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Tl invented the Integrated Circuit, the Microprocessor, and the Microcomputer, which made Tl synonymous 
with reliability, affordability, and compactness. The products in this book carry on Tl's tradition of technology 
leadership. 

This data book describes Tl's line of Field-Programmable Logic devices. Included are 20-pin and 24-pin fixed­
OR-arrays IFOA) and FPLAs featuring user programmable sum-of-products. 

The 20-pin fixed-OR-arrays are pin-compatible with other programmable logic array devices available. The 
FPL products combine the ALS technology and proven titanium-tungsten ITl-W) fuses for reliable, high 
performance. 

The SN74PL839 and SN74PL840 field-programmable logic arrays contain 6 sum-of-products output 
functions that can be programmed either active high or active low depending on your system's needs. 

Tl's product plans include several high-complexity fixed-OR-array versions featuring registered inputs, 
registered-OR-latched outputs, Exclusive-OR, fixed-OR-arrays, and simple fixed-OR-arrays. 

This volume offers design and specification data for Field-Programmable Logic, as well as application data. 
Complete technical data for any Tl semiconductor product is available from your nearest Tl field sales office, 
Information Services, Texas Instruments Incorporated, P.O. Box 225012, MS 308, Dallas, Texas 75265. 

We sincerely hope you will find Tl's Field-Programmable Logic Data Book a meaningful addition to your 
technical library. 
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TYPES SN54PL 16L8, SN54PL 16R4, SN54PL 16R6, SN54PL 16R8, 
SN74PL16L8, SN74PL16R4, SN74PL16R6, SN74PL16R8 

FIXED-OR ARRAYS 
D2705, DECEMBER 19B2-REVISED SEPTEMBER 1983 

• Standard 20-Pin, 300-mil Packages • Plug-In Compatible with Part Numbers: 

• Choice of operating Speeds 
PAL16L8, PAL16R4, PAL16R6, PAL16R8 

-1 Parts . . 35 MHz Max, Standard power 
-2 Parts ... 25 MHz Max, Half power 

DEVICE I INPUTS 
3-STATE 

0 OUTPUTS 
REGISTERED 
OOUTPUTS 1/0 PORTS 

'PL 16L8 10 2 0 6 
'PL 16R4 8 0 4 (3-state) 4 
'PL 16R6 8 0 6 13-state) 2 
'PL 16R8 8 0 8 (3-state) 0 

description 

These fixed-OR arrays provide 3-state outputs for bus-oriented systems. They combine Advanced Low-Power Schottky 

technology with proven titanium-tungsten fuses for reliable, high-performance substitutes for conventional TTL logic. 

Standard arrays and programmability allow quick design of "custom" functions and more compact boards. The - 1 
and -2 parts offer a choice of operating frequency, switching times, and power dissipation. 

The SN54PL 16' is characterized for operation over the full military temperature range of - 55 °C to 125 °C. The 

SN74PL 16' is characterized for operation from 0 °C to 70 °C. 

pin assignments in operating mode (voltages at pins 1 and 11 less than V1HH) 

'PL16L8 

Vee 
0 
1/0 

110 
1/0 

110 

1/0 
110 

0 

'PL 16R4 

eLK 

SN54PL' . , , J PACKAGE 
SN74PL' ... N PACKAGE 

Vee 
1/0 
1/0 
Q 

Q 

Q 

Q 

1/0 

ITOPVIEWS) 

eLK 

I 1/0 

'PL 16R6 

Vee 
1/0 
Q 

Q 

Q 

Q 

Q 

Q 

1/0 

GND OE GND OE 
~--~- ~--_,--

'PL 16R8 

eLK Vee 
Q 

Q 

Q 

Q 

Q 

Q 

Q 

I Q 

GND OE 
~--_,--

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

OE inputs; Req = 5 kO NOM 
Other inputs: Req = 10 kO NOM 

ADVANCE INFORMATION 
This document contains Information on a new product. 
Specifications are subject to change without notice. TEXAS 

INSTRUMENTS 

Copyright © 1983 by Texas Instruments Incorporated 
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TYPE$ UW~-111.Si Sll54PUIR4, S•!i4Pl18R6, $1i4PU&R8, 
$114PU.,_., Sl'74PU6R4, S•74Pl16R&, Sl74Pl1&R8 
FtXEO.OR ARRAYS 

functlonat block diagrams (positive logic I 

'PL 16L8 'Pl16R4 

m:--------------<~ 
CLK-------------9 

I> 
10 16 

'PL 16R6 

QI 
CLK 

- denotes fused inputs 

QI 
CLK 

Q 

Q 

Q 

Q 

1/0 

1/0 

TEJrAS 
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'PL16R8 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 
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TYPESSllCPL1'1.8;'a&IPUIR~·RYPL1 .. ·Sl54Pt18R9, 
Sl7VU1t8, Sl74Pl1814, Sl71Pl'l&lll. llJ4PHIU 

FlXBHR ARRAYS 

ablOlute maximum ratings over operating free-air temperature range (unleu otherwise noted} 

Supply voltage, Vee (see Note 1) . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 V 
Input voltage (see Note 1) •.... ·, ......... , .....•. ,, ..................................................... 5.5 V 
Voltage applied to a disabled output (see Note 1) ....................................•..•..•..•••........• 5.5 V 
Operating free-air temperature range: SN54PL' ......................••.......•..•.•.•.•••.•.. -55.°C to 125°C 

SN74PL' ..•......................••. ., ...•....•..•....•.... o•c to 10°c 
Storage temperature range ... · .•..............................•..•..••.•...•••.••.•.•....••.. -66°C to 160°C 

recC>mmandad operating,conditiona 

SN64PL111' SN74PL18' 
PARAMETER MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.2!> 

V1H High-level input voltage 2 5.5 2 5.5 

VtL Low·level input voltage 0.8 0.8 

::!Q:H High-level output current· -2 -3.2 

loL. Low-level output current 12 24 

TA Operating frae-air temperature -55 125 0 70 

alec:tltcal characteristlce, over· recommended free-operating t1tmperature range 

PARAMETER TEST CONDf110NSt 
SN64PL18' _;,;. SN74PL18' 

MIN TYP* MAX MIN 
Vuc: Vee= MIN, l1=-18mA -1.5 

VOH Vee= MIN, .!Qt!.= MAX 2.4 3.2 2.4 
VOL Vee= MIN, lot= MAX 0.25 0.4 

IOZH 
Outputs 

Vee - MAX, Vo= 2.7 V 
20 

l/Opol'ta 100 

loZL 
Outputs 

Vee= MAX, Vo= 0.4 V 
-20 

110 ports -260 

11 VCC •MAX, V1 = 6.5 V 0.1. 

ltH vcc= MAX, V1 = 2.7 V 20 

~Input -0.4 

AH others Vee= MAX, 
-1 Parts 

-0.2 
l1L 

~Input v, - 0.4 v -0.2 
-2 Parts 

All~ -0.1 

!it_ Vee - MAX, Vo= 2.25 V -30 -125 -30 

Vee= MAX. 
-1 Parts 140 185 

•cc 
v, - ov. 
5E at 4.5 v. 

-2 Parts 76 95 
Outputs open 

tfor conditlomo lhown as MIN or MAX. uH the -oprlate value -clfoed under recommended operating conditions. 
*AU typical v-. ..... Vee - 5 v. TA = 2&•e. 

TYi'* MAX 
-1.5 

3.3 

0.35 0.5 

20 
100 
-20 

-250 

0.1 

20 
-0.4 

-0.2 

-0.2 
-0.1 

-125 

140 180 

70 90 

IThe output conditions have been choeen to produce• current that ctoaety approximates one half of the true short~circuit output current, 105. 

TEXAS 
INSIRUM£N1S 
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UNIT 

v 
v 
v 

mA 

mA 
oe 

UNIT 

v 
v 
v 

p.A 

µ.A 

mA 

p.A 

mA 

mA 

mA 
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-1 PARTS ~21"ARTS . ' 
MIN TYP. MAX MIN' ·~"!! .. ···'MM UNIT 

fclOCk Clock frequency 0 •35 .. -::- : MHz 

iw· l'ufse duration, clock high or low 12 
~ 

·~ ns 

tau · · • · Setup time, input or feedback before CLK I 15 ns 
th • •Hotel time, input or feedback after CLKI 0 .. ns 

switching characteristics over recommended supply voltage and operating fnle...W 1enlperature· ranci-a 
(unleu otherwise noted) 

-1 PARTS -2PARTS 
PARAMETER FROM TO TEST CONDmONS 

MIN typT .... MIN;? :rvpT· MAX UNIT 

fmax 36 46 36 MHz 

~ 1,1/0 o.vo 16 25 . :- 32 ns 

.!i!!l CLK_!.' Q 
RL = 600 Cl, 

7 10 15 20 ns 

ten OEl Q 18 25 38 · na 

'!JiL OE! Q 
CL=50pf 

10 16 20 ni 
ten 1,1/0 o.vo 18 25 38 ,,. 
lclis 1,1/0 0,1/0 14 25 211 ha 
. 

t All typical values are at Vee = 5 v, TA = 26 •e • 

programming parameters, TA = 25 °C 

MIN fliOllt ·•. MAX . ·UNIT 

Vee Verify-levi!tt~ voltage ~-.. 4.5 5.0 . 5.5 v 
V1H Hlgh-~vet ~ vO!Qge 2 • ·tr.5 v 
Vtl Low,tevet input voltage 0.8 v 
V1HH Program-pulse input voltage 10.25 10.6 10.15 v 

PO 20 50 

l1Hff. ~C>Clram-pulse ·Input currem 
PGM ENAtiLE, UR 10 .:.::.·· 26 

mA . . Pl, PA • 1.5 .•• 5 
.. . Vee 260 400 

tw1 ~am-pulse duration iti PQ.~ 10 
· . ...;;.. 50 ,.. 

tw2 Ptila duration at PGM VEFill=Y 100 
.. 

ns .. 

Program-pulsa duty cycle at PO pins 25 '*' lsu SetUptime - 100.. nl· 

~ Hold time . 100 ns 

lcl1. O<il8y time from V CC to 6 V to PGM VERIFY I 100 . . ,.. 
lcl2 Delay· time from PGM VERIFY. I. to valid output > 200 .. ns 

· · lllpWt voltage at pins .1 and 11 to open verify-protect lsaourltyl fu!IB 20 2·1 22 v 
lnpUt <:urrent to open. v~lif\'"PfOi&ci !88CllfiM fusa 400. mA 
Pulse duration to open verify-protect {!19Curityl fusa 20 50 ms 

POSTOFFICE BOX 22&012 e OAl.LAS, TEXAS 7S2a& 
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pin anignments in programming mode (PGM ENABLE. pin 1 or pin 11/etVtHHI 

.PRODUCT TERMS 0 THRU 31 
(TOP VIEW) 

PRODUCT TERMS 32 THRU 63 
'TOP VIEW) 

PGM VERIFY 1 Vee 
PIO L/R 
Pit PM 

Pl2 PA1 
Pl3 PA2 
Pl4 P03 
Pl5 P02 
Pl6 P01 
Pl7 l'OO 

GND PGMENA8LE 

TABLE ; - INPUT LINE SELECT TABLE 2 - PRODUCT LINE SELECT 

INPUT PIN NAME LINE 
PRODUCT 

LINE 
NUMBER Pl7 Pl6 Piii Pl4 Pl3 Pl2 Pl1 PIO VR NUMBER 

0 HH HH HH HH HH HH HH L z 0,32 
1 HH HH HH HH HH HH HH H z 1, 33 
2 HH HH HH HH HH HH HH L HH 2, 34 
3 HH HH HH HH HH HH HH H HH 3,35 
4 HH HH HH HH HH HH L HH z 4, 36 
5 HH HH HH HH HH HH H HH z 5,37 
6 HH HH HH HH HH HH L HH HH 6,38 
7 HH HH HH HH HH HH H HH HH 7,39 
8 HH HH HH HH HH L HH HH z 6,40 
9 HH HH HH HH HH H HH HH z 9,41 

10 HH HH HH HH HH L HH HH HH 10,42 
11 HH HH HH HH HH H HH HH HH 11,43 
12 HH HH HH HH L HH HH HH z 12,44 
13 HH HH HH HH H HH HH HH z 13,45 
14 HH HH HH HH L HH HH HH HH 14,46 
15 HH HH HH HH H HH HH HH HH 15,47 
16 HH HH HH L HH HH HH HH z 16,48 
17 HH HH HH H HH HH HH HH z 17,49 
18 HH HH HH L HH HH HH HH HH 18,50 
19 HH HH HH H HH HH HH HH HH 19,51 
20 HH HH L HH HH HH HH .HH z 20,52 
21 HH HH H HH HH HH HH HH ·z 21. 53 
22 HH HH L HH HH HH HH HH HH 22,54 
23 HH HH H HH HH HH HH HH HH 23,55 
24 HH L HH HH HH HH HH HH z 24, 56 
25 HH H HH HH HH HH HH HH z 25, 57 
26 HH L HH HH HH HH HH HH HH 26, 58 
27 HH H HH HH HH HH HH HH HH 27,59 
28 L HH HH HH HH HH HH HH z. 28.60 
29 H HH HH HH HH HH HH HH z 29,61 
30 L HH HH HH HH HH HH HH HH 30, 62 
3i H HH HH HH HH HH HH HH HH 31, 63 

L =VIL• H = VfH• HH = VfHH· Z = high impedance te.g .. 10 kCl to 5 VI 

1DAs 
INSTRUMENTS 

POST OFFICE BOX 225012 • tl"t.LAS, TEXAS 75265 

PIN NAME 
POO P01 P02 P03 PA2 PA1 

z z z HH z z 
z z z HH ·z z 
z z z HH z HH 
z z z HH z HH 
z z z HH HH z 
z z z HH HH z 
z z z HH HH HH 
z z z HH HH HH 
z z HH z z z 
z z HH z z z 
z z HH z z HH 
z z HH z z HH 
z z HH z HH z 
z z HH z HH z 
z z HH z HH HH 
z z HH z HH HH 
z HH z z z z 
z HH z z z z 
z HH z z z HH 
z HH z z z HH 
z HH z z HH z 
z HH z z HH z 
z HH z z HH HH 
z HH z z HH HH 
HH z z z z z 
HH z z z z z 
HH z z z z HH 
HH z z z z HH 
HH z z z HH z 
HH z z z HH z 
HH z z z HH HH 
HH z z z HH HH 

PAO 

z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
z 
HH 
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programming procedure for array fuff8 

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the appropriate (one 
of 32) input line and then poising the correct (one of 64) product line. The levels for seleeting lllput lines and product 
lines are shown in Tables:1 and 2. 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 
Step 6 

Raise PGM ENABLE to V1HH· 
Select an input Hne by applying appropriate levels to UR and Pl pins. 
Begin selection of the output line with appropriate conditions on PA pins. 
Raise Vee to VJHH: 
Blow the fuse by pulsing the appropriate PO pin to VtHH. as shown in Table 2 for the product line. 
Return Vee to 5 volts and pulse PGM Verify. The PO pin selected in Step 4 will be less than VOL if 
the fuse is open. 

Steps 1 through 6 may be repeated if the verification does not indicaW .tt)~ the fuse was successfully programmed 
(blown), but no more than four times. Verification is possible only with the verify-protect fuse intact. 

To prevent further verification. two last fuses may be blown by raising pin 1 end pin 11 to 21 volts ± 1 volt. V cc 
is required to be at 0 during this operetion. 

programming waveforms 

PGM ENABLE)
11
l ~ ----_;_ VIHH 

1iLv1L 

:.......i-i.u i t4°"' 
SELECTED 
Pl.VA, PA 
PINS(­
Tables 1 and 2) 

Vee 

I .----------------------------.-r------V1HH 
I I 
: I 

r----------- ----------- ------- --- --- ----VIHH 
I 

I : 1 &V 
I I I 

--t-- - --q,----1-j--:--- - ------ .- -------- -- - -----ov 
tou~14-tw1~ I 

SELECTED 1 1 
~ \---r--c--------------------------•,., 

PO PINS 1- I VoH "'""= ·~ I I VoL 
I 1d2.;-;itw2 ® 
!.-1<1111 

PGMVEAIFY 
------------------VIL 

© A high level during the verify interval indicates that progremming has not been successful. 
© A low level during the verify interval indicates that programming has been successful. 

l£xAs 
INSTIWMENIS 

POST OFFltE BOX 22ti0t2 • OA~LAS, TEXAS 75265 
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LOGIC DIAGRAM 
I (1) 

INPUT LINES 
p RODUCT 

LINES 0 4 8 12 16 20 24 28 31 
0 
• • • 

.r 

1 • v • • 
121J.-
~9 

• • • • R > 1 
v 

• • 
(3)~ 
--:;6 

• • • • • • 
,141~ 

.... 24 

• • • • • • 
31 

I (6)')t 
~32 

• .r • • • • ~H-H--+-+++-++++-++++-+t-++-t-H-t--H--t-r--H-rr-t-<L~.J-~ • 
(6) 39 

I 1"X 
40 
• • • • • • 

47 
I (7)l)i_ 

48 
• • • • • • 

55 
,~,')t 

"'56 

• • • • • . 
63 

I (9):>i.. 

TEXAS 
INSTRUMENTS 
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H t:""' v 

R~ 

(19) 0 

< 1 ~110 

115) 110 

(12) 0 

(11) 
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LOGIOorAGRAM 

.~+++-+~H-++--t-HH--++-+-+--+-+-++-+-+-+-1--+++-+__,H-++--tr--# 

-~+++-f~H-++--t-HH--++-+-+--+-+-++-+-+-+-1--+++-f__,H-++--lJ---I 

1191 110 

===t:t:tt:::::t::t::l::l::t::t:t:t:tt:t:t=::!::l:l:l:=t:t:t:t:t:t:t::l::::Jl:l:t:t::::l-i::::t:>-~-t>>-t-1~~ 
:~++-t-t~H-++--t-+-"'H--+++-+--+-t-++--+-t-+-t--++-t-t~H-++-tJ---1 

(8) 55 
::>I. 
5&~+++-+-4-+-+-+-++-+-+--+-++-+--+-H-+-+-+-Hi--H-+-+--4-+-H--t}-~~~--, 

IN TEXAS 
SIRUMEN1S 

POST OFFICE BOX 226012 • DALLAS. TEXAS 711216 
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TYPES Sl64PU1:.J$1Jf Pl1&R8 
FllEB·OR'IRRAYS 

INPUT LINES 

4 8 12 16 20 24 28 31 

(19) 1/0 
: H 1> vJ 
===tt:tt==1~tt:=t:t1~=ttt:t:::tt:t:::t::tt:t:t=tt:tt==1~tt:=ll-<-i==-~r-

(2)J:---. ~ ,J(' 
v~8- ~ ~ 

-++-t-t-r+-+-+--t--Hr+--++-+-t--+-t-++--H-+-t--++-H-H-+-+--1~ . ~ 

l~~Nni 
POST OFFICE BOX 225012 • [)ALLA$, TEXAS 76265 
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LOGIC DIAGRAM 
CLK (111> 
PRODUCT~0~~~~~~~~~~"-~~~~~...;._~~...;...---

LINES 4 8 12 16 20 24 28 31 

INPUT LINES 

O~t-r-t-t--t--t-i---1---t-rt-t--t-t-+-+--t-t--IH--t-t++-+-t+-t---iH-H----L~Jr-~-i-\ 
:~r-r++-t-r-t--r--r-r-t-t-++++---+-+-1H--+-+++-++-+--!~H-H---tH}--1 

55 b-- 1 
(8)D[ -

v ~ 

56 R----i 
.~++-t-t--t--t--t---1----t--rrt--t-t-+-+--t-t--1H--t-+++-+-++-t---iH-H---t~ 

: H 1 J.-l~D Q (12)0 :~++-t-t--t--t-i-t-H-H--t--+++-t--t-t--IH--t-+++-+-t+-t---iH-H----L~~--;,t-' I v 

•~t-t-++-t-r-t--t--t-H-t-++++---+-+-1H--+-+++-+++-t~-+-H---tl:=1{::::J>~ C1 
(9) 63 =::'. 

iX n::==JcA<..::J-----' ~)OE 

TECAS 
INSTRUMENTS 

POST OFFICE aox 2250t2 • D1'lLAS, TEXAS 7528& 



FIELD­
PROGRAMMABLE 
LOGIC 

TYPES Sl&4Pl28ll, Sl54PL2084;S154Pt.20R&, snot.28R8 
Sff14Pt:281.1, Sl14PUOR4, S1174Pt2Dft8. Sl74PUORa 

flXBJ;;.DIARRAYS 
02706, DECEMBER 1982-REVISED SEPTEMBER 1983 

• Standard 24-Pin. 300-mil·Packages • Choice of Operating Speeds 

• Output Registers Have Preload 
Capability 

-1 Parts . . . 30 MHz Malit, Standard power 
-2 Parts • . . 20 MHz Malit, Half power 

• Output RegiSters Automatically Clear 
During Power-Up 

DEVICE I INPUTS 3-STATE REGISTERED 1/0 PORTS 
OOUTPUTS QOUTPUTS 

.'PL20l8 14 2 0 6 

'PL20R4 12 0 4 (3-state buffers) 4 

'PL20R6 12 0 6 (3-state buffers) 2 

'PL20R8 12 0 8 (3-state buffers) 0 

description 
These fixed-OR arrays provide 3-state outputs for bus-oriented systems. The 'PL20L8, 'PL20R4, and 'Pl20R6 have 
output registers that can be loaded from the 1/0 pins by a preload procedure. All the outputs are automatically set 
to a low level when power is applied. The -1 and -2 parts offer a choice of operating frequency, switching times, 

and power dissipation. 

The SN54Pl2.0' is characterized for operation over the full military temperature range of - 55 °C to 125 °C. The 
SN74Pl20' is characterized for operation from 0 °C to 70 °C. 

pin assignments in operating mode (voltages at pins 1and13 less than VtHHI 

I 

GND 

'PL20l8 

Vee 
I 

0 
1/0 

1/0 

1/0 

110 

110 
1/0 

0 

1* 

'PL20R4 

OUTeLK 

SN64' ... JT PACKAGE 
SN74' ... NT PACKAGE 

Vee 

1/0 

110 

a 
a 
a 
a 
1/0 

1/0 

1* 

(TOP VIEW) 

'PL20R6 

OUTeLK 

GNO OE 

Vee 
I 
110 

a 
a 
a 
a 
a 
a 
1/0 

1* 

•• Pin 14.is also used for the preload proc-.... ed_ure_e_o_n_,p-age 16. 
GND ...._ __ _,_OE 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL Of AU OUTPl!TS 

PW 13: "EO'" I kO 
ALL OTHERS: REQ; 10k0 

OUTeLK 

I 

GND 

'Pl20R8 

Vee 
I 

a 
a 
a 
a 
a 
a 
a 
a 
1* 
i5E 

AOVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 

lNldDc:umMI.,.... hformMlml on •-product. 
___ .. ___ ' 

INsWENTS 
POST OFFICE BOX 22!5012 o DALLAS, TEXAS 75265 
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TYPES Sll4Pl2Ul8, Sl64Pl20R4, SN14Pl20U, SNMPL2DR8 
S•74Pt.20tl. Sl74Pl20R4. SN74Pl2DR&, SN74PL2BR8 
Fmn.;01 ARRAYS 

functional block diagrams (positive logic) 

'PL20L8 'PL20R4 

llf------------a 
OUTCLk-------------<> 

12 
I> 

20 

'PL20R6 'PL20R8 

Ol------------ofi!NZ-1 
OUTCLK -----------..;> Ol-----------.QE...--1 

OUTCLK----~-------Cl 

Q 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) .................•.•...............................................•.... 7 V 
Input voltage (see Note 1) ............•.•............... , ..........••..............•.... , ............... 6.6 V 
Voltage applied to a disabled output (see Note 1) .........•...................•.........................•. 6.6 V 
Operating free-air temperature range: SN64PL' .....•..............•.......................... -65°e to 125°e 

SN74PL' ....................•.•..••.....••...•............. 0°e to 70°e 
Storage temperature range .........••.....•.......•..................... •'• ....... _ ......... -65°C to 150°e 

NOTE 1 : These ratings apply except for programming pins during a programming cycle or during ;>reload cycle. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 15265 



983 

TYPES SllAPt.211.t, SIMPL"2DR4, S1&4Pl2fJRI; Sl84PUOR8, 
SN74PL28L8,. Sl74PUDR4. SN74Pl20R&, tl74PllftR8 

flXEO-OR AMAYS 

recommended operating conditions 

•. SN64PL19R' SN74PL19R' 
MIN NOM MAX MIN NOM MAX 

UNIT 

Vee Supply volta{le 4.5 5 6.6 4.75 5 5.25 v 
V1H High-level input voltege 2 6.5 2 6.6 v 
V1L Low-level input voltllge o.s 0.8 v 
IOH High-level output current -2 -3.2 mA 

IOL Low-level outpUt current 12 24 mA 

TA Operating free-air temperature -56 125 0 70 •c 

electrical characteristics over recommended free-air operating temperature range 

PARAMETER TEST CONOITIONSt 
SNll4PL20' SN74PL20' 

UNIT 
MIN tvPi MAX MIN tvPi MAX 

V1K Vcc=MIN, l1=-18mA -1.5 -1.6 v 
VoH Vcc=MIN, ~QH=MAX 2.4 3.2 2.4 3.3 v 
Vol Vcc=MIN, loL=MAX 0,26 0.4 0.36 0.6 v 

lozH 
0, Qoutputs 

Vcc=MAX, V1H= 2.7 V 
20 20 

1/0 ports 100 100 
µA 

IOZL 
0, Ooutputs 

Vcc;=MAX, V1H=0.4V 
-,.20 -20 

µA 
l/Oports -250 ·. -250 

11 
OE Input 

Vcc=MAX, V1=6.6V 
0.2 0.2 

All others 0.1 0.1 
mA 

11H 
OE Input 

Vcc=MAX, V1=2.7 v 40 40 
µA 

All others 20 20 

l1L 
OE Input 

Vcc=MAX, V1=0.4V 
-0.4 -0.4 

All others -0.2 -0.2 
mA 

10T Vcc=MAX, Vo= 2.26 V -30 -125 -30 -125 mA 

Ice 
-1 Parts Vcc=MAX, V1=0V, 150 200 150 200 
-2 Parts Outputs open, OE atV1H 100 75 

mA 
75 100 

tFor conditions shown as MIN or MAX, u1e the appropriate value specified under recommended operating conditions. 
tAu typical values are Vee = 5 V, TA = 25°C. , 
§The output conditions have been cho$8n to produce a current that closely approximates one half the true short~circuit current, tos· 

'PL20R4, 'PL20R6, 'PL20RB timing requirements 

-1 PARTS -2PARTS 
MIN MAX MIN MAX ONIT 

le.I!!§!< Clock frequeney - 0 30 0 20 MHz 

lw Pulse duration, clock high or low 12 12 ns 

tsu Setup time, input or feedback before OUTCLK! 15 15 ns 

th Hold time, input or feedback before OUTCLK I 0 0 ns 

switching characteristics over recommended operating free-air temperature range (unle11 otherwise 
noted I 

PARAMETER FROM TO 

fmex 

..!l!!t l,l/O 0,1/0 

_liig. OUTCLK I a 
ten ~ a 

...!di• O!f a 
ten 1,1/0 0,1/0 

lciis 1,1/0 0, 110 

TEST CONDITIONS 
MIN 

30 

RL =5000, 
CL=50pF 

TEXAS 
INSTRUMENTS 

-1 PARTS 

tvPi 

16 
12 
8 
6 

18 
13 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75266 

-2 PARTS 

MAX MIN tvPi MAX 
UNIT 

20 MHz 
25 ns 
20 ns 
15 ns 
12 ns 
25 ns 
20 ns 

16 
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'f'Yr1S:S1&4PIJOl;8,$154Pl.2084. $1&4P'20Rl;S114PL28ft8, 
.'SJR4'Ulll .. Sfl14PUOR4, Srt74PLZ886, Sl14Pl20R8 
'f11£1.,;QftAllAVS 

PRELOAD PROCEDURES 

5V_/ .. 
Vee 

ov 
OUTPUTS DISABLED 

\_ 

V1L----"'I '------------
tclis --4 t- -l t- ten 

I ENABLE PRELOAD I 

.... ::--------r--7! 1_, ...... r_,_0:_1:_·1 .. 1 _________ _ 

I I 14--twt --.j 
: : I APPLYO'n I 

VtHH --- - - - -1- - - - 1- --_,.....,r-r,......"'T"'"'li. 
I 100na I 

0 VOH VERIFY STATE On : MIN~ 
Vol 

PIN1 VIH 

(OUTeLK) V1L-------------------------' 

FIGURE 1-PRELDAD WAVEFORMS 

preloed procedure for registered outputs 

Step 1 
Step2 
Step3 
Step4 
Step5 
Step6 
Step 7 

Pin 13 to V1H. Pin 1 to V1L. and Vee to 5 volts. 
Pin 14 to VJHH for 10 to 50 microseconds. 
Apply an open circuit for a low and V1HH for a high at the Q outputs. 
Pin 14 to VtL· 
Remove the voltages applied to the outputs. 
Pin 13 to VIL· 
Check the output states to verify preload. 

TEXAS 
INSIRUMEN'IS 

POST OFFICE BOX 225012 • DALLAS. TEXAS~ 
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TYPES S~Pl,2QU. Sfj~PL2QR4. SN~P~OR&, Sl~PL2QR8, 
S17•PUOl8, SN74Pl.21lR4. Sl74PUIJll. Stt4Pi.20R8 

FIJE,P.,OR ARRAYS 

pin assignments in programming mode (PGM ENABLE at V1HHI 
PRODUCT TERMS 0 THRU 31 

!TOP VIEW) 

PGMENABU Vee 
PIO 

P03 
P02 

Pl3 POI 

POO 
PNJ 
PAI 
PA2 

UR 

......__-'-'""PGMVERll'Y 

*P+n 14 has no programming tunetkm. Make no connection. 

TABLE 1-INPUTLINE SELECT 
INPUT PIN NAME 
LINE 

NUMBER Pl9 Pl8 Pl7 Pl& Pl6 Pl4 Pl3 Pl2 Pl1 
0 HH HH HH HH HH HH HH HH HH 
1 HH HH HH HH HH HH HH HH HH 
2 HH HH HH HH HH HH HH$ HH 
3 HH HH HH HH HH HH HH HH HH 
4 HH HH HH HH HH HH HH HH L 
5 HH HH HH HH HH HH HH HH H 
6 HH HH HH HH HH HH HH HH L 
7 HH HH HH HH HH HH HH HH H 
8 HH HH HH HH HH HH HH L HH 
9 HH HH HH HH HH HH HH H HH 

10 _ HH HH HH HH HH HH HH L HH 
11 HH HH HH HH HH HH HH H HH 
12 HH HH HH HH HH HH L HH HH 
13 HH HH HH HH HH HH H HH HH 
14 HH HH HH HH HH HH L HH HH 
15 HH HH HH HH HH HH H HH HH 
16 HH HH HH HH HH L HH HH HH 
17 HH HH HH HH HH H HH HH HH 
18 HH HH HH HH HH L HH HH HH 
19 HH HH HH Htf.HH H HH HHHH 
20 HH HH HH HH L HH HH HH• HH 
21 HH HH HH HH H HH HH HH_ HH 
22 HH HH HH HH L HH HH HH AH 
23 HH HH HH HH H HH HH HH HH 
24 HH HH HH L HH HH HH HH HH 
25 HH HH HH H HH HH HH HH HH 
26 HH- HH HH L HH HH HH HH HH 
27 HH HH HH H HH HH HH HH HH 
28 HH HH L HH HH HH HH HH HH 
29 HH HH H HH HH HH HH HH HH 
30 HH HH L HH HH HH HH HH HH 
31 HH HH H HH HH HH HH HH HH 
32 HH L HH HH HH HH HH HH HH 
33 HH H HH HH HH HH HH HH HH 
34 HH L HH HH HH HH HH HH HH 
36 HH H HH HH HH HH HH HH HH 
38 L HH HH HH HH HH HH HH HH 
37 H HH HH HH HH HH HH HH H~ 
38 L HH HH HH HH HH HH HH HH 

'39 H HH HH HH HH HH HH HH HH 
l = V11.. H = \liH. HH = VIHH• Z = high ,.......,_._.g.,_JO "'1to5 V) 

PIO L/R 
L z 
H z 
L HH ; 

H HH 
HH z 
HH z 
HH HH 
HH HH 
HH z 
HH z 
HH HH 
HH HH -
HH z 
HH z 
HH HH 
HH HH 
HH Z 
HH Z 
HH HH 
HH HH 
HH Z 
HWZ 
HH HH 
HH HH 
HH z 
HH z 
HH HH 
HH HH 
HH z 
HH z 
HH HH 
HH HH 
HH z 
HH z 
HH HH 
HH HH 
HH z 
HH z 
HH HH 
HH HH 

TED$ 
INSllWMENl'S 

PRODUCT TERMS 32 THAU 83 
(TOP VIEW) 

PGMVERIFY Vee 
PIO 
Pl! 3 l/R 

Pl2 PNJ 

Pl3 PAI 

Pl4 PA2 

PIS P03 

Pl6 P02 
POI 

POO 

GND f'6MENAB1.E 

TABLE 2~PRODUCT LINE SELECT 
PRODUCT PIN NAME 

LINE 
NUMBER- P00p01P02P03PA2PA1PAO 

0,32 z z z HH z z z 
1,33 z z z HH z z HH 
2,34 z z z HH z HH z 
3. 35 z z z HH z HH HH 
4;36 z z z HH HH z z 
5, 37 z z z HH HH z HH 
6. 38 z z z HH HH HH z 
7,39 z z z HH HH HH HH 
8,40 z z HH z z z z 
9,41 z z .HH z z z HH 

10,42 z z HH z z HH z 
11,43 z z HH z z HH HH 
12.44 z z HH z HH z z 
13,45 z z HH z HH z HH 
14,46 z z f:IH z HH HH z 
15,47 z z HH z HH HH HH 
16,48 z HH z z z z z 
17.49 z HH z z z z HH 
18.50 z HH z z z HH z 
19, 51 z HH z z z HH HH 
20,52 z HH z z HH z z 
21, 53 z HH z z HH z HH 
22.54 z HH z z HH HH z 
23, 55 z HH z z HH HH HH 
24,56 HK Z z z z z z 
25. 57 HH Z z z z z HH 
26,58 HH z z z z HH z 
27.59 -- HH z z z z HH HH 
28.60 HH z z z HH z z 
29, 61 HH z z z HH z HH 
30.82 HH z z z HH HH z 
31,63 HH z z z HH HH HH 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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programming parameters, TA "' 25 °C 

' MIN NOM MAX UNIT 

~ Verify-level supply voltege 4.5 5.0 5.5 v 
V1H High-level it1put voltage 2 5.5 v 
V1L Low-level input voltege 0 0.8 v 
VOH High-level ou,tput voltage 5.5 v 
V1HH Program-pulae in1111t voltage 10.25 10.5 10.75 v 

llHH 

~1 
tw_L 

t~y 

th 

tc:t1 
tc:t2 

PO 
PGM ENABLE, LJR 

Program-pulee Input current 
Pl, PA 

Vee 
Program-pulse duration at PO pine 

Pulse duration at PGM VERIFY 

Setup time 

Hold time 

Delay tilrie fi'Oni Vee'1o 5 v to PGM VERIFY I 
Delay time frOm PGM VERIFY I to' velld-output 

Input vqltag• ~ plt)I .t al)d 13 to open v9rlfy-protect lsecurityt fusel 

Input current to otiert \i8rlfy-protltct (security) fuse 

Pulse duration to opeo ·verify-ptotect (security) fuse 

PROGRAMMING PROCEDURES 

l'GMENAaLE) 

IEUCTllD 
Pl,1.1«.PAlllNI 
!llETA•L~I 

1 ANOZ) 

vee 

QLECTIO 

"°""' llllTUUll 

... ~ r-~~~~~~~~~~~~~~~---· 
: 
I 

FIGURE 2-ARRAY PROGRAMMfNG WAVEFORMS 

<D A high level during the verify interval i~ipates that proiramminQ has riot beeri successful: 
® A low level during the verify interval li\dlciates that programming has been suctesslul. 

50 
25 

5 
mA 

400 
10'' 50 p.S 

100 ns 

100 ns 

100 ne 

100 p.S 

200 - ns 

20 21 22 v 
-400 mA 

20' 50 ms 

programming procedure for .array tuSes -

Array fuses are prograrnmed using a.linear select method: Each fuse can be opened by selecting'the appropriate lone 
of 401 input line and than iiulsing the correct lone of 64) product line. The .ievals for selecting Input lines and product 
lines·ar•·shown in Tablas 1 and 2. 

Step 1 
Step ·2 
Step 3 
Step4 
Step 5 
Step 6 

Raise PGM ENABLE to V1HH· 
Select an Input line by applying appropriate levels to L/R and Pl pins. 
Begin selection of the output line with appr0priate condition11 on PA pJns. 

Raise Vee to V1HH· 
Blow the fuse by pulsing the appropriate PO pin to VJHH as shown in Table 2 for the product Une. 
Lower Vee to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 4 will be less than VoL 
if the fuse is open. -

Steps 1 thru 6 may be repeated if the verification does not lndlCate thl{t the fuse we1 liuccesilfUHy programmed (blown), 
but no more then 4 times. Verification is possible only with the verlfy•ptotect'flde·lntect: 

··7 ·r ?T ··· r Tt · · rr·· · ., · •·· ·· ·· · · we r · · .... · .. 1w· ····Jifr" - a r-· ·""' rryr :· 

POST OFFICE BOX 2llillt2 • DALLAS. TEXAS 75.185 
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(1) 

..... 
PRODUCT 
UNU 0 

•• • • 
{3_1,... 7 

... ~. 

• • 

4 

. ' 
.. 

. 
£2: 

8 12 
" ..... l.::... (231 

• . 

122) 0 

(2111/0 
n 

. 

(2011/0 

!&l ... ~3. [A .. 

(17) l/O 

(16) 
0 

~,..(14) 
tt:===:::t:~..,!(.J-1-1/PRELOAD 

(13) 

1& 
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121 ... ..... 
PRODUCT 
LINES Q 

(31,.._ 7 
~. 

8 • • • 
(41.. 15 

V' 
16 • 
• • 

I&),.. 2 3 
~24 

• 
• 
• 

(6),., 31 
·~~ . 

• 
• • 

171 ,., 39 
v"40 

• 
• • 

181,..., 47 
~ 

"' 48 
• • • 

19),..., 55 
'"""'1)' 56 

• 
• • 

1101 ... 63 
I ..,...,. 

I 11.!.!tx 
.v 

. .. 

TEXAS 
INSTRUMENTS 
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1231· 

11511/0 

(_14) 

tt:;:::;:::;:::::.::.•C:-...ilc_,,:'.lJ-+t/PRELOAD 
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TYPES Sll54Pt!IR6, Sl74Pt20R& 
FIXED.OR ARRAYS 

OUTCLK{~1~~~~~~~~--~~~---------------------------------... - ,----~~~~~~~•-N_P_,UTk~~-E_s ________________ _ 
'o 4 I 12 11 20 24 28 32 36 ' 

I~~~-.._ ~"L;:::==~~ti:ij~:i:t:t::t:::l:i:t::i:::l:~~:t:i:i~:l:l:~:::l:t:~~t=;~::t:::::i::}----f-,-'-__._~(~23:!!,.1 -.r 3 ~ 

PRODUCT 
LINES Q 

• • • 
(31,._L 7 
-..,_. 8 

• • 
• 

,141,.., 15 
""1- .. 16 

• • 
• 

111 ... 23 
"'Y4 

• 
• • 

(61,.., 31 
v""32 

171,._ 

• • • 39 
. .,,... 

40 • • • 
(81 ... 47 

v '48" 
• • • 

19),.. 55 
"'"56 

• • • 
,1101 ... 63 
-~ 

TEXAS 
INSTRUMENTS 
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114) 
tt=====...,;j1~(:J-t---.f.-t-1/PRELOAD 

I _,,1131 
"-<_J>- OE 

21 
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TYf8r$164Pl21Jl8;.8114Ptl8R8 
FIXED-GR ARRAYS 

OUTCLK l:..;.1 !£>'1>-------.;._--=~'"""°~----------'-.......___, 
-----------'N_PU...-JT,f~'N_e_s _________ ............ 

(2) • 
... 

PRODUCT 

LINES 0 
• • • 

(~7 
v 8 

• • 

·~i: 

• • (6)..._.23 
~ 
v~~ 

• • • 
(6),.,. 31 

....... 32 
• • • 

(7)~ 39 
·....,;, "'7-: 

.,;~: 

• • 
(8)~ 47 
~ 

v 48 
• 
• • 

(91 ... 55 
'~'X . ... ~ 

• 
• • 

1(10),... 63 
~ 

,1111..._.:.. ..,,..,. 

. 'o 4 s 12 1& 20 24 2s 32 36 ' {23) 

= 

TEXAS 
INSTRUMENTS 
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{14) 
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I ...... 113)_ 
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FIELD­
PROGRAMMABLE 
LOGIC 02708. DECE.MBER 1982-REVISED SE!'TE_MBER 1983 

• Input-to-Output Propagation Delay ... LOGIC FUNCTION 

10 ns Typical 

• 24-Pln, 300-mll SUm Line Packages 

• Power Dissipation ... 650 mW Typical 

f(I) = PO + P1 . . . P31 for polarity link intact 

f(I) = 'PO• Pi• ... •ffi for polarity link open 

where PO through P31 are product terms 

• Programmable Output PolaritY 

description 

The 'PL839 (3-state outputs and the 'PL849 (open-collector outputs) are TTL field-programmable logic arrays containing 
32 product terms (AND terms) and six ·sum terms (OR terms). Each of the six sum-of-products output functions can 
be programmed either high or low true; The true condition of each· output function is activated by the programmed 
logical minterms of 14 input variables. The outputs are controlled by two chip-enable pins to allow output inhibit and 
expansion of terms~ 

These devices provide.high-speed data-path logic replacement where several conventional SSI functions can be designed 
into a single package: 

The SN54PL839"and SN54PL840 are characterized for operation over the full military temperature range of - 55 °e 
to 125°e. The NS74PL839 and SN74Pl840 are characterized for operation from o0 e to 70°e. 

pin assignments In operating mode (pin 1 Is less than V1HHI 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

ADVANCE INFORMATION 

TMI dDcument conUIN lnformMlon on a new product. 
Specfficatlons .,. •ubi9ct to ch8nft* without notice. 

SN54PL' ... JT PACKAGE 

SN74PL' ... NT PACKAGE 

aE1 

( 

!TOP VIEW) 

vee 
I 

I I 
0 0 
0 0 
0 0 

GND ____ ,.... OE2 

'PL839 

TYPICAL OF ALL OUTPUTS 

. TEXA.s 
·INSTRUMENTS 

'PL840 

TYPICAL OF ALL OUTPUTS 

Coi;>yright © 1983 by Texas Instruments-Incorporated 

POST OFFICE eox 225012. DALLAS, TEXAS 75265 
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functional block diagram (positive logic) 

!> 

14 

14 

& 
28X32 

-denote• fused inputs. 

32 

>1 
32X6 

•'PL839 has 3-state IVI outpute; 'Pl.840 has open-collector 12! outputs. 

absolute maximum ratings 

0 

0 

0 

0 

0 

0 

Supply Voltage, '(cc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 V 
Input Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V 
Off-State Output Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5.5 V 
Operating Free-air Temperature Range SN54Pl839, SN54PL840 ..................... -55°C to 125°C 

SN74PL839, SN74PL840 ......................... o0 c to 70°C 
Storage Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -65 °C to 150 °C 

I TEXAS 
NSTRUMENTS 

POST Ol'FICE BOX 225012 • DALLA$. TEXAS 75265 
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recommended operating conditions 

SN54PL' SN74PL' 

NOM MAX NOM MAX 
UNIT 

MIN MIN 

Supply voltage, ~c 4.5 5 5.5 4.75 5 5.25 v 
High-level input voltage,. V1H 2 2 v 
Low-level input voltage, V1L 0.8 0.8 v 
High-level outi>ut current, IOH -2 -3.2 mA 

Low-level outpUt current, lot 12 24 mA 

Operating free-air temperature, TA -55 125 0 70 oc 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
MIN 

SN54PL' 

TYPt MAX 

V1K Vee= MIN, 11 = -18mA -1.5 

VoH Vee= MIN, loH =MAX 2.4 3.2 

Vol Vee= MIN, lot= MAX 0.25 0.5 

11 Vee= MAX, V1 = 5.5 V 0.1 

l1H Vee= MAX, V1 = 2.7 V 20 

l1L Vee - MAX, v, - 0.4 v -0.4 

~ Vee= MAX, Vo = 2.25 V -30 -50 -112 

10ZH Vee= MAX, Vo &.2;7 V 20 

lozt "'t:_c MAX, Vo = 0.4 V t 20 

ice 
Vee= MAX, V1 = OV, 

130 200 OE inputs et VfH 

tFor conditions shown as MIN or MAX, use the appropriate value spcified under recommended operatin9-'conditions. 

*All typical values are at Vee = 5 V, TA = 25°C. 

SN74PL' 

MIN TYPt 

2.4 3 
0.37 

-30 -50 

130 

IThe output conditions have been chosen to produce a currlnt that closel\t approximates one hatf of the true short-circuit-current, IQS· 

MAX 
UNIT 

-1.5 v 
v 

0.5 v 
0.1 mA 

20 ~A 

-0.4 mA 

-112 mA 
20 ~A 

20 ~A 

190 mA 

switching characteristics over recommended operating free-air temperature range (unless otherwise notedl 

PARAMETER FROM TO TEST CONDITIONS 
SN54PL' 

MIN TYPt 

tpc1 Input Output 
Rt = 500 to GND, 

Ct = 50 pf to GND 
10 

ten Pin 1 Rll & 500 to 7 V, 9 
or Output Rt2 = 500 to GND, 

t.lis Pin 13 Ct = 50 pf to GND 8 

:lAll typical vah.Jes are at V CC = 5 V, TA = 25 °C. 

TEXAS 
INSTRUMENTS 

POST Of~ICE BOX 2250t2 • DALLAS. TEXAS 75265 

SN74PL' 
UNIT 

MAX MIN TYPt MAX 

25 10 20 ns 

16 9 13 
ns 

15 8 12 

25 
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pin assignment in programming mode (pin 1 ~ V1HHI top views 

OUTPUT POLARITY 

!PGM ENABLE = VILLI 

PGM ENABLE Vee t 
P11 PIO 

Pl2 Pl13 

Pl3 Pl12 
P14 Pl11 
Pl5 Pl10 

Pl6 Pl9 

P1'7 PIS 

P05 POO 
P04 P01 
P03 P02 

GND OE2 ..,_ __ _J-

tVtc "" Vcc2 for program and Vcc1 for verify 

programming parameters, TA 25°C 

AND MATRIX 

!Vcca> 

PGM ENABLE Vee 
Pl1 PIO 
Pl2 'Pl13 

Pl3 Pl12 

Pl4 Pl11 
PIS Pl10 

Pl6 Pl9 
Pl7 ·PIS 

PO PAO 
PA4 PA1 

PA3 PA2 

GNO PGM 
~----

OR MATRIX 

(Vcc1. PA5 = V1u 

PGM ENABLE 
PA1 

PA2 
PA3 

PA4 
PAS 

Pl6 
Pl7 

P05 
P04 

P03 
GNO -,_ __ ~ 

Vee 
PAO 

Pt13 

Pl12 

P111 
Pl10 
Pl9 

PIS 

POO 

P01 
P02 
PGM 

PARAMETER MEASURED AT 
PROGRAMMING 

MIN TYP MAX, UNIT 

V1HH 

VILL 

l1HH 

Vix 

11x 

Vee1 

1ee1 

vec2 
Vce3 
V1H 
V1L 

VoH 

VoL 

tw 

ld 
tr 

Program high-level input voltage 

Program low-level input voltage 

Program-level input current 

Program-level input voltage 

Program~level input current 

Programming supply voltage 

Programming supply current 

Programming supply voltage 

· Programming supply voltage 
High-lev_el input voltage 

Low-level input voltage 

High-level output voltage 

Low-level output voltage 

Program pulse duration 

Program pulse duty cycle 

Delay time 

Rise time 

MOOE 

PGM ENABLE AND, OR 

·PO pins Polarity 
PGMENABLE Any 

PO pins Polarity 

PGMENABLE AND, OR 

POO thru P05 Polarity 

PGM AND.OR 
Pl pins AND 

_0!2 Polarity 

POO thru P05 OR 

Vee OR 

Vee_ OR 

Vee Polarity 

Vee ANO 
Any Any 

Any Any 
Any Any 

Any Any 

POO thru P05 Polarity 
PGM AND, OR 

POO thru P05 Polarity 

PGM AND, OR 

Any Any 

Any Any 

TEXAS 
INS"mUMENlS 
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16.5 17 17.5 v 

0 0.4 v 
100 

150 
mA 

9.5 10 10.5 v 

0.6 2 
5 mA 

5 10 
8.5 8.75 9 v 

250 400 mA 

0 0.4 v 
4.75 5 5.25 v 

2 v 
0 0.8 v 

2.4 3.2 v 
0.25 0.5 v 

50 1000 µS 

10 50 % 

10 
~· 

25 
~· 
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PftOGRA~MING ~ottOURE 

OUTPUT POLARITY 
Program 

Load all output pins with a 10-kll resistor to 5 V and set pin 12 IGND) to 0 V. Program the output polarity before 
programming either the AND matrix or the OR matrix. An unprogrammed device has alt six outputs noninverting. When 
the polarity link of an output is opened, the output function becomes inverting. Program one output at a time as follows: 

Step 1: 
Step 2: 
Step 3: 
Step 4: 

Verify 

Step 1: 
Step 2: 
St11p 3: 
Step 4: 

Step 5: 

Set PGM ENABLE (pin 1) to vi.LL· 
Set Vee (pin 24) to Vee2; sat OE2 (pin 13) to V1H and PIO through Pl13 to V1x. 
Ramp .the appropriate output to V1HH and remove after tw. 
Repeat step 3 for each output to be programmed low. 

Set PGM ENABLE (pin 1) to V1LL; set Vee (pin 24) to Vee2; set PIO through Pl13 to V1x. 
Wait td !Ind raise Vee (pin 24) to Veet· 
Enable the device by applying V1L to OE2 (pin 13). 
Sense the IOIJic .state of alt six outputs. An output at VQH has been programmed to be inverting, while an 
output at V QL has remained noninverting. 
Remove Vee1. 

--------------------vrx 
ALL Pl/PINS ---

r----------~--------vee1 
Vee l · --vee2 

tdi.---.1 (jE2------------.,..1 --a . : --V1H 
I L_J__...!--------VtL 

i.--tw~id I id~ I I ! ~=t-==~~~--V1HH 
POO THRU P05 -----.-.:, I • fTt I - - V1L 

id ~OGRAM'"i i.---VERIFY--+I 
CD A high level dur1hg the verify ittterval lndlcates that programmtng has been successful. 

@ A low level during th~ verity interval indicates that prOgramming has not been successful. 

FIGURE 1 - .OUTPUT POLARITY PROGRAMMING WAVEFORMS 

AND MATRIX· 

Program 

Program the output polarity befor!l programming, eith~r the AND matrix or the QR matrix. Load all output pins with 
a 10-kll resistor to 5 V and. set pin 12 IGND) to V1L· Program each input separately for each product term, one fuse 
at a time. Unused terms do not require fusing, however, all input variables of ·a selected product term must be 
programmed either true, complement, or don't care (both links are blown). as follows: 

Step 1: 
Step 2: 
Step 3: 
Step 4: 

Set PGM ENAeLE (pin. 1) to V1LL; set Vee (pin 24) to Vee3. 
·oisable all outputs by applying V1H to PGM (pin· 13). 
Disable alt inputs by applying Vix to the I inputs. 
Address the product tarm to be programmed (Othrough 31) by applying its binary code (VfH for a high and 
V1L for a low) to outputs PAO through PA4 with PAO as the least significant bit. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

27 



28 

PROGRAMMING PRQCEDURE 

Step 5: Lower the voltage on the first input to V1H for a true, or to V1L for the complement. 
Step 6: After tct, raise PGM ENABLE to V1HH· 
Step 7: After additional td, pulse the PGM input to V1x for tw. 
Step 8: After additional .tel delay, lowEIJ PGM ENASLE to V1LL· 
Step 9: Disable programmed input by raising it back to VtX· 
Step 10: Repeat steps 5 through 9 for each input, 
Step 11 : Repeat steps 4 through 1 0 for each product term. 

Verify 

Step 1: Set PGM ENABLE (pin 1} to V1LL; set Vee (pin 24} to VcC3· 
Step 2: Enable PO output by setting PGM to V1x. 
Step 3: Disable all inputs by applying V1x to the I inputs. 
Step 4: Address the product term to be verified (0 through 31} by applying its binary code on outputs PAO through 

PA4. 
Step 5: Lower the input voltage on the first input to V1H and check the logic level of output PO, than lo1Ner the 

same input to V1L and again check the ·level of PO. The input variable state contained in the product term 
is detE1Jmined from the foffowing table. Two tests are required to verify the programmed state of each variable. 

STATE I PO 

TRUE 
L L 
H H 

COMPLEMENT 
L H 
H L 

OON'l' CARE · 
L H 
H H 

INACTIVE 
L L 
H L 

Step 6: Disable verified inptJt by raising it back to Vix. 

Step 7: Repeat steps 5 and 6 for all other inputs. 
Step 8: Repeat steps 4 through 7 for all other product terms. 

trlt--tl 
I I I I V V1 rr----------- IHH 

-------'- - -------V1LL 

PGM ENABLE 

l tcti.-!--•w~td--------vix 
PGM : I I I I -- v 

tdM . I i IH 

PIOTHRUPl13__j ~·. --------V1H ~--------V1x 

. ~ I I 1 --------VIL 
1----tt td ! l I 

ALL PA PINS 1%;'.J ! I l -- VtH 
- 1 --V1L 

ALL PO PINS 
I , W --voH 

I , ---""I -- voL 
!---PROGRAM---t~lfolli.,___,...,, VERIFY 

FIGURE 2- AND MATRIX PROGRAMMING WAVEFORMS 

TEXAS 
INSTRUMENTS 
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OR MATRIX 

Program 

PROGRAMMING PROCEDURE 

Program the output polarity before programming either the AND matrix or the OR matrix. Load all output pins with 
a 1()-kO resistor to 5 V and set pin 12 (GND) to 0 V. If the product term is contained in the output function, no fusing 
is required. Unwanted terms are deleted by programming one at a time, as follows: 

Step 1: Set PGM ENABLE (pin 1) to V1LL· Disable the outputs by setting PGM (pin 13) to VIH· Set Vee to Vee3. 
Set Pl6 through Pl13 arid PAO through PA!5 fo Vj)(. 

Step 2: Weit td and raise Vee (pin 24) to the program level, Vee1. 
Step 3: Use the inputs PAO through PA5 to address tile product term (0 throUgh,311 that ls to be removed by applying 

the corre8ponding binary code with input PAO as the least significant'bit, 
Step 4: Raise the output pin to Vix. 
Step 5: Wait td. then raise PGM ENABLE to V1HH· 
Step 6: Wait ld. then pulse PGM to Vix for a period of tp. 
Step 7: Wait id· then lower PGM ENABLE to V!LL· 

. Step 8: Wait ld· then remove V1xfrom output pin. 
Step 9: Repeat steps 4 through 8 for au other output functions. 
Step 1 0: Repeat steps 3 through 9 for all other product terms. 
Step 11: Lower Vee to Vee3. 

Verify 
Step 1: Set PGM ENABLE (pin 11 to V1LL· Disable the outputs by setti1lg PGM (pin 131 to VIH· Set Vee to Vee3. 

Set Pl6 through Pl13 and PAO through PA5 to VtX· 
Step 2: Wait ld and set Vee (pin 241 to the verify level, Vee1. 
Step 3: Address the product term to be verified (0 through 511 by applying its binary coda to inputs PAO through PA5. 
Step 4: Wait ld. and set PGM (pm 131 to VfL. 
Step 5: Monitor the state of all six outputs (POO through P051 and determine the status of the OR matrix from the 

following table: 

ALL Pf PINS 

vcca 

PGM ENABLE 

PGM 

OUTPUT OR 
ACTIVE ACTIVE FUSE LINK 

HIGH LOW 

L H FU SEO 

H L PRESENT 

------------------------V1x 

---------------------- --vcc1 

-- - ----------- VtHH 
I 
I 

td ~j!::.!;t!!!::~-=-~.~tcl~_:_:_~_:_:_:_~-=-~-:_::_ :: ~~~ 
I 
I --V1H I 

I 
I 

V1x--, 
: ------ V1L 
I 

I : 1 1 --VtH ALL PA PINS Wj 1 I I I V 

tci~= H~_L_L_ ___ :: v:~ 
POO THRU P05 

~fi0"'/,$%;1 bl -- VQH 
~~ - --VOL 

f.--PROGRAM--.1 H VERIFY 
FIGURE 3- OR MATRIX PROGMMMING WAVEFORMS 

TEXAS 
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JYPES ·Slti41t.Ut •. Sl&4Pl840,· Sl14PUl3Bi Sl14P.l840 
14 X 32 X 6 FIELO.PROGRAMMABlE LOGIC ARRAYS 

LOGIC DIAGRAM 

PGM ENABLE ~11~1 ---------------------------------, 

INPUT LINES/ O 4 

PROO!JCT LINE$ 

.A 
31' INPUT LINES 12 24 28 20 

1121 ":>!. .!!.!...-{>~::t=J=t==+t:+:!==++++=+:++t=:+t+J:::::1=1=1R=:::+t+!==++++:~: .... 
0 
1 

::I<" 12311 

1131 ,.., 
,,.;>b 

2 
3 

1141 ... 
.A. 

4 
6 

11s1 ;>1 
v 

6 
7 

" 
11&1 ;ii. 

t>l::t::+:+:t=:::P:::P:::::Ji:t:1::t=:::ti:t:1==ttt:t=++tt=:t:l:tt:::::Jl+1i=I=~~ v 
8 
9 
-t-H-t--+-t-HC--+-+-+-t-t-t-++---l~H-----+-+-t-+--++++--+-++t-,l{.1/1 11911 

I" 

1171 "',;... v !!!....-f>t=~~=t+t:t==l=~i:=:t:++t==1r:t!=t==++++=:t:1r:t!==++++=~ 
10 
11 

-+-t-+-IC--+-+-+-t-++++---IH-H-----t-+-t-+--++-++--t-++t-" -+-H-t-V'IA (18} I ,..,,. 
11s1 ')!. 
~-D~::+:1::+::;:r:1=1r:=++::P::::+++:t=:::P:++:::::J1+1::t=::t:t+:1f:=+++r:~ .... 

12 
13 

-+-t-+-t--+-+-+-t-+++-+---IH-H----1-+i-t--t+-++--+-+++--+-t-t-t-,.Fo.V'IA 1171 I ..... 

0191 

01101 

1111~ 

I TEXAS 
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FIELD­
PROGRAMMABLE 
LOGIC 

.. TYPES SIS4PUUm1•1WUl~IR4.·S,_.,LIJ191t1~$-fl#tfl8 
SN74PLR19Ul •. Sl74flUl1:9R4 •. Sl14PlRltltl. SE4PIJl19RI 

. . . . . REGtSrEREll-flPUT. RXfD-OR ARRAYS 
02709, DECEMBER 1982-REVISED SEPTEMBER 1983 

• Standard 24-Pin, 300-mff Packages e Choice of Operetltlg 8 ..... · 

• Output Register• Have Preload 
-1 Parts ..• 30 MHz Max, Standard power 

Capability . -2 Parts •.. 20 MHz Max, Half powar 

• Output Reglatera Automatically Clear 
During Power-Up 

DEVICE l/OINPUTS I INPUTS 

'Pl.Rt9L8 tt 2 
'PLR19R4 tt. 0 
'PLR19R6 11 0 
'PLR19R4 11 0 

deacrjption 

3·8TATE REGISTERED 
l/OPORTS 

OOUTPUTS QOUTPUTS 
2 0 e 
0 4 (3·818te buffers) 4 

0 e (3-11818 buffers) 2 
0 8 l3·818te buffers) 0 

·These fixed-OR &rfays ·with eleven data irTputs fllature input registers that can be used as th8y are or ba prograrnmad 
info buffers. Some outputs of the 'PL19R8, 'Pl 19R6, and 'PL 19~4" hiave registers thet can·be loadod from the 1/0 
pins by a preload F>focedure, while others are liO ports and standaril 3-state outputs. Alltha outputs are automatically 
sat to a low level. when power is applied. The - 1 and - 2 parts offer a choice of operating frequency, switching 
times,. and power d18sipation. 

The SN54Pl,.R19' is charactarizad for operation over the full military temperature range of -55°C to 125°C. The 
SN74PLR,9' is characterized for operation from o•c to 70°C. 

pin auignmenta in opltrating mode (voltages at pin• 1 and 13 lea than V1HHI 
SN&4' ... JT PACKAGE 
SN74' ... NT PACKAGE 

(TOP VIEW) 
...U.18L8 'PLR19R4 'PLR19RI 

I Vee OUTeLK 

l/D. VD II l/D 

VO 0 1/0 l/D 

1/0 1/0 110 l/D 

110 1/0 a 110 

l/D 110 a 1/0 

1/11 1/0 Q 110 

VO 1/0 a l/D. 

VO VO VO l/D 

l/D 0 1/0 l/D 

119 ·INCLK'I& INeLK* • l/D 

GND OE GND 
*Pin 14 ls also ulO!I for the preload procedure on page 34. 

achematica of inputs •nd oytpu~. 

Vee 
l/D 

1/0 

a 
a 
a 
a 
a 
a 
1/0 
INCLK* 

CiE 

OUTeLK 

l/D 

l/D 
110 

l/D 

l/D 
l/D 

t/O 

1/0 
1/1) 

l/D 

GND 

r-~~....;.~'"-~~~ ........ ~~~~~~~.-~--~~~~----. 
EQUIVALENT OF EACH l/D INPUT EQUIVALENT OF ALL TYPICAL OF ALL OUTPUTS 

OTHER tNPUTS 

INPUT 

PIN13:REQ"'ll&O 
AU OTHERS: REQ"' 10 kn 

'PLR19RS 

Vee 
l/D 

a 
a 

.Q 

O· 
a 
a 
a 
a 
INeLK* 

oe 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 

'INl~ ...................... praduct. ......,...__IUbjoctlO---· TEXAS 
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·"" functional block diagntma (poaitmr logicf 

'PLR19l8 'PLR19R4 

Ill! 
OUTCLK 

Q 

Q 

INCLK l/D 
o· 

1/0 1/0 INCLK 
Q 

1/0 l/D 

110 l/D 

1/0 

110. 1/0 

1/0 

'Pl.R19R8 'PLR19R8 

Ill! 

Q 

Q 

Q 

INCLK -·· Q 

l/D 110 

Q 

0 

1/0 

1/0 

abaolute maximum rating• over operating free-air temperature range (urile• 01fierwi19 noted) 

Supply voltage. Vee 1- Note 11 ..................... : ................................... ·. .. . . . . • . . . .. .. 1 v 
Input voltage c- Note 1) .•....••••............. , ....•.......•..................•.•...•...••...•.....••. 6.6 V 
Voltage applied to a disabled. output c- Note 1) •.................•....•.•••.•..•••••.............•....•.• 5.6 V 
Operating free-air temperature. ra•: SN64PLR' ............................... , ............. -55°e to 126°e 

SN74PLR' ................................................. ooe to 700e 
Storage temperature range ................................................................. -66°e to 1600e 

NOTE 1 : The• ratings apply except ~programming pina during • -rimming cycle or during • .;.....,... cycle. 

1EcAs 
INSTRUMENTS 
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TYPES ..._Rnl.IJSIUPl.81nt; Srl&IPUllH; stlilffi.11811~ 
Slf14Ptfft'9tf, Sl1111U1t1M, 1171Pl119111. SllMl!t.MBll 

REGIS'fE~lflfUTifiXm:.n'AttRAYS 

L SNMPLR11' SN74PLR11' 
MIN NOM MAX MIN NOM MAX 

Vee - S&ipply llllli.ge..::.: 4.0 5 .. 5.5 4.75 5 - . 5.25 
V1H High-level input voltage 2 5.5 2 5.5 
V1L Low-level input voltage 0.8 0.8 

loH High-level ouiput current -2 -3.2 

loL Low-level output current 12 24 

TA Operating free-air temperature -55 125 0 70 

elel;tflcal cha ........ over IWCOmm8nded fr9e-eir operating temperature range 

P~AMETER TEST CONDITIONSt 
SN14PUtl9' SN74PLR19' • 

MIN TYtti MAX MiN TY..!!_ MAX 
V1K Vcc=MIN, l1=-18mA -1.5 -1.5 

VoH T _Vee= MIN, loH=MAX 2.4 3.2 2.4 3.3 
VOL Vcc=MIN. IQL=MAX 0.25 0.4 0.35 0.5 

lozH 
Outputs -;:- . 20 20 
VO ports 

Vcc=MAX, V1H=2.7V 
100 100 

lozL 
OutpiliS 

Vcc=MAX. V1H=0.4V 
-20 -20 

l/Oports -250 -25() 

0£1nput 0.2 0.2 

11 VO Inputs Vcc=MAX, V1=5.5V 0.1 0.1 
All others 0.1 0.1 
OE.Input 40 40 

l1H l/D lnputS Vcc""MAX. V1=2.7V 20 - 0.1 
All Olhers -·. 20 0.1 
OE Input -0.4 -0.4 

l1L VO Inputs Vcc=MAX. -V1=0.4V· -0.8 -0.8 
All others -0.2 -0.2 

101 VccsMAX,. Voa2.26V -30 -125 -30 -'125 

•cc 
-1 Parts Vcc=MAX. V1=0V, 150 200 150 200 
-2 Parts Outputa open 75 100 75 100 

tfor conditions shown as MfN or MAX, use the appropriate varue 9pecifled under recommended operating conditions. 
*An typical values are Vee • .s v. TA• l5°e. · 
!The output - have - .-to produce 1 <:Wren! that cloHly 1pproxlinate1 one half the true short-circuit cumint, ·10s· 

Input tlming........,.nts 

fclock Clock fraciuancY 

tw Clockpui. du"1ion. cloclc high or low 

tau Setup time, VO input before INCLKI 

th Hold time, VO input before INCLKI 

'PLR19R4, 'PLR19RI. 'PLR19R8 timing requirement• 

fc1oc1c 

tw 
tau 
th 

Clock frequency 

Clock pulse duration, clock high or low 
Setup time, input or faedb9ck before OUTCLKI 
Hold time, input or feedback before OUTCLKI 

1ExA$ 
INSTIWMENTS 

POST OFFICE aox 22ii012 • O#oUA$, T~X"5 75285 

MIN 
0 

-10 

12 

0 

MIN 
0 

12 

15 

0 

MAX 
40 

MAX 
30 

UNIT 

ye" 

v. 
V. 

rnA 
rnA 

•c 

UNIT 

v 
v 
v 

µA 

µA 

mA 

µA 

rnA 

mA 

rnA 

UNIT 
MHz 

ns 
na 
ns 

.UNIT 
MHz 

ns 
ns 

na 
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TYPES Sl64PlR19l8, Sl54PLR19R4, SN54PLRUR&, Sl54PLRt9R8, 
$N74PtRf!t8, Sl71PLRt9R4, SN74PLR19R6, SN14Pt:Rt9R8 
REGJSTERED~IRPUT FIXED-OR ARRAYS 

switching characteristics over recommended operating free-air temperature range (unless· otherwise 
noted) 

!PARAMETER FROM TO 

fmax 

i>!l. I, 1/0 1/0,0 

...!!& OUTCLK I Q 

ten cm Q 

'dis OE! Q 

...!!& INCLKf 1/0,0 

ten INCLKf 1/0,0,Q 

'dis INCLKf 1/0,0,Q 

IJ!!! 110 110. 0 

ten 1/0,1/0 1/0 

'dis l/D, 110 1/0 

tAn typical values are at Vee= 5 V, TA= 25°C. 

OE 

INPUT TEST -1 PARTS 

MODE CONDITIONS MIN TVPT MAX 

Either 30 
Either 16 
Either 12 
Either 8 
Either 6 
Registered 

RL =5000, 
23 

Registered 
CL=50pf 

25 
Registered 20 
Buffered 20 
Buffered· 22 
Buffered 17 

PRELOAO PROCEDURES 

OUTPUTS DISABLED 

MIN 

20 

-2 PARTS 

TVPf MAX 
UNIT 

MHz 

25 ns 

20 ns 
15 ns 
12 ns 

32 ns 

35 ns 

30 ns 

30 ns 

32 ns 

26 ns 

\__ 

VERIFY O'n + 1 

I 
I 

-I tpd 1-
PIN 1 

(OUTCLK) 
~ll~ - -- - - - - - - - - - - - - - - - - - - -- - - -h.._ ____ _ 

FIGURE 1-PRELOAD WAVEFORMS 

preload procedure for registered outputs 

Step 1 
Step2 
Step 3 
Step4 
Step 5 
Step 6 
Step 7 

Pin 13 t<> V1H. Pin 1 to V1L. and Vee to 5 volts. 
Pin 14 to VIHH· 
Apply an open circuit for a low and V1HH for a high at the Q outputs. 
Pin 14 to VIL· 
Remove the voltages applied to the outputs. 
Pin 13 to VIL· 
Check the output states to verify preload. 

1ExAs 
INSTRUMENTS 
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lYPfS SB4PLR19LI. SIMPLR19R4. Sl64PlR19R&, SN64PLRt9R8, 
Sl74PtR19[8, Sft14PLiH9R4,'S174PlR19R&, Sl74PlR19R8 

: REOISTERED.;llPUT FIXED-OR ARRAYS 

pin assignments in programming mode (PGM ENABLE. pin 1 or 13, at V1HH) 
PROOUCT TERMS 0 THRU 31 

(TOP VIEW) 

PGMENABlE Vee 
PIO 

Pl1 3 P03 

Pl2 P02 

Pl3 P01 

POO 

P16 7 PAO 

Pl6 PA1 

P17 PA2 

PIS UR 
Pl9 11 ~CLK 

GNQ PGMVERIFY 

•No programming function. .Make no connection. 

TABLE 1-INPUT LINE SELECT 

INPUT PIN NAME 
LINE 

NUMBER Pl9 PIS Pl7 Pl8 Pl6 Pl4 P13 Pl2 Pl1 PIO L/R 

0 HH HH HH HH HH HH HH HH HH L z 
1 HH HH HH HH HH HH HH HH HH H z 
2 HH HH HH HH HH HH HH HH HH L HH 
3 HH HH HH HH HH HH HH HH HH' H HH 
4 HH HH HH HH HH HH HH HH L HH z 
5 HH HH HH HH HH HH HH HH H HH z 
6 HH HH HH HH HH HH HH HH L HH HH 
7 HH HH HH HH HH HH HH HH H HH HH 
8 HH HH HH HH HH HH HH L HH HH z 
9 HH HH HH HH HH HH HH H HH HH z 

10 HH HH HH HH HH HH HH L HH HH HH 
11 HH HH HH HH HH HH HH H HH HH HH 
12 HH HH HH HH HH HH L HH HH HH z 
13 HH HH HH HH HH HH H HH HH HH z 
14 HH HH HH HH HH HH L HH HH HH HH 
15 HH HH HH HH HH HH H HH HH HH HH 
16 HH HH HH HH HH L HH HH HH HH z 
17 HH HH HH HH HH H HH HH HH HH z 
18 HH HH HH HH HH L HH HH HH HH HH 
19 HH HH HH HH HH H HH HH HH HH HH 
20 HH HH HH HH L HH HH HH HH HH z 
21 HH HH HH HH H HH HH HH HH HH z 
22 HH HH HH HH L HH HH HH HH HH HH 
23 HH HH HH HH H HH HH HH HH HH HH 
24 HH HH HH L HH HH HH HH HH HH z 
25 HH HH HH H HH HH HH HH HH HH z 
26 HH HH HH L HH HH HH HH HH HH HH 
27 HH HH HH H HH HH HH HH HH HH HH 
28 HH HH L HH HH HH HH HH HH HH z 
29 HH HH H HH HH HH HH HH HH HH z 
30 HH HH L HH HH HH HH HH HH HH HH 
31 HH HH H HH HH HH HH HH HH HH HH 
32 HH L HH HH HH HH HH HH HH HH z 
33 HH H HH HH HH HH HH HH HH HH z 
34 HH L HH HH HH HH HH HH HH HH HH 
35 HH H HH HH HH HH HH HH HH HH HH 
36 L HH HH HH HH HH HH HH HH HH z 
37 H HH HH HH HH HH HH HH HH HH z 
38 L HH HH HH HH HH HH HH HH HH HH 
39 H HH HH HH HH HH HH HH HH HH HH 

L= VIL· H = VIH· HH=V1HH· Z= high impedance(e.g., 10 kCl to 5V) 

TEXAS 
INSJRUMENlS 

PRODUCT TERMS 32 THRU 83 
(TOP VIEW) 

PGMVERIFY 

PIO 

P11 
Pl2 

Pl3 

Pl9 
GNO 

Vee 

L/R 
PNJ 

PA1 

PA2 

P03 

P02 

P01 

POO 

INClK 

PGM ENABLE 

TABLE 2-PRODUCT LINE SELECT 

PRODUCT PIN NAME 
LINE 

NUMBER POOP01P02P03PA2PA1.PAO 

0,32 z z z HH z z z 
1, 33 z z z HH z z HH 
2,34 z z z HH z HH z 
3, 35 z z z HH z HH HH 
4,36 z z z HH HH z z 
5, 37 z z z HH HH z HH 
6, 38 z z z HH HH HH z 
7. 39 z z z HH HH HH HH 
8.40 z z HH z z z z 
9,41 z z HH z z z HH 

10,42 z z HH z z HH z 
11,43 z z HH z z HH HH 
12,44 z z HH z HH z z 
13, 45 z z HH z HH z HH 
14,46 z z HH z HH HH z 
15,47 z z HH z HH HH HH 
16,48 z HH z z z z z 
17,49 z HH z z z z HH 
18,50 z HH z z z HH z 
19, 51 z HH z z z HH HH 
20, 52 z HH z z HH z z 
21. 53 z HH z z HH z HH 
22, 54 z HH z z HH HH z 
23. 55 z HH z z HH HH HH 
24, 56 HH z z z z z z 
25,57 HH z z z z z HH 
26. 58 HH z z z z HH z 
27, 59 HH z z z z HH HH 
28, 60 HH z z z HH z z 
29, 61 HH z z z HH z HH 
30, 62 HH z z z HH HH z 
31, 63 HH z z z HH HH HH 
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lYJl!S SM54'llt9ll.SIM,LRtlM.cSl&VlltUl.t$1114P~t9ft8, 
··Sl7'PUl111..8. S17ePllH9R4.;Sl74PLB1•.·u71PtR19R8 
IESllTERED-llPUT flXED-OR-ARRAYS 

programming parameters. TA = 25 °C 

Vee 

V1H 

V1L 

VoH 

VtHH 

l1HH 

tw1 

lw2 

tsu 

lh 

fd1 

fd2 

fd3 

Verify-level supply voltage 

High-level input voltage 

Low-level input voltage 

High-level output volt-

Program-pulse input vGltege 

PO 
PGM ENABLE, L/R 

Program-pulse input current 
Pl; PA 

Vee 
Program,pulse duration at PO or l/D pins 

Pulse duration at PGM VERIFY and INeLK 

Setup time 

Hold time 

Delay time from Vee to 5 v to PGM VERIFY I 

Delay time from.l'GM VERIFY 1 to verification of output 

Delay time 

Input voltage et pins 1 and 13 to open. verify-protect (security) fuse 

Input current to open verity-protect (security) fuse 

Pulse duration to open verify-protect (security) fuse 

TEXAS 
INSTRUMENlS 

~ 

POST OFFICE BOX :i25012 • OALLAS, TEXAS 75265 

MIN NOM MAX UNIT 
4.6 5.0. 5.5 v 

2 5.5 v 
0.8 v 
5.5 v 

10.25 1-0.5 10.75 v 
50 
25 

6 
mA 

400 

10 50 ,,.. 
100 ns 

100 ns 

100 ns 

100 pS 

200 ns 

100 ns 

2-0 21 22 v 
400 mA 

20 50 ms 
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PGM ENABLE 

nPE&lll4Pl~8~Mtft4, S~19Rf. Sl84Pl.Rt9RI, 
U74PLRt9ll, M74PUtt9Jl4, •74PLR1tRLft'l41Ut• 

REGtSTERetMtlPUT FIXED•DR ARRAYS 

,_ ...... ..,... ...................................................................................................................................................... --.. V1HH J ~----- V1L 

tou~ +tf+tti 
SELE:CTE Z»li -"T - - - - - - - V1HH 

Pl, VR. PA ~S : : ~I VIH 
(SEETABLES I 1 

1AND2) :+-tou 
:1 14'°tw V1L 

INCLK ----:-n------------------------------------------ V!H 

I ._...,....,..,....._..,...._. .............................. --"--.--.--....., ............ ..,... ...... ..,... .......................................... _ V1L 

! /: r-------•---~----------------- :~HH 
~ ............ _..,,,_... I :' 

-----f!"~---.r::~~L ____ .:_ ________________ ov 
I :-tw1 I I 

Vee 

I -----:----------------------------- V1HH 
SELECTED ....,_....,.. ... 1 1 <i) VOH 
POPIN8 I 

(SEE TABLE 21 

V1H 
PGMVERIFY 

............................................................................................... _ V1L 

(i) A high level during the verify iM:ervat. indi~es th8t programming has not been successful. 

<J) A low level during the verify interval indicates that programming ha been successful. 

FIGURE 2 - PROGRAMMING WAVEFORMS FOR ARRAY FUSES 

programming procedure for array fuses 

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the appropriate (one 
of 40) input line and then pulsing the correct (one of 641 product line. The levels for selecting input lines and product 
lines are shown in Tables 1 and 2. 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 
Step 6 
Step 7 

Raise PGM ENABLE to V1HH· 
Select an input line by applying appropriate levels to L/R and Pl pins. 
Begin selectiofl of the output line with appropriate conditions on l'A pins. 

Pulse INeLK to VIH· 

Raise Vee to V1HH· 
Blow the tuse·by pulsing the appropriate PO pin to V1HH as shown in Table 2 for the product line. 
Return Vee to 5 volts and pulse PGM VERIFY. The PO pin selected in Step 4 will be less than Vol 
if the fuse is open. 

Steps 1 thru 7 may be repeated if the verification does not indicate that the fuse was successfully programmed (blown), 
but no more than 4 times. Verification is possible only with the verify-protect fuse intact. 

To prevent further verification, two last fuses may be blown by raising pin 1 and pin 13 to 21 volts ± 1 volt. Vee 
is required to be at 0 during this operation. 

TEXAS 
INSJRUMEN1S 
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vee 

1/0 INPUTS 

PIN 14 
UNeLKI 

PIN\3 
(OE) 

PINZ:i 
(VR) 

PIN 1·5 
(OUTPUTI 

PIN 1 
(OUTeLKI 

: ~ MOGOW ~~i _______ v_E_R_IF_v _________ \ 

v,:: _: _______ J __ J , ... , : l ----
. ~.... i I !..J 

-, 14'fcl3 I 
: I I • I 

VIL ----..,-..-.;---+-' 
I I 

YJHH ---------f-'-r'---
1 

'cl3-' 
I I 

tc13 I 
I 
I 

r------'VIH 

I I 
I I "'" 

V1HH --------------~--=:.:-~! ! l } 
v Vi I 1113.-.I ~ l\ 

IL I : I l l• 1.---
1 I I I t.!.. ._tcl3 

V1H:----------------td3~~ i 
I I 

z ' ' ' .... l .. ~.-l -~ 
· · tpc1.!.: . i-l"11pc1~_.--VoH 

I . 1 ----VOL _ 
. · I I 1..i l-tou · 

tou-+I j4- I I 

::~-- - - - -- - - --- - - - - - --n..Ln~-------
FIGURE 3 - ARCHITECTURAL FUSE PROGRAMMING WAVEFORMS 

programming procedure for architectural tu ... ( ... Note 2) 

Step 1 
Step2 
Step3 
Step4 
Step5 
Step6 
Step7 
Step8 

Step9 

Step 10 

Apply low levels to all l/D pins and 5 volts to the Vee pin. 

Raise Vee pin to VtHH· 
Raise INeLK pin to VtHH· 
To program a D input pin into an I _input pin pulse the selected pin to VJHH· 
Lower INeLK to V1L and Vee to 5 volts. 
Raise pin 13 and all l/D input pins to V1HH· . 
Set pin 2Z to Z to select pins 2 thru 11 or set pin 22 to V1HH to select pin 23. 
Reise INeLK to V1HH. 

To verify that fuse has been blown, pulse selected I pin from V1HH to VtL• then to V1H and back to V1HH 
while clocking pin 1. If output at pin 15 follows the I input the fuse has been blown. 
Repeat above steps 1 thru 9 for each D input to be programmed into an I input. 

NOTE 2: Refer to pin assignments in _,ating - for programming selected VD pln1 from D Inputs to I inputs. 

TEXAS· 
INSTRUM£NTS 
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· TYPES~Sl&4PL819t8, Sl74PlRt9l8 
R£GISTERED·1'1PUT mc£o:OR. ARRAYS 

INPUT LINES 

110 ~~l;::=::tr:oltJ~4:1:1:t=sl:tt:l=1:t:21:t:1r=t,6:1:1::t:::201:tt:t=2t:4~=28+1=:1+=132m+::36mrl=:::;;i~ 
M1 

PRODUCT '=' 
LINES 

~ ~l 
: i-8-" v 

~ 7 ~ ;K'. l/DlrU ~ §~ J . 

TEXAS 
INSTR0MEN1S 

POST OFFICE BOX 225012 o DALI.AS. TEXAS 75265 

H IA 

::::'_ 

(22)0 

(19)1/0 

(18)1/0 

(16) 1/0 

(15)0 

(l4 llNCLK 

~3)1 

39 
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INPUT LINES 

8 12 ,16 20 24 28 32 36 ' "" 

~ ~t::==0ti i'i.:: .4±±Jti::tf:l:t;:t:l::l:t;:l:ttt::t:ttt:zt:t:t:t::t:t#=l:l=l:t:::Pm:::::;lfit-

- MOPRODUCT M1 -

LINES 
0 . 
• . . 

·~1tf] i . 
15 

1/D !!!, ~z ~6 . 
• . 

23 

l/D~ ; 2: . .. . 
31 

l/D J!L ' !2 

l/D !!L ~ 
l/D !!L ffiJ 

..._p 
!!!.. u 1/D H , 

. 
• . 
39 

40 . . . . 
47 

48 . . . . 
55 

56 . . 

IN'saNTS 
POST OFFICE BOX 22ll012 • DALLAs. TEXAS 75265 

(23) l/D 

(16) 1/0 

(16) 1/0 

(l4) INCLK 

~>oe 



CIUTCLKC11 -" -"".'. 

~· 
4 B 

.!& 
_, 

llD 

LINES 

0 . .. -"•< ·•, 

I/ 

rttJ 
.,, 
7, 

!!L 8 
• . . ... 

1•11 '1 
11 ,. 1=-i . ' 

·!' . 
'1~ " 

,!!!.. ca 
24 . . 
• 

rttr " 

.~ 32 
• • • f}i ,m., ca 
4G 
• • • 

'1~ 1!!!.i ca 
48 
• . 
• 

r-P;; 
ol!!l, r-[J ~ _, 

ti: . : ~ ··' --
Cl -~ 

,«.!!. 

~ 
ol.!!: §fJ 

1/D 

llD 

llD 

(ID 

llD 

llD 

I/ 

l/D 

113 

12 

-· 

INPUT LINES 

16 20 24 28 

" 

I TEXAS 
NSIRUMENTS 

32 • 

" -

' -

POST OFFICE BOX 2211112 • DALLAS, TEXAS 75211& 

·' . 

f.M:' ca ' _tm1 2D .. 
-

Et:_ -1 1221: 
~- I --v 
tjc.·-<-

-""A' 
,. 

IO 

J .... 

~' i--~ 
... ,,. 

0 

~' "' ' 

- h ;,.,~ ~-

'-'" 5p 
~- A 

Q 

""I 

~I . r-;.' 

~ HJ1 
A 

a 

H 

~· >-" 

~ i:; . 
.A 

a 

... 
~) ij >-

~ ~ ·:· 

a 

~-a ~~ 
......._ 

1 ""'- '1!51 
~ v 1/0 

A 

<J>!!4 
L<J>ill 

41 
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INPUT LINES 

ro 4 8 12 16 20 24 28 32 36 

•ro y1;::::~~tt::U:t:t::::t:t:~:l:*t:mj:::::f!:;+::1::t#=t+tt:=li+t=m:t:q~ 

PRODUCT 
LINES 

0 
• • . 

11o!!L - 1 ·1; 

. 
23 

1/0~ :: 24 . 
: =· tin . 

IF-1 ,, 
(7)~39 
l/D~: 

i . 

(10)rl!l~ ,"ci' ~ 
110·4 ~ 

M1 

110·= :. 
M1 

(23)llD 

1111~-,"ci' 
'-"'-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~+-<l>'-'-(l4llNCLK 

~)OE 

TEXAS 
INSTRUMEN1S 

POST OFFICE BOX 125012 o DALLAS, TEXAS 75265 
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FIELD­
PROGRAMMABLE 
LOGIC 

TYPE$ Sl54PLT19ll. $1tWLJHR4. Sl54PLT1~R6; 'SN,64PL1'19R8 
SN74PLT19L8. Sl74f'll19R4, SN74Ptn9R6. Sft74PLT19R8 

LATCHED-INPUT f1XED.-OR ARRAYS 
02710. DECEM8ER 1982-REVJSEO SEPTEMBER 1983 

• Standard 24-Pin. 300-milPackages 

• Output Registers Automatically Clear 
During Power-Up 

• Data Input Registers Programmable 
to Buffers 

• Choice of Operating Speeds 

• Outpl,lt Registers Have Preload 
Capability 

-1 Parts . . . 30 MHz Max. Standard power 
- 2 Parts • . . 20 MHz Max. Half power 

DEVICE l/DINPUTS I INPUTS 
~-STATE REGISTERED 

1/0 PORTS 
OOUTPUTS QOUTPUTS 

'PLT19l8 11 2 2 0 6 
'PLT19R8 11 0 0 8 (3-state b.uffers) 0 
'PLT19R6 11 0 0 6 (3-state buffers) 2 
'PLT19R4 11 0 0 4 (3-state buffers) 4 

description 

These fixed-OR arrays with eleven data inputs provide input registers that can be used as they are or be programmed 
into buffersl Some outputs of the 'PLT19R8, 'PLT19R6, and 'Plr19R4 have registers that can be loaded from the 
110 pins by apreload procedure. while others are 110 ports and standard 3-state outputs. All the outputs are automatically 
set to a low level when power is applied. The -1 and -2 parts offer a choice of operating frequency, switching 
times, arid power dissipation. 

Tl:le SN54PL T19' is characterized for operation over the full military temperature range of - 55 °C to 125 °C. The 
SN74PLT19' is characterized for operation from 0°C to 70°C. 

pin assignments in operating mode (voltages at pins 1and13 less than V1HHI 

SN64' ... JT PACKAGE 
SN74' ... NT PACKAGE 

(TOP VIEW) 
'PLT19L8 'PLT19R4 'PLT19R6 

Vee OUTeLK vee OUTeLK 

1/0 1/0 1/0 1/0 1/0 

1/0 0 1/0 1/0 1/0 

1/0 1/0 110 1/0 1/0 

1/0 1/0 1/0 a 110 

110 1/0 1/0 a 1/0 

1/0 1/0 1/0 a 110 

1/0 1/0 1/0 a 1/0 

110 1/0 1/0 1/0 1/0 

1/0 0 1/0 1/0 110 

1/0 INLE• 1/0 INLI!" 1/0 

GND GNO 5E GNO 

*Pin 14 is also used for the preload procedure on page 46. 

schematics of inputs and outputs 

Vee 
1/0 

1/0 

a 
a 
a 
a 
a 
a 
110 
iN[E• 

OE 

EQUIVALENT Of EACH I TYPICAL Of ALL OUTPUTS 

PIN 13: Rea= I kO 
ALL OTHERS; Rea= 10 kO 

'PLT19R8 

OUTCLK Vee 
1/0 1/0 

1/0 a 
1/0 a 
1/0 a 
1/0 a 
1/0 a 
1/0 a 
1/0 a 
1/0 a 
1/0 INLE· 

GNO i5£ 

ADVANCE INFORMATION Copyright © 198-3 by Texas Instruments Incorporated 

Thll dooummt contlllnl lnfommlon on• MW product. 
Speclflcdons .,. aubfect to chm1gfl without nodcti. 1ExAs 

INSTRUMENlS 
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TYPSS'ft54PLT19lB,.$164PLT19R4,"SN64PLt1tR&,··sN&4PLT19RB 
SW74PlYUO, Sl74Pt'H9M,·Stl74P(T19R&, Sl74PtT19R8 
tATCffE04JIPUT FIX~D.:oR ·ARRAYS 

functional block diagrams 

'PlT19L8 'PLT19R4 

or 
OUTCLK 

0 

1/0 

110 2D 1/0 

110 nm 
110 l/D 

l/O 
I> 

llO 

'PLT19R6. 'PLT19R8 

Ot 
OUTCLK 

Q 

nm 

" 
1C2 

1/0 20 " 

absolute maximum ratings over operating free-air temperature range (unleu otherwise noted) 

Supply voltage, Vee (see Note 1 I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 V 
Input voltage (see Note 1) ................................... · ........................................... 5.5 V 
Voltage applied to a disabled output (see Note 1) ......................................................... 5.5 V 
Voltage at any programming pin. . . . . . . . . • . . .. . . . . . . . . . . . . . . . . . . . . . . . . • . . .. . . . . . . • . . . . . . . . . . . . . . . . . . . . . . 12 V 
Operating free-air temperature range: SN54PLT' ........••...•.••.•........•................. -55°e to 125°e 

SN74PlT' ...•.............................•.............•. 0°e to 70°e 
Storage temperature range .................................................................. -65°e to 150°e 

NOTE 1: Theee ratings appty except for programming pins during a programming cycle or during a preload cycle. 

TEXAS 
INSJRUMENlS 

POST OFFICE BOX 225012 o DALLAS, TEXAS 75265 
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TYP~S SIMktlll( ftAPL"ftsM, slldln!tM. SIMPl.THRi, 
sW74Pi'Nm .. tlf4PtT19M,· m4Kt11M. sl74Pt.1'tt111 

lATCHED•frfl»UT FIXEl.;ott MRAYS 

recommended operating .conditiona 

SN&4PLT19' SN74PLT19' 

MIN NOM MAX MIN NOM MAX 

vcc S.upply voltage 4.5 5 5.5 4.75 5 5.26 

V1H High-level input WQltage 2 6.6 2 6.6 

VIL Low-level input voltage 0.8 0.8 

VoH High-level output voltage 5.6 5.5 

loH High-level output current -2 -3.2 

loL Low-level output current 12 24 

TA Operating free-air temperature -55 126 0 70 

electrical cha111Cteriltics over recommended free-air operating temperature range 

PARAMETER TEST CONOITIONS t 
SN&4Pl.T19' SN74PLT19' 

MIN TYP* MAX MIN 

V1k Vcc=MIN, l1=-18mA -1.5 

VOH Vcc=MIN, loH=MAX 2.4 3.2 2.4 

VOL Vcc=MIN. 2 10L=.MAX 0.26 0.4 ..::c:..· 

IOZH 
Outputs 

Vcc=MAX. Vo=2.7V 
20 

110 portl 100 

•ozL 
Outputs 

Vee= MAX. Vo=0.4V 
-20 

.1/0 ports -250 

•1 
Mlnput 

Vcc=MAX, V1=5.5V 
0.2 

All others 0.1 

l1H 
Mlnput 

Vcc=MAX. V1=2.7 v 
40 

All others 20 

ltL 
Mlnput 

Vee= MAX. V1=0.4V' 
-0.4 

All others -0,2 

lo§ Vcc=MAX, Vo= 2.26 V -30 -125 -30 

ice 
-1 Pans Vcc=MAX, V1=0V, 150 200 
-2 Pans Outputs open 75 100 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
*An typical values are Vee = 6 V, TA = 25°C. 

TYP* MAX 
-1.5 

3.3 

o.a5. 0.5 

20 
100 

-20 
-250 

0.2 
0.1 

40 
0.1 

-0.4 

-0.2 

-125 

150 200 

75 100 

§The output conditions have been chosen to produce a current that closely approximates one half the tr_ue short-circuit current, los· 

'PLT19R8, 'PLT19R8, 'PLT19Jl4timing19qUirernents 

fclock 

lw 
lsu 
tsu 
th 

-1 PARTS - MiN 
Clock frequency 0 
Clock pulse duration, clock high or low 12 
Setup time, D input before ilili!!_ 
Setup time, input or faecl;laektiel6i'iiOCJTCLKt 15 
Hold time, input or feedback before OUTCLKI 0 

TEXAS 
INSTRUMENTS 

MAX 

30 

POST OFFICE BOX 22!012 o OALLAS, TEXAS 75265 

-2PARTS 
MIN MAX 

0 30 
12 

f5 
0 

UNIT 

v 
v 
v 
v 

mA 
mA 
oc 

UNIT 

v 

v 

v 

µA 

µA 

mA 

µA 

mA 

mA 

mA 

UNIT 

MHz 

ns 

ns 
ns 
ns 

45 
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IVVltcM'ng chariicteriltlcs over recommended operating free-air tempM'lture rangeJUhl"* otlMffWlllt 
noted) 

,, 
'"iNPUT' TOT -1 PARTS -2PARTS 

PARAM£TEfl FflOM TO 
•ODE CONDtrfONS MIN TYPt MAX MIN TYPt 'MAX UNITJ 

fmax Frther 30 "20 MHz 
_,Ii!!!_ 1,1/0 vo.o Either 16 I- 25 ... 
ii![ OUTCU< I a Eitl\er 12 20' M 

ten ~I a Either 8 15 ' ris 

lcfi• :~ a Either 6 12 n• 
~ IN'!_ 110.0 Liltched 16 25 "' ten INLE 110.0.0 Liltched 25 -35 ns 

tclis INLE 110.o:oc, 't.atched'-;- -1; ,,F 20 I '~ ,• "ml 

~ l/D 110.0 Bllffered: ,,,::,,,. - 20 30 ns 
ten ,', : ~/D, 1/0, '110- llu(fered .;.;:_;.' 22 ' 32 

. ,, 
ns 

'i!lt_ VD.VO VO Buffered 17 26 " ns 
t AH typical value• aro Vee s 5 v, TA = 25°C. 

~ :' 

PRELOAO PROCEDURES 

5,V_/ 
vcc 

OV 
\__ 

'} _.,·; .. 

VERIFY O'n + 1 

'VOL ,1 
I 

-I~ J-, 
-,ou:~~ ~:~----------------------------:--------n .. __ , ___ _ 

FIGURE 1....:PRELOAO VOLTAGE WAVEFORMS 

preloed procedure for registered outputs 

Step 1 

Step2 

Step3 
Step4 
Step5 

Step6 
Step 7 

Pin 13 to VJH, Pin 1 to VtL· and Vee to 5 volts. 

Pin 14 to VtHH· 
Apply an open circuit for a low and VtHH for a high at the Q outputs. 

Pin 14 to VtL· 
Remove the voltages applied to the outputs. 

Pin 13 to VIL· 
Check the output states to verify preload. 

l~ltQ'S: 
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·TYHSSff .. Pllt$l8. •fiWltf9ft4, JIMPlT1 •• SIMPl.JJtR8 . 
. Sl74PtT19t8, .. S#74Pt'ftW, ft74Pt'f1R,:Sf74ell1tft8 

tAT'.Cft£D41PUT· ftxlft .. Oft AR.MYS 

pin assignments in prQgremming mode f PGM ENABLE. pin 1 or 11, et ViHH~ 
PRODUCT TEAMS 0 THAU 31 

(TOP VIEW) 

PGMENABLE Vee 
PIO 

P03 
Pl2 P02 

1'13 P01 

POO 
PIS PNJ 
Pl6 PA1 

PA2 

LIA 

lNi:E 
GND PGMVERIFY 

•No programming function. Make no connection. 

TABLE 1-INPUT LINE SELECT 

INPUT PIN NAME 
LINE 

NUMBER Pl9 PIS Pl7 Pl6 PIS P14 Pl3 P12 Pl1 PIO LIA 

0 HH HH HH HH Hit HH HH HH HH L z 
1 HH HH HH HH HH HH HH HH HH H z 
2 HH HH HH HH HH HH HH HH HH L HH 
3 HH HH HH HH HH HH HH HH HH H HH 
4 HH HH HH HH HH HH HH HH L HH z 
5 HH HH HH HH HH HH HH HH H HH z 
6 HH HH HH HH HH HH HH HH L HH HH 
7 HH HH HH HH HH HH HH HH H HH HH 
8 HH HH HH HH HH HH HH L HH HH z 
9 HH HH HH HH HH HH HH H HH HH z 

10 HH HH HH HH HH HH HH L HH HH HH 
11 HH HH HH HH HH HH HH H HH HH HH 
12 HH HH HH HH HH HH L HH HH HH z 
13 HH HH HH HH HH HH H HH HH HH z 
14 HH HH HH HH HH HH L HH HH HH HH 
15 HH HH HH HH HH HH H HH HH HH HH 
16 HH HH HH HH HH L HH HH HH HH z 
17 HH HH HH HH HH H HH HH HH HH z 
18 HH HH HH HH HH L HH HH HH HH HH 
19 HH HH HH HH HH H HH HH HH HH HH 
20 HH HH HH HH L HH HH HH HH H_H z 
21 HH HH HH HH H HH HH HH HH HH z 
22 HH HH HH HH L HH HH HH HH HH HH 
23 HH HH HH HH H HH HH HH HH HH HH 
24 HH HH HH L HH HH HH HH HH HH z 
25 HH HH HH H HH HH HH HH HH HH z 
26 HH HH HH L HH HH HH HH HH HH HH 
27 HH HH HH H HH HH HH HH HH HH HH 
28 HH HH l HH HH HH HH HH HH HH z 
29 HH HH H HH HH HH HH HH HH HH z 
30 HH HH L HH HH HH HH HH HH HH HH 
31 HH HH H HH HH HH HH HH HH HH HH 
32 HH L HH HH HH HH HH HH HH HH z 
33 HH H HH HH HH HH HH HH HH HH z 
34 HH L HH HH HH HH HH HH HH HH HH 
35 HH H HH HH HH HH HH HH HH HH HH 
36 L HH HH HH HH HH HH HH HH HH z 
37 H HH HH HH HH HH HH HH HH HH z 
38 L HH HH HH HH HH HH HH HH HH HH 
39 H HH HH HH HH HH HH HH HH HH HH 

L- VIL· H = V1H. HH = V1HH· z =high tmpedenca (e.g ... 10 kn 10 5 V) 

TEXAS 
INSTRUMENlS 

PRODUCT TEAMS 32 THAU 63 
(TOP VIEW) 

Vee 

l/R 
·PNJ 

PAt 
Pl4 PA2 

P15 P03 

Pl6 P02 

Pl7 P01 

PIS POO 
iNlii 
PGM ENABLE 

TABLE 2-PAOOUCT LINE $ELECT 

PRODUCT Pl.NNAME 
LINE 

NUMBER POOP01 P02 P03PA2 PA1 PAO 

o. 32 z z z HH z z z 
1, 33 z z z HH z z HH 
2. 34 z z z HH z HH z 
3,35 z z z HH z HH HH 
4, 36 z z z HH HH z z 
5, 37 z z z HH HH z HH 
6, 38 z z z HH HH HH z 
7,39 z z z HH HH HH HH 
8.40 z z HH z z z z 
9,41 z z HH z z z HH 

10,42 z z HH z z HH z 
11,43 z z HH z z HH HH 
12,44 z z HH z HH z z 
13.45 z z HH z HH z HH 
14,46 z z HH z HH HH z 
15,47 z z HH z HH HH HH 
16,48 z HH z z z z z 
17,49 z HH z z z z HH 
18,50 z HH z z z HH z 
19, 51 z HH z z z HH HH 
20,52 z HH z z HH z z 
21. 53 z HH z z HH z HH 
22. 54 z HH z z HH HH z 
23,55 z HH z z HH HH HH 
24,56 HH z z z z z z 
25. 57 HH z z z z z HH 
26. 58 HH z z z z HH z 
27,59 HH z z z z HH HH 
28.60 HH z z z HH z z 
29. 61 HH z z z HH z HH 
30, 62 HH z z z HH HH z 
31, 63 HH z z z HH HH HH 
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programming parameters, TA "' 25 "C 

MIN NOM MAX UNIT 

Vee Verify-level supply voltage 4.5 5.0 5.5 v 
V1H High-level input voltege 2 5.5 v 
VtL Low-level input voltage 0.8 v 
':!2._H High-level output voltage 5.5 v 
V1HH Program-pulse input voltage 10.25 10.5 10.75 v 

PO 50 

Program-pulse input current 
PGM ENABLE, lJR 25 

l1HH mA 
Pl, PA 5 

~ .· 400 

tw1 Program-pulse duration at PO or 1/0 pins 10 50 µ.s 

tw2 Pulse duration at PGM VERIFY 100. ns 

tau Setup time 100 ns 

th Hold time 100 ns 

~1 Delay time lrom Vee to 5.6 v to PGM VERIFY I 100 µ.s 

~2 Delay time from PGM VERIFY I to valid output 200 ns 

~3. Delaytjma _;;_ 100 ns 

Input voltage at pins 1 and 13 to open verify-protect (security) fuse 20 21 22 v 
Input current to open verify-protect (security) fuse 400 mA 

Pulse duration to open verify-protect (security) fuse 20 50 ms 

983 
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1'¥PES SN54Pl119l8,·SIMPLTflR4)Sll4PLTtlRl,UMtlfJW, 
S174PLTI llt/Sfl74PlT19R4.'ft74PtTHR8, •T4Pllt• 

,tATCHE8'1NPUT,flXmlOl\lRlfAYS 

PGMENABLE) 

•su~ 

~------ V1HH 

:~VIL 
.jl+th 

SELECTED 
Pl, LIR. PA PINS 

ISEUAILES 
1AND2) 

r-----------------------..·--r- ~ ----- V1HH 
I 
I 
I 
I 

... i+-tsu 

I 
I 

:+: r-tw - . 
INLE __ _..: ... n------------------------------------------ ::~ 

I i .A ~- ---------------------------- V
5

VIHH 

vee ----+1 .., , i' 
-----l~~---f"="!.~t---------------------- ov 

I 1-tw11j ____ ;..I_ ____________________________ V1HH 

SELECTED I I. 
PD PINS .....,.....,.,_.,...,.I : VOH 

!SEE TABLE 2) 
'"" __ _.._.. ..... _.._..._..~~- VOL 

V1H 
PGMVERIFY 

--------------- VIL 

<D A mgn level during the verify interval mdicl9tel the( progr.-mming hH not been successful. 
© A tow level during. the verify_ interval indicites that programmtnt has been successful. 

FIGURE 2 - ARRAY PROGRAMMING WAVEFORMS 

programming procedure for array fuses 

Array fuses are programmed using a linear select method. Each fuse can be opened by selecting the appropriate (one 
of 401 input line and then pulsing the correct (one of 64) product line. The levels for selecting input lines and product 
lines are shown in Tables 1 and 2. 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 
Step 6 
Step 7 

Raise PGM ENABLE to V1HH· 
Select an input line by applying appropriate levels to L/R and Pl pins. 
Begin selection of the output line with appropriate conditions on PA pins (see Table 21. 
Pulse iNlE to V1HH· 
Raise Vee to V1HH· 
Blow the fuse by pulsing the appropriate PO pin to VtHH as shown in Table 2 for the product line. 
Return Vee to 5 volts and pulse PGM VERIFY. The PO pin selected In Step 4 will be less. than VoL 
if the fuse is open. 

Steps 1 thru 7 may be repeated if the verification does not indicate that the fuse was successfuNy programmed (blown), 
but no morl! than 4 times. Verification is possible only with the verify-protect fuse intact. 

To prevent further verification, two last fuses may be tilown by raising pin 1 and pin 13 to 21 volts ± 1 volt. Vee 
is required to be at 0 during this operation. 
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........ l'tUJ .... f-4.l~J-911; ... tTfR 
1:111WJ1~1W:.*l1ft'l<1a.a11PL11IRa 
.·~IPDT'fllENBMMYS 

vcc 

l/OINPUTS 

PIN14 

itNLll 

PIN22 
CL/R) 

PIN16 
(OUTPUT) 

.PIN t 
l!)UTCLKl 

V!HH p.,,.--.· .-..,-.-.· - .·' !\ PROGRAM 11. VERIFY 
IV---• · · I ~------------------ · 

Ov :, : I \ · ·. : j Jtw1 I t -----
V1HH -------- ..... --- . I l 

·~- i t !..i 'cl3 ,., ~'cl31. --__;VIH 
I r I • I t§....f 

V1L -------;-+-" I 
. I : I : I ·,· I 

V1Ht1 .;. _ - - --t::.t, "J_ ... ~ H -; t1-""' t.13--:-. -------.\· 
V1L .Y ~I I I y l ""i ____ _ 

V!HH --------=----------;.1-~ J . : : \ .· .. . .. , l . I I 
. tca-. I I I 

1 It I I I I 
V&L 1 I : : '<13--: ~ I .__ __ 

I I I I 1 l. 
VIHH ------------------~~I I~ :-'cl3 

to-.i . I I 
Z I 

I I z • . •. . ·.·. . .·· · ... , . 1 · ., I 

. tpd.i.i \ .. !: tpd~.~--VOH 
I II . ~ I ----VOL i......J · f~ l-teu 

·::~ -~-..,..------.-..,------..,------..,-----fu_h'------------

FIGURE 3 - ARCHITECTURAL FUSE PROGRAMMING WAVEFORMS 

programming procedure for arcllitectural fu•• ( ... No~ 21 

Step 1 
Step2 
Step3 

. Step4: . 

Step& 
Step6 
Step7 
Steps 

Step9 

Step 10 

Apply tow levels to en 1/D pinnnd 6 volts to tM'Vcc pin. 
Raise Vee pin to VtHH· 
Raise fAI1 pin to VJHH· 
To program a D input pin into ant input pin pulse th8'selacted pin to VIHH· 
tower 1Rt:E10 vll end Vee to & volts. 
Raiaa pin 13 and all 110 input pins to V1HH· 
Set pin 22 to Z to aelect pins 2 thru 11 or aet pin 22 to VtHH to select pin 23 . 

. Raise iNLE 10 V1HH. 
To verify that fosehaii been blown, pulse serec:t I Pin ftoin VrHH to VrL. then to VtH and back to VrHH 
while plockingpin 1. ff output at pin 16.folk>ws tile.I input tl\a fuse Ila• been blown. 
Repeat above steps 1 thru 9 for each D input to be Jlf!lllr•mmed into an I input. 

NOTE 2: Refer to pin auignments in operating mode for programming Mlected VD pina from D inpull to I inputs. 
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TYPES Sl54PLT19R8. SN74PLT19R8 
LATCHED-INPUT FIXEo:oR ARRAYS 

INPUT LINES 

0 4 8 12 16 20 24 28 32 36 

110 @. 2 H tt=l::\:t:l::::t:l:l:~::l:t::l:l:tt=l:tl:j::::t1r:l:t:=\:l:tt=l:tl::j:::l::l:l:t:::;lfi1= 
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PLA APPLICATIOIS 

FIELD PROGRAMMABLE LOGIC 

INTRODUCTION 
Texas Instruments Field-Programmable Logic is the result of combining established Advanced I.Ow-Power Schottky 
technology with the familiar Titanium-Tungsten (TiW) fuse'link technology used in PROMs to produce a family of 
powerful new user-programmed devices. Not everyone is familiar as yet with the Field-Programmable Fixed-OR Array· 
(FOA), Logic Sequencer (FPLS), and Logic Array(FPLA). The highlights below are presented to start the process of 
familiarization by describing some of tha unique advantages available to the designer who can create custom logic on 
demand to meet special requirements. 

• Package count reduction compared to standard catalog SSI and MSI logic. 

• Lower cost due to reduction in substrate or PC area, connectors, overall system size, and assembly labor. 

• Improved.reliability.through fa-r .interconnects (IC bond wires, solder connections, through-holes in PC 
boards, connector contacts) and simplified substrate circuitry. 

• Circuit flexibility that will adapt to custom applications. 

• Shorter design cycle as compared to special-order devices. 

Field-Programmable Logic is intended to integrate functions .normally implemented with standard gates. flip-flops. 
and MSI. It can be used to reduce miscellaneous.logjcpackage count, or as ""glue" around high-density LSI circuitry 
(i.e., microprocessors and gate arrays). It is positioned as a "'gap filler" between standard catalog logic devices and 
large-scale integration. 

,... -------~----------· , CATALOG LOGIC I 
FIELD-PROGRAMMABLE LOGIC 

I GATE ARRAY/LSI 
I I 

.l .1 

LOW ---------DIGITAL LOGIC COMPLEXITY SPECTRUM---------- HIGH 

DEFINITIONS AND SYMBOLOGY 
Just as logic symbols simplified schematics, the new terms and symbology presented here will simplify array logic 
diagrams for programmable devices. New terms will be highlighted by italics throughout the text. 
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PU APPL1CATIDIS 

SYMBOLOGY 

All the products presented are variations of a basic two-array architecture. A typical Field-Programmable Logic device 
may have over 100 gatesand in excess of 1000 fuses. Because of this, it is necessary to devise a shonhand symbology 
to simplify logic diagrams. The logic diagrams used in this data. book will adhere to the symbology presented below. 

First, view a conventional two-input ANO gate. Inputs are designated as A and B. The output function of the AND gate is 
tlie product of the inputs (F = A·Bi. 

A::::o-F=A•B 
INPUT B OUTPUT 

FIGURE 1 

Now redraw the same logic element using array symbology (Figure 21. Notice that the AND gate is represented as 
having a single input called a product line. The input terms are shown as lines perpendicular to the product line. The 
output (product term) is the product of the input terms. 

INPUT TERMS 
A B 

PRODUCT~.F=A·B 
LINE ~ OUTPUT(PRODUCTTERM) 

FIOURE2 

In the following figure wa will extend the symbology to develop a simple programmable array element. First, notice that 
buffers have been added to the inputs. These buffers make available both true and complement states of any input to 
the product lines. Second, notice that another AND gate has been added. The intersection of the input terms and 
product lines form a 4 X 2 AND array. 

INPUT TERMS 

.... 
PRODUCT{! 
LINES I 

,~ ..... ~ ............ ~,i--~--11 

I AND ARRAY I 
l-------..J 

FIGURE3 

Third, the product terms of the AND gates are summed with an OR gate. The output function is now the sum of 11roducts 
of the input lines. 
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PLA APPLICA TIOIS 

To make the structure in Figure 3 useful, provisions must be made to program the AND array. Programming is dona 
by means of fusible TiW Unks. A fusa is located betwean the input term and the actual input to the AND gate (see 
Figure 4). In our special array syrnbology, a fuse is visualized to exist at each intersection of the input terms and 
product lines. 

A 

B 

PRODUCT 
LINES 

INPUTTE:RMS 

~ 

F 

I ra 
L AND ARRAY . I _______ ... 

FIGURE4 

Now we can express the output function Fin terms of the inputs. Notice thatfusaaf2, f3, f6, and f8 have been blown 
and A and i are still connected to AND gate #1 through fuses f1 and f4. Wkewisa, A and Bare connected to AND gate 
#2 through fusas f6 and f7. The output can now be expressad es F = AB+ AB. 

A compact representation of the unprogrammed version of Figure 4 using the rules explained in Section 6 of the ALS/ AS 
data book is shown in Figure 5. 

& 
4X2 

[ARRAY] 

FIGURE& 

2 

Figure 6 will further show how the function F = AB + AB is represented in our array symbology and will presant the 
convention used to show the fuse states in a programmed array. This convention simply places an X atthe intersection 
of each input term and product line for which an intact fuse is required. Blown fuses will be represented by the absence 
of en X at the appropriate intersection. 
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Unused product lines, where all fuses are left intact, can be noted with an X in the AND symbol. This productterm will 
always be inactive(i.e., have no affect on any sum term in which it appears). If all fuses are blown on a product line, the 
output containing this product term will be disabled (i.e., forced high). Exercise care in programming to avoid this 
condition. 

NOTE: ALL FUSES BLOWN ON A 
PRODUCT LINE AESUL TS IN 
A DISABLED OUTPUT 

A 

FIGURE& 

The symbology is further extended to include the two-array circuit structure, which is the ba&ic Field-Programmable 
Logic architecture. Figure 7 is a two-array logic diagram. In earlier examples, the AND gates were summed in a single 
OR gate. In the two-array structure, the AND gate outputs enter a programmable OR array. The OR array allows any 
product term to be included in the sum term of any output or in all outputs. 

A 

c 

PAOOUCl 
LINES 

INPUT TERMS 

r-
1 
I 
I 
I 
I 
I 
I 
I I 
l_ - ..,!N~A~A.:::.. - .J 

FO., ABC 
F1 =ABC+ AB 
F2 "' ABC +Be +AC 

FIGURE7 
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All of the Field Programmable Logic circuits described in this data book are Vllfiations of the two-array architecture. 
Variations will include output registers, Internal feedback, feedback registers. and fixed OR arrays. Figures 8, 9, and 10 
represent simplified versions of three specific families of Field-Programmable Logic. 

FIELD-PROGRAMMABLE LOGIC ARRAY (FPLA) 
The basic two-array structure developed in the symbology section is more commonly referred to as a Field­
Programmable Logic Array. A useful addition to this structure would be an output-enable function as shown in the 
generalized FPLA diagram below. 

ENABLE 

IO 

In 

PRODUCT{ LINES 

INPUT TERMS 

,---/'--.. 

000000 

OUTPUTS-+ FO 

FIGURES 
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FIELD-PROGRAMMABLE LOGIC SEQUENCER IFPLS) 
Field-Programmable Logic Sequencers (FPLS) are designed to solve state-machine problems of the Mealy type. Based 
on the FPLA structure, they include flip-flop elements in feedback paths between the OR and AND arrays as shown in 
Figure9. These flip-flop elements can be of the D type or J-K type. Logic levels from the OR array can also be stored in 
flip-flop elements in each output. 

PRODUCT{ 
LINES 

L:E~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

oe~~~~~~~~~~~~~~~~~~~~~~~~~~~--. 

--t--t~+-+--+-+~1-il---t 

01 

01 

• 
• 
• 

FIGURES 
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FIXE.D-OR ARRAYS (FOAi 
The Fixed-OR Array is a special case of the FPLS that is capable of solving Mealy-type state-machine problems. The 
FOA does not have a Programmable-OR Array. Product terms are partitioned and allocated to specific outputs. All 
product terms allocated to an output are summed with a single OR gate. Output feedback, as well as registered inputs 
and outputs, are added to the structure to increase logic utility. Figure.10 includes generalized diagrams of various FOA 
structures. 

0 

0 
INPUTS 0000 

0 

0 

CLOCK 

0 

0 
INPUTS 0000 -----oouTPUT 

0 

0 

FIGURE 10 

DESIGNING WITH FIELD-PROGRAMMABLE LOGIC ARRAYS 
The basic logic implementation of Field-Programmable Logic devices is the previously developed AND-OR array. 
Additions to this structure provide unique functional capabilities. This section will review these logic structures. 

INPUTS 
All data inputs are configured to provide both true and complement components to the AlllD array. These inputs are 
either buffered or registered. Control pins also exist for enable and clock functions. 
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The normal array input is through a buffer with true and complement outputs of the buffer made available to each 
product line thTough a TM/ fuse. 

Some device types in the Field•Programmilble Logic family have programmable latched inputs. With the latch fuse 
intact, the input acts as an edge-triggered 0-type register or transparent latch depending on device type. The true and 
complement outputs of the input latch are made available to each product line through a latch fuse. With the latch fuse 
blown, the input latch is converted into a normal buffered input (see Figure 11 ). 

REGISTER FUSE INTACT 

D-TYPE REGISTER 
FUNCTION TABLE 

CLOCK D a 
t H H 

t L L 
L x Oo 

l5 
L 
H 

a;;-
Clo= THE STATE OF 0 BEFORE CLOCK t 

tit fuH it; intect. data enters on the low-to high tr•nsitton of the dock. If the fuse-is blown, the register becomes permanently trantperent and is equivalent to a 
normal buffered input. 

LATCH FUSE INTACT 

TRANSPARENT LATCH 
FUNCTION TABLE 

ENABLE D a 
H L L 
H H H 
L x Oo 

l5 
H 
L 

rlo 
0o = THE LEVEL OF 0 BEFORE ENABLE I 

i1t1use is intact. data enters while the control input is high. If the fuse is blown. thaletch becomes permanently transparent and is equivalent toa normal buffered 

REGISTER/LATCH FUSE BLOWN 

(OPEN) 

FIGURE 11 
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CONTROL PINS 
Clock and latch-enable pins allow external control of input and output latches. Output enable controls the operation of 
the registered three-state outputs. 

OUTPUTS 
Various output configurations provide a design flexibility not previously available to the designer using catalog logic. 

• PROGRAMMABLE 1/0 - The combinational output of the FOA incorporates3-state drivers if the enable function 
is logically controlled by the AND array (see Figure 12). This allows the output to be programmed as an input, an 
output, or logic-controlled 1/0. 

• 3-STATE OUTPUTS -The FPLA and FPLS have output enable pins available for 3-state control, and the registered 
outputs of the FOA are controlled by a common output enable. Three-state control of the combinational outputs 
of the FOA is accomplished through programming as described earlier. 

PROGRAMMABLE 3-STATE OPERATION 
ALL FUSES BLOWN ... NORMAL OUTPUT 
ALL FUSES INTACT ... OUTPUT IN HIGH-Z STATE 
FUSES SELECTED ... PROGRAMMED 1/0 

INPUT 

FIGURE 12 

• REGISTERED OUTPUTS - The FPLS and some FOA's have latches on their outputs. The FPLS has a transparent 
latch on each of its 6 outputs. The output function levels are stored by a common asynchronous latch enable pin 
LE. 

TRANSPARENT LATCH 
FUNCTION TABLE 

LE D Q 

L L L 
L H H 
H x ao 

Cl() = THE LEVEL OF Q BEFORE LE t 
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INPUT 

The output(D) latch on the FOAstores output levels with a low-to-high transition of the clock. This structure also 
provides feedback of 0 through a true and complement buffer to the Programmable AND array. 

• OPEN-COLLECTOR OUTPUTS - Some devices have open-collector outputs available. These outputs may be 
wire-ANDed (active-high)or wire-ORed (active-low). This feature requires no external logic. which would add to 
the component count and propagation delay. 

• POLARITY SELECT - Circuitry provides a polarity select fuse for each FPLA output. The function of these fuses is 
shown in Figure 13. 

ENABLE 

IO 

In 

FEEDBACK PATHS 

PO 

0 
0 
0 
0 
0 
0 
0 
Pn 

I 
POLARITY FUSE 

INTACT: OUTPUT= PO• Pl+ .. • Pn I 
BLOWN: OUTPUT= Po · P1 · ... · Pn I 

'-----

FIGURE 13 

OUTPUTS 

., 
I 
I 
I 
I __ J 

The 0 feedback of the output register of the FOA (see Figure 14), provides the basis for implementing sequential 
functions. The FPLS (Figure 15), is designed to solve state-machine problems of the Mealy type. It contains four J-K 
flip-flops completely buried in the feedback path betweer:i the OR and AND arrays. 

CLOCK 

FIGURE 14 
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0-lYPE REGISTER 
FUNCTION TABLE 

CLOCK D a 0 
H H L 

I L L H 

L x Clo Oo 
Cl()= THE LEVEL OF Q BEFORE CLOCK I 
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LOGIC BLOCK EQUIVALENCE 
Now that the individual circuit functions hevebeen discussed, we will review the implementation of each of the basic 
logic functions (AND, OR, NANO, NOR, and exclusive OR). Figure 16 presents a comparison of basic logicfunction, the 
logical equivalent, and the implementing logic diagram for a nonregistered output. 

BASIC LOGIC 
FUNCTION OESIREDt 

AND 

:::o-M-A•B 

NOR 

c~-
0~N-c+o 

OR 

:::D-0-E+F 

NANO 

G---r-\..__ -
H~P-G•H 

LOGICAL IMPLEMENTING LOGIC DIAGRAMS 
-EQUIVALENT 

A 

H 

EXCLUSIVE ~ I 
OR 

l~-J 
J~·J 

J 

EXCLUSIVE P-NOR 

K~·: 
L~·L 

t ASSUMES POSITIVE LOGIC 

FIGURE 18. COMPARISON OF BASIC LOGIC FUNCTIONS 

REFERENCE INFORMATION 
Comprehensive comparisons of low-Power Schottky (LS), Advanced Schottky (AS), and Advanced Low-Power 
Schottky (ALS), as well as details for circuit design, are presented in our Application Report Number 8215, "Series 
54ALS/74ALS Schottky TTL." Application Report 8215, used in conjunction with the data sheets for the specific 
device, will allow confident designing with Field-Programmable Logic. 
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PROGRAMMING FIELD-PROGRAMMABLE LOGIC 
Each device data sheet includes a programming .procedure that defines the conditions for programming. Programmers 
are commercially available for most devices with equipment for future devices in development. Listed below are some 
of the manufacturers of programming equipment. 

• Cybernetic PGM Systems 
•Data 110 
• Kontron 
• Pro-Log 
• Stag Systems 
• Structured Design 

• Curtis Electro Devices 
• Valley Data Sciences 
• Storey Systems 
• Varix 
• Sunrise Electronics 

Device design has been coordinated with Data 1/0 and their Model 1 9 has been used throughout design and 
characterization. For a current list of certified programmers, please contact your local Tl sales representative. 

Programming FPLAs and FPLSs is largely manual. Computer-controlled programming capability currently exists for 
20-pin Fixed-OR Arrays. Control is by means of computer software, which is available from the manufacturer. Software 
for 24-pin Fixed-OR Arrays is under development and will be included in later application notes. 

PREPARATION AND PROGRAMMING 
Regardless of the type of equipment to be used for actually programming devices (blowing fuses), the basic design and 
programming requirements are the same. Figure 17 presents a simplified flow chart of programming options. 

Since the Fixed-OR Array affords the widest variety of parts and output options, it will be used for both the manual and 
computer-aided examples. First, we will describe the circuit selected for the example, then discuss the specific steps 
required prior to programming the parts. 

MANUAL PROGRAMMING 

GENERATE STATE TABLES 
(OUTPUT VS INPUT) 

ASSIGN PIN NAMES 

GENERATE OR SELECT AREA 
FROM LOGIC DIAGRAM 

WRITE BOOLEAN EQUATION 

MARK LOGIC DIAGRAM 
FOR DESIRED FUSE CONDITION 

FORMAT FOR PROGRAMMER 
INPUT PEA MANUFACTURER'S 
INSTRUCTIONS 

LOAD DATA TO 
PROGRAMMER RAM 

JNSERT DEVICE ANO 
BLOW FUSES 

PROGRAMMED 
PART 

COMPUTER AIDED PROGRAMMING 

GENERATE 
SPEC 

GENERATE 

AND/OR 

INPUT 

DATA 

SELECT 
OUTPUT/S 

LOAD 
ASSEMBLER 

OUTPUT 
DOCUMENTATION 

• FUSE PATTERN 
• CHOICE OF FORMAT 
• QUANTITY OF FUSES 

TO BE BLOWN 
• EQUATIONS 

ENTERED 

FIGURE 17. SIMPLIFIED FLOW CHART OF PROGRAMMING OPTIONS 
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PROGRAMMED EXAMPLE 
Figure 18 is a partial schematic of the decoding portion of e commercially used video controller as implemented with 
standard catalog 551 logic. Circuit analysis reveals that this circuit is primarily a waveform generator designed to 
decode the state of the 5-bit counter. The edge-triggered latches are clocked and cleared with respect to the clock(CK) 
input. Figure 19 is the timing diagram generated to establish the individual waveforms. The labeling defined in the 
legend of Figure 1 B will help understand the partitioning used to implement this circuit using Fixed-OR-Arrays. Most of 
the original circuit can be implemented by a direct function for function conversion, however, some rearrangement is 
required to take full advantage of the flexibility of the Fixed-OR-Arrays. Since the FOA has a common clock and no 
clear.I must be developed as shown in Figure 20. 

NOT INCLUDED IN 
PROGRAMMABLE ARRAY LOGIC 

IMPLEMENTATION 

)._ 
/ ', 

I X2 

lwRPI 

DA t--\-t-....._..J 

I 
I 
I 
I 

LEGEND: 

Q EXTERNAL INPUTS TO 
- ORIGINAL CIRCUIT 

Q 1/0 - SELECTED NODES FOR 
CIRCUIT PARTITIONING 

0 OUTPUTS OF PROGRAMMABLE 
DEVICES 

FIGURE 18. DECODING PORTION OF VIDEO CONTROLLER WITH STANDARD CATALOG LOGIC 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



CK 

16 

X3 __J 

I 
L-
1 

Y1 ~~~~~~-r;-t--

Y2 ...J""I--------~ I I 
Z1~ 

Z2 ..:"._ ______ _.r 7L. 
Z3 --., I I -

I I 
I I 

I 1 I 
111 TlV ~ ..... _________ _ 

T12V ________ _,!.~ 

I 
T13V _1_1 _______ _.•-:_ 

I I 

CIRCUIT WAVE FORMS 

T1 ..J"l .... ______ ...:.._~ } 
,.,.,~ 

-, I ----------L__ o in 

1s ~ I 

I 

P1 

IP4l 
_____ _,r .. .._ _____ _ SAP, VBFIP. BP 

WAP - -"'L-

PLA APPLICATIOIS 

I 31 I o 

FOA EQUIVALENT WAVE FORMS 

ti-- DA & LC LATCHED INT CONTROL LATCH 

::::--!:: DA & LC VALID J 
COUNT 15 

FIGURE 19. TIMING DIAGRAM FOR VIDEO CONTROLLER (SEE FIGURE 18) 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

71 



72 

PLA APPLICATIONS 

By partitioning the circuit as shown in. Figure 18, a pin assignment can be made and the most suited Fixed-OR Array 
selected. In this example, the 'PL 16R6 and 'PL 16L8 have been selected. The logic diagram for the equivalent circuit as 
implemented using the selected devices are shown in Figure 20 and Figure 21 respectively. Figure 22 presents thjl 
detailed schematic of the counter. The counter implementation is a part of the 'PL 16R6 represented in Figure 20. 
Figure 21 is included only to complete the conversion example (programming is not shown). The combination of (1) 
feedback buffers as inputs with true and complement, (2) input true and complement, (3) common clock for 0 latches 
and the selectable use of each inputallows the entire circuitshown in Figure 18 (excluding the one device circled) to be 
replaced by two array-logic devices. This results in a part count reduction of 17 to 2 (88%) and an interconnect 
reduction of 83% plus the reduction in printed circuit board complexity and area. 

1 =O'i 
2·01•02+ffi •02 
i"' 01. Q2. 04 +Qi. 04 

+02·04 
i•01•02•04• Qi 

+ ffi 0 ae+Q2 •OB 
+04·08 

ii=a1. 02°04· as. Q'ii 
+a; • 016 + 02. 016 
+Qi. 016. 

iiT 
CKX 

2 

ii 
i6 

T12V 

T13V 

X3 

IF(OIS •PAY) 

Cc=iii'· CKx • 1 ..... ii.,.. 

T 

VT·CKX·'f·2 •4•i·'ii + 
VT·CKX·1·2·4·i·16 + 
X3 · DC+IC 

IC"' VT. CKX. 1 • 2 • 4. i . ii + 
Vf·CKX ·1'·2·4·'i·fi + 
VT· CKX ·1"·2·4°8°T6 + 
X3·DC+X3+T 

1----il--i~~- BUSED 
CAN tiE USED AS TEST POINT 

I= 1. 2· 4. s-16. DA. LC ·VT+VT· 1 

FIGURE 20. VIDEO CONTROLLER IMPLEMENTATION, DECODE NUMBER 1 FOR 'PL16R6 
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PLA APPl.ICATIOIS 

WRP ~ 4 + 8 + 16 +"CC 

BRP = 1 + 2 + 4 + 8 + 16 + lc 

VBRP 1 +::? + 4 + 8 + 16+X1 

BP = 1 + 2 + 4 + 8 + 16 + X2 

AP~ X2 + X3 

X3 = CKX • 1 · 2 • 4 • 8 • 16 + 
2·4+8+16 

FP = XT + XJ 

Pl{ f ~ •0 ,.HHH>: 
16~ ( 

FIGURE 21. VIDEO CONTROLLER IMPLEMENTATION, DECODE NUMBER 2 FOR 'PL16LB 
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CK------. 

T6 

OT· 016 + O~ • 016 + 

O'l' • 016 + Ol! • 016 

FIGURE 22. FIXED-OR ARRAY I-BIT COUNTER IMPLEMENTATION 
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MANUAL PROGRAMMING EXAMPLE 
Now that logic equations have been generated in Figure 20 and Figure 21 as a result of the analysis and restructuring of 
the circuit implementation, we are ready to prepare for programming the devices as follows: 

1. Take a copy of the logic diagram for the selected device (see Figure 23). 
2. Label each output. 
3. Assign names to each input. In Figure 20 the inputs are circled and the outputs enclosed by a square. 
4. Mark the location of each fuse required to implement the equations. Note that all inputs to the array for outputs 1 

through 16 are from the feedback buffers. Example: 2 on pin 17 is fed back to input lines 10 and 11. 

To implement the equation 2 = 01 ·02 + 01•02, place an X at the intersection of 
INPUT LINE PRODUCT LINE 

7(01) 16 
10(02) 16 
6(01) 17 

11(02) 17 
NOTE: The inputs DIS and PAY are not on the original schematic. They have been used here to demonstrate (1) the 
simplicity of programming for three-state control, (2) the IF statement for the computer-aided program, and (3) the 
device versatility. 

5. The preparation for programming the device is now complete except for formatting the fuse locations to comply 
with the input requirement of a particular programmer. Since equipment manufacturers have not yet 
standardized on address and data input formats, refer to the programming instructions for your particular 
programmer. 

COMPUTER-AIDED PROGRAMMING 
Programmers are available with interface packages that will allow the simplification of inputting data. Options vary 
from the ability to output from paper tape to direct terminal or computer control. Many data formats are also available 
for the remote controlled programmers. Examples of acceptable formats include HEX, BHLF, and BPNP. 

NOTE: Since the programming results cannot be verified after the security fuses are blown. a separate test fixture is 
required to blow these two fuses (see the data sheet for instructions). 
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CK 
1 J'o. v 

0 

x ... ~ CL 
2 

7 

.. _ 8 

s ,_L 
..;ll. 

DI 
3 

15 

PA 
4 

y 

DA 
5 

LC 
6 

VT 
7 

DC 
8 

16 

23 

~24 

... 31 

~ 32 

,..L 39 
~ 

40 

1:>l 47 

-rr 48 

... 55 

~ 56 

3 J'o. ...,, x 
9 

63 

0 

LOGIC DIAGRAM 

I 

31 

t-p h 
~ 1-' h 

~ --' 
r; "I 

~ h 
l=; 1-' 

--' 

~ 
1~ 

~ 

--' 

r 2-., 
>---, 

\-

1;=1--' 
~ 

4-<f 

~ I---. 
~ 1---1 

r; a-<f 
H 

r-, 16-<f 
i+ 

I 

~ ~ 

J:::: 
I) .. 

... 
-<f,. 

INDICATES ALL FUSES---ID­
ARE LEFT INTACT 

FIGURE 23. 'PL11RI LOGIC DIAGRAM 
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MECHANICAL DATA 

J ceramic duel-in-line packages 

20.PIN J CERAMIC 

24,78(0.9751 
1""·-----23,12{0.9301 ----·1 

w-·-{~~~~~~~~j tltJti~ ©@©©©©©©©@ 
0,61 (0.0201 

1,2710.0IO) NOM MIN 

JHB\_SEATINGOLANE ... m,;_.to~I 
~~~ •• ~ uo~~N, .. , 

ZO PLACES -.l\.--::: :::: f 
20PLACES ~u 

PIN SPACING 2,54 (0.1001 T. II'. 
(S.Notle) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS ANO PARENTHETICALLY IN INCHES. 

24-PIN JT CERAMIC 

lg('. 
90• 

24PLACES 

8,28 10.325) 
~ 

1,27 10.050) NOM 

_\\-.- 0,35810.014) 

-911 U03l01Riil 
24 PLACES 

0,5110.020) 
MN 

PIN SPACING 2,64 10. 100) T. P. 

3,3010.130) ti 
MIN 

2,6410.100) MAX IS. N- •I 
4PLACES 

GLASS 
SEALANT 

0,7610.030) MIN 
24PLACES 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 

NOTE: a. Each pin centerline is located wi1hin 0,25 (0.010) of its true longitudinal position. 
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MECHANICAL DATA 

N plastic dual-ln-lln.a packages 

20.PIN N PLASTIC 

.... ... 

2,410.0UIRNOM 

2,8 (0.1101 NOM-i;:;=;::;:;::;:;:::;:;:::;:;:;:r:::;;:r::;;:::;:;:~ 

O.IMICl.0331MIN 

20PLACES ~~IO~::~ 3,MI0.1561 
3,1110.1251 ' 20,LACES 

IS- Nola b .w cl 

..... ~ ........ in _.._ .. .. ............. 
IM .... ofTl ..... a 
loonld~Eun1119. 

, .. 10.0le) 
0,2210.lJOll 

4PLACES 

ALTERNATE $10£ VIEW 

--1 ~1.71to.07GtMAX2DPLACl:S 

fw-~ 5,111(0.ZOOIMAX L ti ............ . 
3,!!C0.1511 J-L I I . l--1=:':!:" 
3.17!0.1211 i--.t-, 201>1.ACES 

~· ,.,..M:ING2,MICl.100JT.I". 
T.Oi1i:oiiif m.Noll•I 
4'l.ACES 

ALL LINEAR DIMENSIONS ARE IN Ml LLIMETERS AND PARENTHETICALLY IN INCHES. 

24-PIN NT PLASTIC 

7.1(0.280)MAX • 0©©00©©0©®®® 
0.38 (0.015) 

2.0(0.080) NOM rlMIN -.! -~ 24PLACES 
- I I 0.83 I0.0331 

-r..0.2S(0.010)- 5. ,..,....,---run~:::=:=== 
--SEATING PLANE M[ ]= f I- 0,8' (0.033) MIN 

s ~ 24PLACES 

.J 0,28 • 0,118 3,17 (0.12S) MIN -L H--, -11--- 0,467. 0,078 
...., (0.011 • 0.003) (0.011 • 0.003) 

24 PLACES 24 PLACES 

2, 18 (0.085) MAX 
4 PLACES PIN SPACING 2,54 (0.100) T.P. 

IS-N010o) 

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INoHES. 

NOTES: •· Each pin centerline 11 located within 0,25 (0.010) of Its true longitudinal position. 
b. This dimension does not apply for solder-dipped leads. 

c. When solder-dipped leads ere specified, dipped arH of the lead extends from the lead tip to at least 0,51 (0.020) above .. ting plane. 
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273-5500; Manhol1 (516) 273-lili; M;tp,y (516) 5'16·5600, 
(800) 6i5-3986; IWl·Muk (516) 737-0600; - A­
(716) 275.0JOO; Manha!! (716) 235-7620; Roci...... Rodk> 
Supply (716) iSi-7800; Sync- Arrow (315) 652-1000; 
D;plomo< 015) 652-5000; Monholl (607) 75i-1570. 

NOKlll C.uot.INA> Arrow (919) 876-3132, (919) 
725-8711; Hall·Mark (919) 872..0712; Kterulff (919) 852-9+40. 

OHIO.~ Gnhom (SIJ) 772-1661; H.11-Ma.k (513) 
563-5960; Cle..i..I, Arrow (216) 2'18-3990; H.11-Muk (216) 
iH-2907; K;.rulff (216) 587-6558; c:oi-t... IWl·Ma.k 
(6li) 89H555, 0.,-. Arrow (513) i35-5563; ESCO (SIJ) 
226-1133; Monholl (513) 236-8088. 

OKLAHOMA: Arrow (918) 665-7700; C-omponent Specialties 
(918) 664-2820; Hall-Mark (918) 665-3200; Kierulff (918) 
252-7537. 

OREGON: Kierulff' (503) 641-9150; Wyie (503) 640-6000. 

PENNSYLVANIA: Arrow (412) 856-7000, (215) 928-1800; 
Genera.I Radio (215) 922-7037; Hall-Mark (215) 355-7300. 

TEXAS: Autin, Arrow (512) 835-4180; Component 
Speciakies (512) 837-8922; Hall-Mad:: (512) 258-8848; Kierulff 
(512) 835-2090; DaUu, Arrow (214) 386-7500; C.omponent 
Speciaktes (214) 357-6511; Hall-Mark (214) 34l-ll47; 
lnlemltional Elecrronia (214) 233-9323; Kierulff (214) 
343-2400; El Puo. International Electronic.s (915) 778-9761; 
Houatm, Anow (713) 49H100; Component Speciakiel (713) 
771-7237; Hall-Mark (713) 781-6100; Harrison Equipment 
1713) 879-2600; K;en,Iff (713) 530-7030. 

lTTAH: Dipk>mat (801) 486-4134; Kimilff (801) 973-6913; 
Wyk (801) 97i-9953 . 

VIRGINIA: Arrow (804) 282-0413. 

WASHJNG10N: Arrow (206) 643-'4800; Kierulff (206) 
575 ... 20, w,1e 12061 m.sJOO. 

WISCONSIN: Arrow (414) 764-6600; Hall-Marie (4li) 
761·3000: K;.,.tK (iii) 78i·8160. 

CANADAi ~Future (403) 259~; Vanih (403) 
230-1235; "-ll<oo, V....t. (il6) 561-9311; w...-1. CESCO 
(514) 735-5Stl; Furu~ (514) 694-1710; Nepeoo., ITT 
Compo.....a (613) 226-7""6; 0.-. CESCO (613) 
226-6905; Futu.. (613) 820.8313; Quoboc Cky. CESCO (il8) 
687-4231; ITT C,omp:inmu (514) 735-1177; Toronto, CESCO 
(416) 661.0220; Future (416) 663-5563; ITT Components 
(416) 630-7971; V.acouver, Furu~ (604) 438-5545; Varah 
(604) 873-3lll; ITT Compo.....a (604) 270-7805; Winnlpoa. 
v...i. (Wi) 633-6190. "-- BO 




