeE H
'L H L L t S ! LOADCOMF A:=-FR !
! L H L H! t - ! > ' oF Hi=FA+ !
t L O H H L ! RS ! S ! ZHIFT LEFT H
't L H H H! 2! R1 ! ZHIFT PIGHT !
O H e O ! MDF [aH H

ALU Accumulator, Design Specification.
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Application Suggestions

ALU Accumulator
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ALU Accumulator, PAL16A4 Fuse Pattern.
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ALU Accumulator

cLock '—>

Logic Diagram PAL16A4
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Physical Dimensions

PACKAGES

Dual-In-Line Packages

(N) Devices ordered with “N” suffix are supplied in plastic molded dual-in-line packages. Molding material is a highly
reliable compound suitable for military as well as commercialtemperaturerange applications. Lead material is copperor
alloy 42 with a hot solder dipped surface to allow ease of solderability.

(J) Devices ordered with the “J” suffix are supplied in a CERDIP package (ceramic lid and base sealed with high
temperature vitreous glass). Lead material is solder dipped alloy 42.

(D) Devicesordered with the “D” suffix are supplied in side brazed, multi-layer, ceramic dual-in-line packages. The leads are
Kovar or alloy 42 and either tin-plated, gold-plated, or solder-plated. .

(Q) Devices ordered with the “Q” suffix are supplied in either a “D” or “‘J” package, but with a UV window.

Metal Can Packages
(H) Devices ordered with the “H" suffix are supplied in a metal can package. The cap is nickel finish and the leads are gold-

plated Kovar. Gold free construction using epoxy D/A is also available, with a tin-plated finish.

Flat Packages

(F) Devices ordered with the “F” suffix are supplied in a multi-layer, ceramic bottom brazed flat package. The lid is plated
alloy 42, and leads are gold-plated, tin-plated, or solder-plated alloy 42 or Kovar.

(W) Devices ordered with the “W" suffix are supplied in a low-temperature ceramic flat package.







National

Semiconductor

All dimensions are in inches (millimeters)

D16A package is replaced by D16C package.
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Physical Dimensions
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G12C package is replaced by H12C package.
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Physical Dimensions
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J20B package Is replaced by J20A package.
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Physical Dimensions

' T o
y 15290
MAX | 152

NS Package J24A
24-Lead Cavity DIP (J)

0025
053
RAD
0.030-0.05 KR EIREV LY £ LY K1 QR Yy
{0762-1397)
RAD TVP
0.180
0.590-0.620 0.005 - 6LASS o0 s
=~ [1a.885-15.748) o | SEALANT {1397 :0.127) MAX  020-0070
MIN T A W [ty
; L] (n.sns'-um
0.008-0.012 —
™ 0.203-0.309) U
1 055 o060 0.038 |¢ _._”__ 00180003 g5 gy95-0.200 0.150
~ 0.635 {za89) 0.100:0010 (0.457 0.076) M Grsm) @
a0 o MAX {7540 20.258) TN MIN

J24A (REV H)

J24C package Is replaced by J24A package.
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Physical Dimensions

NO8A package is replaced by NO8E package.
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Physica| Dimensions
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