




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CLOCK 
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FIGURE 3-60. Logic Diagram, PAL16A4. 
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INPUTS (0-31) 

o I 3 4 5 6 7 B 9 10 II 12 13 14 15 16 17 IB 19 20 21 22 23 24 25 26 27 2B 29 30 31 
WORD 0 I 2 3 4 5 6 7 B 9 A 8 C 0 E F 10 II 12 13 14 15 16 17 18 19 IA 18 IC 10 IE IF 
0 .. 24 
0, 16 
0, 8 
0, 0 
WORD 20 21 22 23 24 25 26 27 2B 29 2A 28 2C 20 2E 2F 30 31 32 33 34 35 36 37 3B 39 3A 3B 3C 3D 3E 3F 
Dc 25 
0, 17 
0, 9 
0 1 

WORD 40 41 42 43 44 45 46 47 48 49 4A 48 4C 40 4E 4F 50 51 52 53 54 55 56 57 5B 59 5A 5B 5C 50 5E 5F 
O. 26 
0, 18 
0, 10 
0, 2 
WORD 60 61 62 63 64 65 66 67 6B 69 6A 6B 6C 60 6E 6F 70 11 72 73 14 75 76 77 78 79 7A 7B 7C 70 7E 7F 
O. 27 
0, 19 
0, 11 
0, 3 

~ z w 
a: a: :::i!: 

WORD Bo BI B2 B3 B4 85 66 87 BB B9 8A BB BC BO BE BF 90 91 92 93 94 95 96 97 9B 99 9A 9B 9C 90 9E 9F 
O. 28 
O. 20 

CD w <C 
'r" ~ Z 
...J ~ 
oCt <C 
0.. 

Q. 

0, 12 
0 4 
WORD AD AI A2 A3 A4 A5 A6 A7 AB A9 AA A8 AC AC AE AF Bo BI B2 83 B4 85 B6 B7 BB B9 BA BB BC BO BE BF 
O. 29 , 
O. 21 
0, 13 
0 5 
WORD CO CI C2 C3 C4 C5 C6 C7 CB C9 CA CB CC CO CE CF DO 01 02 03 04 05 06 07 DB 09 OA DB DC DO DE OF 
O. 30 - O. 22 

as t;' O2 14 

E CD 
I ... e-O 

0 8 
WORD ED EI E2 E3 E4 E5 E6 E7 EB E9 EA EB EC ED EE EF FO FI F2 F3 F4 F5 F6 F7 FB F9 FA FB FC FO FE FF 
D. 31 

14 (/) 

C) :::i!: 
a: c w 

E ~ 

~ 
E () 

e :;:) 
0 

C) 0 
0 a: ... Q. 
0.. 

0, 23 
0, 15 
0 7 

I WORD 100 101 102103 104105 lOB 107 lOB 109 IDA lOB 10C 100 IDE 10F 110 111112 113 114 115 116117 116 119 IIA liB IIC 110 liE IIF 
D. 56 
0, 48 
0, 40 
0, 32 

WORD 120 121 122 123 124 125 126 127 12B 129 12A 12B 12C 120 12E 12F 130 131132 133 134 135 136 137 13B 139 13A 13B I3C 130 13E 13F 
O. 57 
0, 49 
0, 41 
0 33 
WORD 140 141 142 143 144 145 148 147 148149 I4A 14B 14C 140 14E 14F ISO lSI 152 153 154 155156 157 15B 159 15A 15B 15C 150 15E 15F 
O. 58 
0,50 
0, 42 
0, 34 

WORD 160 181162 163 164 165 166 16716B 169 16A 16B 16C 160 16E 16F 170 171 172 173 174 175 176 177 I7B 179 I7A 17B 17C 170 17E 17F 
O. 59 
0, 51 
0, 43 
0, 35 

WORD 160 161 162 183 184 185 IB61B7 IBB 189 IBA IBB I6C IBO IBE IBF 190 191192 193194 195 196197 19B 19919A 19B 19C 190 19E 19F 
D. 60 
D. 52 
0, 44 
0, 3B 
WORD lAD IAI IA2 1A3 IA4 IA5 IA6 IA7 lAB IA9 IA lAB lAC lAD IAE IAF IBO IBIIB2 183184 185 IB6 IB7 IBB 18918A 1881BC IBO IBE IBF 
O. Bl 
0, 53 
0, 45 
0 37 
WORD ICo ICI IC2 IC3 IC4 IC5 IC6 IC7 ICB IC9 ICA ICB ICC ICO ICE ICF 100 101 102 103104 IDS 106 107 lOB 109 IDA lOB 10C 100 IDE 10F 
O. 62 
03 54 
0,48 
0 3B 
WORD lED lEI IE2 IE3 IE4 IE5 lEi IE7 IEB IE9 lEA IEB IEC lED lEE IEF IFO IFI IF2 IF31F4 IF5 IF6 IF7 IFB IF91FA IFB IFC IFo IFE IFF 
D. 63 
0, 55 
0, 47 
0, 39 

2 3 4 5 6 7 B 9 10 11 12 13 14 IS 16 17 IB 19 20 21 22 23 24 25 26 27 2B 29 3D 31 

FIGURE 3-61. Programming Format Sheet, PAL 16A4. 
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en c o .--en 
CD 
g) 
g) 
:::I 
~ 
C o .--.~ 
Q. 
a. 
c( 

~National a 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
plicationsthat 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 logic equations in' 
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 = IA .--t>-. 

Programmable Logic 

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

Example 1-Basic Gates .. , , , ...... . 
Example 2~6-Bit Shift Register , ... . 
Control store sequencer .. , , ...... . 

Memory-mapped 110 .•••.......... 
8080 Control Logic for CPU Board ", 
Hexadecimal Decoder & Lamp Driver, 
Hex Keyboard Scanner ........... . 
Micro Floppy Control Logic .... , ... , 
Between-Limits Comparator ...... . 

Priority Encoder with Register ..... . 
Quad 3-line/l-line Data Selector ... . 
4-Bit Counter with Multiplexing .... . 
4-Bit Up/Down Counter with Shift. , . 
ALU Accumulator .. , ..... , ... ' ..... 

PAL 12H6 

c 

0 

PAL12H6 
PAL16R6 
PAL16R4, 

l6R6 
PAL16L2 
PAl16LB 
PAL16LB 
PAL16R4 
PAL14H4 
PAL16X4. 

16Cl 
PAL16R4 
PAL14H4 
PAL16R4 
PAL16X4 
PAl16X4 

E = C, D :=D-E ~ F 

H=F+G :=D-" 
L=II+/J+/K ~::::[J--L 

0= 1M-IN ::::Do--0 

R = P:+:Q ::::)D-" =P-/Q+/P-Q 

=0-

==0-

=0-

~ 
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G 

M 

N 

P 

Q 

This example demonstrates how lusable 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 
PAL 12H6 Is selected because it has 12 Inputs and 6 outputs. 
For this this example, the fuse pattern Is generated using 

a) PALASM 
bl Manual Programming Format IBHLF) Manual Coding 



Basic Gates 

INPUTS (0-31) 

c -'--

D 
, .. 

, , 
" " 

, 
.>. 

" " 

. 
-11: G 

M 
CD 

I e " " II) 

~ 
c: 

; 
>. ... W 

M l-
I-
0 
:::;) " 0 " 0 
c: 
c.. 

N 
. 

-11: 

'" " 

p 
, 

-11: .. 
n .. 
'" " 

a . >. 

, .. 
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Logic Diagram PAL12H6 

.... 
" A 

- J 
1"" " J , 

2 " -

3 " H 

- " 4 o 

5 " R 

- J 
6' " ./' ..., 

\ 

.L " K 

A 
" 

» 
"C 
"C 

(") 
I» -_. 
o 
:::l 

C/) 
t: 

(C 
(C 
(I) 
(J) -o 
:::l 
(J) 



I/) 
c o 
::: 
I/) 
CD 
Q) 
Q) 
~ en 
c 
o 
::: 
as 
.2 
1i 
Q. 
<t 

Manual Coding Basic Gates 

(t) Z 
J: II: 
('i w .... I-
..J l-
e::( < 
a.. Co 

-as 
E ... 
o 

u.. 
CI .= 
E 
E 
t! 
CI 
0 ... 
a.. 

Ii.i 
:i: 
< 
Z. 

M-
CD 

I 

e-
I/) 

:i: 
II: 
w 
l-
I-
0 
:::) 
c 
0 
II: 
Co 

Ii.i 
I­
< 

INPUTS (0-31) 

o I 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 11 18 19 20 21 22 23 24 25 26 21 28 29 30 31 
WORP 0 1 2 3 4 5 6 1 8 9 A B C D E F o 11 12 13 14 15 16 11 18 19 lA lB lC lD IE IF 
04 24 ~ IH H"II- "}II. 

0. 16 ";1"11'- ~ :", 7J. 7J. 7J. 19' IlIII H HI~ '71- H H .". .". H H 71- -".H H7I' .". '* .". '". 171 I'A' I'A' 
Oa 8 'No I'JI. .". .". "II- 71- "" £.'lIt I"}II. H H I'J¥. ,')I H H"JI. .". IH H .". "ISH H"}II. "}II. ,''' "» 
0, o H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
WORD 20 21 22 23 24 25 26 21 28 29 2A 8 2C 20 2E 2F 30 31 3Z 33 34 35 36 31 38 39 3A 3B 3C 3D 3E 3F 
0, 25 £. 1711- 1711- ,.". 
0. 11 I~ 1& it! ;c. Z. 1'-:' II! ii!. j! .;I! H HI;!!: !.;t: H Htt:. ;!!: H He&. .;0: H H ~ .;0: loIC lOll: 1.;0: I.e I..c:,~ 
0" 9;t! lot' til! ~ :ot' l.of .of .;I! ot' ~ H H l.of ~ H H ~ :I:. H H£ .JeH HZ. .;t: I.e I~ I.:t: I>C I>C Il4:. 
0 1 H IH H H H H H H H H H H H IH H H H H H H H H H H H H H H H H H H 
WORD 40 41 42 43 44 45 46 41 48 49 4A 4B 4C 40 4E 4F 50 51 52 53 54 55 56 51 58 59 SA 58 5C 50 5E SF 
0, 26 L L L 
0. 18 L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0" 10 iil!oI! ;t! .e ;t!iII! lI!iI! .;0: leSC HIH Ie&. !.;II: H H.;o:,;c H H.;o: J:H Hoi!. ~ I'"'" lOll'- l,;c ,'''' l,;c e&. 
0, 2 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
WORD 60 61 62 83 64 65 66 61 68 69 6A 6B 6C 6D 6E 6F 10 11 12 13 14 15 16 17 18 18 lA lB lC 10 1E 7F 
0, 27 L L L L L L L L L L L 
0, 19 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0" 11 ..t! o/!;t! .c H H H H H iI! H Hoe ,"" E.. 
0, 3 H H H H H H H H H H H H H H H H H H H H H H H H H HIH IH IH IH IH H 
WORD 80 81 82 83 84 85 86 81 88 89 SA 80 8C 80 BE BF 90 91 92 93 94 95 96 91 98 99 9A 90 9C 90 9E 9F 
0, 28 
0, 20 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 12 ·L L L L L L .L L L L L L L L L L L L L L L L 
0, 4 H H H H H H H H H H H H H H H H H H H H H H H H H H H HIH H H H 
WORD AD AI A2 A3 A4 AS A6 Al A8 A9 AA AB AC AC AE AF DO Bl 02 B3 B4 OS B6 01 08 09 DA DB DC DO BE OF 
0, 29 L L 
0. 21 L L L L L L L L L L L L L L L L L L L L L L 
0" 13 L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0 5 H HIH H H H H H HIH H HIH H H H H H H H H IH H IH H IH IH IH IH H IH H 
WORD CO Cl C2 C3 C4 C5 C6 Cl CB C9 CA CD CC CO CE CF DO 01 02 D3 04 05 06 01 08 09 OA 08 DC DO DE DF 
0, 30 

0. 22 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0" 14 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0 6 I H H H H H H H ·H H H H H H H H H H H H H H H H H H H· H H H H H H 
WORD EO El EZ E3 E4 E5 E6 El E8 ES EA EB EC ED EE EF FO Fl F2 F3 F4 F5 FB F1 F8 F9 FA FB FC FO FE FF 
04 31 L L L L L L L 
0. 23 L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 15 L L L L L L L L L L L L L L L L L L L L L 
0 7 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
WORD 100 101 102 103 104 105 106 107 108 109 IDA lOB 10C IOD IDE 10F 110 111 112 113 114 115 116 111 118 119 l1A liB 11C 11D 11E llF 
04 58 H H H H HIH H H H H H H H H H H H H H H H H H H H H H H H H H H 
0.48 I 'lit I.". I"AI. 1'lIl' 71- I.". 171- .". ",,71- IH H'JI. 71- H H "II- 71- H H 71- "}II. H H 'II- 171- "}II. .",,'tII a: .". "II-
0,,40 I~ "If. 11l' ~ 7JI. I~ I~ "'171' I~ H H I~ ?l'-H H"" .". H H ;t! .".H H ?I- Iii! ?I- I"JI. I?I- "If. '?I- ". 
0 32 Ill' '" 1'lIl' I'll' 'lIl' 1'lIl' 1'lIl' 'lIl' I'¥ 7J. HIH 171- iI! H H7I- II! H H "11- 171- HIH "II'- 71- 71- Ill' 171- 'II- 11- "II'-
WORD 120121 122 123 124 125 126 121 128 129 12A 12B 12C 120 12E 12F 130 131132 133 134 135 136 131 13B 139 13A 13B 13C 13D 13E 13F 
04 57 H H H H IH H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 49 ,71- ,:.v- I:.v- 1"11-0 H H '~ '". H H 'II- 'II- H H '1!- 'If. H H .. '". I'. I'. I'. "II- ..".., 
0" 41 ,.". '71- ,''' 1"lIL I .... 1'11' % 1'7l' "If. I "}II. H H 1'11' "11' H H 71- "Jt. H H ?I II! H H ~I'" '71- "}II. 
0 33 H~ .oe 
WORD 140 141 142 143 144 145 146 141 148149 14A 14B 14C 14D 14E 14F 150 151 152 153 154155 156151 15B 159 15A 15B 15C 15D 15E 15F 
0, 58 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0.50 '"}II. "}II. 171- 'No I.". I.". ?I- "JI. I.". I". H H I"JII. "JII. H H '111-.". H H "II- I'll' H H '711'11- "If ". 
D. 42 L L L L L L L L L L L L L L L L L L L L L L L L L L 
~34 
WORD 160181 162 163 114 165 166 181 188 169 18A 168 16C 16D 18E 16F 110 111 112 113 174 115 116 111 I1B 119 I1A 17DI1C 110 I1E 11F 
0, 59 H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H H 
0, 51 ,~. ;:. ,'''' .~ I~ if!. ~ ,'''' I/!," H H I~ ... H -''! IE L ... H H H ;I-
0" 43 L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 35 
WORD 180 181 182 183 184 185 186 181 188 189 18A 188 18C 180 18E 18F 190 191 192 193 194 195 196 191 198 199 19A 19819C 19019E 19F 
0, 80 H H H'H H H H H H H H H H H H H H H H H H HIH H H I H H H ,H H H H 
0, 52 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 44 L L L 
~ 38 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
WORD lAO lAI lA2 lA3 lA4 lAS lA6 lAl lA81A9 lA lA8 lAC lAD lAE lAF lBO lDllB2 183 lB4 lB5 106 lBl lOB 109 IDA lOB lDC lBD IDE lDF 
0, 81 H H IH IH IH HIH H H H H H H H H H H H H H H H IH H H IH IH IH IH H H H 
03 53 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 45 L L L L L L L L L L L L L L L L L L L L L L L L' L L 
0, 37 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
WORD lCO lCI lC2 lC3 1&4 lC5 lC6 lCl1CD lC9 lCA lCD ICC lCO ICE lCF 100 lDllD2 lD3 1041D5 lDB 101 108 10910A lDD 10C 100 IDE 10F 
04 62 H H IH IH HIH H H H H H H H H H H H H H H H H H H H H H H H H H H 
0.54 L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 48 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 38 L L L L L L L L L L L L L L L L 
WORD lEO lEI lE2 lE3 114 lE5 lE6 lEllEB lE9 lEA lED lEC lED lEE lEF lFO lFI lF2 lF3 1F4 lF5 lF6 1F1 lF8 lF91FA lFB lFC lFD lFE IFF 
0, 63 ,11 H H IH H H H H H H H H H H H H H H H H H H H H H H IH H H H H H 
0, 55 L L L L L L L L L L L L L L L 
0" 47 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 
0, 39 L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L L 

COl 2 3 4 5 6 1 8 9 10 11 12 13 14 15 16 11 18 19 20 21 22 23 24 25 28 21 28 29 30 31 
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l> 
PALASM Output: Basic Gates Design Specification PAL 12H6 'C 

'C 

n 
I» -PAL12H6 PAL DESIGN SPECIFICATION 
_. 
0 POOSSA :l BASIC GATES EXI\MPLE 

S.V. CA en 
CDFGMN POI GND J KLROHEBAVCC C 

B=/A 
co co E=C*D CD H=F+G 

O=/M*/N en 
R=P*/O+/P*O =. 
L=/I+/J+/K 0 

:l 
DESCRIPTION: THIS EXI\MPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO en 

IMPLEMENT THE BASIC GATES. 

NUMBER OF FUSES BLOWN = 306 

PALASM Output HEX FORMAT 

B F B F 7 F F D F F F F F F F F F F F F F F F F F F F F F F F F 
9 9 9 9 9 9 9 9 1 9 F F 9 9 F F 9 9 F F 9 9 F F 9 9 9 9 9 9 9 9 
1 1 1 1 1 1 1 1 1 1 3 3 1 1 3 3 1 1 331 1 3 3 11111 1 1 1 
1 1 1 1 1 1 1 1 1 1 3 3 1 1 3 3 1 1 331 1 3 3 1 1 III 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 I. III 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 til 1 1 1 I 
1 1 1 1 1 1 1 t t 1 1 1 1 1 1 1 .] 1 1 1 1 1 1 1 11111 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1. 1 1 1. 1 1 1 1 1 1 1 
F F F F F F F F F F F F F E F F F E F F D F F F F D F F F B F F 
E E E E E E E E E E F F E E F FEE F F E C F F C E E E E E E A 
C C C C C C C C C C C C C C C C C C C C C C C C C C C 8 C C C C 
8 8 8 8 8 8 8 8 8 8 C C 8 8 C C 8 8 C C 8 8 C C 8 8 8 8 8 8 8 8 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 888 888 8 8 8 8 8 8 8 8 8 8 8 
8 8 8 8 8 8 8 8 e 888 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
8 8 8 8 8 8 8 8 8 888 8 8 8 888 888 8 8 8 8 8 8 8 8 888 
8 8 8 8 8 8 8 8 8 888 8 8 8 888 8 8 8 8 8 8 8 8 8 8 8 8 8 8 
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en 
c 
.2 -en 
CD 
Q) 
Q) 
~ 

U) 

c 
.2 -.2 
Q. 
Q. 
<t 

PALASM Output: Basic Gates 

BHLHHF BHHHHF BHLHHF BHHHHF BLHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF·BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF 

,BLLLHF BHLLHF BHHHHF BHHHHF BHLLHF BHLLHF 
BHLLHF BHLLHF BHHHHF BHHHHF BHLLHF BHLLHF 
BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF 
BLLLHF BLLLHF BLLHHF 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 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 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 BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHLF 
BHHHHF BHHHLF BHHHHF BHHHHF BHHLHF BHHHHF 
BHHHHF BHHLHF BHHHHF BHHHHF,BHHHHF BHLHHF 
BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHHF BHHHHF BHHHLF BHHHLF 
BHHHLF BHHHLF BHHHHF BHHHHF BHHHLF BHHLLF 
BHHLLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF 
BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF, BHHLLF BHHLLF BHHLLF 
BHHLLF BHHLLF BHHLLF BHLLLF BHHLLF BHHLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHHLLF BHHLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHHLLF 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 B~LLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHI.LLF 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 BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF 
BHLLLF BHLLLF BHLCLF BHLLLF BHLLLF BHLLLF 

, 

-

BHLF Format PAL 12H6 

BHHHHF BHHLHF 
BHHHHF BHHHHF 
BHHHHF BHHHHF 
BHHHHF BHHHHF 
BHLLHF BHLLHF 
BHHHHF BHHHHF 
BHHHHF BHHHHF 
BHLLHF BHLLHF 
BLLLHF BLLLHF 
BLLHHF BLLHHF 
BLLHHF BLLHHF 
BLLLHF BLLLHF 
BLLLHF BLLLHF 
BLLHHF BLLHHF 
BLLHHF 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 
BHHHHF BHHHHF 
BHHHHF BHHHHF 
BHHHHF BHHHHF 
BHHHHF BHHHHF 
BHHHLF BHHHLF 
BHHHHF BHHHHF 
BHHHHF BHHHHF 
BHHHLF BHLHLF 
BHHLLF BHHLLF 
BHHLLF BHHLLF 
BHHLLF BHHLLF 
BHHLLF BHHLLF 
BHLLLF BHLLLF 
BHHLLF BHHLLF 
BHHLLF 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 



l> 
PALASM Output: Basic Gates Fuse Plot PAL 12H6 "C 

"2-
0" 
S» 
::::. 

11 1111 1111 2222 2222 2233 0 0123 4567 8901 2345 6789 0123 4567 8901 ::s 
a 0000 0000 0000 0000 0000 0000 0000 0000 en 
1 0000 0000 0000 0000 0000 0000 00000000 C 
2 0000 0000 0000 0000 0000 0000 0000 0000 CO 3 0000 0000 0000 0000 0000 0000 0000 0000 CO 4 0000 0000 0000 0000 0000 0000 00000000 CD 5 0000 0000 0000 0000 0000 0000 0000 0000 tn 6 0000 0000 0000 0000 0000 0000 0000 0000 

~" 7 0000 0000 0000 0000 0000 0000 0000 0000 
0 

8 ---x --00 --00 --00 --00 /A ::s 
9 xxxx xxxx XXOO XXOO XXOO XXOO xxxx xxxx tn 

10 xxxx xxxx XXOO XXOO XXOO XXOO xxxx xxxx 
11 XXXX xxxx XXOO XXOO XXOO XXOO xxxx XXXX 
12 0000 0000 0000 0000 0000 0000 0000 0000 
13 0000 0000 0000 0000 0000 0000 0000 0000 
14 0000 0000 0000 0000 0000 0000 0000 0000 
15 0000 0000 0000 0000 0000 0000 0000 0000 

16 x-x- --00 --00 --00 --00 COD 
17 XXXX XXXX XXOO XXOO XXOO XXOO xxxx xxxx 
18 0000 0000 0000 0000 0000 0000 0000 0000 
19 0000 0000 0000 0000 0000 0000 0000 0000 
20 0000 0000 0000 0000 0000 0000 0000 0000 
21 0000 0000 0000 0000 0000 0000 0000 0000 
22 0000 0000 0000 0000 0000 0000 0000 0000 
23 0000 0000 0000 0000 0000 0000 0000 0000 

24 x--- --00 --00 --00 --00 F 
25 X-OO --00 --00 --00 G 
26 0000 0000 0000 0000 0000 0000 0000 0000 
27 0000 0000 0000 0000 0000 0000 0000 0000 
28 0000 0000 0000 0000 0000 0000 0000 0000 
29 0000 0000 0000 0000 0000 0000 0000 0000 
30 0000 0000 0000 0000 0000 0000 0000 0000 
31 0000 0000 0000 0000 0000 0000 0000 0000 

32 --00 -XOO -XOO --00 /M*/N 
33 XXXX xxx x XXOo XXOo XXOO XXOo xxxx XXXX 
34 0000 0000 0000 0000 0000 0000 0000 0000 
35 0000 0000 0000 0000 0000 0000 0000 0000 
36 0000 0000 0000 0000 0000 0000 0000 0000 
37 0000 0000 0000 0000 0000 0000 0000 0000 
38 0000 0000 0000 0000 0000 0000 0000 0000 
39 0000 0000 0000 0000 0000 0000 0000 0000 

40 --00 --00 --00 X-OO -x-- P*/O 
41 --00 --00 --00 -XOO x--- /P*O 
42 0000 0000 0000 0000 0000 0000 0000 0000 
43 0000 0000 0000 0000 0000 0000 0000 0000 
44 0000 0000 0000 0000 0000 0000 0000 0000 
45 0000 0000 0000 0000 0000 0000 0000 0000 
46 0000 0000 0000 0000 0000 0000 0000 0000 
47 0000 0000 0000 0000 0000 0000 0000 0000 

48 --00 --00 --00 --00 -x-- II 
49 --00 --00 --00 --00 ---x IJ 
50 --00 --00 --00 --00 ---x IK 
51 XXXX XXXX XXOO XXOo XXOo XXOo xxxx XXXX 
52 0000 0000 0000 0000 0000 0000 0000 0000 
53 0000 0000 0000 0000 0000 0000 0000 0000 
54 0000 0000 0000 0000 0000 0000 0000 0000 
55 0000 0000 0000 0000 0000 0000 0000 0000 

56 0000 0000 0000 0000000000000000 0000 
57 0000 0000 0000 0000 0000 0000 0000 0000 
58 0000 0000 0000 0000 0000 0000 0000 0000 
59 0000 0000 0000 0000 0000 0000 0000 0000 
60 0000 0000 0000 0000 0000 0000 0000 0000 
61 0000 0000 0000 0000 0000 0000 0000 0000 
62 0000 0000 0000 0000 0000 0000 0000 0000 
63 0000 0000 0000 0000 0000 0000 0000 0000 

LEGEND: X FUSE NOT BLOWN (L,N,O) FUSE BLOWN (H,P,I) fD a PIIANTOM FUSE (L,N,O) 0 PHANTOM FUSE (H,P,I) 

24·169 



o ---------------------------------------------------c 
.2 EXAMPLE 2: 
U; 6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS 
CD 
Q 
Q 
:::J en 'Sl 

c o 
:;:: 
ca 
u .-
Q. 
a. 

<C 

SR 

0, 

0, 

0, 

D. 

, 

I .. ... 

I to.. .. 
I 

SR 

SL 

l 
I ~ 

f--

~ ~ 
~0 

~ ~~ 
---= ~ 

~ ~ 
f-- H~ 

f--~ 

-V -~ 

~ ~ - =l w-' 

-~ ~ 
~. to.. 

1 1 ' 

24-170 

L IRD 

o. 

a, 

o. 

a' 

.A .... CLOCK 



Manual Coding: 6-Bit Shift Register 
with Three-State Outputs 

INPUTS (0-31) 

, 
CK '-t> 

O! 11 4 ~ 6 1 ~ 9 10 II '1 \J 14 1~ 16 1/ IS 19 10 11 12 1] 14 1, 1& 11 l~ 19 )0 J I 

, , , · ; · , 

SA ~ 

· , 
'" " " " .. 
" 

00 
, 
~ 

.. 
" " " " " " " 

c;- 01 · ~ 
CD .. 

" 
I 

e. 
" " en 
" " " 

~ 
a: 
w " l-
I-
() 

02 
, > 

::::I 
" " " 

C 
0 

" " " 
a: 
ll. 

" " 
03 · ~ .. 

., .. 
" " .. 
" .. 
" 

, 
.z 

.. .. 
;0 

" " " " " · ... 
..It 05 

" " " " .. 
" " " 

SL 
, 
~ 

o 1 2 1 4 ~ 6 1 ~ 9 10 11 illl 14 I~ IS 11 IS 1! 1011 21 2l 14 lS (6 21 18 n 10 11 

24-171 

Logic Diagram PAL 16R6 

j " LlAO 

n~ "'" ./ 

'" 

00 

~ " ~ ./ 

~ 

~ " U1 ./ 

~ 

~ " 

~ 
./ V 

.tC. ... 

~ " U1 ./ 

~ 

~ " u-./ 

,~ 

05 

~ " 

~ 

AILO 

_. 
o 
D) -o 
::::s 
en 
c 
co 
co 
CD 
en 
=.. 
o 
::::s 
en 



(/) 
c o .--(/) 
CD 
g) 
g) 
':::J 
UJ 
c 
.2 -'" .2 -a 
a. 
~ 

Manual Coding: 6-Bit Shift Register with Three-State Outputs 

CD Z 
::I: a: 
N W ... .... 
...J .... 
< <I: 
D-

c.. 

-«I 
E ... 
o u. 
Cl 
c: 
E 
E 
«I ... 
Cl 
0 ... 

Do 

W 
:::i: 
<I: 
Z 

c;:; 
CD 

I e-
I/) 

:::i: 
a: 
w .... 
.... 
0 
;:) 

c 
0 
a: 
c.. 

w .... 
<I: 
C 

INPUTS (0-31) 
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

IWORD 0 1 2 3 4 5 6 7 8 9 A B C D E F 10 11 12 13 14 15 16 17 18 19 lA 18 lC lD IE 1F 
04 24 ~ 1;(; ~ ~ "JI. I ?II-
03 16 11- 1"'- ?l- ll' '/1- liII- I'll>' 1"11- I'A' I"J!' I ill- i;;[. 1'11- "II- "A' 'J!' 11- 'II- 'J!' I·J/. I'll- '11- 'If '". '11- I· .... . ". 1'1'1' I'''' ".II' "*' O. 8 

"'" 
1;[, I?I- ,'" ,'''' ,"" I,. ,'''' ?!J. "II- I?I- ,?lI- I ..... I ..... I ..... X. ?l- "*' 0, 0 "II- ?I- I?I- 'A' 171' I'A' Il'I' I· .... "]I. 71' I'A'- '11- '/I '/1 '11- l¥- ~ '.II' 171' 171' .". I .... 'A'- I· ... I· ... ,''' I· ... I'll' .... ..... 

WORD 20 21 22 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36 37 38 39 3A 3B 3C 30 3E 3F 
04 25 71- 71- 171- 71- I".¥- l¥ 1"11- I Off. 'w. 'No I"JII. I?I- 'II>' ,'II- 7l' "II- 'JI. '11- 1'If. 'JI. ,'II- .". ;I:. 'A'- "R-
03 17 'If. "]I.. I".¥- ..... ,''' "]I.. IW. 1"11- ,'lI/' "]I.. I'll/' IIII- "" I"JII. L ¥ "# 'JI. I'll- I .... ,'JI. I"JI. ,,,,. 1"111' I.". I'M- I'M' I"JI. ~ ''/I. w. 
O. 9 'II' 'II' 1"11- "11- ,''' "JI. I.,.. I .... I'J!' '.11' 1;1:: I"N- '" I 'No 'No 'No "N- 'No 1",If 11)1- '1)1- I?I- 'II- I'll!. 'Ji. 1)1-
0 1 'No ".¥- "]I.. I'M. ?l- ,''' 'M. I';c I'JI. I "No '/I. 1'/1. I"M: :".¥- 1'/1. ,'/I. "]I.. 'JI. 'J/. I·JI. I"JI. ,'JI. I'J!' ,'.tI!- I"M- Ill'- I 'No I"JI. I~ "JI. "JI. "JI. 
WORD 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 50 51 52 53 54 55 56 57 58 59 5A 5B 5C 5D 5E SF 
04 26 'II. I'll. ,''' I'.¥. ~ IlC I 'It. ,w. I 'It. 1"]1.. ,~ 1'11- ,'It. I'M' lox. I 'No I'll. IL ,'II. !'No 1'J:t 
03 18 '7/. ~ 7:1- 1',4- '11- 171- 'R-
O. 10 'It. 'JI. IL 'No I·JI. ?I- 1"11- 'JI. I"JI. "JI. ,'''' I .... ,"R- I'll- ,'11- "II- .... 'JI. I.". "JI. ,'7/. 171- ,'JI. ?I- 1'.10/. 71- 171- I.;C :"11- :'7/. IW-
0, 2 I,;J: I';; iI:.. lil:... 1iiC. I;t: it. l<iC I.e. ~ 1£ 1;( ;L IlL ;L I.;C 1"'- ,,4. L.e :£ 4- 1:£ I.e: 1"- 1£ ,:£ '£ l~ 
WORD 60 61 62 63 64 85 66 67 68 69 6A 6B 6C 6D 6E 6F 10 1, 12 13 14 15 16 11 18 19 1A 1B 1C 10 1E 1F 
04 27 '1/0 "II- ,"II- 1J. 1"1/0 ."]1. X 'No I~ 
0, 19 'JI. ¥ 'JI. '/I. I .... 'JI. I"JI. '/I. 1<1: 'I:L 1·J:j. I'JI. I,. I¥ 111- "Jj. .". 'JI. I'7/. ,-" ,"/I. IW-,'''' "li- I"" 'JI. "/I.I/( ,'JI. .".~ 
O2 11 ..... .". 'If. 'JI. 1;1: 'JI. 1'l'II- "li- I'¥-. "JI. l'R- 1',11. IIII- Il¥ . .". .". '/I., 1!- IjII; 'If. 'If. 'J!' 
0, 3 or. ;;['IL ;L LI;;[' 1;[, IL lot: loll: lot: ;I!.. ~ '" 1£ I~ I.e: IS: !:;I: 1;1: I..r:: lot: IS: ,.e. ,.;c "-
WORD 80 61 82 83 84 85 86 81 88 89 8A 88 8C 8D 8E 8F 90 91 92 93 94 95 96 97 98 99 9A 9B 9C 9D 9E 9F 
04 28 10'£ II!. ,4. III! I~ I#. I at: ;I!.. " L I#. I~ I at: lit. 1;1: L 1£ IlL 1£ 1;;[, ,;I: ,:I: 
03 20 ~ if. if. L ~ lit ;/! l" .f! ,''' .f! l.f! I~ 1;1: lit 1;1: ~, .~ .t: liE l~ 1;1: L;I: IL :;t. 1:1: 1;[ I~ It., ';I: It. -s.. 
02 12 L II:. I.at:: .;C1.1: IL .at:: Ia::. IL I~ ILl .. L X. Ill' I a::. 1.1:1;1: 1;1:: 1;l::1:a:: ... 1:1: L 
0 4 L ;C if. ;C it I;t' it I;C .f! I.f!. it l# I;! 1;1: 1;1: ~if.. it;/! 1iJ: I~ L;C LL II-. x., 1;( lol: I~ lit lS- I;/: :t. 
WORD AO AI A2 A3 A4 AS A6 A1 A8 A9 AA AB AC AC AE AF BO Bl B2 83 B4 B5 B6 B7 B8 89 BA 8B BC 8D BE BF 
04 29 1£. ... -IC. 1;1: ;I: IL ,;::. ,''''. at: ~ I~i#: ["It: ;;I' 
0, 21 ~ ,;J! IL I,;j: a::.liL 1~1.r:; I~ I#. ,;j: Ill' Ill' ,''' ,;j:IL 1;;1' Ia: Ia: S-
O. 13 I£. .. , .. #'- IX. #. lJ: IT-. lit ~ I~ I~ I:;t. ;CI.;C: ;C. :c. #- :e. I~ Ii#: IL :e. I;c' ~ 1.:1:. I#- I~ ;!, 
0, 5 if. ,;j: ;J;1i#: I OJ'. II'-If; I .. 101: ,''' ;I:. '" '" ~ Ia; ,''' I a::. ;I:. Ii#: ,;j:. I;F- Ia: S-
WORD CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CO CE CF DO 01 02 03 04 05 06 D1 08 09 OA DB DC DO DE OF 
04 30 #. #. :;t. ;I:.. :;t.1" 14: #. 14: IL I~ ," Ia: ~ #. II:. £. #. 10:1:. I;!, ;;I' S. #. ~ ~ 4- 101:. 1"- A:-
0, 22 #.. :£ I IlL 101: So .4! IS. loll: I;C. 1;1:.. III'- :c. "" L iC. :t: ,'''' lot: 14- #. IS. .L ;L :L IL- 1,;£ :/:. 
02 14 #.. ;F- .. I'" I if.. I;C. I a::. 1;;1: '''''oJ; a:;. "" a: "" '" 1<1' I .. I oJ' ';£Ia: I~ #. 
0 6 #. s- :;t. #. "-1,;£ I#. 10#' #. 1;;1: I:e. Ii#: IS. S. iC. ;.;£ .:L S. I:L IS. IS. .#.I.#. 01:. IS. IS. :/:. 
WORD EO E1 E2 E3 E4 E5 E6 E1 E8 E9 EA EB EC ED EE EF FO Fl F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC Fo FE FF 
04 31 :c: I;C. I;C. I IlL ,;L :£ 01:. ~ 
03 23 ,;j: ;1:.;1:. I.:t: .. 10;1: IL III' 1;1:. I ... 1;1:. a:;J; i$- 4- i$- Ia; III'- ;1:1;1: ;C. a:;. Iii' 1;;1: if; 
O. 15 #. .;C ;C. ;I:.. I"': ;C.I#. IS:: a:IL I;C. Ia: IS. a: ;.;£ ,« 1;1: 1,;£ I,;J! ;I: #.#. 1.1: 1;1: #. 
0 7 :£ 1.01: ;I:. 1;1:. I#. IS. ;.;£ 4- 14. 4- .1: ;c. ;c'o'£ L .. S. 
WORD 100 10, ,02 103 104105 10& 107 ,08 109 lOA lOB 10C ,00 10E 10F 110 11, 112 113 114 115 116 111 118 119 l1A l1B l1C 110 l1E 11F 
O. 56 'If. or: "",. '",. 'If. 1'If. 'If. "IlIo "11- 'No 'If. ~ .". 1'.tII- 'If. 'II- 'R- .". I'IJ. ~ ?I- "R- "IlIo I.".. 'JI. "III- .".. 'JI."'" "II- 'If. 'If. 
0, 48 .". ;& '.til- ... 'If. I 'If. "" 'AI- .". I 'It' ... 'AI- 'If. 111- 'K. 'If. ,-.. "If. ... .. ')j. "III- 'It' I'JI. ,W- .". .". 'JI. 'JI.. :I: '}j.,"jI. 

O. 40 '''If. ;C. '" "" ~ ... "" ,~ 71' 171- .... "" ". In. '}#. 111- 1'7t- 'II- ....". 'J:t. ... 11- IL. I. ~'N- ". 11- ;C I~ '1t. 
01 32 .",. or. '" "'.". ... .". .". 'jIjI I'JI. .". 71- .".. 1"]1. "I/o .". ,.". ,"If. ... ,.". ... ,,¥- ,.,. • 'If. I"JI. 
WORD ,20 12, ,22 123 124 125 ,26 '27 128 129 12A 'ZB 12C '20 '2E 'ZF ,30 13,132 133 134 ,35 136 137 138 139 13A 13B 13C ,3D 13E ,3F 
04 57 .". 'l£ '''J( .". I"JI. .". .". .... 1"1$ ~ ,"ft, It-
O, 49 1;1: '''II- -". '*- 1"111- 'If. 11. 'JI. ·47f. ?L"JI. .". 71- 1'11' 'II- 'If. I.,. "]I. ,.". ''110 ,..". 'If. I II: 
O2 41 I~ 'II. ''K. .". 171- .". .". I~ .". .".. I.". ,.". I.". 'III- 1'l1I #)l- I ?I-,'" ,.". 'II- 1"/1. 
0 33 
WORD 140 141 ,42 143 144 145 '46 147 148 '49 14A '4B 14C 14D 14E '4F ,50 151152 '53,54 '55 156157 ,58 159 '5A '5B 15C '50 '5E 15F 
04 58 I~ 101: 1,.7;; I;C: a:;.. I;C. II:. 'if! ;e.. I a:: ;;I!.. ;I: .e. flo ;C. I~ I.;C III:. I.;C III:. ;;e ;t:..;C I.f! iI! 1.aC I"':: I;e. ~ ;e. I;e. 
0, so, I"J( lot: I'll. 'M: "If."M- ''7S 11. ."."Jj: 1'111 ']1. .". ']I. '/1. .". I'M: "]I. I'll- 1"11- ,.". 'If. 'II. .rr. I'JI.. 'IJ. 'IJ. '/I.,ot: .". '/I.. 1"»-
O. 42 I'7/. lor: I .. 1'/1. .".FJI. .". 'R- I ... 'A'- I...".. 'A'- .". .". 'II- ."...". "II-'If. I ... '/J- 'II- • 'If. 'If. 'JI. 1')1. '7/. I'll- lor: ""'.". 'II-
0 34 171- lor: 'JI. ,..". I ... .",. 1"111- ... '71- .". "11-71- '11-"11- ?I- .". I'JI. ?I- I"R- I ... .". .".'JI. "","11- I?I- ," 1-' .". 'JS.1<Jf 
WORD '60 16, ,82 163 ,64165 ,86 167 168 '69 ,6A '6B 16C '6D 16E 16F 170 171 172 173 174 175 11& '11 118 119 17A 17B l1C 110 17E 17F 
04 59 lot: lot: lot: 1.1: 1.1: #-s. <I- ~ ~leI' I~ :1:- I~ #. rS- I#. IL- Ia: 1;;1' ;;I' iE. I~ 
0, 51 1-"" I'll- "..,. ,,,» '1f- '". ,..". I· ... '11-1"" "]I. .". ,''' 0, 43 .". I.". 1"11- I ilL ... I'7/. I 'ilL IlIL .". ."..". -If. 'II- 'If. .". .". .". .". I"R- "»'iF- I.". 'If. 'JI. 'JI. I.". ',11. I#. .". .". I .... 
0 35 .-r. 
WORD 180 181 182 '83 184 185 ,86 187 ,88 189 '8A 18B 18C 180 18E 1BF 190 ,91 '92 193194 195 196 191 198 199 '9A 19B 19C 19019E 19F 
04 60 oe. we 
0, 52 101" Io!F IcC 1,;[ .t:li#: 1,;1: Iei' 1.;r;~;;I: 1:1:- 1# 4 14 ,~ .;l! .;l! ~ 14 iJ!IS I~ .;l! Iei' 1.;1: :#.I#. 
0, 44 I":: lot: lot: 1# ,;I! I~ I.#. ,ii&. I~ I.;l! ,:& I"': 1:& 14 
0 36 I.e lot: I.;C' 1,;( ~:;I! ;I! Iii!' I~ d! IS: 1<1' I; 1;;1'" 1& J. J. r Iei' ~I;;' I~ Id" <iT-~ S. 1& 101: 
WORD 'AO 'AI 'A21A3 lA4'A5 lA6 lA7 lA6'A9 ,A 'AB ,AC lAD 1AE 'AF ,BO 'Bl'B2 '83 'S4 'B5 lB6 'B7 ,B8'B9 lBA lBB lBC ISO 'BE 18F 
0" 61 i/! ;J:. 4 I.#. ~I;j:: II!. 1;;1: ;e.IS I.:f. I.i!: I~ I~ # l:- II!. g.~ 14- .£I#. ~ ~ £.:t. I~ I.e. #. 
0, 53 .t: .:I! ;& l;;e LI"': # 14.. :£1# I~ :£1.1= 14:- I~ ,& #- ,S- S.S- IS: lS: 1& l? "" .-s. ~S- IS- 1& S-
O, 45 eI' .F I- IF .FloF iT- I'" oFloF I;C. loJ; Iii! Ill! ~ ;I:: ;II: ',oF &os. 1&0 1#.1 ;I: So 1# 1# oF 
0 37 S. ~ ;;1,;1: s. oF <l'1#. I#. ;l:.1.;C I;C. ,.;I: .;11: 1;1' So:&- I~ ",ii' ,;I:: S. ,s. 1;11: IS- :I:. 
WORD 'CO 'Cl lC21C3 'C4 'C5 lC8'C7 ,C8,C9 lCA 'CB ,CC 'CD ICE 'CF lDD '0' '02 '03 lD4'D5 '06 'D1 lD81D9 IDA lOB lDC ,00 ,DE lDF 
04 62 L #. .;f. 40 Sol#. #.£ 40& SoF II!. I£. Io!! I:;t. I;;,t: ~ 1.:£ ;c..:I' I:;t. £1":: ,#! g £4'. :C. 1&1: I.:f. ~ 
0, 54 .F '" i#: L d'liF iF ;1! Iei' &6' iF-I;;I' if:. I=t' ..e.:r: il.L ;;t:llI! I. £. £.# Ii#: ,:;t..;l! 
0, 48 iI! 4- ;e. #1# .1: :£ :£101" ,#,;I! iI'-,F iI! .IOJ; Ia:: #-a: i/!F 1I!i/! lit: i/! ,s. iI!,i1- FOJ; ,OJ; 
0 38;1: IE eI' IF FloF ,#- ,F oF I OF' loe. .t:~ ;;e~ IL L ,O!/!, J,i/! ;;1';1:. 'L 
WORD lED lEI 'EZ 'E3 1E4'E5 ,n 'E1 lEI ,n lEA lEB 'EC 'ED lEE1EF ,FO If' 1F2 1F3 ,F4'F5 'F61F1 ,FB ,F9 lFA 'FB 1Fe 1FD lFE1FF 
O. 63 J, j! ~S &IL .J<. J'. ",,1,iJ! IF So ,iJ!j! 4#. 1.£ Ii/! Ii/! ,;;e'1&- "" <J:oF 1,;[ a:. ,~ ,eI' .e 1# 
0, 55 ;e II!. ;;I: II!. ;;eli/! .-r. #, lI!l"" Ia: #, :e.11!: ;;I!..oI! I.#. ~i.;l! #.I/!. 4o-s. 1.£ rl! 1£ 1:1:- I.at:: i/!.t: Ii/! 
0, 47 .iJ!. j!#, 6- I;c'lot' #,;I! <f!;I! I#S- ;l:lS I! S,1;t. <f!.1;t. I&I~ & Ii/! lor: 1iJ. iJ.iF ,'''' 0, 39 II!. ;t:, ,s. eI' 1;1:. <1-# ,&1:£ 1;;1' iF- ~I;I:. .t: # II!: 1# I#. .t: 1;11: S. .#.;t:. 14 ,4- Ii/! IS-I;;I' #.t: Iii! 

o , 2 3 4 5 6 1 8 9 10 11 12 '3 ,4 15 16 17 18 19 ZO 2, 22 23 24 25 26 27 28 29 30 31 
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PALASM Output: 6-Bit Shift Register 
with Three-State Outputs 

Design Specification PAL 16R6 

PAL16R6 PAL DESIGN SPECIFICATION 
PATOOOS 
6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS 
MMI. SV 
CK SR DO Dl D2 D3 D4 DS SL GND /E RILO 05 04 03 02 01 00 LIRO VCC 

IFISR*/SL) /LIRO=/OO 
/00 ::;: /SR*/SL*/OO + SR*/SL*/OI + /SR*SL*/LIRO "+ SR*SL*/DO 
/01 : = /SR*/SL*/OI + SR*/SL*/02 + /SR*SL*/OO + SR*SL*/Dl 
/02 : = /SR*/SL*/02 + SR*/SL*/03 + /SR*SL*/OI + SR*SL*/D2 
/03 : = /SR*/SL*/03 + SR*/SL*/04 + /SR*SL*/02 + SR*SL*/D3 
/04 : = /SR*/SL*/04 + SR*/SL*/05 + /SR*SL*/03 + SR*SL*/D4 
/05 : = /SR*/SL*/05 + SR*/SL*/RILO + /SR*SL*!04 + SR*SL*/D5 
IFI/SR*SL) /RILO=/05 

DESCR I PT ION: 
THE 6-BIT SHIFT REGISTER WILL HOLD, SHIFT RIGHT, SHIFT LEFT, OR LOAD 
ON THE RISING EDGE OF THE CLOCK ICK). 
THE THREE STATE OUTPUTS ARE HIGH-Z WHEN THE ENABLE LINE (/E) IS HIGH AND 
ENABLED WHEN ENABLE LINE I/E) IS LOW. 

INPUTS OUTPUTS 

! SL SR ! RILO ! LIRO ! CLOCK ! RILO ! 05 04 03 02 01 00 ! LIRO ! OPERATION ! 

L L 
L H 
H L 
H H 

X 
RI 
X 
X 

NUMBER OF FUSES 

PALASM Output 

E F F F F F D 
1 F F F F F F E 
E 0 E C E E E A 
0 E E E E C E E 
0 0 0 0 0 o 0 0 
0 0 0 0 0 o 0 0 
0 0 0 0 0 o 0 0 
0 0 0 0 0 o 0 0 
F 0 F F F F F F 
8 F F F F F F F 
7 0 7 7 7 7 7 7 
0 7 7 7 7 7 7 7 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 

LI 
X 

BLOWN 

F F F 
F F F 
E E E 
E A E 
o 0 0 
o 0 0 
o 0 0 
o 0 0 
F F F 
F F F 
7 7 7 
7 7 7 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

B F 
D F 
6 E 
E E 
0 0 
0 0 
0 0 
0 0 
F F 
F F 
7 7 
7 7 
0 0 
0 0 
0 0 
0 0 

L-H 
L-H 
L-H 
L-H 

818 

F 
F 
E 
6 
0 
0 
0 
0 
F 
F 
7 
7 
0 
0 
0 
0 

F 7 
F B 
E E 
E E 
0 0 
0 0 
0 0 
0 0 
F F 
F F 
7 6 
7 7 
0 0 
0 0 
0 0 
0 0 

F 
F 
E 
E 
0 
0 
0 
0 
F 
F 
7 
7 
0 
0 
0 
0 

Z 05 04 03 02 01 OO! Z 
Z ! Rl 05 04 03 02 01! 01 
04 ! 04 03 02 01 00 LI! Z 
Z ! D5 D4 D3 D2 DJ DO! Z 

HOLD 
RIGHT SHFT! 

! LEFT SHFT! 
! LOAD D 

HEX FORMAT 

F F F F F F F F F F F F 0 F F 
F F 7 F F F F F F F F F 1 F F 
E E E E E E E E E E E 0 E E E 
E E E E E E E E E E E 0 E E E 
0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 
0 0 0 9 0 0 0 0 0 0 0 0 0 o 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 o 0 
F F E F F F D F F F B 7 e F F 
F F F F F F E F F F 5 F 8 F B 
7 7 5 7 7 7 3 7 7 7 7 0 7 7 7 
6 7 7 7 5 7 7 7 3 7 7 0 7 7 7 
o 0 0 0 0 0 0 0 0 0 0 0 0 o 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 o 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 o 0 
o 0 0 0 0 0 0 0 0 0 0 0 0 o 0 
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PALASM Output: 6-Bit Shift Register 
with Three-State Outputs 

BIIIIHLF BLLLHF BHHHH!' BHHHH!' BHIIHII!' 
BHHHH!' BHIIHlIF BHHIIH!' BHLHIIF BHHIIIIF 
BHHHH!' BHIIHH!' BIIHHH!' BlIHHH!' BHHHHF 
BIIIIHHF BHHHHF BHHHIIF BHHHHF BHHHHF 
BLLLHF BHHHIIF BHHHHF BHHHH!' BIIHHHF 
BIIIIHHF BIIHIIIIF BIIHIIHF BIIIILHF BIIHHIIF 

I BIIIIHIIF BHHIIIIF BIIHHIIF BLIIHHF BHHHHF 
BHHHHF BHHIIIIF BIIIIIIHF BIIIIIIHF BIIIIHIIF 
BHIIIILF BLLLLF BIIHIILF BIIIILLF BIIIIHLF 
BHIIHLF BIIIIHLF BHHHLF BLHHLF BIIHHLF 
BIIHHLF BHIIHLF BIIHHLF BHHHLF BHHIILF 
BIIHHLF BHHHLF BHHIIL!' BHIIHLF BLLLLF 
BLLLLF BHHHLF BIIHHLF BHHHLF BHHHLF 
BHHHLF BIILHLF BHHIILF BHHHLF BIIHHLF 
BHHHLF BHHHLF BHHIILF BHHIILF BHHHLF 
BHHHLF BHHHLF BHHHLF BHHHLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF 'BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BHHHIIF BLLLLF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF BHHHLF BHHHHF 
BHIIHHF BHIIHIIF BHHHHF BHLHHF BLHIIIIF 
BHLLLF BHHHHF BHHIIHF BHHHIIF BIIHIIHF 
BHHHIIF BHHHIIF BHHIIHF BHIIHHF BHHHIIF 
BHHHHF BHHHIIF BHHHHF BHHHHF BHHHHF 
BHHIIHF BHHHHF BHHHHF BLHLHF BHHHHF 
BLHHHF BLLLLF BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHIIHF BLHLHF BLHHHF 
BLHHHF BLHHHF BLHHHF BLHHHF BLLLLF 
BLLLLF BLHHH'F BLHHHF BLHHHF BLHHHF 
BLHHHF BLHHHF BLHHHF BLHHIIF BLHHHF 
BLHHHF BLHHLF BLHHHF SLHHHF BLHHHF 
BLHHHF BLLHIIF BLHIIHF BLHHHF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF ilLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF ELLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF ELLLLF SLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
'BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF BLLLL!' BLLLLF 
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BHLF Format PAL 16R6 

BHIIHHF BHHHHF BHHLHF 
BHHHH!' BHHHH!' BLHHII!' 
BHHHHF BHHHHF BnHHIIF 
BLLLLF BHHHH!' BHHHHF 
BHHIIHF BHIIHII!' BHHHLF 
BHIIIIIIF BHIIHIIF BHLHHF 
BHHHIIF BHIIHHF BHHHHF 
BLLLII!' BIIIIIIIIF BII II 11111' 
BIIHHLF BIIIIIILF BIILHLF 
BHIIIILF BHIIIILF BIIHIILF 
BHHIILF BHHHLF BIIIIIILF 
BHHHLF BflHHLF BHHHLF 
BHHLLF EHHIILF BHHHLF 
BLHHLF BHHIILF BHHHLF 
BIIHHLF BHHHLF BHHHLF 
BHHIILF BHHIILF BIIHHLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHHHF 
BHHHHF BHHHHF BHHLHF 
BHLLLF BHIIHIIF BHIIIIIIF 
BHHHHF BIIHIIHF BHHIIIIF 
BIIHHHF BHHHHF BIIHHHF 
BHHHHF BHHHHF BHHHLF 
BHLLLF BHHHIIF BHLHHF 
BLHHHF BLHHHF BLHHHF I 

BLHHHF BLHHHF BLHIILF 
BLHHHF BLHHHF BLLHHF 
BLHIIHF BLHHHF BLHHIIF 
BLHIIHF BLHHIIF BLHHHF 
BLHHHF BLHHHF BLHHIIF 
BLHLHF BLIIHHF BLHIIIIF 
BLHHHF BLHHHF BLHHHF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLL!' BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLL!' BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF ELLLL!' 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLLLF BLLLLF 
BLLLLF BLLL!.F BLLLLF 



PALASM Output: 6-Bit Shift Register Fuse Plot PAL 16R6 
l> 

1J 
with Three-State Outputs 1J 

n 
Q) -0 

11 111 '11 1 ~:>:>7 :>272 2:'11 ;:, 
012) 41)67 8901 234 S 6789 0123 4')67 890) en 
x--- -x-- SR*/sL r:: 

---x 100 CC 
xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx CC 
xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx <D 
xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx tJ) 

xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx -xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 0 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx ;:, 
tJ) 

8 -x-- ---x -x-- ISR*/sL*/QO 
9 x--- ---x -x-- SR*/sL*/Ql 

) a -x-x x--- ISR*SL*/LIRO 
)) x--- -x-- x--- SR*SL*/oD 
12 xxxx xxxx xxx x xxxx xxxx xxxx xxxx xxx x 
13 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
14 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
1 S xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

J 6 -x-- ---x -x-- ISR*/sL*/Ql 
) 7 x- -- ---x -x-- SR*/sL*/Q2 
18 -x-- ---x x--- ISR*SL*/QO 
19 x--- -x-- x--- SR*SL*/OJ 
20 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
21 xxxx xxx x xxxx xxxx xxxx xxxx xxxx xxxx 
22 xxxx xxxx xxxx xxx x xxxx xxxx xxxx xxxx 
23 xxx x xxx x xxxx xxxx xxxx xxxx xxxx xxxx 

24 -x-- ---x -x-- ISR*/sL*/Q2 
2S x--- - --x -x- - SR*/sL*/Q3 
26 -x-- ---x x--- ISR*SL*/Ql 
27 x--- -x-- x--- SR*SL*/o2 
28 xxxx xxxx xxxx xxxx xxxx xxxx xxx x xxxx 
29 xxxx xxxx xxx x xxxx xxxx xxxx xxxx xxxx 
3D xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
31 xxxx xxxx xxxx xxxx xxxx xxxx xxx x xxxx 

32 -x-- ---x -x-- ISR*/sL*/Q3 
33 x--- ---x -x-- SR*/sL*/Q4 
34 -x-- ---x x--- ISR*SL*/Q2 
3<; x--- -x-- x--- SR*SL*/o3 
36 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
37 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxx x 
38 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
39 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

40 -x-- ---x -x-- ISR*/sL*/Q4 
41 x--- ---x -x-- SR*/sL*/Q5 
42 -x-- ---x x--- ISR*SL*/Q3 
43 x--- -x-- x--- SR*SL*/o4 
44 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
4<; xxxx xxxx xxx x xxxx xxxx xxxx xxxx xxxx 
46 xxxx xxx x xxxx xxxx xxxx xxx x xxxx xxxx 
47 xxxx xxx x xxxx xxxx xxxx xxxx xxxx xxxx 

4B -x-- ---x -x-- ISR*/sL*/05 
49 x--- -x-x SR*/sL*/RILO 
50 -x-- ---x x--- ISR*SL*/04 
'31 x--- -x-- x--- SR*SL*/o5 
52 xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx 
53 xxxx xxxx xxxx xxxx xxx x xxxx xxxx xxxx 
54 xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
55 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

56 -x-- x--- ISR*SL 
'37 ---x 105 
'iB xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
59 xxx x xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
60 xxxx xxx x xxxx xxxx xxxx xxxx xxxx xxxx 
61 xxxx xxxx xxxx xxxx xxxx xxx x xxxx xxxx 
62 xxxx xxx x xxxx xxxx xxxx xxxx xxx~ xxxx 
63 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

LEGENO: X : FUSE NOT IlLOWN (L,N,O) - : FUSE IlLOWN (H, p, 1 ) fa 
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CONTROL STORE SEQUENCER 
Solutions to control store sequencing are as 
varied as the problems that are solved by 
microprogrammed hardware. The traditional 
approach tends to be horizontally structured, 

whereas the application described here is 
designed for use with a vertical control store 
structure. The vertical control store has narrow 
control fields· and may share field functions to 
increase efficiency. It is fast. 

PAL16C1 

TEST 
INPUTS 

",~,{ 
INPUTS 

ClK 

TF 

SKIP 

ill 
BAO 

BAl 

BA2 

BA3 

BRANCH 
ADDRESS 

BA4 

BAS 

PAL16R4 

COND 

CSAO 

CSAl 

CSA2 

CSA3 

Lo 

CONTROL 
STORE 

ADDRESS 

CSA4 

CSAS 

CSA6 

CSA7 

CSA8 

CSA9 

Control Store Seque"cer 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 th.e 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. 

Sequ9!1Cer States 

Skip Cond TF Operation 

D D D load 
D D 1 Increment 
D 1 D Increment 
D 1 1 load 
1 D D Skip 
1 D 1 Increment 
1 1 D Increment 
1 1 1 Skip 

There are two additional control bits, whose 
use is left to your discretion. They are fSET and 
fTSEN. 

fSet is a syrichronous 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. 

fTsen 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 PAL 16R4, 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 (fCO) is generated during 
skip when CSA1 through CSA3 = 1, and during 
increme!")t when CSAD through CSA3 = 1. 
load (/lD) is also generated by the 
least-significant part, as a function of COND 
and TF. (See table below.) 

flO States 

TF Cond flO 

D D D 
D 1 1 
1 D 1 
1 1 D 

The most-significant six bits are constructed 
using a PAL 16R6, functioning as a six-bit 
binary counter with carry-in (CI), synchronous 
load (flD), and synchronous set (fSET). There is 
an extra pin that can ce u.sed 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 multiplexer 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. 
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Control Store Sequencer, 
Most Significant Stage 

Design Specification PAL 16R4 

PAlIE.P4 PAL DESIGN SPECIFICATION 
PAT 002::: 
ColiTRol ':ToPE SEOUEt~CEF', lEA:ST :~.IGtHFICAtn :s:TA'::;E 

Cl~. IiC TF ·~.t, I P "'SET E:A 0 :E:A 1 E:A2 E:A~: '::;m' .'TS:Et~ .···'Co .. ' lD 
C:'A~: C:.A2 C:Al C.:.AO ··ICOtm cmm VCC 

.' C.S.Al • - .····.:ET.CSAO.C:S:Al •. ,· Icmm + .... SET./ICOtm •. ····C::;AO ..... CSAl 
+ /:ET.ICoND.~kIP.CSRl + .... SET.ICoND./SkIP./E:A2 

.... CSA2 := /SET./ICoND.CSAO.CSA1.CSA2 + /SET./ICoND./CSAO./CSA2 
+ .····:S:ET.,··lIt •. ·'·CSH1 •. ,· C:S:A2 + ,,·SET./ ICOtm.s:~:. IP.CSA 1.CSA2 
+ /SET.ICoNIt./SKIP ..... E:R2 

/CSA3 := /SET./ICoNIt.CSAO.CSA1.CSA2.CSA3 
+ .... SET./ICOND./CSAO./CSA3 + /SET./lIt./CSA1./CSA3 
+ /SET./lD./CSA2./CSA3 + /SET+ICOND.SKIP.CSA1.CSA2.CSA3 
+ .... SET.ICOtW·/:';:KIP ..... BA:3 

IF(VCC) CD = CSAO.CSA1.CSA2.CSA3 
+ TF.COND.SKIP.CSA1.CSA2.CSA3 
+ /TF./CONIt.SKIP.CSA1.CSA2.CSA3 

IF(VCC) ICOND = TF.CONIt + /TF./COND 

IF(VCC) lD = TF.COND./SKIP + /TF./COND./SkIP 

ItESCPIPTION: SEE TEXT 

PAL16R4 

Logic Symbol 
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Fuse Pattern PAL 16R4 

--,',- TF·COtfrl 
" -:.<-- ·· .. TF ... cm-m 

--;:;- -->.:- ., 
.. ,,--t, " 

.. , ET ..... I C O~W.C ':AO 
·2ET.ICOND·S~IP·/C!AO 

-:-:-- . :ET.ICONII •. <·~: IP .... · E:AO 

:.::::.::-: 

; :~:: ::-; ;.:>.;;.'::.: : ::-::.:;: 
"'.'\".' '."".".' '''\ ...... . 

: .. :~-.:: .. ::< : ::.'::<>: ::::'::'.::V: 
.. "' .... ,, ... :-:: .. :: ::.: , ... " ........ : ... ::-::;.:::.: :.:: .. :>.::-.; : .. ::-::-::-.; 

\".,,,, .......... :'::,:: .. ;:--:; . " ......... :.::-:;:.,::-: 

--:--:- --
--->: : :--:--: 

::->.:-

... ,,' ..... ,,'=. ::: ::-.:: .. ; 

;.:::-.::.:::; :'::'.;:.--::": 

:-:; ::"::-: :.,::-::.<:.< , ........ ".. : .::.-:>::.: : :>::--.::-: ;.::<: .. :~.: 
. " ....... , . " ........ :'-:;"::"::": ,,,',,',,'. :.::-:: .. ,:~: 
: ::.,::.::< 

--:.::-

--:'.:-
--->.: 

: .. ::::.;;:.; ;-.::.<:-::< 
:"::<:'0::::: 

.... ~ .. '..... :-::-:: :>: 

--:.,:-
---:-.: :: 

-; .. ,:--
:-::.-:>.:::-: 
:--~:-:>::,~ 

>:--:-: 

. "" .... , .... ' .. ' .... . 
-->:-

--; ... :-

-x--
;:.:~·:: ... :x ;:.-::;--::x::>-: :~:x>::x 

:--::--:::.::: . .:; >.::,:>::~: ;:..:>.:>-:>-: 

:ET·C:AO.C:Al· .. ICO~D 
:ET •. ·· ICDtW ... ·C:.AO./C,:Al 

··?ET·rCOND·SkIP·CSAl 
·:ET.ICOND·'SMIP.,BA2 

.. :ET ... ICDt\Il.C,.AO.C :·AI.C !A2 
~:ET./rCOND •• C~AO.·CSA2 
....,.ET ./LII., C:A 1./C~.A2 
/.:ET./ I COND.:SM IP.CSAI.CSA2 
,:ET.ICOND./SMIP./BA2 

--:<- -->:- ,.:-:-;- --~.,:- --:>.:- ""'~ET./lCOtm.CSAO.CSFtI.CSFt2.CSFt3 
,--;<- ---,.', :<--- ---:~ ,".~ET./lCOND ... CS·AO./CS'A3 

,",--c, ---:.: --;(- '.,·ET., .. LD.···CSAI ... CSA:3 
.... --- ---:x: --->:; --:~:- ···:.ET ..... ·LII .... CSA2 ....... C:sA:3 

---;: :.<--- ~<-: ... :-. --;,:- --;,:- .' '::ET. IC·Otm.Sk I p.C SA I.es Ft2.CSA3 
---x -x-- ~~-- -x-- /:ET.ICOND.""'SMIP./BFt3 

: ::-:;.:>~ :'-::x::---::X: :-:: ... ::--~:.: : :~<:--:;::.,: :.~~<:x:>=: ~.:: .. ~~-:::.< ;';;:,:::'·;x ~':~~:?':l': 

:~: .:>:: .. ; : ::;--:: ... ::'; :·:>0·'::'-': : ... ~><:.~:.~: :<>:>:>: ;;--::x::---:>:: :···::x::=--:x ::-.:~<:~.::< 

--.'.- :':--.. - - .... --
---:>.: -:<-- -; . .:;--
::: ::x::-': 
: ::-::.<: ... : 
: ::-.:: .. ::--: :.<>~>;:>.: :··~>:>;x >:>:;:..::< : .. ,:>::.-::--: :'<~<>':l~ ;:.::-::;:..:::-.: ;--:::.<>::v: 
(".......... ; .. ::,::--::;.-: :~:>:: ... :: ... : :--.:;:..::.<:v: : .:: .. ::' .. ;>-; >,:::-:~,,:;:,: :.<:,,:>~:--;: ~-:>:::---~::.-; 

: .. ::--:: .. ::.,: :.:>.:::<:~.; :"::-::y:: ... : :--::'::::<>: :.::.:::-::.-: :.:;.~>.::;': :.-::,.:: ... :>: ;";>.:~:,: 

-- .... ,- --;:..:- --::.-;-
--:<- --:.<- -->:-

-:.-:-- --,".- --;:..:-

.,,'.;.,', :-::::>'::"': 

--~~:-

--:>.:-

:--':::0:::'-::"': 
: .. ::~.:}.:: ... : 
: .. ::,:>~ :--: 

;":::-::;:'-::": :.<>:;.::)(: 
;:.·:::.:::.-;:x :<;:.~>;>.: 

TF·CONn.,.SKIP 
/TF./CONII., ::'K I P 

C:AO.CSAI.CSA2.CSFt3 
TF.C ONII.Sk: I p.( ~Ft I.CSA2.C SA:3 
. 'TF ...... C m-m •. :¥ I p.c ~A 1.CS·A2.C :~Ft3 
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Control Store Sequencer, 
Most Significant Stage 

Design Specification PAL 16R6 

PAL1E.RoS PAL ~ESIGN SPECIFICATION 
PAT 002';' 
CONTROL STORE SEQUENCER. MOST SIGNIFICANT STAGE 

CLK /SET BA4 BA5 BAoS BA7 BAS BA? /LD GND /TSEN NC CSA9 CSAS CSA7 CSAoS 
CSA5 CSA4 /CI vce 

.-CSA5 .- /SET.CSA4.eSA5.CI./LD + /SET./CSA5./CI./LD 
+ /SET./CS~4./CSAS./LD + /SET.LD./BAS 

.···CS:A6 • - /SET .CS:A4.CSA5.C:S:A6.C I ./LD + /SET ./CSA6./C I./LD 
+ /CSA4./CSAoS./LD./SET + /SET./CSAS./CSA6./LD 
+ .····SET.LD •. ····I:AOS 

/CSA7 .- /SET.CSA4.CSA5.CSA6.CSA7.CI./LD 
+ /SET./CSA7./CI./LD + /SET./CSA4+/CSA7o/LD 
+ /SET./CSAS./CSA7./LD + /SET./CSA6./CSA7./LD 
+ LD./BA7 ... SET 

/CSAS .- /SET.CSA4.CSA5.CSAoS.CSA7.CSAS.CI./LD 
+ /SET./CSAs.,cr./LD + /SET./CSA4./CSAS./LD 
+ /SET./CSA5./CSAS./LD + /SET./CSAoS.;CSAS./LD 
+ 'SET./CSA7./CSAS./LD + /SET.LD./BAS 

'CSA9 .- /SET.CSA4.CSAS.CSAoS.CSA7.CSAS.CSA9.CI./LD 
+ /SET./CSA9./CI./LD + /SET./CSA4./CSA9./LD 
+ /SET./CSAS./CSA9./LD + /SET./CSAoS./CSA9./LD 
+ /SET./CSA7./CSA?/LD + /SET./CSAS./CSA9./LD 
+ /SET.LD./BA9 

DESCRIPTION: 

THE 6-BIT COUNTER INCREMENTS WHEN THE /LD LINE IS·HIGH 
IF CARRY AtlIr .---SET. THE OUTPUTS AF:E ENABLED '-./HEN /TSEN IS LOl~. 

---------------------------------------------------,-
! /SET ! CI! /LD ! CLK ! OPERATION 

L '!' '.' ... >.:: L-H ALL. HIGH SET 
H ~ .. ~ L L-H ! BA LD 
H H H L-H CSA NOP 
H L H L-H CSA PLUS 1 ! INCR 

-----------------------------------------------------

Control Store Sequencer, Most Significant Stage, Design Specification. 
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:··~x::.::x ~<:'~7:X :.,:>-:}::~: ;:.::-::.-:>: ~':~:~'o::>,: :'<~"':;X:>-: ;'·:XX: ... ; ~~>::XX 
:<:::::<:< ~<~;/,,.: >:;:.-:::--:;.-: :~::"-::l':>: >::,:;.c:~: ; .. ::'<::;.>:1-: : ... :>-:~.:: . ..; :,:: .. :~"::)I: 
: .. :>~:.-.:: ... : :-:/:: ... ::..c; ;:..::-.::)~>.: >:~ ... ::~:)': ;.-::<>.:::.-: ; ... ::.-;:-.::>-: :.<,.::~:x: :.-:>.:;X::~ 

;-.;;:.::>::;:.-: ;X::'<::v::-:: ;X:>-:X:x; :'<~,,~:,-.::)': :':7:~:>~ :-:;~:>-.::: .. : 7:~"-:7:;X: :"':~'<:;X:r: 
;:.::.:::,..::.--: :':~<'::1': >:::/,~ ... ::x: ;..-:>::~::-: :..:;:v;;X::..:: :'~T::"':;X: :.;;)':r::..: : .. ::<,.:::.c: 
;-::--=;;...:;,.; >:>:;..::~< ;<x; ... :::-:; >::,.::.<>~ : -;; ... ::..:::x: :":>::1';:X: :-::-::)';:x; :,::,.::~<?: 

; ... :: ~>-:~< >::",::~y. :.-.:::<::-::~: : ... :><::~>~ :<><>:~ ... : ;";i<:--::::< :-::..:>:: .. ; :'-:X; ... ::x; 
:-<:,~;,:>< ;.;:-::-:: ... ; AX>-::"'; ; ... ::.r:::-<>-: >:,.::.<>~ :,::<:~::c: :<>::<>.: ; ... ;:v:~.<>.:: 

Fuse Pattern PAL 16R6 

:-:--:x: --:,:- :,--- . SET.C:A4.C r./LD 
:-:->:;- ---:>~ ;,;--- , .. ( :A4 ..... C 1./ LII ..... .sET 
,~-- -x-- -X-- ':ET.LD.·BA4 

>~;;.~::--:X ;<>':7:~< ;..-;>-:::--:>: ;-..:::.-::.<:,(; ::~:-<?::>-: ~~>-:,::"': : ... ::<~-::~~: >-:~-::)C:>: 
~<:.<: ... ::~ ::<>~;..-:::< ~~>-:>-:;-: ~<:.<::--;;.~ ;:~:: •. :: . ..:>:: :-<:--::x;;X; :.'::~~>-:::--: :<~<:};:::.-: 

~.~::<~<~-..: : .. :;;: .. ::,:x; >-::"::r;:~': : ~;"-::--:r: >~r~X>-: ::~:-<:1(::< :"'::)':~>: ~;y.x:---: 

>::--:::-::::.-: ~"::X:::.'~~~ :':~'-;:":>-~ :.::,.::":::--; :--=::x:::-<>< :.<: .. :~-:>: :,,;::,:~,:>-: :-:;y:;X:~: 

; .. ;--;(. --;>.:- --:~;-

;:.;->.;- ---::.-: 
::~--- ---;..-; ---;:..; 
>:;--- -:..:;--

~:-->: --:<- --~- --Y,-
;.:;-;.-:;- ---,', 
;":--- ---: .. < ---,', 
(',--- ---;lo,; --->: 

>:---
->.:-­
::.;>;;....;,:-..: 

,':?ET .C.SA4.CSA'5.( r./ LD 
, SET·/CSA'5./Cr·/LD 
<'ET •• C~·A4./ C~ A'S./LD 
, ': ET .LD./BA'5 

':,ET.CSA4.CSAS.(:SA6.C r .... LD 
·~:ET·/CSA6.'CI·/LD 

,C~A4·/C:A6·'LD·/~ET 
." :'ET./C~AS./C :,A6./LD 

,~--- -x-- -x-- /,~ET.LD .... ljA6 
x;:.~xx >~X:x:X :x:XXX XY.X;~ ;:<Xi<;;"': X>-::x;X ~~:X:x::-c: :~·:;X;>-;X 

,:::-::XX : ~:<XX ::<XX;x: >-~XX>~ x>:>-::-=: X~·<Xy' :x::--:;XX Y.XXX 
;=--::X:XX :x:;:c;X::--: ;1(;X::-::X >~;'\X:>{ ;..:;X:x;X X:x:XX :..-:~<;-<:~~ : ... ;>-~X>-: 

;·{--x --;i,- --~:- --x-
, ~<-:x:-
~<--- ---x 
x--- ---x 
x--- ---x 
X---
:·(X:";X XXXX XXXX XXXX 
XXX X XXXX xxxx :x:XXX 

--::.:;-
---x 
---:~ 
---:~ 
---~: 

-x--
XXXX 
XXXX 

)<--­
x---
x---
;:.::--­
x--­
-x--

XXXX ~:XXr: XXXX 
XXXX >':XXX XXXX 

,SET·CSA4.cSAS·CSA6.cSR7.cr·"'LD 
"ET· ... CSR7 .... Cr·"'LD 
/SET .... CSR4· ... CSA7· ... LD 
/SET· ... CSAS .... CSA7· ... LD 
/SET./CSA6."'CSA7·"'LD 
LD .... BA7 .... SET 

x--x --:x:- --X- --X- --X- --X- >:--- SET.CSA4.CSAS.CSA6.cSA7.CSAS.C r 
x-x- ---:x: X--- /SET./CSAS .... Cr .... LD 
X--- ---:x: ---x X--- /SET .... (:SA4 .... CSAS .... LD 
X--- ---x ---:x: :x:--- ... SET .... CSAS .... CSAS .... LD 
x--- ---x ---x x--- /SET./(:SA6 .... CSAS .... LD 
x--- ---x ---x X--- /SET .... (:SA7 .... CSAS .... LD 
X--- -x-- -X-- /SET.LD .... ljAS 
:~XXX XXXX XXXX XXXX xxx>: )<XX~: XXXX ~,xxx 

:<--x 
X-X­
X--­
~:--­
X--­
x--­
X--­
x---

--:>i- --X- --x- --X- --X- --X- X---
---~: X---

---x ---x x---
---x ---x X---

---x ---x X---
---x ---x X---

---:>i ---x X---
-X-- -X--

XXXX XXX X XXXX XXXX XX~:X XXXX xxxx XXX X 
XXXX XXXX XXXX XXXX XXXX :·:XXX XXXX XXX X 
XXX X XXXX XXXX X'XXX xxxx ~:XXX xxxx xxxx 
XXX X XXXX XXXX XXXX XXXX XXXX XXXX XXXX 
XXXX XXXX XXX X :x:XXX XXX:x: XXXX xxxx XXXX 
XXXX XXXX XXXX XXXX XX:';X XXXX xxxx XXXX 
XXX X XXXX XXXX XXXX XXXX XXXX XXXX XXX~: 
XXX X XXXX XXXX XXXX XX~:~: XXXX xxxx XXX X 

/SET.cSA4.CSAS.CSA6.CSA7.cSAS.c 
/:,ET ./CSA9./C r ."'LD 
/SET .... CSA4./CSA9· ... LD 
/SET·/CSAS· ... CSA9· ... LD 
/SET·/(:SA6· ... CSA9· ... LD 
/SET·/CSA7 .... CSA~· ... LD 
/SET·"'(:SAS .... CSA9·"'LD 
/SET~D./BA9 
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MEMORY-MAPPED I/O 
Memory-mapped 1/0 is an interface technique 
that treats 1/0 devices' physical addresses as 
undifferentiated from memory address space. 
That is, no Memory-I/O decoding is required. 
Furthermore, most computers have more in­
structions to manipulate the contents of 
memory than they have' 1/0 instructions. 
Therefore, the use of memory mapping can 
make 1/0 control much more flexible. PALs can 
be used 'to make memory-mapped 110 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 1/0 applica­
tions. The inputs to the decode logic are the 
system memory address lines, AO-AF. The 
logic shown compares the address on the 
memory bus with the programmed comparison 
address. When an address on the bus matches, 
the corresponding 1/0 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. 
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PAL Design 
One PAL 16L2 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 large'r number of ports could 
be done using other members of the PAL fami­
ly. 

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

Port 0 = IABO - IAB1 - IAB2 - AB3 - AB4 • 
AB5 - AB6 - AB7 - ABS - ABS -

= ABA - ABB - ABC - IABO e IABE • IABF • 
[Note: source data incorrect) ! 

Port 1 = ABO - IAB1 - IAB2 - AB3 - AB4 -
AB5-AB6·mB7·ABS-ABS·ABA 
- ABB - ABC - IABO -/ABE -

IABF-

The above example shows address decoding 
for memory locations 1 FisH and 1 F7SH. The 
equation terms cou.ld be changed to accom· 
modate any 16-bit address. 

Memory Mapped 1/0 

PAL16L2 
PATOOO::: 
~IEt'IOP'r' t'lAPPED 1.···0 

Design Specification PAL 16L2 

ABO ABI AB2 AB3 AB4 AB5 AB6 AB7 ABS GND AB~ ABA ~BB 8BC 
/PORTI /POPTO ABD ABE ABF VCC 

/ABO •. ·AB1./AB2.AB3.AB4.~B~.ABb.·~B7.AB8.AB9.AfA.ABB.ABC. 
/A,E:D· •. ···HE:E ..... ABF 

PORT! = ABO./AB1./AB2.AB3.AB4.AB5.AB6./AB7.A~6.AE~.AtA.ABB.ABC • 
.... AE:V.···AE:E·.···A,E:F 

[lEse,," 1 PT I or~: 

THE "'AL DECOliE:: THE ::PECIFIED r'IEHOP'r' ADII~'E~.: 1,10~'I: TO ~'f.'ord.lCE A "'OPT 
ENABLE FOP PDF-TO AND PDPTI A~ FOLLDW~: 

PAL 16L2 Memory-mapped I/O Decoder Design Specification. 
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PAL 16L2 Memory-mapped I/O Decoder Fuse Pattern. 
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Memory Mapped 110 Logic Diagram PAL 16L2 
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CONTROL LOGIC FOR 8080 CPU 
BOARD 
The 8080 is one of the most widely-used of all 
current microprocessor designs. However, us­
ing it in a system requires that you decode and 
supply a fairly complex set of control signals. 

With the rapid decline in 8080 prices, the logic 
required to perform this control decoding has 
become more expensive than the 8080 itself. 
This application note shows how a PAL can be 
used to eliminate much of this costly support 
logic on an 8080 CPU board. 

PW __ D 
:: _____________ . ______ ~~---------------------------MW 

~ PD--------------fV )o--------------------------NO ) / EN--------------------------~--------_.L_/ 

1 -./ 

L -,. 
EO--------------------------t===~====~~~--------------------------C3 
EA--------------------------r---~ 

-./ l 
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./ 
1 

-./ I .>0----------55 
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~ 

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

DE 5. C PIP T I Ot"~ : 
F'OPTIOn OF LOI:;IC FF'Ofol :::n:3n CPU BORPD 

PRL DE~. u;n :S PEe I F I C AT I m~ 
F-'RT0012 
POPTION OF F'ANDOM CONTPOL LOGIC FOP 8080 CPU BORPD 

F'D Etl ED EA S 1 ~:A E 1 DO DE l;;tHl '50 t'lD C -;: HR 5"~. LA ~lI,.I PI,I f"jC:~: ',iCC 

IF ('· ... CC.. - LA= 5.A + DO 

IF (\1(:(, ...... HA= ..... ·5.1 +"'PD + :SA + "'ER + .·-E1 

IF ('· ... CC·, .···C:::= . PD + "EO + "'ER 

IF ' .... ·'cc." ···t·lD= "'PfI + Etl 

PAL 16L8 Control Logic for 8080 CPU Board, Design Specification. 
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Portion of Random Control Logic for 
8080 CPU Board . 
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PAL 16L8 Control Logic for 80,80 CPU Board, Fuse Pattern. 
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Portion of Random Control Logic for 
8080 CPU Board 
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Portion of Random Control Logic for 
8080 CPU Board (Improved Design) . 

Design Specification PAL 12H6 

PAL12H6 PAL DESIGN SPECIFICATION 
PAT0013 
PORTION OF RANDOM CONTROL LOGIC FOR 8080 CPU BOARD 
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DESCR I PT I mJ: 
PORTION OF LOGIC FROM 8080 CPU BOARD 

NOTE: THIS DESIGN IS IMPROVED OVER THE PREVIOUS EXAMPLE AS WE WERE 
ABLE TO IMPLEMENT THE SAME EQUATIONS IN A SMALLER PAL. THIS WAS 
ACCOMPLISHED B" INVERTING THE EQUATIONS, THUS, REDUCING THE NUMBER OF 
P~'ODUC TS PER OUTPUT TO A t'lA;": I t'lUt'l OF 11010. 

PAL 12H6 Control Logic for 8080 CPU Board, Design Specification, 
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PAL12H6 ControrLogic for 8080 CPU Board, Combinatorial Logic Diagram. 
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Portion of Random Control Logic for 
8080 CPU' Board (Improved Design) 
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;:..: ;:-:; >~ >:; :::;::-:: >:: ;:< >.: ::< - - ::< ::< - - >:: ;:"; - - >:: ;:.-; - - :.-:; ;.< :~.: ;:.:; ;:.:; ::-:; ;:':; >:; 
:~(>·::·.~:x: 
; .:: ... ;;..:>:; 

;:-~~-::: .. ~>~ 
:~.: ~.;: t·; :~~ ::-.:: ... ;--

>~ ;.~: ::< >:; ;:.~ ::< ::-( :~~ ;:.:; ;:':: - -
:.:::~.;;:.:::x; ;:-:;;:-::::.;::=-:: ::-::::<--

;:-:;;;.;:-­
::<>:;--
,:':,,:-:,--

;x:::<--
>.:;~.:--

~xxx xxxx xx-- ~x-- xx-- xx-- ~~~x x~xx 
xxxx xxxx xx-- xx-- X~-- ~x-- xxxx xxxx 
; . .:; :~:: :~;: >~ :=-:: :x: ::.:: ::.~ >:: :x: - - ;:.~::.; - - ,:':, ,x, - - >:: :: .. ; - _ ;:':; ;":; ~.:: ::< ::~: ;:-:; ;.,:: :x: 
xxxx x~xx xx-- X~-- ~x-- xx-- xx~x ~x~x 
xxxx xxxx xx-- xx-- xx-- xx-- xxxx xxxx 
xxxx xxxx xx-- xx-- X~-- X%-- ~xxx XXXX 
xxxx xxxx xx-- xx-- xx-- xx-- xxxx ~xxx 

.:·l.PIt ...... S A.EA.E 1 

PD.EO.EA 
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HEXADECIMAL DECODER/LAMP 
DRIVER 
The increasing use of microcomputers has led 
to 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. 

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 decodeldrive func­
tions, and additional useful features as well. 

Circuit Description 
The figure shows three digits of a display 
system that uses three PALs to implement the 
complete decoding and display-driving func­
tions. The inputs to each section. are a hex 
code on pins 00-03, 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: 

03 02 01 DO Digit Segments 

0 0 0 0 0 ABCOEF 
0 0 0 1 1 BC 
0 0 1 0 2 ABOEG 
0 0 1 1 3 ABCOG 
0 1 0 0 4 BCFG 
0 1 0 1 5 ACOF 
0 1 1 0 6 ACOEF 
0 1 1 1 7 ABC 
1 0 0 0 8 ABCOEFG 
1 0 0 1 9 ABCFG 
1 0 1 0 A ABCEFG 
1 0 1 1 B COEFG 
1 1 0 0 C AOEF 
1 1 0 1 0 BCOEG 
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 signallC 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 L T lets you check to see if all 
LED segments are energized. 

PAL Implementation 
The PAL 16L8 has both the required 1/0 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. 
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Hex Decodert7 Seg. Driver w/Ripple Blanking, 
Intensity Con., & Lamp Test 

Logic Schematic 

THREE STAGE HEXADECIMAL DECODER /DRIVER 

DISPLAY A 
LEADING6 VCC 
ZEROS r-----------~~ 

BLANK .y. 
LEADING -= 
ZEROS 

HEXADECIMAL 
INPUTS 

OFF, !VCC 
INTENSITY /C----+---++~~ 

LAMP TEST 

ON.£. 

ON! 
OFF 

PAL 16L8 
BCD TO HEXADECIMAL 
DECODER/7SEGMENT 
DRIVER WITH RIPPLE BLANKING 

~5 

TO NEXT STAGE 

'" (/) 

:;: 

'" (/) 
-' 

LED/LAMP 
DRIVER OUTPUTS 

Hex Display Decoder·Driver, Combinatorial Logic Diagram. 
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Hex Decodern Seg. Drive w/Ripple 
Blanking, Intensity 

Design Specification PAL 16L8 

Con., & Lamp Test 

PALI':.L:? PAL DESIGN SPECIFICATION 
PATnOI), 
HE:": nECODEP/'·S:EG. DPIVEP I,.I,·F·IPPLE E:LAt-W nil::;. nHEN:S'IT'"( CDt~., :;, LAt'lP TE:n 

.. '1=: BI DO Dl 112 [1":: IC L T tK tIC GtlD ~K" 13 -'PBO FED C B A '.,.'ce 

IF {/IC) 

IF 0: / Ie', 

IF I, ""IC) 

IF ': '--Ie ) 

IF (' /1 C) 

"11 

/B 

... ( 

.·"D 

,'E 

~PBD.,·nO.'D2 + /PBO.·DO.D3 + /PBO.DI.D2 + 
/PBO.III.'D2.~D3 + ,PBO.DO.D2./D3 + /PBO./Dl./D2.D3 + LT 

,·PBO.,D2./D3 + .--RBO./DO./D2 + 'PBO./DO./Dl./D3 + 
,,·PBO.YII-I.1I1.·· D·;: + .···PBO.DO •. ,·Dl.D:: + LT 

'PBO.DO./Dl + /PBO.DP.'D2 + /PBO./Dl.·D2 + 
/PBO.D2./D3 + /PBO.'D2.D3 + LT 

~RBO.'DI.D8 + /RBO.'DO.,D2./D3 + 
/PBO.DO.Dl.,D2 + 'PBO.,DO.Dl.D2 + /PBO.DO./Dl.D2 + LT 

/PBO.·DO./D2 + /RBO.D2.D3 + 'PBO./Dn.Dl + 
···PBO.Dl.11"3 + LT 

IF ("'IC) .···F = .. ·RBO •. ····rll).····Dl + /RBO./D2.D3 + ,·F.·BO.Dl.D':: + 
/PBO./DO.D2 + 'RBO./Dl.D2 •• D3 + LT 

IF (/ Ie) ..... (; 

DES:CP I PT ION: 

,·PBO.Dl./D2 + /RBO.DO.D3 + ·PBO.,D2.D3 + 
/PBO./DO.Dl + /PBO./Dl.D2.,D3 + LT 

THE HE:';!' DEC IMAL DECODEP/7-S'EGt1ENT DRI VER FEATUF.·ES ACT I VE LOI.oJ OUTPUTS 
FOP DPIVING DISPLAY DIPECTLY. 

IF DATA INPUT IS 2EPO AND PIPPLE BLANKING INPUT (/PBI) IS LOW THAT 
DIGIT I,IILL E:E BLANK"ED AND PIPPLE BLANKING OUTPUT 1 .. .lILL :BE LDlo.I. 

THE RIPPLE BLANK" I NG OUTPUT URE:O) PRoV II1E S. BLANn t-1G ItiFDR~lATI ON 
FOP THE NEXT LEAST SIGNIFICANT STAGE. IT PPoVIDES A LOW IF /RBI I~ 
LOl!l AND THE IIATA HI IS 2EPD. 

WHEN HI6H THE INTENSITY CONTROL (IC) WILL TUPN OFF THE ENTIPE DISPLAY. 
IC MAY BE PULSED TO VAPY THE INTENSITY OF THE DISPLAY. 

1,IHEt~ HII~H THE LA~lP TEST INPUT eLl) I,IILL 'TUR~l Ofl THE III SPLAY. 

INPUT:; OUTPUTS: 
----------------------!---------------------! 
LT IC /RBI DO Dl D2 D3!A BCD E F 13 /RBo ! 
----------------------!---------------------I 

L H >:; :~;, :~~ ::< <-' ..... !Z Z 2 2 Z Z 2 X 
L L H L L L L !L L L L L L H L 
L L L L L L L !H H H H H H H L 
H L ~.~ X ::-:: :,-: ::-:; !L L L L L L L ;~~ 

Hex Display ·Decoder·Driver, Design Specification. 
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Fuse Pattern PAL 16L8 

·IC 
.~ FiO •.. ' [, f, •. · r',~ 
1" f.O.·· r, II. I,; 

· ~·FiO.[lI·['2 
···~·F:o.ri!.,· D,::.· r,;: 
· ;·E'O.Df'.r',~.:·[I~· 
.. PE·O.· fil.·· fi.~+[': 
LT 

.10: 
.' ~·E:O ... · [12.·, [.: 
",:;/E:O ..... (In.···ne' 
·~JO··Dn.·fil ... V~ 
.,,1' PO. [".,. [II.·' [, :,. 
· Pl':iJ·['(I·,·II)·D:· 
LT 

.1( 

· PF:o·r'" ... ··[I! 
/I'·E:O.[' f, •. [12 
···~·F:O.·· Dl. ,·li':· 
···I'·BO. [I.:: •... [I;. 
· ~. FiO •.. ' Do? [':: 
LT 

.' IC 
···P.E:O./[ll·P:: 
/PBO./[ln.,[l2.,[1~ 

,,'1"1':0. [I n. ['I .... II'::: 
··I'·1':O··· .. [ln·['I.[I.:: 
···':·F:I].[I 0.· .. fo 1.[';:' 
LT 

··IC 
·~·BO·/IIII •. ·· ['.:. 
'·P1':O.D2·[I:: 
':·!':C.·· 11 (,. D I 

.' ~·E:O. [I I • /).:: 
LT 

"'Ie-
· 1"1':0.·· [11.'1 •. · fil 

.... PBO.· .. 112. [I;: 
···~·F:O·DI·D? 
,PBO·,·DO·D2 
·"~·1':o.,,··[lI.li2.·· I'~ 
LT . 

'II n. V I • flc'. 

ic 
"':'E:o:'[I 1.· .. [I':' 
···F·E·O.[I"'.ll~· 
. ~·1':O. ,,'112.[1 

[I : .... 

.' ~·1':O •. I"·'. [I 
,'':'1':0.,' ['I.l' •.. ' I':' 
LT 

':'1': I 

Hex Display Decoder-Driver, Fuse Return 
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Hex Decoder/7 Seg. Driver 
w/Ripple Blanking, Intensity 
Con., & Lamp Test 
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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 SSIIMSI logic or in a computer· 
generated software scan. In the first case, the 

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. 

Hex Keyboard Scanner 

v+ 

HEX 
KEYBOARD 

MATRIX 

ASCH 
or 

OTHER CODE 

6331-1 

-----l:::111~ 1!1 
-----l~2tl02 E1 ill 
-----tIT 03 A4 m 
-----t:I 04 32.8 A3 $t---. 
-----t'S 0 PROM A2 12't---+--+ r..:.5 .:.:I 

----r.'L66 06 A11!;:t!t1 --+-'-t-+ .... .... 
-----t::I 07 AO i2!t---+-+-+--+ 

Ii GND 08~ 

BINARY 

Logic Diagram PAL 16L8 

rHo. 
~ 

v+ 

. EXT CLOCK 
(Appro •• 10~Hz) 

74122 

Q 

KEY PRESSED 

Hex Keyboard Scanner, Combinatorial Logic Diagram. 
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Hex Keyboard Scanner Design Specification PAL 16R4 

PAL16P4 PAL DESIGN 2PE(IFI(ATIDN 
F'AT 0017 
HE;',; f· EY:E:OA~'I' SeAt·n-fEP 

IF ',lCe. ·<?A 

IF 0:: '·lce " .···t'iC. 

.···0::: 

/An.,·~l)o.,,·1)1."·1712 + ... Al.C'O •. ···C l l.···1)2 + 
/A2.~QO.Ql.'Q2 + 'A3.Q~.Ql.· ... (12 + 
.. 'A4+·-QO+/Ql+02 + ~"A5.QO./Ql.Q2 + 
.... Ft6./(' 0+17! 1.02 

',?Jt) • - OO*J;.' + /G1o •. ···p 

IF vee ) ,,' ~~E: 

I~ vee ":I /R 

DE'S:CPI P T ION: 

THE ~''E'y'BoARD 'SCAt'U'iER I,IILL '~'CAt'i A 16 KEV KEYBoAPD ARRAN6ED IN A 
2;·-(8 MATI"IX. THE :;CANNER 1.,10RKS BY SELECTIN6 ONE Rol,J OF 8 SI,.IITCHES 
AND THE~i S'CA~UHN';; THE 8 INPUTS. A Lol.,J ON AN'>' INPUT I.,IILL DISABLE THE CLOCK. 
60IN6 Hno THE ONE-S·HOT. THE O~iE-S'HOT IS USED AS. A DELAY TO ALLOI.,I THE 
·:.IHTCH BOU~iCE TO :SETTLE OUT. AT THE END OF THE TIME DELAV (10m:), KEYPRE:SSED 
WILL GO LOW. THE OUTPUTS' WILL THEN GIVE THE BINARY CODE FOR THE SWITCH 
·~ELECTED. I.,IHEN THE S·I.,.IITCH I:S' RELEASED, KE'r'PRESS:EI' I,.IILL GO HI6H, At'iII 
SCA~iN Iti6 1.,/ I LL CONTI NUE. WHEN THE EtW OF THE ROI.,.I IS:. I':EACHED, THE 
SCANNER SI,.IITCHES: TO THE OTHER 1':01.0.1 AND CONTINUES: SCANNIN6. 

THE EXTERNAL CLOCI< SHOULD RUN Hi THE RAtiGE OF 1 (I KHZ. 
I F ASCI I OR oTHEI" CODED CHARACTEFi'S ARE DES I RED, THE B ItiAF.:'>' CAt'f BE 

CoNVEF.:TED USItiG A PROM. 

PAL16R4 

Logic Symbol 

Hex Keyboard Scanner, Design Specification. 
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Hex Keyboard Scanner 

...... , ... 
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Fuse Pattern PAL 16R4 

..=tn. "G' 0+ ~·I~ll. ", G'2 
,·'81.000, 'CII.· P2 
. A~: •. ~ I) 0.0 1.~· (12 

" A;:+('O.t;, 1 +,,'('2 
, A4+ ~'I~I o. ,'1)1.(12 

-:-:-- .' 8:;.(1 0+ ", (11.')2 
--:.:- -~:-- ~A6./QO.01.Q2 

--:.::- OO·J;' 
---t" ··Ofr •. ··f;:' 

...... ,.. >~:.::~': ... ; ....... " ... , .... , ...... ' ... >:: .... ':<>~ 
............... ; ... ;,.-:;::.::< :.::";':"::~:: :", ~' .• ~"'~" >:;;:.:.>.:::< 
>';::::"::'-'; ; ... ::.-:: .... :< .~::>:>::>.: : :>:::~:: ... : ;:<;-.;; . .::::.;' 

',' ...... . : .. :-.... : ..... ,: ........ : .... ~:. 
.......... 

' ....... : • :: ... -= .......... ,: ••..••..••..• : ...• ::.::.::.< ;:'.:::-::::<:.:; 

-- ....• - --":-
---:< --'~::-

--->~ ....... ...... , ...• , ... 
..... , ..... ,,: .... >.,~ ..... : ......... : ..... ,." ;:'::: .. ;;:<:-.:; >:::--;>~:=-~ ::":>::X>~ >:::.,,:;:..::.< 

.~ I;' 0 ...... 1) t.J;' 
",-')1·/F' 

--;:<- --:>:;- --:>:;- --:x;- 00.01.1)2." 
---.:< ---;=< --:>.:- /QO."'-02·F' 

---.:'< ---:.-.:: --:~~- /Q t."",C;)2.f;! 
---.:-:: ---:><: ""·G'2·""P 

:........... :.~:~ .. :::\~.< ::-::::~;:::::-:: >~:>~::-::;~:: ::-::~.:~<>~ >·::?~::-:;X :>~X>~:;.-: ::~~X>::>~ 
: .::.< ::=:~.:: :~.::: .:::-~ ;:'.; ::<>.;;:..: :.-:; ::-.::~~ ~< ::--; ;-,.: >~::-~ :~:: ;:-:; :;.;: ; ... ::x: ;:..:::-::;:.c: ::.:: ~<::--:::-:::x: 

' .. ::=..;;:-::::-:: :>~:: .. ,:.<::< ::-::::<::-:;:x: ::-::~~~x>:: ::-::>::>:::~~ >::>::>-~::-:: ;:.-:X::-::::-:: XX::·~~< 

:.:::.~::<;:< 7::<:-'::::~: ::<;:.-:::-::::-:: ::-::>~:x:;:.~ :x;::-::::-:;X ::-:;;:.::~~;:-:: ::~~>(~-<~< :>(::-::><:>~ 

--~- --x- --x- --x- --X- 00.1)1.02.03." 
---x ---x --;.,;- /OO./03.P 

---;:{ ---::--~ --:":- /01·/03·" 
---x ---::-:: --;,.;- /02.""03.P 

---x ---x ..... 1~:3./F.· 
>~::-~::-~;< :>~::-:::>~~) >~x;x:;x: ;·::::-~::-::x ;~:x::-::x ::-::x;··:x >~X~<:=< :.<::-:::-.::::.:: 
::::;:<>~x :>~::.:::>~x >~>~x~-.:;· >=:xxx x::-::x::-:: ::.::X;:.::::-:: x:.--::xx x>::xx 
}:;;:<::-::X :x:;=<>~x xx::.::::·~ >~xxx x>=:xx ::-::x~-<x ::-::xxx ::-::XXX 

~<::.~><:>:: ::<::-::xx xxx:=< ::-:;·xxx xxxx X)<XX XX::.::>~ ~-<X::-:;X 
:,·,::~xx :';:';>0::>< XXX X xxxx X>O::X:X X:x::x;X XXXX ;-I,;";XX 
xxxx xxx x xxxx xxxx xxxx xxxx XXXX xxxx 
:=<::-:::>::~~ ::--~xx::-:: X)~:::-::?:: ::o:;XX~..:: ::-:::.--::XX XX::-::X xxxx ::-::XXX 
XXXX XXX X XXXX XXXX XXXX XXX X XXXX XXXX 
:X;X>o:X :>,:X:X:": X;";XX :x:x:x:x XXXX XXX X XXXX .:><:XXX 

---:=< 
--:><-:- --:><:- --X-

XXXX XXXX XXXX XXXX XXXX XXXX xxxx 
X:";:X;>o: XXXX XXXX XXXX XXX X XXXX XXXX 
:"XX:~ Xl'XX XXX X :X:XXX XXXX XXXX XXX:"; 
XXX X XXXX XXXX XXX X XXXX XXXX XXXX 
:,;XX>, ?,X:><:X X:><:XX XXX:X: XXX X :";XXX XXXX 

-X--
XXXX 
XXXX 
XXXX 
:><:XXX 
XX;,.; X 

03 

Hex Keyboard Scanner, Fuse Return 
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Hex Keyboard Scanner Logic Diagram PAL 16R4 
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Hex Keyboard Scanner, Coded PAL Logic Diagram. 
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en c o .--en 
CD 
0) 

I 
c o .--B .-
Q. 
Q. 
c( 

MINIDISKETrE CONTROL LOGIC 
The flexible diskette (floppy), and its smaller 
brother, the minidiskette, are very popular as 
mass storage on small systems. Most of these 
s":,all ~ystems are destined for high-volume ap­
plicatIOns, so all possible production 

SCK 

T -. " -. .I 

1 -
T 

~ ] -,. 
.I -

WCK 

Q2 -. '\ 
1....;.1 

1 '\ --
CRB "\ " WCRC ---

Q2 

T " 

Q3 --J 

WCRC· 
V ~ 

, 
.. DO 

Q2 
1 

, 
Q4 .I -

T 

WE 

Co !...J 

I 

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. 

"\ 
I 

, 
"-~ 

SHIFT 
DATA 
REG 

-

I 
, 
.I 

I 
I 

I 
, "\ 
.I J 

" 

"-~ 

"-J 

SHIFT 
CLOCK 

REG 

DATA BIT 

CLOCK BIT 

Minidiskette Control Logic Diagram. 
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Portion of Micro Floppy Control Logic 

PAL14H4 
PAT0024 
POF-'TI ON OF ~1I CF.'O FLOPPY 0: ONTPOl LO'31 C 

Design Specification PAL 14H4 

PAL. !'E" Il3ll :PE( IFICATION 

DATABT= eRB., .• IE .',.Ie F.'C + 02 + T •. ··I,IE., co:: + . 'I,IC F'e .',IE. r.o 
O<'B= C'2.Q4 + T./l •. IE + ME-CD 

~ESCR I PTI Oti: 

PORTION OF FLOPP'r' DYSC CONTROL lOGIC 

Minidiskelte Control Logic Design Specification. 
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(I) 

c o .--(I) 
CI) 
C) 
m 

.::1 
U'J 
C o 
; 

.~ 
Q. 
CL 
~ 

Portion of Micro Floppy Control Logic 

;:.;---
--::-:- >::---

:-::--- -;:<--
:.<::.:;-- ::-::::<-- I.···"···,.··, 
:.<>:;-- ;:..;;:..:-- ::<:~.::.<;:.:' .......... ~., :"'::-':: ,,", 
:~:>::-- :'<>::-- ;:..;;:..:>::::.: ... , ' .... ". ;.<::-::.-:::.,: 

, ........... , ::<;:':'::.:~< .~: .. :'.;'",::, .... :~::-- :.~:;.<-- ><>::::"::.,: ..... I. II 

:'<>::"'::": :-.::.:::<>:; .. ,' ........ ,..... :::.;-- ;":;'::;"::' , ........ :,. >::: ::.<>.; 

-:~.:--

-,":,--

...... t···,.··. >.:::<:.<:~: .:",.\.:".,;~. ; .. ::--:-- ... ,,", . .. ,: .•.... , .. , 
•• I •••••• ' :: •• ::~.:::<: .. ,: , .............. , " ... ,,'.,.,", ',. ",.: .: ........ , ...... , 

:"'::<:'<>~ ...... :.: .. ~: .. ~.. ::":;:"::~-: ::"::~:-- .: ............ , ........ , ........... . 
>.::.:::..;::-:; : .. :::~.:: .. ,:>: ::-.:;:"::::;;:':; >::::.;-- ;:..::.-:-- ..... , ., .... . .... , .... , 
;.<:::; ;.:; ;:.:: ;.,: ;.< :~::;< ;..:, ,~:. ,:':, ,". ::<: .,: - - .:.:, •....•.. ,' ........ , 

-;:":--

- --- -- - -; ... ;--
;-:::,.::;:..::::: >::;:<>.:;.~: "., .... , .,". ..."...... ,,: ... ,,", ..... , ...... . 

;:<::-::;:.:;;:..; ,:-., ........ , ... . ~:./,,: .. '.:'., ..... :', 
;. ;'::;;"::;: :~.::~::::::::-; ,~,.: .,:' .. :':, ... ', " . ,"'.,:". ,:'. 
, .... :>:::::; l·.?·,.:·:,.~:, ... , •.. "........ ;:-:;;.;-- ...... " ., .. '. ,". ,"', ,:~. ;.:,.: .... ". 

Fuse Pattern P.AL 14H4 

T·Ol····loIE 
:Cf·· ... loIE 
1,IE.I,I(f: 

OC'·I~ll·ldE' 
(f·:./loiE 

IIIE·lliC~ 

(PB.loIE .loI( PC 
(IC: 
T. loIE.··!),: 
.... I,I( F C.loIE. DO 

;:<--- -- - 17IC:+CI4 
T. IoIE 

.. ".......... ;:..:><;:..:>:; ;:":::-::;:'.:>.; ;:..:::-::--
::-::'::.,:;;:..: ;:.;:;:.:;;:..:;:.:: ;.<>:;;:..:::..; ;: .. :;:.;--

>';:: . .'-­
::-:;;:'.;--

-;::;--
::-:;:~::--
:,,:;>.;--

>:;:..;--

... ' .. ' ........ . 
......... ' .. 
",.>:,.:" .. 

•... " ...• , ...•..... 

--:<-.;- I,IE.(O 
...••. ' .... ". :, .:': .. ~'. ,:':, 
...... , ....... . >:::--:>:';"'; 

... " ... ..... , •.. ::.,,:::,; 
; .. " ...• ; ... :.:, ..... , •.. :, 

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

0123 45' 1 111GII IIIl l,n ZGlIUll Z4ZSUl1 112131131 

SCK 
I 

~ 

T I IZ 

· .. II 
<CO. 

~ 
... II 
~ WCK 

II =- J 
II "" II 

II J SO 
" - , REG 

· 
.. .... J 
" "" II 

" J SC 
" \ 

REG 

" 
J 

" " 15 .. oJ OA 
" 

TABT 
\ 

~ 

.. J .. " II 

" J .. CKB 

\ 

I 
<CO. CRB " 00 

WCRC · I..? " co 

!.. 
.. 

" 
a I Z 3 .5. 1 • "111 UII ZOZllJU 24152121 I. II so JI 

Minidiskette Control Logic, Coded 14H4 PAL Logic Diagram. 
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"C 
'2,; 
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S» -_. 
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en 
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CC 
CC 
CD 
fn 
:::. 
o 
~ 
fn 



(I) 
c 
.2 -: 
C) 
C) 

~ 
c o .--as u 

8: 
<C 

BETWEEN LIMITS COMPARATOR/ 
REGISTER 
It is often needed to keep data between limits 
as it is proc~ssed, 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 

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 --

Limit Checker Combinatorial Logic Diagram. 

24·208 



Between Limits Comparator/Register Design Specification PAL 16X4 

PAL.! ~, :4 
F'I·:n II ric n 

PAL DESIGN 'PECIFICRTION 

r'o: TIoIFEt-~ L lI'lI T: '.Or'lF,'HF'RTOP 

! F I '",": C' L r 

H 1 : =-

~.:~ : = 

'" ;: : = 

'A-·:. '-f::-: I + 
t' Fh::* F:2 I • ,'8~:. [(I. B';: I + 
'Hl* F:l' + 'H:-:.E(I.f:::' • "Hc.'.EO.E:2' + 
r t=-HI •. f:O I •• H::. Eel • .E::::,I • I.A~:':. Eel. F:c') + .-Ftl. Erl• E:l") 

. ":':".f.;: r + 
~2.B2' • "A3.Efl.~31 + 
Al.~:l' * rt=L~:.£(I • .E.:::' • t.AC'.EI~.E:2) + 
HII+t:fll * ,'A:·:. [(I. fi;: I • 1'82. EO. E:2) • I til. EGI. F:l} 

'Fl1".,L[1t-<[I.,'(l.EHP + ""f:l,'.l.[JAn.'CL.EA~' 

>-t,:' , .' LOA r,.,' ," L EF<I" + ",' E:2 ' .LOA~'. ;'CLEAI" 

H'· , • ' l.D'" [,. ' 0: LEAl<' + ""~:;:' .LOHTI.,' CLEH~' 

THF.: IIE'.,'ICE COtHJt4l.IOI):,L',' CmlF-'A~'E~ THE ',/RLUE OF BlyS. F:. I,'ITH THE ',/RLUE OF 
Pt"l ~TEF' A ""HI PEF-'OF'T'~ TH( STATU', Oti OI.'TPUTS GT. LT. AND EG'. I,T It~nICATEs. 
THAT f: L I,TEATE~' THHri H. L T H1TlICATES THAT P. I.5 LES~ THAt,! A. EQ 
IrHIIUtTE'~ fHHT A I:, E(II.iAL TO E:. ,THE VALUE OF F.'Ef':Is.TEf;,: R 
"1':",' ~'EAt' E:',-" !..[IIo1EF<'Hil:' EtlAf:LE LItH::. "E. "'EGI:STEf" RELOADED 
1,llfH T'iE "/HL'-'E em f:U:. f:, ',IHEn THE LOAD LItH: I'S HI';;H At'HI THE (LEAP LINE 
I: LOI,I Ort fHE l.OI" rG HIGH TF'AW IT I Ot~ OF THE' .: LOO' • 

! LOAD ! CLEAR ! CLD(~ ! PEGI~TEP A ! OPERAfION ! 

L 

H 

L 
H 
L 

L"7H 
·L-H 
L-H 

A NOP 
ALL HII;;H ! CLER~' 

E: ! LOHD E: 

PAL 16X4 Limit Checker Design Specification. 
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en 
c 
.2 -en 
CD 
C) 
C) 

= en 
c 
.2 -ftS 
.2 
Q. 
a. « 

Between Limits Comparator/Register 

xxx­
xxx- x--x 

x:o<x- x--x x--x 
xxx- x--x x--x x--x 

xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxx x 
xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
xxxx xxxx xxxx XXX X xxxx xxxx xxxx xxxx 

-xxx 
-xxx x--~: 

---- ~xxx x--x x--x 
-X;'(X x--x x--x x--x 

xxxx xx~:x xxxx xxxx ~:xxx xxxx xxxx xxxx 
Xr;XX xxxx xxxx ;~xxx xxxx xxxx xxx~: xx>';x 
xxx,: xxxx xxxx xxxx XXX X xxx,: xxxx :~,:xx 

Fuse Pattern ,PAL 16X4 

/A3.113 
/A2.B2~3.EQ.B3 
/Al.Bl~3.EQ.B3.A2.EQ.B2 
/AO.BO.A3. EQ •. B3.A2. EQ. B2~1. EQ. 

A3·/B3 
A2./B2.A3.EQ.B3 
Al./Bl·A3.EQ.B3·A2.EG!.B2 
AO./BO·.A3. EG!. B3.A2. EQ. B2.Al. EG!. 

-x-- -x-- xx-- /AO./U1AD./CLEAR 
>(--- ->(-- -x-x /BO.LDAD./CLEAR 

,xxx>:: ~<7~X7~ >~xxx x~~x~-.:: xxxx :x:xxx xxxx xxx:=-:: 
>(x:~x xxx:x: xx)<x >(XXX :x:xxx xx>(>( >(>':xx :x:xxx 
:~x>~x )<:x:;..:x xxxx xxxx xxxx xxxx xxxx xxx,,: 
>·::x:xx xxx X x:x:xx >(x>(x XX?;X xxxx :x:xxx xxx:x: 
)·(XXX xxxx XXXX. XXXX Xl<XX :x:xxx xxx:'': xxxx 
xx:":x x;x::~,,: XX:":r; )(xx:x: r;XX,: xxx X xxxx X)<xx 

-X-- -:~-­

>~--- -x-­
x:~),:x >(x:x:>( 

. X)<>·:x xxxx 
xx~<x ::.:;x::-:::~ 

x>~-­

-x-x 
xxxx xxx x XXXX xxx>": XXXX XXXX 
xxxx xxxx xxxx xxxx xxx x X}~XX 
xxxx xxxx xxxx xxxx xxxx xxxx 

><x~<x ~<>~xx >~::<;x::x: >~>.:>::::--: X~<>=:~< X>~r:X >~::<:x:>.:: :}.:>=::;.o~~-':; 
>::>~x::-:: >~:x:><::~ ::,,:x;:.,:x >~x:x:>:: xxx: ... ~ >=:i·~:X:X ;:<x>::::-:; >;}::::,::~,:: 

->{-- -x-- XX--
-::.-;->~ 

i<::-::XX x:x:>~>=: :x:>~;"<x >::X:l':>~ >~7~XY. :x:xx:x: ::<~<i<X >~:x::~~::.t, 
i~>:::X:X :X:i":>::~'< >::xxx :x:r:::-::~.~ >=:;:.~: .. ~~~ ~-::::~~~:--:: ~:::.<::-::;-< X::-::X;;.o; 
~<:~~~<;:..: :~~~.:::x: x >~x ~.::r: :x;~...;;:.~>~ >~;:..: >~::.:; :x::.< ~-< ;:-:; >:::~.;~. :>; ~~~:,.::-<;:-: 

~~---

i":~~::~-::>:: 
;.-:;;:..::-<>-; 

-:..-:--
-:.-.:--
;~.: ~.~ ~.; ;~:: 

>~::.::~-:;;:-:: 

~~~<:<:~.: 
'., ..... , .. ' r· ...... (.~ ('. 
:·<:~·:x;: 
i--:>:;;:'~>~ 

~-:;;:'::;:':::--: 

~':i":;:'~:'< 
>·:i~;:'·;~< 
:~~ ;:'.;;'; ::,~ 
: .. :;.:: ... :;:..; 

>~;~ ::.-~ :,.: 
; .. ::,:>-::~~ 
x:::::;:.-~>·; 

-;:'::-~.: 

~.~>~::-:::< 
' .. ~ ........ . . ' ,(~ ..... '~ 
>·:~c·::::·: 

:<>::>~>~ 

---- 'x--x ~~--x i~--X i~--X 

>~ ~.~ :~:: ::,~ 

~~>~;:..::,.; 

: {>.:::~:~{ 
::-::>.:;:.:>:; 

: .. ::~~:::<:: .. : 
:"<>:::::::,~ . 

;. :::--::~::>.: ;.<; :i<::< i-::":::<~< :·{;'·:::·:X ;:':i":~::>': >~:.:::.--:~~:; ;:-.;:.::::-:;;:-:: X~~>~>=: 

:~::::.,:: ": i~ ;:. ::~.: >~::,~ ~-:;;:..; ;.<;:..; ;.-:;;:..; ;::::-:; ;~ :::; ::--~;.: . ;~::.; : ... ;;~ ::~:::;:~ ;;:.-; ;:.,: ~<~.: x 
j •. ::. ~ >=:::-:; ::~;:.~ ::.~ ;:,.; ~~:.-:: :::;;~.; ~~~,;~.,::--:: :~:::: : i<;:"; • :"~:::; ;:< ;~.: : .. ,:>~ ;,~:~.; ;:.:; :-<;~·:x 
~.;::-:: > :;_:: : :: ~,~ ::~i': ;:.~:.:; ;':::":; ;:. ;:~; : .. :: >=: ;:-;;.,:; ;.,;;:.: ::-::::-::: .. :; ;:'.; ::-:::-:; ;";i~ x;:,;~,~ ~": 

~~>~;:-:;;:.; .... ;-: .. :.:.;-... :.::::-::;:..:::< ;::~":i<~< ::<::-:::~.;>.: >;;'.:;:'-:::-: ~ .. :::-:;:.:;::,;: ::·;x::-:;~< 

;: ~;. :; ;:.::.:: ;:. : ;:.-: :~:: ::.:; ;:-.; ~-.: ~<;: ~ ::<;: :" ; :~.: ;:.:;:;;: ~ :~~ :-.-: ~; >-~ i< : -:; x;:··;;:.:: :~.: ;:< :,~ i< 

;:'-:i::::::;'-:; ::-.::~.:::.~:.~ >.:~.::: ::::: ~·~x~~::-: ::--:~<x>: :"':;:'-:;:':::~': :--::::<i'~;:": ::-::x>:;;:.; 
;-..:::~;:-::::-:: ::--::.-:::. ::.-=: :":;..,:~~:~.; :. :: ... ;>~~< >:~-:>-:(': ~~~.:::~:.< i'·,.:-O~;-:,f·' :---:;..::::-:::.-: 

~.;>::.':>:: ;::::.::.;:~:: :.~;:.:;: .. :;~.; >~: .. ::;:-~;:.-: ;:":;':::~':;:": ; .. :: .. ,:;:..:>: :~~;,;>=:>:: (.;;:-::;:-:::...; 
i~::-:::··~:~:: : ::"::~:::': : ... :;:.~;:.,:::; :~.;: .. ::.<:.-; :~;;:-':;~':::": ;<i";:~':::": : ... ::~:~.::; .. : :-:;::-::>,:;:.~ 

;.~ : .. ,: ::-~ : .. ~ :: ': >:: ;:':: ;:..: ;: ':;..: : ... : ;:..; :.,: ~:: ;:'.; >~ :~::::-:: ;}': }:; :~.: :.~: ;:--;;: ~ ;-.; ::< ;:.:;;:'.; ~-::;:.-; :.~:;:.:; 

:';:'--:>:i-:; ~;:":>:::< ::-:>:;~:::< : :~<::--::~~ >~~::~"::"': :~.:: .. ,:::::~.: :'~;:-::r.:::-:: ;:.·:;:.:;;:.-:x 
~~;.-.:>.:;.; :x;;:-o;:.-:;:::: :.<>~;:--:>.: ;:..:;:.·::x:;:-~ X~ :;:.::.-:; >·:x;,~::< ; ... ::~~;:-::;:.:; ;::::.:;::<::-:; 

/Al./LDAD./CLEAP 
/Bl·LDAD·,CLEAP 

/A2./LDAD./CLEAP 
,'-B2.LDAD./CLEAF.' 

/A3./LDAD+/CLEAP 
,,' B';:+LDAD+/CLEAP 

PAL 16X4 Limit Checker Fuse Pattern. 



Between Limits Comparator/Register Logic Diagram PAL 16X4 

CK t> 
~ 1 1 I t'll I ! 'm H 1111 '''\ If""" 1D "" II II;I ,," "'''~" 

LOAD 

. 
~J'I , 

" , 

,'" 

IT 
.. ~/-J " 

r; ~ 
CLEAR 

AO " ~D-~ 
ItJ.. " 

" ... 
" " -80 

l::n ----FUy-., 
~ ,. 

" ' 

~D-
,. 

~~ " n ,. 
" 
" ....... . , 

l:5;---
FD ....... ' 

- " 

A2 

" 

~I:> " 

~ 
Q 

" " " .... 
" ....... ' 

·2 

t:n--

FD 
--

A3 

" 

~to " Q 
" .. .... 

....... ·3 

i::1J 
-FU ....... --

t=1 1 
" " 

f-f 
.... 

I . 
NC 

NC c:::I 
r1. " v I ... " --<::}>-" NC 

PAL 16X4 Limit Checker Coded Logic Diagram. 
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U) 
c o = U) 
G) 
Q 
Q 
::J 
tn 
c o .--as 
CJ .-a 
Do « 

Between Limits Comparator/Logic 

PALl6Cl 
'PAT0021 
BETldEEN LIMITS COMPARATOR / LOGIC 

Design Specification PAL 16C1 

PAL DESIGN SPECIFICATION 

/EQiU /L Tl /EQ1L /GT2 /EQ2U /L T2 /EQ2L /GT3 /EQ3U GNII 
/L T3 /EQ3L NC NC NC /BHJL /GTO /L TO /GTl \,ICC 

GT3 + GT2+EQ3U + GT1+EQ3U+EQ2U + GTO+EQ3U+EQ2U+EQllI + 

LT3 + LT2+EQ3L + LT1+EQ::3L+EQ2L + LTO+EQ3L+EQ2L+EQIL 

DESCRIPTION: 

THE BETWEEN LIMITS LOGIC DETERMINES THE BTWL STATUS AS 
A FUNCTION OF THE GT. LT AND EQ STATUS FROM THE COMPARATOR 
REGISTERS. 

PAL16C1 

LogiC Symbol 

PAL 16C1 Limit Checker DeSign Specification. 
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Between limits/Comparator/Logic Fuse Pattern PAL 16C1 

-:~-- GT3 
-~,.:-- -;-:-- ':;T2·E03U 

--- :-: ->~-- -x-- GT1.E03U.EQ2U 
-::~-:~:: -x-- GTO.EQ3U.EQ2U.EQ1U 

---:': L T:3 
-x-- ---x LT2.EQ3L 

-;...;-- -x-- ---x LT1.E03L.EQ2L 
->~-- -:":-- ---;,,: L T O.EQ3L .EQ2L .EQ 1 L 

;:.:::-.::::; :~: :::'~:":::< •.. , .. , .....•... :.~>.:;:: ; ... ; ,,',,',,',,', ;.,.:;:..::..,::;.-; ::.,:~~:>::>< 

;.:::-- :::,::~.: ;.;;.';;.:;:..; ,:~, ,:'. (". ,":, ;.,:: ... :~<>:: ;,<>::>=:~,:: ~·:::'::~·':X 
:.:::.~:::.::: ... : :<: .. :>.:>.; : ... :>.:~.:~:: :..:::<>:;:.; >.::.<;..:,,: >:>.::,.:,,: ;":; ~~:~: >~ 

" 
.:: ,.::~.: ':: .. :: ... ::: .. ; : .. ::~.::.;~.,: (", {':, .:~ .. ~:, ; .. ; :~.: :~~ ;:.,: :;.·:~(;:··;::x: ; . .:::,.:::..;;:..; )":>;>-:X 

;:.::.::>::::: >:;:..;;:.:::.; ;"::,,,:~,:>,: >:::.::::-<>.; >::x:>:;:..: ;:.~: ... :;:..:::-:: ;:.:;;:..:XX 
'" 

." ..... ,(",.", .::<>~:.< ' ~ ,,." .. ".,, ,.,., .. "",', :":;,.::":>': :-:::..;;:.;::.:; :.;:x:~-::x: ::<:>·:X>": >':x,,:>; 
; .. ,::..:::~:>; I.".".". ' .............. ........ " .. ( .... ,' ... ~~' .. , '." :;:':; ::~: :··'::~::;:'~X ;:'.:~~:>:::;.-~ >;:~XX ,'" 

',,' 
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8-BIT I/O PRIORITY INTERRUPT 
ENCODER WITH REGISTERS 

PALl E,N 
pAT0005 

Design Specification PAL 16R4 

8 BIT I/O pRIORITY INTERRUpT ENCODER WITH REGISTERS 

0; I 1 12 1:3 14 15 loS 17 I 8 13~m /E NC tiC ('4 (':3 (.12 01 tK' f'lC \"CO: 

/01 .- /11.12 + /11./12./1:3.14 + /11./12./1:3./14./15.16 + 
/11·/12./1:3·/14·/15·/loS·/17·18 

-02 .- '11./12.1:3 + ,11.,12./1:3.14'+ /ll./12.'13.'14.'15./16.1~ + 
/11./12./1:3./14.'15./16./17.18 

/0:3 := /11./12./13./14.15 + /11.'12.'13.,14./15.16 + 
'll./12./13./14./15.'loS.17 + '11.'12.,13.'14.,15.,16.-17.18 

'04 .- 11+12+13+14+15+loS+17+18 

DE'SCPIPTlmj: 
THE I,D F'''' 10"'ITY rrHERPUPT ENC OIlER PI" I OPIT I ZE':- :0: I, '(] LI tiES 

(11 THPU 18) OUTPUTING 111 (03.Q2,t(.l1 RE~pEO:TIVELY' FOP THf H]GHE~T 
F'pl0l"ITY 1"'0 DE',nCE (11) lir'll! (r(r(r FOF.' lit'j rrHERPUPT FJ;'Ot" THE LDI,'~_:T 

PPI0RITY 1-0 DEVICE '18'. OUTPUT 04 :ERVE: A~ THE INTEPPUFT FLAG 
Ami ':;OE S LOI,r ",IHEt'j Any OF THE :::: I/O I tiPUT: I~[] HI 6H. rHE PI" I 01" IT', 
rrHERl"'UPT ENCODER PEl:; 1 S'TEP::' AI"'E UPDATED on THE ", I; Hil,; ED'~f. [JF' THE 
CLOO: H1PUT 'c~,:). THE 3-:'TFtTE OUTpUT'S: AI"'E HIGH-:- 1,IHi:3'i TH" Etir'1tLE 
LHiE ':,"E;o r::.: foiIGH At,W E~iAE;LE[II"HEN THE EtiAF'LEf' LINE ',,10' I: LO','. 

TI"UTH TAE:LE 

" 1 1 1 I I I 1 I C' I) C' (I 
E 8 7 6 5 4 321 432 1 

foi ,", >.: ':< ::.~ '.,.' ;x; : .. ~ : .~ :;: '- - -
L <,' 

,\ :,..: ':": •... ' ", :-~ '.,' foi L H H H 
L : .. ~ .... 

"~: ;--.: :< H L l. H H L 
1- ' ...• : .. ,: .... " ?', foi l. L L H L H , ...• 

L ....• ;.,.; ; ... ; "< H L L L L H L L 
L ',,' ;:.; ',' H L l. l L L L H H ...• 
L ::< .... H L L L l. L L '- foi L 
L ;.,:: H L L L L L L L L l. H 
L H L L L L L L L L L L L 
L L L L L L L L L H H H rl 

Eight·Bit Priority Interrupt Encoder with Registers, Designs Specification. 

24·215 

o 
::I 
tJ) 
C co 
co 
CD en 
=. 
o 
::I 
en 



en 
c o 
;: 
en 
CD 
CJ) 
CJ) 
~ en 
c 
o 
;: 
ta 
.2 
Q. 
a. 
c( 

8 Bit I/O Priority Interrupt 
Encoder with Registers 

CK 
I ...... 

...... 
"13 .511 ,I "01' 1213Ua 1511111' 20212223 24252121 'U2llaJl 

· I , , · , , , 

~ 

· , .. 
\I 

" " .. .. 
, .. 

II 

" II 
\I 

" " " " 
~.2 

" " " " " " " 3\ 

, 
~ .. 

" " " " .. 
" " " 

15 
, 

.2 

.. .. 
" " .. .. .. 
" , 

~ 

.. .. 
" " " " " " 

~..2 

" " " " .. 
II 

" " 
18 

, 
.2 

0123 4581 1911111 unl41S 111111" !021n23 24252&21 2I291D31 

Design Specification PAL 16R4 

~ II NC 

~t--

·rJ II 

:J 
NC 

~~ " ./ 

<. 

~ " U] ~ 

~ 

~ 
~ ./ 

:e: 

~ '" ~ 
./ 

:e:. 

~ 
13 

NC 

~ 

~ " 

.A_ \I 

""1-

NC 

PAL 16R4 Eight·Bit Priority Interrupt Encoder with Registers, Coded Logic Diagram. 
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QUADRUPLE 3-LlNE/1-LlNE 
DATA SELECTOR MULTIPLEXER 

"'ALI4H4 
F'ATOOI6 

Design Specification PAL 14H4 

PAL DESIGN SPECIFICATION 

OUADPUPLE 3-LHlE-To-I-LmE DATA S:ELECToF.: t'lI.1L TIPLE)<ER 

lA 2A 3A 4A IB 2B 3B 4B lC GND 2C ac 4C'4Y 3Y 2Y lY SI SO vec 

DESCR I PT I Ot~: 

'A 4-BIT WoPD IS SELECTED FROM ONE OF THREE SOURCES AND IS ROUTED 
TO THE FOUR OUTPUTS. TRUE DATA IS PRESENTED AT THE OUTPUTS. IF 
INVERTED DATA IS DESIRED, USE THE SAME EOUATIoNS WITH THE PAL14L4. 

-------------------
! ~~ I) ! :5:1 ! oUTPUr:~; ! lA 1 + + 20 vee 
------------------- ! 
! L L A DATA 2A 2 + + 19 SO 
! H ! L ! B DATA 
! L ! H ! C DATA :3A ~: + + 18 :SI 
! H ! H ! Lol,.1 ! ! 
------------------- 4A 4 + + 17 1,/ 

IE: 5 + + 16 2'-( 

2B ;; + + 15 3 ..... 
! ! 

:3E: 7 + + 14 4'-( 

4B 8 + + 13 4C 

lC 9 + + 12 :3C 
! ! 

GND 1(1 + + 11 2C 

PINOUT 

Quad 3·to·1 Data Selector· Multiplexer, Design Specification. 
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Quadruple 3-Line/1-Line 
Data Selector Multiplexer 
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4-BIT COUNTER WITH 2 
INPUTMUX 

PAL16R4 
PATOO;:4 
4-BIT COUNTER WITH 2 INPUT MU~ 

Design Specification PAL 16R4 

PAL nE~IGN SPECIFICATION 

'CLOCV AO Al A2 A3 BO Bl B2 B3 GNn 'E COUT 11 03 02 01 00 10 CIN vcr 

'00 .- /110/100/00 + /lloI00/AO + 11o'IOo/BO + 11~10.·CINo/00 + 
I 10 I DoC Itlor") 

/01 .- /110/100/01 + '110100/Al + 11o/IOo-BI + 110100-(INo-01 + 
110100CINoOl000 + 110100/010/00 

/02 .- /110/100/02' + /llo100'A2 + 11o/IOo/B2 + 110100/(INo'02 + 
110100CINo020Ql000 + 110100/020-01 +110100,020-00 

'03 :- ,110/100/03 + /lloI00-A3 + 11o,IOo/B3 + 110100-CINo,03 + 
110100CINo0300200100R + 110100/030/~2 + 110100/030/01 + 110100/030'00 

IF (VCc) /(OUT 

DESCRIPTION: 

THE 4-BIT COUNTER LOADS' A DR B FRml THE ~lU)-(. DR COU~lTS' UP. 
THE THREE STATE OUTPUTS APE ACTIVE WHEN /E IS LOW. 

! /E ! 11 10 ! CIN ! CLOCK! OUTPUT 0 ! OPERATION! 

L L 
L L 
L ! H 
L ! H 
L ! H 

~ X 
X 

L X 
H L 
H H 

L-H I) NOP 
L-H A LOAD A 
L-H B ! LOAD B 
L-H I~ ! ~mp 

L-H GJ PLUS ! INCREME~lT 

CARRY IN ----. _CARRY OUT 

4-BrTCOUHTER 
Wmt 

2-INPVTUUX 

,---l\ AHD -CLOCK 
OP SELECT -,1 3-STATE OUTPUTS ~ , 

, _ENAILEOUTPUT 
L..----,rr--... 

~ 

Four·Bit Counter with Two·lnput Multiplex, Design Specification. 
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4-BIT UP/DOWN COUNTER WITH 
SHIFT AND THREE-STATE 
OUTPUTS 

Design Specification PAL 16X4 

PAL DE:'IGt! :PECIFICATIorf 
F'AT0026 
4 BIT UP,·DOI..lff COUtHE~' loilTH .:HIFT Atm THF'EE-:TATE OUTPUT, 

CLOO .. 10 II BO Bl B2 B-;: 12 CLEAF.' GtiD .' E "LIO IIC A,: A2 Al AO tfC PIO "iCC 

IF' ·12.11 •. ,10 • PIO = '.AO' 

·AO .- '~HII'.·I2 •. ··Il.·IO + ':.·E:O.' •. ·12.~·Il.ro + ':·Al' •. ~·I2.Il •. · 10 + ",/'AO.' *12+1 1 
: +: ,P I O. I 2.· I I ..... I 0 + 

~:10.12.1 1.·'10 + 
PI0.12.11. 10 + [LEAP 

··AI .- ·>"AL'.,·12.,,'ll •. , 10 + ·.,·BI·· •. ·· 12.····11.10 + {., A2)./12.ll./10 + • .. ·'AI}.12.11 
:+: C-AO.··I2.··Il ...... ro + 

( AO~·PI0·12.11.'10 + 
(··AO).PI0.12.11. ID + CLEAP 

'A2 .- 1 .. ··A2) •. ··I2 •. · 11.···10 + C·B2) •. ··12./Il.ro + '· .... R3).··I2.Il.,··IO + ~.·A2 .. 1.12.Il 
:+: '.,·Al.'.12." II./!O + 

.'. Al.'.' AO··.PI0.!2.11 •. ,10 + 
(,Al~.'/AO~.PIO.12.11. 10 + CLEAP 

~A3 .- (/A3)+ .... 12+ .... 11+/IO + ':/B3:·+/12+, 11.10 + /LIO./I2.~1 •. 'IO + (/A3j+I2+Il 
: +: V'A2) .12./n., I 0 + 

( A2).{ AL'.,· AC(·.FUO.12.11./10 + 
(.·,·A2).,:"-AD.(/AO.'.PIO.12.11. 10 + CLEAR 

IF( 12) LID = '.A3,:..12./II.'·12 + (tiT'.': A2).'-: AD.( AO;'.RI0.12.11+/IO + 
(/A3)+(/A2)+'/Al)+(/AO~.RIO.12.11. 10 

DESCRIPTIDrf: 
THE UP/DOI.,ltf COUNTER ~.IITH :':HIFT I,JILL' LOAD. ~HIFT, COUNT UP, COUNT Dml~fo 
CLEAF.' OF: NOP ON THE RI:;;:HfG EDGE OF THE CLOCK A:: SPECIFIED BY THE 
I tfS:TRUCT I Ot!, I. o'H I FT I/O. CARR\' Ami BOF.:Rml :;;:HAPE THE :::A~lE I/O LINES 
(LID AND RID). ACTIVE HIGH OUTPUTS, A, ARE HfABLED ~IHHf /E IS 
Lm.l. NOTE: THE IMPLIED EXCLUSIVE DR, :+: , ~lUST BE PLACED BETMEEN 
THE FOURTH AND FIFTH PRODUCT TERMS. 

----------------------------------------------------------------------------
INPUTS OUTPUTS 

----------------------------------------------------------------------------
! CLEAR ! 12 11 10 ! LID RID ! CLOCK ! LID ! A3 A2 A1 AO ! RID ! OPERATION ! 
-------- -------------------- ----------------------------------------------

L L L L X ·X L-H Z A~' -=< A2 Al AO Z NOP 
L L L H X ;:.:: L-H Z B3 B2 Bl BO Z LOAI! B 
L L H L RI Z L-H Z RI A3 A2 Al Al SHIFT RT 
L L H H X X L-H Z ALL HIGH Z SET 
L H L L Z LI L-H A2 A2 Al AO LI Z SHIFT LT 
L H L H Z X L-H L ALL HIGH Z SET 
L H H L Z CIN L-H COUT! A PLUS ONE Z INC IF CIN! 
L H H H Z BIN L-H BOUT! A MINUS ONE Z DEC IF BIN! 
H X X X X X L-H Z ALL LOW Z CLEAR 

------------------------------------- ------------------------- ------------

Four·Bit Up/Down Counter with Shift and TRI·STATE (R) Outputs, Design Specification. 
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ALU ACCUMULATOR 

F'AL 1 t, 4 
F'AT 1)(1 t, 
AL U A C Ur'1ULATOF' 
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1::-12- 11- 11)_' F: 
1,:-12-11- HI- (I 

Design Specification PAL 16A4 

F'AL DE:IGN :PECIFICATION 

II.EC'.E:(r· + I:;:. I':". 11.10.' RO· + I :;:. 12. 11. 10.', B I) 1+ 

: + : I :::. I c:. 1 1 • I 0.' A O. E: (I, + 
+ I ;:.l.:~. 11. 10.' AI' + 1 :;:.. A (I. 

AI:= I:::. Ie:. 11. JO.·t=il.E(I.E:l' + I:;:. 12. 11.10.' AI' + I:::. 12.11. 10. ' E:1'+ 
J::-I~'- 11- 10-'F:l' :+: I::-I~'- 11-1(1-' Al-,Bl- + 

l> 
"C 
"C -_. 
n 
C» -_. 
o 
~ 

en 
c 

<C 
<C 
CD 
(II -1:=:.1":'.11. 11)+' A(I' + 1:;:.1':".11.1(1.' H":', + I:::.' AI· + CAr;'J;'Yl 0 
~ 

A2: = I :::+ 12. I 1. I II •• A.::. E(I. E:c.', + I :;:. 12. 11.10.' A2' + 1 :::. 12. 11 .... 10. I .' E:2' + tJ) 
1~:.I.:.'. 11. 1(1.·E:2· :+: I~:.12. 11.10.' Ac:.·E:2.' + 
1;:+12+11+ 10.· AI· + 1:::.1.='.11.10.' 8;:' + I:::.' A2' + CAr;'F',),2 

H;::= 1:::+ Ie:. 11. 10+'Fi;:.EC'.l:::::' + I:::. I..:,'. 11.10. " 8:::· + I:::. 12.11.,'10. , E::;:J+ 
1:::.1::". 11. lu.'E::::· :+: 1:::.12. 11+10.' A:::. E::;:' + 
1';::.12.11. 10.,·H':', + r:::.Ic..·.Il.rO. LID + I:::.' , A:::' + CAF'P',',3 

IF "·/(C·, I;; = 1;:+ 12. 11. I (I •• A:::.E:;:' + 

rIOTE: 

DE:CPIF'TIDrI: 

13+· 12. 11 •. 10 • 'A~+B:::'.'A2.B2'+ 
1:=:. 12. 11. 10 • 'A:::+B::;'.'A2+!:2·. , Al.E:l'+ 
13. 12. 11. 10 • 'A3+B3'.'A2+B2'.'Al+Bl '.'AO.BOJ 

13+ 12. 11. 10 • 'A3+B3'.'A2+B2'.'Al+Bl l • ' AO+BO' + 
I::::. 12. It.IO •. H;:'.' A2·.· Al ••• ·AO· + 
13. 12.11. 10 .' B3'.', B2'.' BI,.· 'EO' + 
13. 12.11.10 • I A3+ B3'.' A2+ B2·.' 'At+ Bl'.' AO+· BO' + 
13.12. 11.10 •• A3. E:3'.' A2. B2·.' AI •. 81 I.' AO.·BO' + 
r:::.lc:.Il.IO • I Hc',., Ftl ' • ' AO'.·(Iti + 
1::-12-11-10 - LIO-- A::'-- A2'-- AI-

LID 

C Itl ~1 I). 

1::- 12- lI- It) • C Itl 

1::- 12- Il- 10 - IHO.E:O'+ 
1::+ 12- I I- 10 - • A(i+::BO'.C It~ 

1::- 12-· 11-· I I) + 'AI-I:l ,+ 
1::- 12. 11+ 10 - , Al+I:l ·.·AO.B!)'+ 
1::- I~'- 11- 1(1 - :Al+f:l '.'I1(1+BO·.CII'-I 

1::- 12- 11- 10 - ·A2.£:2·+ 
1::- 12- 11- ' 10 - I.A2+Bc',. I Al.E: I' + 
1::- 12- 11- It) - 'A2+82'.'Al+Bl'.(AO.BO'+ 
1::- 12-, Il- It) • ·A2+82'.'Al+Bl'.'AO+BOJ+CIN 

THE ALU ACCur'1ULATDF' LOAD', THE A-F'EGI :TEP I,IITH DrIE OF EIGHT OF'EPAND:' Drl 
THE F'I: I riG nli:;E OF THE CLOt: t. ,:; AND F' OUTPUT GE~iEPATE A~ID F'POPAI:;ATE 
Drl THE ADD Irl: TF'UC TJ Drl. F' OUTPUT': OF' = :EF'O Drl HI: TF'UC TI OW 1.2'::. 5.~,.;-. 

IrIPUT: OUTPUT: 
OPEPATION 

! 13 12 11 10 ! LID CIN ! LID! A3 A2 Al AO ! (IN! 
-------------

L L L L 
L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H 

--.------- -------------
L A F'LIJ: f: 
H A F'L E: F'L 1 

A;: A2 Al AO 
f::: I:2 E:l E:O 

" A ArID I: 

" 
. B3 B2 Bl. 1:0 

" A OF' B 

" LI A2 H.o Al AO LI 
F'I ~ PI A:: A2 Al 

" A;: A'::' Al AO 

: 
: 
'" : 

Al 
: 

ADD 
ADD 
tmp 
LOAD 
ArlIt 
LOADCOMP 
OF' 

A: =A PLU" E: 
A: =APlIJ"~,f:PLU:'.l 
A:=A 
ft: =f: 
A: =A.1: 
A:=,"B 
A:=A+B 

,HIFT 
'cHIFT 
~mF' 

LEFT 
F'IGHT 

ALU Accumulator, Design Specification. 
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(I) 
c 
.2 -(I) 
CD 
Q 
Q = o 
c o 
;: 

'" .2 
Q. 
Co 

<C 

.ALU Accumulator Fuse Pattern PAL 16A4 

j""::,-- . AI) 

~..;:~:>:;x: 

~'::X::"'::'< 

-:x:--
-;::;--
-~.:--

-;N;--

: .:: .. ~: .. ,:::~ 

-;::;--

->:-- : .. ;-; ... ::.:; 

:::.:>.::,: 
~:::.-:>::.:: " ........ ,,\ 

:-.:::.::.-::. : ......... " .. 

; .. ;-;.:: .. ; 
.;.:-~.::.,.: --::~-

--j.;-
--:~::- -- .... - -->:-

:-:: .::: :: ~ 

-;:;-- -,',--

-,,',-- -:<--

, ........... , ... ;.:::.::: .. ;;.'; 

·13.·12.· 11.··10.R3.B3 
'13.,12.··11.· 10.R3+B3.R2.B2 
,·13.,12.,11.· 10.R3+B3.R2+B2.RI. 
.. I.,:. 12.·· 1 I. 10.R':.1:':.R2+1:2.RI+ 

:.~>~;:-:::~:: : ... :: .. ,:>-::~.: :~:~..:~.:;:.': ; .. :::<:.::::.; ~ .. ::.~>.::.,: : :::'::';;:..; >'::.::::::;. , ............ , 
>-;~::~ .. :~~.: :~~~:;~~~< :.~: .. ;:-~: ... : ...... .......... : .. ~:.::. :: .. ; ............ ', :":::'~:--::"': 

::.~--- -; .. ;-- ~~>:--

-::-~-- ::.:;--- -:>,;-;.< 
->:-- -;~.:-- . '-'. '-

-.:".-;". ;.<---
;:~--- ~--:--- .' .. ~.--

:.,.::>,;--

-:~:-- -: ... ;--
;.,:--- -; ... ;-- :.:::~.:--

->:-;:.; 
-;:.~-- -; ... ;-- ,"~-.".-

; ... ;--- -:<-- ; ... :: . ..;-;:: 
-;:.~-- " : .. ~>::--
~,.;--- .. 

~.:>:--

-::~-- -:,.;--
::~:--- -:~::-- :.,::~--
->::-- ., 

: .. ;-::.::-
;:'.;--- ->.:--
-:.~:-- ::<--- :~::~..;--

i··;--- ;:.:;---

->{-- -;:<--
;:..;--- -::<--

-,',--
-~ .. ;-- -,",--
-:.-:-- -:.~:--

-,',--

->~--

.'.--- - .... --
-;::;--

··13 •. '12.···ll.·10.RO.EO.BO 
··13 •. ·· 12./11.10. ·'R 0 
···1:,:.··· 12.11 •. ··10.···':0 
·1 ::.12.·1 I., 10.1:0 
'13·12 •. 'II.10.·RO •. 1:0 
··13.12.11 •. · 10.··0: Itt 
.. n.12H 1.1 O.,·RI 
I:,:./RO 

-;.<-- -;,.;-- ····13.··12 •. ··II •. ··10.RI.EO.1:1 
-;...;-- -;.,;-- ··13. , .. 1 2.' 11.1 O.····R 1 
-x-- -~-- '13 •• 12.11.,10.,1:1 
.... --- -i<-- ·1:::.12.···11 •. ··10.1:1 
; .. ;--- -;:.:;--

~.:--- -::.;--

->.;--
-;:.;--
-.... --
;:-:;---
;.::---
•...• ---

;.::::-:;-- " 

-;:.;--
-~.;--

- ...• --
-:":--
-; .. ,:--
-::.::--
-;:<-­
;..:;-.;..-

,13·12·,ll.10.,Rl.,1:1 
~13.12.ll.'10.'Rn 
.. ' n.12.1 IH 0.···R2 
n.···Rl 

.' 1 :,: •.... 12.··· 1 1 •. · 1 0.R2. Ee'. 1:2 
'13./12.,ll.10.·R2 
.. ' 1 :,: •... 12.1 I. ·'·1 O. ···1:2 
·'I3.12·'ll.'10.1:2 
'13.12./ll.10.'R2./1:2 
'13.12.11./10./Rl 
/13.12.11. 1 O./R~: 
1 ·::./R2 

x--x -x-- -x-- ~I3.~I2./Il./IO.A3.EQ.E3 
7~::<-- -::.~-- -~::-- .····1.3./ I 2 •. ·· I 1. I 0./ A.3 
-x-x -x-- -~-- /I3./I2.Il+/IO./B3 
~-x- x--- -x-- /I3.I2./Il+/IO.B3 -x-- ->,;-­

x--- -::.~-- ---- XX-)( x--- -x-- /I3+12./11.10./A3./B3 
-~-<-- :~::---
;,~--- ::-:;---

~-<: .. ::-- ;::;--- -,.-,-- / I 3. I 2.11 ..... I O./A2 
x--- -x-x /13.12.ll.10.,LIO 

xx-- x--- 13./A3 

-x-- -x-- --x- --x-
x--- -x-- xx-- xx-­
-x-- x--- -x-x -x-x 
x--- x--- -x-- -x-­
x--- ->(-- xx-x ~;x->( 
-::<-7~ ::.{--- ;:.:::~~-- xx-­
~.~--- >~--- ~-<x--

-->,;­
x::-::-­
->~-x 

-x--
;,;x-x 
xx--

--~ .. :;-

->~--

-x-- -x--
-x-- -::-:;--
-~;-- -:,,;--
-x-- ->::--
i:;- -- -~.~--

,13.'12·/ll.,10.R3+1:3.R2+1:2.Rl+ 
/13·/12·/ll.10./R3./R2./RI./RO 
/13·/12·11./10./1:3.'1:2./1:1.'1:0 
/13./12.ll+10./R3+/1:3./R2+/1:2./ 
/I3+12+/Il+IO+/A3+/B3+/R2+/B2+/ 
/13·12·ll·/10./R2·/Rl·/RO·/CIN 
/13·12·ll·10·,LI0·/R3·/R2./AI 

-x-- x--- x--- -X-- /13.12.11./10 
xx-- /R3 

~<xxx xxx:=< x~·~xx X)<>!:~< xxx~-< ~·~x>~x x:x:x>< ;:..:>=:x~< 
;~xxx x>(XY. xxx~; x>(XX xxxx >(XXX X;~Xr; xxx~< 
;~x~;x x~:y.x ;~~;xx x~;xx xxxx xxxx ~;;,;xx Xx>(X 
;:.~::<xx xxx x xxxx :x:xxx ~<;:-::xx x>~::--::~:: X~-<iO-:: Xr:~'t,X 
::--;~<>~x xx::--~x xx~x :x:xxx XXr~X xxx:=-( XX>~X xxxx 
>-~xx>~ xxxx xxxx >~>=:xx x>~xx X)l,::·::;:·:: ~<~xx >~x>~X 

ALU Accumulator, PAL 16A4 Fuse Pattern. 
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ALU Accumulator 

CLOCK ' -'" v-
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Logic Diagram PAL 16A4 
:t> 

"C 
'2. 

J 
v- I 
J 
v-

J 
~[> ~ 

~[> ~ 

-D-t. 

I}=> ~ 

~tu 

J. .... 
I 

H~J 

" 

" 

GJ. " v-

Q 
" .... 

SJ. " v-

Q .. ... 

" 

" 

~ 

n 
E» -CIN 0 
:::s 
en 
c 

G CC 
CC 
CD 
(f) -'0 0 

., 

A, 

1I0 

::s 
(f) 

PAL 16A4 ALU Accumulator, Coded Logic Diagram. 
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Physical Dimensions 

PACKAGES 

Dual·ln·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 commercial temperature range applications. Lead material is copper or 
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) Devices ordered with the "D" suffix are supplied in side brazed, multi-layer, ceramicdual-in·line packages. The leads are 
Kovar or alloy 42 and either tin-plated, gold-plated, or solder·plated. 

(Q) Devices ordered with the "0" 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 
All dimensions are in inches (millimeters) 

~ Semiconductor 

D16A package Is replaced by D16C package. 

~;'~;:::'~' 
-r _--L10.50B-l.S2., fIt ~! 0.020-0.060 

~lDi},~I' 
0.OU8-0.015 O'OD~ 

1-----1 0.080 J L ~--lL ~ 0.290-0320 12.0321 (0.381-0.5841 13.115-5.0801 

17.366-8.1281 MAX TVP 0.100 ±O.01D 

12.540 '0.25" 
10.100112.5401 sse 
TYP REL TO LEADS 

PIN NO.1 

1 AND16) 015C (REV GI 

NS Package D16C 
16-Lead Cavity DIP (D) 

IDENT T.""':T"",..,.-r.,....,...,.,;::::;:;:r=;:;:;=;::;:=r.;;=r.;;;=r.;;:::;:;;=r.;;;=;:;;r.".,r-r.;rr;;r-r::r-r.T 

I 0.045 
-11.1431 

MAXTVP 

&.050 0.150-0.200 
11.2701 13.810-5.0801 

0.008--C1.015 r.~=-=-=::-t-=:-:::-===:=:=====:=:=====:=:=====:=::!T;V'~4=!=::::=i:~~~~=I:=::=!:~f=~:::::1 

'\
0.203-0,381) If If lfTlf If If If If If If If If If If If If If If If lf~ 

f- 0.590-0.620 _I TV' SEATING O.lDOtO.D10 _I 1 _ 0.015-0.023 _ II _ 
11U9-1S.751-' ~~~~~!~:~TleAL 'LANE 12.540'112541' r 10.381-0.5841'1 

REF OUTWARD TV. TV' TV. 

NS Package D40C 
40·Lead Cavity DIP (D) 

A·3 

0.125 

13.1751 
MIN 

04CC~EYGJ 
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NS Package 048A 
48-Lead Cavity DIP (D) 

(1.270±0.127) 
0.045 MAX TYP 

(1.143) ALL ENOS 

0.200-0.330 
(6.300-8.382) 

r(~:~~~=0'G051r-(~:) 

__ ~~ ~~~~41 __ 
.!!!! MINJ t 
(3.302) ~ 

---rt--f-U 
0.030 

(D.762) 
MIN 

0.Il00-0.006 II 
TYP (0.102-0.152) -11-

PIN NO. 1 
10M 

61514131211109 

0.245-0.285 
(8.223-7.239) 

0.006 
(0.127) 
IIIIINALLENOS 

NS Package F188 
18-Lead Flat Package (F) 

A-4 

F1181REYOI 



REFERENCE PLANE 

G12C package Is replaced by H12C package. 

~TYP 
12.540) 

0.115-0.335 
1-----++,8.001-8.'°9) OIA 

NS Package H08C 

HCSC(REVC) 

0 . .00 
(12.10) 

MIN 
I 

15.842) 
P.C. 

NS Package H10C 

0.029-0.045 

(0.737-1.143) 

H10C(REVC) 

8·Lead TO·S Metal Can Package (H) 10·Lead TO·S Metal Can Package (H) 
(Low Profile) 

D.W-GAGO 1111.18-11.68)1 0.030 

(3.759-4.572) ---L 0.020 ~:~ONTROLlED 
0'148~0"80_1~7:~) 
t- ==l=-:f (O.50B) LEAD DlA 

0.500 -+--r 
ILn~ ~ n~ 

~ ~ (~!~:=:::~:I DIA TVP 

0.026-0.036 

A('10.660-0.914) 

+-------::;-~/- 0.026-0.036 

OA9'-0.505 
112.573-12.827) 

OIA TVP 

10.660-0,9141 

NS Package H12C 
12·Lead TO·8 Metal Can Package (H) 
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0.290-0.320 

r-- (1°0~1:1---j 
G.aZ5 DIm l

MAX
6! mL __ f(~::;:' MAX GLASS 

(0.635) RAO II 

. 1 2 1 4 

0.220-0.291 
!5.55'-U91) 

------.i 
0.010 

(01541 
RAD TVP 

0.200 
(5.0'01 
MAX 

~ It 0.01' UI.003 0.125-0.200 
--11-- (0.457 !O.0761 (3.175-5.0801 

O.1DO±D.OID 

(2.540'0'541 

NS Package JOBA 
B-Lead Cavity DIP (J) 

0.025 
(0.6351 

RAD 

'I 
! 

0.220-0.310 
(5.5'8-7.8741 

...",."".;r-r.;"".,.-r,r ...... ~ 

0.098 
(2.4891 

MAX BOTH ENDS 

JOBA (REV G) 

0.150 
(3.,1) 
MIN JI4A (REV Fj 

NS Package J14A 
14-Lead Cavity DIP (J) 

0.025 
(0.6351 

•• 0 

NS Package J1BA 
1B-Lead Cavity DIP (J) 

A-6 

0.005-0.020 
~ 
RAD TYP 

J1OJ\IREVH) 



~ 0~90-0~20 
(4.512) (7.366-8.128) 
MAX 

(~:~:) RAD MAX TVP 

0.808-0.D12 
(0.203-0.305) 

NS Package J18A 
18-Lead Cavity DIP (J) 

NS Package J20A 
2()'Lead Cavity DIP (J) 

J20B package Is replaced by J20A package. 

A·7 

Jl84(REVJl 

0.200 
(5.0801 MAX 

fI15~ 
(3.810)~ 
MIN (3.175-5.080) 

+ t 

J20AtREVIQ 

s:! 
3 
CD 
:::::s 
til s· 
:::::s 
til 



o c o 
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c 
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E 
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D. 

0.025 
(0·&3111 

RAO 

I" 
1.290 --------11 0.600 

• 115.2401 
fMAX ;--rGLASS 

0.025 
(0.&351 

RAO 0.\:14-0.526 

)-~~~~~~~~~~~~~~~~~ 113~6I'3'~1 
0.030-0.055 

!D.762-1.3911 
RAD TYP 

O.oos 
(0.1271 

MIN 

0.008-6.012 J 
(0.203-0.3051 

0.098 
(2ABII 

MAX 

NS Package J24A 
24-Lead Cavity DIP (J) 

J24C package Is replaced by J24A package. 

~------(::'::I'-------
MAX 

NS Package J24E 
24-Lead Cavity DIP (J) 

A-8 

~ 
(0.762-1.397) 

RADTYP 

0.180 

0.125-0.200 
(3.175-5.0801 

MIN 

0.150 
(3.8101 

MIN 

J2tAIREVH) 

~ 
(0.203-0.3051 

TVP 
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(0.&35) RAD 
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(0.&35) 

RAD 

0.030-0.055 
10.1&2-1.3911 

RAD TYP 

o.OI8il1.0DJ· II 
(0.451 ilI.Ol&)-l 1--' 

TV. 

NS Package J24F 
24-Lead Cavity DIP (J) 

NS Package J28A 
28·Lead Cavity DIP (J) 
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N08A package Is replaced by N08E package. 

NS Package N08E 
Head Molded DIP (N) 

0.092 

12.337) 
DIA NOM 

PIN NO. t IDENT 

N08.IREVCI 

(6.350±O.1271 

MIN ~;:::~)~ 1=ffi='ifi"'i'i;=m=ffi=F.~---1 
0.300-0.320 0030 

MAX 0.065 f::1T 
.,',,' 0.009-0.015 FJ ~86'9" _____ 0.020 

I 10.229-0.381) ~L II 10.508) 

I 0.015 ~O,D15 -u- 0.018 iO.ODa ~ MIN 
• 11.90510.3811 10 ... , '0.076) '~:~.) 

0.325+0·025 ~ 
-0.015 (~.540 ±0.254) 

(8.255~:~:~) 

NS Package N14A 
14·Lead Molded DIP (N) 

A·10 

NUA(FiEVB) 



0.870=-:1 
'''.0981 

MAX 

131211109, 

0.2511 10.005 
(6.35010.121) 

~~'F.FF.FfoJlTIl:!:r--.i (~:~~:)~ 0030 1 Z 
MIN 107621 

0.300-0.320 MAX 0065 

~ I 11.6511 --.-------:-:ThJ::!;r-::::;::=T 

.... Prl I::::=:;~:;:,o.:-J ~ J ~~O:4~ 0.020 

I ---us;oTsij 
+0.025 (1.9 01001.0010 

0.325_0.015 12:540,0.2541 
(8.255 ~~:~i~) 

0125(0.508) til a.atBiC.Dlll 13:175J MIN --11-- (0.457 .to.016) MIN 

NS Package ND11
6pA(N) 

d Molded 
16-Lea be substituted) (N16E may 

N16A(AfVB) 

(~9~:~)-----j 
MAX ~ rrn ffiiI 191 I 

131211109 --r 

~f~M~!~I~ .!!!!. 

0250+0.005 CD 1635tO.1271 

~ ti::~r.;:=r,rffiFiITr'm'" 

0300-0 320 '~~~I 0.065 

t:~r 'L 
95"±5" 0.009-0.015 'J 

(0.229-0.381) 

I DOJO±O.DIS I . +0.025 10·762±0.3811 
0.325 -0.015 

(a.255 ~~:;:V 16E 
I NS Package N 

L d Molded DIP (N) 16· ea 6A) 
(Substitute for N1 

0.810 

122.098)----j 
---- MAX ill fiiI liil Mull 

16ISt413tzl1D, 

D.250!O.OOS 

(6.350iO.1271 

---.i ~ffi!Fi!Fi1rn-m ~ ':~\t:)~ 0.030 1 2 J 

0300-0320 (o.16i' 0.065 --.:.,...----.!!!C-.tt::r-j 
I --t~' i "j"' 

0.009-0.015 1 
95'5--,0229_0.381) J 

I 0025±0.015 ~ I • 35+0.381) 
• +0.025 (06 - a.l0D±O.oID 

0.325 0.015 12.540'0.254) 
~) TV' (8.255 0.381 

NS Package N~~pA(N) 
18·Lead Molded 

A·11 

lilBA(REVBl 
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1.1140 
D.lI92 (26.421 "I (2.337). MAX 

DIA NOM " t 
PIN NO. IIDENT 0.Z60 ±0.005 

~;':J MIN 

0.300-0J20 
tl.820-1.121) 

~ O.325~::: ~ 
(U55 -tO·63S) 

-UBI 

I 

(6.604 '0.127) 

J 

0.039 
(0.7821 
MAX 

N2DA(RE\lC) 

NS Package N20A 
2G-Lead Molded DIP (N) 

! 
0.35010.005 

(UOO'0.1271 

0.062 
RAO (1.5751 

PIN NO. I 
IDENT 

1;;:;=rnFi'ff"i'i~;;;=r.;=;F.'FF.'F~~ 

r-! ~ 
D.1DO±O.D1D 

(2.540,0.2541 

NS Package N22A 
22·Lead Molded DIP (N) 

in-
0.018iO.D03 

(GA5., .to.01B) 

1.270 

0.062 
(1.5751 

RAO 

0.125 
13.1751 

MIN 

0.020 
(0.5061 

MIN 

N22A(AEYB) 

!1 
I 0.540 '0.005 

~~~~~=r.~~T5=r.~~T5=ffi~ffirT.W~i~'0"271 
1 , 

PIN NO. 1IDENT 

DOTTED OUTLINES 
REFLECT ALTERNATE 

r.
~:-l MOLDED BODY CONFIGURATION 

(:i~31 _0._03_0 
(0.7621 0.015 

~ MAX (1.9051 0.160'0.005 

F(I5.24-15.7461 L=-------'---=-IH--""T'I 

6~94 
TVP 0.015 

~ --11_ ~ 0.125 (0':'~1I 
0.100 'O.OIOlI (0.457 '0.0781 (3.1751 

(2.540'01541 . MIN 

NS Package N24A 
24-Lead Molded DIP (N) 

A-12 



0.009-0.015 
(0.l29-0.381)-

0.325 +0.025 I -(7ii21-I '28' I 
-0.015 MIN 

fa 255 +0.635\---1-' -
" -0.381/ 

1.270 
~------------(32.2~1------------~ 

MAX 

NS Package N24C 
24-Lead Molded DIP (N) 

N28A package Is replaced by N28B package. 

PIN NO.1IOENT 

NS Package N28B 
28·Lead Molded DIP (N) 

A·13 

t::~~:1 MIN 

N28BtREVC\ 

"tJ 
::r 
'< 
UJ 
C;" 
S» -c _. 
3 
CD 
::l 
UJ o· 
::l 
UJ 



0.062 
11.57" 

RAD 

PIN NO. IIDENT 

~(~:) _ 0.030 

~ 10.7621 
~ 11.S241 MAX I (1S.~7481= 

las.,s. . ~09-0'0IS~ Y "~2S +10.229-0.3811 
~ 0.1125 -0.015 I 0.075 ±O.Dl'S I 

(1.87 .... 63S)- 11.90S'0.3811 ~ 
. -D.381 

0.060 

2.070 

I_~ r- (2.540 ±0254) 

NS Package N40A 
4O-Lead Molded DIP (N) 

II a.DtR±O.D03 
~r-{0.451±D.D7&1 

1 
D.550±O.005 

0.600-0.620 11'rltfl ~ 
~~~ t ~~-~,-------------------------------------------------------------, 

...,....---~------J r-r- 8-:::7' 
ww ~~ m 

~ 1:'~~0:':'~Dl5 I'~I~'I~::~' 
10.229-'.3811 MIN 

D.625~::: 
(15.B8~:::) 

NS Package N48A 
48·Lead Molded DIP (N) 

A-14 

N.t8A(REVa} 



W14A package Is replaced by W14B package. 

D.DSD_D.D8D1f (1.270-2.0321 

0.004-0.006 
(0.102-0.152) 

~~ 
... -.. t 
(05DB-D8S9) . 

0.372-0.385 

('.44'-'.179) 

O.050±O.DOS 
(1.270±O.127) (:r~-11-

n-l----. 
0.25010.370 
(6.3SD-'.398) 

t 14131'"10' .-----t 
0.280 MAX 0.245-0.255 

(7.112)GLASS (6.223-6.477) 

i .'3 ••• '---t . 
PINI~~~~ 0.250-0.370 

D,OlS-0,019 --J 1 

(0.381-0.483) ~ 
TYP 

~ 
1._ D.DDS 

----l~iO.127)MIN 

NS Package W14B 
14·Lead Flat Package (W) 

A·15 






