INTEGRATED CIRCUITS

DATA HANDBOOK

Devices

Philips Components

PHILIPS
&



Signetics PLD
Data Handbook
erogrammable LogicDevices 1990

Programmable Logic
Devices

Y PHILIPS




Signetics reserves the right to make changes, without notice, in the products, including
circuits, standard cells, and/or software, described or contained hereinin order toimprove
design and/or performance. Signetics assumes no responsibility or liability for the use
of any of these products, conveys no license or title under any patent, copyright, or mask
workrightto these products, and makes no representations or warranties that these prod-
ucts are free from patent, copyright, or mask work right infringement, unless otherwise
specified. Applications that are described herein for any of these products are forillustra-
tive purposes only. Signetics makes no representation orwarranty that such applications
will be suitable for the specified use without further testing or modification.

LIFE SUPPORT APPLICATIONS

Signetics Products are not designed for use in life support appliances, devices, or
systems where malfunction of a Signetics Product can reasonably be expected to result
in a personal injury. Signetics customers using or selling Signetics Products for use in
such applications do so at their own risk and agree to fully indemnify Signetics for any
damages resulting from such improper use or sale.

Signetics registers eligible circuits under
the Semiconductor Chip Protection Act.

© Copyright 1990 NAPC.

All rights reserved.



Signetics

Programmable Logic Devices

January 1990

Preface

The 1990 Philips Components—Signetics PLD Data Handbook is loaded with informa-
tion on new parts. Using the fastest technologies in the most innovative architectures,
today’s system designer can pick from the largest selection of PLDs in the industry.
Some highlights of this handbook include the fastest silicon PLDs available (PHD16N8
and PHD48N22)—at 5 nanoseconds! These devices make ideal decoders to squeeze
maximum performance from powerful microprocessors.

Designers using DRAM, VRAM and graphics will appreciate the speed and power of
the new line of sequencers which include the PLC415, PLC42VA12, PLUS405 and
PLUS105. These sequencers also make innovative bus and LAN controllers for emerg-
ing standard protocols. At last, the logical power of dual programmable arrays comes
forth in the PLUS153 and PLUS 173 devices—at 10 nanosecond propagation delays.
The PLC18V8Z is the only zero power 20—pin device which can replace 16V8’s! And
finally, our =7 and D speed PAL-type devices are the industry’s fastest. For maximum
density in a truly compact system, the Programmable Macro Logic family now boasts
four members—the PML2552 and PLHS601 are added to the original PLHS501 and
PLHS502. The PML2552 is the PLD industry’s first dense device to implement SCAN
test.

To complement the devices, AMAZE design software is offered through our Sales
Offices (see Section 11) and SNAP software is available for high level support. Read
about them under Product Support.

Expanding customer service has been an ongoing effort. Our Applications staff is avail-
able to answer yourtechnical questions on PLD designs and our free computer Bulletin
Board, with 24-hour service, is at (800)451-6644.

New PLD users are encouraged to read the Introduction and AN8 for an overview of
PLD ideas. More seasoned PLD users are encouraged to go through the PLD applica-
tions and PML applications atthe end of the handbook to gain understanding and ideas
for new designs.
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\dentification Product Status Definition
This data sheet contains the design target or goal
Objective Specification Formative or In Design for product may

change in any manner without notice.
This data sheet contains preliminary data and
supplementary data will be published at a later date.
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ARCHITECTURE TOTAL INTERNAL STATE
SIGNETICS (INPUTS X TERMS INPUTS | LOGIC | REGISTERS OUTPUTS
PART NUMBER XOUTPUTS) | PACKAGE | (¥ Dedicated) | TERMS | (#Dedicated) | C,UO,R,RUO |top(Max) | fuax | loc (Mex)
[ paL®_TyPE DEVICES
PLUS16L8-7 16X64X 8 20-Pin 16 (10) 64 0 2C,610 7.5ns 180mA
PLUS16R4-7 16X64%8 20-Pin 16(8) 64 4(0) 410,4R 7.5ns 74MHz | 180mA
PLUS16R6-7 16X 64X 8 20-Pin 16(8) 64 6(0) 210,6R 75ns | 74MHz | 180mA
PLUS16R8-7 16X 64X 8 20-Pin 16(8) 64 8(0) 8R 74MHz | 180mA
PLUS16L8D 16X64X 8 20-Pin 16 (10) 64 0 2C,610 10ns 180mA
PLUS16R4D 16X 64X 8 20-Pin 16(8) 64 4(0) 410,4R 10ns 60MHz | 180mA
PLUS16R6D 16X64X 8 20-Pin 16(8) 64 6(0) 210,6R 10ns 60MHz 180mA
PLUS16RSD 16X 64X 8 20-Pin 16(8) 64 8(0) 8R 60MHz | 180mA
PLUS20L8-7 20X64X8 24-Pin 20(14) 64 0 2C,610 75ns 210mA
PLUS20R4-7 20X64X8 24-Pin 20(12) 64 4(0) 410,4R 7515 | 74MHz | 210mA
PLUS20R6 7 20X 64X 8 24-Pin 20(12) 64 6 (0) 2V0,6R 7.5ns 74MHz 210mA
PLUS20R8 -7 20X64X8 24-Pin 20(12) 64 8(0) 8R 74MHz 210mA
PLUS20L8D 20X64X 8 24-Pin 20 (14) 64 0 2C,610 10ns ' 210mA
PLUS20R4D 20X64X8 24-Pin 20(12) 64 4(0) 410,4R 10ns | 6OMHz | 210mA
PLUS20R6D 20X64X8 24-Pin 20(12) 64 6(0) 210,6R 10ns | 60MHz | 210mA
PLUS20RSD 20X64X8 24-Pin 20(12) 4 8(0) 8R 60MHz | 210mA
PLHS16L8A 16X 64X 8 20-Pin 16 (10) 64 0 2C,610 20ns 155mA
PLHS16L8B 16X64X8 20-Pin 16 (10) 64 0 2C, 6100 15ns 155mA
PLHS18P8A 18X 72X 8 20-Pin 18(10) 72 0 810 20ns 155mA
PLHS18P8B 18X 72X 8 20-Pin 18(10) 72 0 810 15ns 155mA
PHD16N8-5 16X16X8 20-Pin 16 (10) 16 0 2C,610 5ns 180mA
PHD48N22-7** 48X 73X 22 68-Pin 48(36) 7 0 10C, 1210 7505 420mA
PLC18V8Z/18V8ZI 18X 74X 8 20-Pin 18(8) 74 8(0) 8 varied 35,40ns | 21MHz | 100uA,
1mAMHz
10H20EV8/10020EV8** 20X90X 8 24-Pin 20(12) 90 0 8 varied 4.5ns 222MHz 230mA
PLA
PLS100/101 16X 48X 8 28-Pin 16 (16) 48 0 8C 50ns 170mA
PLS153 18X 42X 10 20-Pin 18(8) 42 0 1010 40ns 155mA
PLS153A 18X 42X 10 20-Pin 18(8) 42 0 1010 30ns 155mA
PLUS1538 18X 42X 10 20-Pin 18(8) ) 0 1010 15ns 200mA
PLUS153D 18X 42X 10 20-Pin 18(8) ) 0 1010 12ns 200mA
PLUS153-10* 18X 42%10 20-Pin 18(8) 42 0 1010 10ns 200mA
PLS173 2% 42X10 24-Pin 2(12) ) 0 1010 30ns 170mA
PLUS173B 22X 42X10 24-Pin 22(12) 42 0 1010 15ns 200mA
PLUS173D 2X42X10 2-Pin 2(12) 42 0 1010 12ns 200mA
PLUS173-10" 2X42%10 24-Pin 2(12) ) 0 1010 10ns 200mA
PLHS473 20X 42X 11 24-Pin 20(11) 2% 0 2C,910 22ns 155mA
PLHS4735* 20x42X11 24-Pin 20(11) 2% 0 2C,910 25ns 155mA
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ARCHITECTURE TOTAL INTERNAL STATE
SIGNETICS (INPUTS X TERMS INPUTS | LOGIC | REGISTERS OUTPUTS
PART NUMBER XOUTPUTS) | PACKAGE | (# Dedicated) | TERMS | (¥ Dedicated) C,UO,R,RIO |[top(Max) | fuax | loc(Max)
PLS
PLS105 22X 48X 8 26-Pin 22(16) 48 6(6) 8R 14MHz | 180mA
PLS105A 22X 48X 8 28-Pin 22(16) 48 6(6) 8R 20MHz | 180mA
PLS105-40 22X48X8 28-Pin 22(16) 48 6(6) 8R 40MHz | 200mA
PLS105-55" 22X 48X 8 28-Pin 22(16) 48 6(6) 8R 55MHz | 200mA
PLUS405-37 24X 64 X8 28-Pin 24 (16) 64 8(8) 8R 37MHz | 225mA
PLUS405-45 24X 64X 8 28-Pin 24 (16) 64 8(8) 8R 45MHz | 225mA
PLUS405-55* 24X 64X 8 28-Pin 24 (16) 64 8(8) 8R 55MHz | 225mA
PLS155 16X 45X 12 20-Pin 16 (4) 45 4(0) 810, 4R10 50ns 14MHz | 190mA
PLS157 16X 45X 12 20-Pin 16 (4) 45 6(0) 6V0,6R 10 50ns 14MHz | 190mA
PLS159A 16X 45X 12 20-Pin 16 (4) 45 8(0) 410,8RI/0 35ns 18MHz | 190mA
PLS167 22X 48X 6 24-Pin 22(14) 48 8(6) 6R 14MHz | 180mA
PLS167A 22X 48X6 24-Pin 22(14) 48 8(6) 6R 20MHz | 180mA
PLS168 22X 48X 6 24-Pin 22(12) 48 10(6) 8R 14MHz | 180mA
PLS168A 22X 48X 6 24-Pin 22(12) 48 10(6) 8R 20MHz | 180mA
PLS179 20X 45X 12 24-Pin 20(8) 45 8(0) 4V0,8R10 35ns 18MHz | 210mA
PLC42VA12** 42X 105X 12 24-Pin 42(10) 105 10(0) 10CorRVO, 210 | 35ns 25MHz | 9omA*
PLC415-16 25X 68X 8 28-Pin 25(17) 68 8(8) 8R 100ULA/
80mA
PMLT™
PLHS501 104 X 116 X 24 52-Pin 24 116 0 16C, 810 22ns 295mA
PLHS502 128 X 144 X 24 68-Pin 24 144 16(16) 16CorR, 20ns 50MHz | 370mA
810 or RO
PLHS601** 68 134 X 24 68-Pin 28 134 0 12C,1210 20ns 340mA
PML2552* 185X 226 X 24 68-Pin 29 226 36 (20) 24C,16R, 16 /0 | 40,50ns |50,33MHz | 100mA

PAL-Type = Programmable Array Logic (Fixed OR Array)-Type

PHD = Programmable High-Speed Decoder
PLA = Programmable Logic Array

PLS = Programmable Logic Sequencer
PML = Programmable Macro Logic

OUTPUTS:

C = Combinatorial output
R = Registered output
1/0 = Combinatorial /O
R I/0 = Registered /0

NOTES:

fuax = 1/(tis + toko) worst case

* Measured at 15SMHz (TTL input level)
** Under development

PAL is a trademark of AMD/MMI.

PML is a trademark of Philips Components-Signetics.
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Signetics Programmable Logic Devices
may be ordered by contacting either the
local Signetics sales office, Signetics rep-
resentatives or authorized distributors. A
complete listing is located in the back of
this handbook.

Ordering
Information

Table 1 provides part number definition for
Signetics PLDs. The Signetics part num-
ber system allows complete ordering in-
formation to specified in the part number.
The part number and product description
is located on each data sheet.

New Signetics PLD Part Numbering System

P(L) XX YYYY z

P

Military versions of these commercial
products may be ordered. Please refer to
the military products data handbook for
complete ordering information.

Package Designator

F - 20—, 24—, 28-Pin CERDIP DIP
N - 20—, 24—, 28-Pin Plastic DIP
A — 20—, 28-lead Plastic Leaded Chip Carrier
FA — 20—, 24-Pin CERDIP DIP with Quartz Window

Performance Indicator

(May be blank, A, B, D, etc. to designate speed variations in

basic part.)

Basic Part Number
(3 to 8 characters)

(e.g., 100, 105, 153, 168, 173, 18P8, 42VA12)

Process/Architecture Indicator

S — Bipolar Junction Isolated Schottky — Nichrome fuses
C - CMOS - EPROM cells
HS - High Speed Bipolar Oxide Isolated — Vertical Fuse
US - High Speed Bipolar Oxide Isolated — Lateral Fuse
HD - High Speed Decoder

ML - Macro Logic

(Blank for ECL devices)

January 1980

Indicator for Signetics Programmable Logic

(Can be either P, PL, or blank)
(P for PHD and PML and blank for ECL devices)
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Signetics

Programmable Logic Devices

WHAT IS PROGRAMMABLE
LOGIC

In 1975, Signetics Corporation developed
a new product family by combining its
expertise in semi-custom gate array
products and fuse-link Programmable
Read Only Memories (PROMSs). Out of

Introduction
Signetics

Programmable Logic

this marriage came Signetics Program-
mable Logic Family. The PLS100 Field—
Programmable Logic Array (FPLA) was
the first member of this family. The FPLA
was an important industry first in two
ways. First, the AND/OR/INVERT archi-

tecture allowed the custom implementa-
tions of Sum of Product logic equations.
Second, the three-level fusing allows
complete flexibility in the use of this device
family. All logic interconnections from
input to output are programmable.

ARRAY

“COMPLEMENT"

I

PR
R Qp

©

STATE

P

REGISTER

5 5

S
CK

Tn

%]

U]

48 AND GATES

OR GATES

-o<H ]

CK

(PIE)

RCK

OUTPUT
REGISTER

NOTES:
1,P,C, N, F and P/E are user-programmable connections.

PR/CE

OUTPUTS

o

S QFf
PR

Figure 1. High Speed Sequencer

|
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Table 1. PLD Product Family

PART NUMBER [ e | CONFIGURATION
20-PIN
PHD16N8 PHD 12-Input/8—Output
PLS153/153A PLA 18—-nput/10-Output — 42-Term
PLUS153B/153D/153-10 PLA 18-input/10-Output — 42-Term
PLS1565-159A PLS 16-nput/12-Output — 45-Term
PLS1585 PLS 4 Registered Outputs
PLS157 PLS 6 Registered Outputs
PLS159A PLS 8 Registered Outputs
PLHS18P8A/B PAL-Type 18—Input/10-Output — 72-Term
PLHS16L8A/B PAL-Type 16—input/8—Output — 64-Term
PLC18V8Z/I PAL-Type 18-Input/8-Output — 72-Term
PLUS16L8D/-7 PAL-Type 16-Input/8—Output — 72-Term
PLUS16R4D/~7 PAL-Type 16—-input/4—Output, 4 Registers
PLUS16R6D/~7 PAL-Type 16-input/6—Output, 6 Registers
PLUS16R8D/-7 PAL-Type 16-Input/8—Output, 8 Registers
24-PIN
PLS167/A PLS 14-Input/6—Output — 48-Term
8-Bit State Registers
6-Output Registers
PLS168/A PLS 12-Input/8—Output — 48-Term
10-Bit State Registers
8-Output Registers
PLS173/PLUS173B/D/-10 PLA 22-input/10-Output — 42-Term
PLS179 PLS 22-input/10-Output — 42-Term
PLHS473 PLA 20-Input/11-Output — 24-Term
PLC42VA12 PLS 42-Input/12-Output, 10 Registers
PLUS20L8D/-7 PAL-Type 20—Input/8—-Output
PLUS20R4D/-7 PAL-Type 20-Input/4-Output
PLUS20R6D/-7 PAL-Type 20—-input/6—-Output
PLUS20R8D/-7 PAL-Type 20—input/8—Output
28-PIN
PLS100/101 PLA 16-Input/8—Output — 48—Term
PLS105/105A/PLUS 105 PLS 16—Input/8—Output — 48-Term
6-Bit State Register
8-Output Registers
PLUS405 PLS 16—nput/8—Output — 64-Term
8-Bit State and Output Registers
52-, 68-PIN
PLHS501 PML 32-Input/24-Output — 116—-Term
PLHS502 PML 32-Input/24-Output — 144-Term
PLHS601 PML 40-Input/24-Output — 150-Term
PML2552 PML 55-Input/24-Output — 226-Term
PHD48N22 PHD 48-Input/22-Output
January 1990 10
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Figure 2. PLUS153 20-Pin Functional Diagram
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PLD LOGIC SYNTHESIS
No intermediate step is required to implement
Boolean Logic Equations with PLDs. Eachterm

ineach equation simply becomes adirectentry  Xo = AB + TD + BD
into the Logic Program Table. The following ex-
ample illustrates this straightforward concept: Xy = AB + TD + EFG

AND POLARITY
TT T T T
INPUT(Ipy) FR I TN
[ o8
ERERERER ERER OUTPUT Fp
P-Terms | TERM | 5| 4|3 o) oo a7 65]a]3]z2]1]0 6]s|afal2]1]o0
Po=AB 5T T R A === 1A
Py =CD T === === === = Inl==]= Al A
P2 = BD 2 [—1-=1=1-1-01-1T-1-1-1=1svl=0Jcl=1-1= e A
P3 = AB T == === =R == === Al
Pa=€FGL 4 = [—[—1—|—|—|—[—|—|—Inlnln Al
— -
-— -
44 [ ] —1
a5 T [
_ Py + P 46 ]
Xo = Po + P1 + P2 —=
Xi=P3+P1+Ps| pny |2]2]2|2f2f2|2]2 B EERERE
2lafals]|el7]|s]o
NO. tof1]2f{afais|e]7 ol1l2|3]s|e|l7]s
w alslc|olelF]|a X1 | %o
aw
Qs
<
E<
Tz
s
TB0sorcs
Figure 3. Field Programmable Logic Array
A A
B B
c c
Xo X4
D D
Xo = AB +TD + BD e X, = AB + TD + EFG
F
] G

Figure 4. Equivalent Fixed Logic Diagram

January 1990



Signetics Programmable Logic Devices

Signetics Programmable Logic Introduction |

In the previous example, the two Boolean Logic Step 1

equations were broken inio Produci' ferms.  Select which input pins lg — l;5 will corre- |
Each P—term was then programmed into the  gpond to the input variables. In this case

P—term section of the PLA Program Table. This A — G are the input variable names. lg through

was accomplished in the following manner: lo were selected to accept inputs A — G re-
spectively.
AND POLARITY
[ T7T7T7TT
INPUT (Im) SR R W S S S T
L 9" __ _
v {T ERE TW T | [ __ outeurFe
YERME. 413291 0|9]s8 7;“54 31210 7765A_‘3~‘2“
0
1
2
3
B
1l L
t— -
44 . - L]
45 L ] 1
26 1 T
a7 |
p|N2222222223456789|||111|\
NO. of1{2|3)afsis6|7 ol 213 5(6}7|8 .
w A|lB|CYD|E|F|G
-
w
2=
= <
< z
>
Ta019005
Figure 5
Step 2 This P—term translates to the Program Tableby ~ This term is defined by selecting C =14 =L and
selectingA=lg=HandB=Is=Handentering D = I3 = H, and entering the data into the

Transfer the Boolean Terms to the PLA 4 =16 = :
Program Table. Thisis done simply by defining  the information in the appropriate column.
eachterm and enteringiton the Program Table.

Program Table. Continue this operation until all
P-terms are entered into the Program Table.

e.g., Po=AB P, =CD
AND POLARITY
FrrTv T+ T
INPUT(Im) R Bt
(TYTTTTiT777] [~ 7 outeutrs |
TERM Islaf3]2f1]o s[7]s]s]a]3 7Je][s[afa]z2]1]0
I e e e e s e e D T e
1 === ——1=1—=1=1=1=[c[n
P e e e e e e e e ) e T e
3 (11— =1—1=1ctnl=1=
T T e T e =
=— —
—t— =
aa T — L)
a5 T LJ
46 r— T ;
a7
PIN |2]|2]2]2]2]|2]2]2 B EBRERERE
NG 2(3tafls|e|7{8]e
of1il2f{alalstel7 of1l2|3)s|e|7]8
w als|c|o|e|F|a
Dw
<=
=<
c=z
B3
TB01890S
Figure 6
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Step 3

Select which output pins correspond to
each output function. In this case Fo =Pin 18
= Xp, and Fy = Pin 17 = X;.

AND POLARITY
Frr T T7T T -
INPUT(Im) PLL L L
HUNRER [T T ouure ]
L -7 F 4+ %+ 1+ —
TERM | 5 | gl sj2 )1 jo[oTs 7 s s s 3T2]1T0] [7]e[s[a]a]2]1]0
0 [ -1l 1—I=Ialnl—1—1—1=-1=
1 | —=T=1=-01=-T=1=-1=1=-1=-T1-=1c{rl{=1-1—
2 11—l —1—=lal—ltl—]—1=
3 | —l=l—1—1—|—1—1—1=Jtlrnl—=01=1—1=1=
4 |=1=d=0-01—-]-1-1=1-[—1-1=J—-]H]HIH
——
—~—
44 °
45 - ° —1
46 —
47
2|22 |2)2}2)|2 2 171 1{1 1111 1
PIN 2|3(a|s5)6({7]8]9
NO. 1 ol1)2]|3)als|s]|7 of1|2(3]s|e|7]|s
w AlB|Cc]D|E|FlG X1} Xo
3w
<=
E<
z
<
>
T801882S
Figure 7
Step 4 is high for a positive logic expression of this  put Function 0, (F). Conversely, X can be ex-

Select the Output Active Level desired for equation. Therefore, it is only necessary to  pressed as X by placing an (L) in the Active
each Output Function. For Xgthe active level ~ Placean (H) in the Active Level box above Out-  Level box above Output Function 1, (F4).

AND POLARITY
TT T T, T
INPUT (Im) Ll
ERERERER ERER '):_~Fuip—m?y__
TERM 1 s | afs|2f1]o s[7Te[s]a]3]2T1]o 7]6[s]a 2[1]o
e s e el e — I mlm ===
e e e = o n 1=
P e e el e e e e e I e T e
O e e e e S —=lriw = 1—1=1=
2 (= —[—I=1=1= —I=[—[—|=I—|R[A][H
[
] -
44 X L
45 ®
46 |
47
21212 )12)2)1212])|2 LI I N O N O O O R
PIN 2f(3fals]|e]7|s]o
NO. [ol1]2|afa]|s|sf7 of1]|2|3]s|e]7]|s
w alslc|ole|Fla x1| xo
aw
<=
E<
£z
s
TBot8708
Figure 8
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Step 5

Seieci ine F~Terms you wish io make aciive
for each Output Function. In this case Xo=Pg
+ Py + P2, so an A has been placedin the inter-
section box for Pg and Xo, Py and Xgand P2 and
Xo.

Terms which are not active for a given output

J PR

are made inaciive by placing a (8} in the box uin-
der that P—term. Leave all unused P—terms un-
programmed.

Continue this operation until all outputs have
been defined in the Program Table.

Step 6

Entor the data inte a Signetice approved pro-
grammer. The input format is identical to the
Signetics Program Table. You specify the P—
terms, Output Active Level, and which P—terms
are active for each output exactly the way it ap-
pears on the Program Table.

AND POLARITY
Frr v+ T
INPUT (i) .
_T'TT"\—F T "1_’ I~ — outrurFe |
N L oumutte |
TERM | sl a(af2|1|o{9 s 765 7{6[s[afs]2]1]o0
0 === I=l=l=1—1—[nlw <A
T === =-1=1=1= AL A
T == === === )
3 === 1==1=1=1—1—It[w Al
4 =l —{—1—1—-]1—]—]1—1—1—|— Al e
| —
=gy -
a4 ) [ ] —]
35 ° —
46 )
Xo =Po + P1+ P2 —=
Xi=P3+P1+Pa| pn |2f2]|2|2]2]2]2]2 . lelsle B RRRERE
2 4
NO. fof1|2(3]a|s|s6f7 of1]2({a]sf{el7]|s
u alsfc|o|e|{F|a X1 [ %o
22
=32
£z
S

Figure 9

TB01861S
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PLD LOGIC SYNTHESIS

(Continued)
When fewer inputs and outputs are required in
a logic design and low cost is most important,

first choice. The PLUS153 is a PLA with
8 inputs, 10 /O pins, and 42 productterms. The
user can configure the device by defining the
direction of the 1/O pins. This is easily accom-

Do—Dg to establish the direction of pins
Bo — Bg. The D—terms control the 3—State buff-
ers found on the outputs of the Ex—OR gates.
Figures 10 and 11 show how the D—term confi-

the Signetics 20—pin PLD should be considered plished by using the direction control terms  gures each By pin.
P3¢ Pp Do Do
|
|
| ] I
|
', > 4
iz <+
"0 U
S & l CaATES . J\)
<1 | % i > 1Pg T Bg
3-STATE |
| BUFFER
| |
|
* Db

3-STATE
BUFFER

Figure 10. PLUS153 Functional Diagram

P3q Po Dg
P31 Po Dy
b O—%
lo
iz O—%
v tf
(0) INPUT
(1) ouTPUT D— Bg
By
L. TRI-STATE
—L TRI-STATE = BUFFER INACTIVE
= BUFFER ACTIVE (OPEN)
10024508 LD02460S
a. Dy Active Makes Bg Appear as an Output
with Feedback b. Dg Inactive Makes Bg Appear as an input
Figure 11
January 1990 16
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To control each D-term, it is necessary to
understand that each control gate is a 36—input
AND gate. To make the 3—-State buffer active
(By pin an output), the output of the control gate
must be at logic HIGH (1). This can be
accomplished in one of two ways. A HIGH can

be forced on all control gate input nodes, or
fuses can be programmed. When a fuse is
programmed, that control gate input node is
internally pulled up to HIGH (1). See Figure 12
and Figure 13.

Programming the fuse permanently places a
HIGH (1) on the input to the control gate. The
input pin no longer has any effect on that state.

Vee =AM

..,l

U
I = HIGH (1) o————+

FUSE INTACT

OR-
ARRAY

Vee o—AAN—

-

I
1= LOW(0) o—— ]

CONTROL GATE

TO AND
ARRAY

OR-

Bx=0UTPUT ARRA'

TRI-STATE
BUFFER

Figure 12. Input Effect on Control Gates (Fuse Intact)

F o

CONTROL GATE

TO AND
ARRAY

Bx =INPUT

TRI-STATE

BUFFER
TC023608

Voo 0—AWW—

.Hl

!
I = HIGH (1) o———

FUSE PROGRAMMED
p——o

H H

j‘CONTROL GATE

TO AND
ARRAY

OR-

ARRA TRI-STATE

BUFFER

TC023708

Figure 13. Effect on Control Gate if Fuse is Programmed

o—__{}_I_o Bx=OUTPUT

January 1990
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DEDICATING By PIN DIRECTION

Since each input to the D-terms is true and
complementbuffered (see Figure 11), when the
deviceis shippedwith all fuses intact, all control
gates have half of the 36 input lines atlogic low
(0). The result of this is all Control Gate outputs
are low (0) and the 3—State buffers are inactive.
This results in all By pins being in the input con-
dition. the resultant device is, therefore, an
18—input, O—output FPLA. While useful as a bit

bucket or Write—Only—-Memory (WOM), most
applicationsrequire atleastone output. Clearly,
the firsttask is to determine which of the By pins
are to be outputs. The next step is to condition
the control gate to make the 3-State buffer for
those gates active. To dedicate By and B, as
outputs, it is necessary to program all fuses to
the inputs to Control Gates Dg and Dy. This in-
ternally pulls all inputs to those gates to HIGH
(1) permanently. since all inputs to the Control

Gates are HIGH (1), the outputis HIGH (1) and
the 3-State buffers for By and By are active.
This permanently enables By and By as out-
puts. Note that even though By and B4 are out-
puts, the output data is available to the AND
array via the internal feedback (see Figure
11a).

To program this data, the PLUS153 Program
Table is used as shown in Figure 14.

POLARITY
- T
N O O
s T AND OR
e - M
@ ® a3 R 1 B(1) B(0)
< .JO a
gq: :""7554321098765432!0 9lsl7|els|ar3|2]1]o0
w
E o ME % bl |
w FI2N0IE(2
< o 1
wl 12)Z]IE]S
- 2
g
= 3
= g
5 = 4
z g ofx|a}| o
oIz w
8 < fw F 04
> o L]
a. 5 -
z
228 |
31
D9 ofojojojojfojojojofojojojojolojojo; o0
D8 ofofo|o olo ojojojo ojojo [ ojfojo|o
07 ofofoflolojojojojojolofojojoioO}ofoOf0O
D6 ojojo}lo of|o ojojojo 0ojo0j0¢(0 ojojofo
o5 ojojojoto ojojojojo o cjojo ojojoj|o
D4 ojlolototojlojo{ojlojoilojojojoiojoiojo
D3 cjojofo ofjojofo [ ofo 0 0o}o0 olo
D2 ojofoflotojo|ojojoOo|OofOfo|O|O0O1O|OfjO]|O
o1 |[—|=|—=[—=1—=[—=[=|=|=|=1—=]|—|—|=—]|—|—|—
o0 |—|—|=|—=1—=|=]—|=]=]—1—=|=|—|—1—=]=]—|—
PIN 817(6}1514|3 211 |19|18} 171161514 |13 [12)11]89
NOTES:
w 1. The FPLA is shipped with all links intact. Thus a
- w background of entries corresponding to states of
[} s virgin links exists in the table, shown BLANK for
< < clarity.
oz 2. Unused | and B bits in the AND array are normally
§ programmed Don't Care (—).
3. Unused product terms can be left blank.
TB01830S
Figure 14. Dedicating By and B, as Outputs and B, Through By as Inputs
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By placing a (—) Don't Care in each input box
you are specifying that the True and Comple-
ment fuses are programmed on each Control
Gate, thus permanently dedicating the By and
By pins as outputs. By placing a (0) in all input
boxes for B; — By, you are specifying that both
True and Complement fuses are intact. This
causes a low (0) to be forced on half of the
Control Gate inputs, guaranteeing the output of
the Control Gate will be low (0). When the
Control Gate outputs are low (0), the 3-State
buffer is inactive and the B, — Bg pins are

enabled as inputs. All By pin directions can be
controlled in this manner.

ACTIVE DIRECTION CONTROL

Sometimes itis necessary to be able to actively
change the direction of the By pins without per-
manently dedicating them. Some applications
which require this include 3-State bus enable,
multi—function decoding, etc. This can easily be

done by programming the Control Gate to
respondto one or more inputpins. Itis only nec-
essary to selectwhich Iy and By pins will control
the pin directions and the active level HIGH (H)
or LOW (L) thatwillbe used. The PLUS 153 Pro-
gram Table in Figure 15 shows the method of
controlling By — Bgwith I;. When |7 is LOW (L),
pins By — Bg are outputs; when I, is HIGH (H),
pins Bg — Bg are inputs. Note that by program-
ming all other Ix and By pins as DON'T CARE
(—), they are permanently disconnected from
control of By pin direction.

POLARITY
T T
I O N O
B T AND OR
3 E
@ a4 1 B(1) B(0)
ol Il & (8
W | M |7]|6|5]|a 2{1]o]|ots|7]le|s]alaj2n 9|8l 7]els|atral2{1]0
(4 wl|=
=3 o Y - el ey
z 2|50
HEHHEEHE
w <|Z2 |3
= 2
2
£ 3
b a
5 = 4
x|y ofxia]| .
G|z o
o1z F .
o w
> o L]
o =z 2
2 z
2[2)2(8) |
31
P ey ey ey ey vy Y
o8 [v|—|—{—1—]—]—|—-]—[—1—]—({—|—1—]—1—
o7 L |—|—|—t—=]|—={—|—|—|—1—|—|—|—1—]—|—
os |L|—|—[—I—[—=|—|—|=|=1=[—|—|—1—|—|—
o5 {L|—|—|—I—|—|[—=|—|{—=]—=V—{—|=|—1—|—]|—
oa L |—|—|—1—{—|=|—|—|—1—|=|—|—1—|—|—
o3 [L|—|—[—1—[—|—=]—[—=|—1—|—-|—|—1—[—]—
o2 |L|—|—|—1—|—|—|—[=1—=1—|=|=1—1—|—]|—
ot | L |—|—|—lI—|—|—|—|—|—i—|—|—|—1—|—|—
o0 |Lj—|—|—t—|—|—|—|—|—i—|—|—|—1—|—]|—
PN |8 |7 6|5 3|21 [19]w8f17[16[15{1a}13][12]1
NOTES:
w 1. The FPLA is shipped with all links intact. Thus a
= w background of entries corresponding to states of
] s virgin links exists in the table, shown BLANK for
<_t< clarity.
“:z 2. Unused ! and B bits in the AND array are normally
§ programmed Don't Care (—)
3. Unused product terms can be left blank.
8018408
Figure 15. Active Control of By — B, Using I; Active Low (L)
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The previous 28—pin logic synthesis example
could be done on the PLUS 153 as follows:

Xo=AB +TD + BD
X, = AB + TD + EFG

Note that By was used as a CHANGE input.
When By is HIGH (H) the outputs appear on Bg
and Bg. When By is LOW (L), the outputs ap-

pear on Bg and B;. By through Bs are not used
and therefore left unprogrammed.

Signetics offers two packages for user friendly
design assistance. The first package, AMAZE,
has evolved over 10 years to support Signetics
programmable products with logic equation,
state equation, and schematic entry. AMAZE
can compile designs quite well for Signetics

lower density parts. However, to satisfy the
needs of Programmable Macro Logic users,
Signetics developed an additional software
package called SNAP. SNAP expands upon
the capabilities of AMAZE in its approach to de-
sign implementation, more closely resembling
a gate array methodology. Both of these prod-
ucts are described in more depth at a later point
in this handbook.

POLARITY
T T
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@ <]+ |9 <
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w sleliond|zll + [ wi—{={-{-1-[=-1=-1=-1-{—1—]-1-1— alaiala
w <|{Z E30
“-:‘ 2 |—|H|— — = === ||| e |Ale|A
< = 3 |L|lH|—|—1—|—|—|—]—|—1—|—|—|—1—|—|—|— A|leiA|e
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w
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z
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z|Z|Z|8 |
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0o |——— | —f—|—[—[—[—[—1—=]—]== ——=1=
o8 [—|—|—|—1—]|—|—|—|—[—1—|—|—[—1—|—|—|—
o7 |—|—|—|[—1—|—|—=|—|—|—t1—|—|—|—1—|—|—|—
26 | — | — | —|—1— = — === ==]=T=0=1T=1T=1T=
os |o|[o|ofoiofofo|o|]ofloiofo|of[olo[ofo]o
0a [ojojojoto|oflojofo|lolofojololojo|lo]o
o3 [o|ofo|oto|o|o[ofo[orto|]ofoloto]o|o]o
o2 fo|ofo|oto|oflofofojorto|[ofof[oio]ofo]o0
ot f[o|o|ofoto|o|jo|lo)Jofolojo|ojoiof[o|o]o
00 |[o|o|ofolofo|o|ojo|joto[o|o|]olo|lo|o]o
enf8|7[6|s|alaf21]re]w]17]6]15{1a]a{r2{n]s 19{1817]16]|15{1a|13 1211 ]9
A|(B|C|DJ|E|F|G X1] Xo | X1 | Xo
w c cl|c
aw H H|H
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SEQUENTIAL LOGIC
CONSIDERATIONS crock T ) - oot

The PLUS405, PLUS105 and PLC42VA12 V \

represent significant increases in complexity RESG"‘STEER ® = PRESENT STATE
when compared to the combinatorial logic

devices previously discussed. By combining L on ® = NEXT STATE

the AND/OR combinatorial logic with clock
output flip—flops and appropriate feedback,
Signetics has created the first family of totally P N
flexible sequential logic machines. COMBIN.

The PLUS405 (Programmable Logic Sequenc- Loaic e ou;{»m

er) is an example of a high—order machine | — reaister [ OF
whose applications are many. Application
areas for this device include VRAM, DRAM, L_ oR
Bus and LAN control. The PLUS405 is fully
capable of performing fast sequential opera- .
tions in relatively high-speed processor Figure 17. Basic Architecture of PLS105 FPLS. |, P, N, and F are Multi-line
systems. By placing repetitive sequential oper- Paths Denoting Groups of Binary Variables Programmed by The User.
ations on the PLUS405, processor overhead is

reduced.
#rﬁ:-hp

The following pages summarize the PLUS405

= NEXT OUTPUT

8001890

architecture and features.

Sequencer Architecture

The PLUS405 Logic Sequencer is a program-
mable state machine, in which the output is a
function of the present state and the present
input.

With the PLUS405, ausercan program any log-

ic sequence expressed as a series of jumps AF021805 . i oS
between stable states, triggered by a validinput Figure 18. Typical State Diagram. Figure 19. Typical State Trans'ltlon
condition (1) at clock time (t). All stable states I1-3 Are Jump Conditions Which Between Any Two Statt.es of Figure
are stored in the State Register. The logic out- Must be Satisfied Before Any 18. The A'rrow (?onnectmg the. Two
put of the machine is also programmable, and Transitions Take Place. F, Are States lee's Rise to a Trans.lt‘mn
is stored in the Output Register. The PLUS105 Changes in Output Triggered by Im, Term Ty 1 is the Jump Condition.
is a subset of the PLUS405. and Stored in The Output Register.

State Transitions a— b and ¢ —>d
Clocked Sequence Involve No Output Change.

A synchronous logic sequence can be repre-
sentedas agroup of circles interconnected with
arrows. The circles represent stable states,
labeled with an arbitrary numerical code
(binary, hex, etc.) corresponding to discrete
states of a suitable register. The arrows repre-
sent state transitions, labeled with symbols
denoting the jump condition and the required
change in output. The number of states in the
sequence depends on the length and complex-
ity of the desired algorithm.
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State Jumps

The state from which a jump originates is re-
ferred to as the Present state (P), and the state
to which a jump terminates is defined as the
Next state (N). A state jump always causes a
change in state, but may or may not cause a
change in machine output (F).

State jumps can occur only via “transition
terms™ T,. These are logical AND functions of
the clock (t), the Present state (P), and a valid
input (I). Since the clock is actually applied to
the State Register, T, = |oP. When Ty, is “true”,
a control signal is generated and used at clock
time (t) to force the contents of the State Regis-
ter from (P) to (N), and to change the contents
of the Output Register (if necessary). The sim-
ple state jump in Figure 20, involving 2 inputs,
1 statebit, and 1 output bit, illustrates the equiv-
alence of discrete and programmable logic im-
plementations.

Sequencer Logic Structure

The Sequencer consists of programmable
AND and OR gate arrays which control the Set
and Resetinputs of a State Register, as well as
monitorits output via aninternal feedback path.
The arrays also control an independent Output
Register, added to store output commands
generated during state transitions, and to hold
the output constant during state sequences in-
volving no output changes. If desired, any num-
ber of bits of the Output Register can be used
to extend the width of the State Register, viaex-
ternal feedback.

January 1990
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Figure 20. Typical State Jump From State (0) to State (1),
if Inputs A=B=""1". The Jump Also Forces F="1", as Required.
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lo h hs Po Pq Ps
= T TT =T
T o LINK Po Py
PAIR

Figure 22. Typical AND Gate Coupled to (l) and (P) Inputs.
If at Least One Link Pair Remains Intact, T,, is Unconditionally Forced Low.
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Figure 23. Choice of Input Polarity Coupling to a Typical
AND Gate. With Both Links Open, (1) is Logically Don't Care.

10023308

lo 13 P Tols lo P2
Looza405

Figure 24. Typical Transition Terms
Involving Arbitrary Inputs and State
Variables. All Remaining Gate Inputs
Are Programmed Don't Care. Note
That T, Output is State Independent.
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Input Buffers

16 externalinputs (l;) and 6 internal inputs (Pg),
fed back from the State Register, are combined
in the AND array through two sets of True/
Complement (T/C) buffers. There are a total of
22 T/C buffers, all connected to multi-input
AND gates via fusible links which are initially
intact.

Selective fusing of these links allows coupling
either True, Complement, or Don't Care values
of (Iy) and (Pg).

“AND” Array

State jumps and output changes are triggered
atclock time by valid transition terms T,,. These
are logical AND functions of the present state
(P) and the present input (1).

The PLUS105 AND Array contains a total of 48
AND gates. Each gate has 45 inputs — 44
connected to 22 T/C input buffers, and 1 dedi-
cated to the Complement Array. The outputs of
all AND gates are propagated through the OR
Array, and used at clock time (t) to force the
contents of the State Register from (P) to (N).
they are also used to control the Output
Register, so that the FPLS 8-bit output F, is a
function of the inputs and the present state. The
PLUS405 contains 64 AND gates in its' AND
array.
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“OR” Array

In general, a clocked sequence will consist of
several stable states and transitions, as deter-
mined by the complexity of the desired algo-
rithm. All state and output changes in the state
diagramimply changes in the contents of State
and Output Registers.

Thus, each flip—fiop in both registers may need
to be conditionally set or reset several times
with T, commands. This is accomplished by
selectively ORing through a programmable OR
Array all AND gate outputs T, necessary to
activate the proper flip—flop control inputs.
The PLUS105 OR Array consists of 14 pairs of
OR gates, controlling the S/Rinputs of 14 State
and Output Register stages, and a single NOR
gate for the Complement Array. All gates have
48 inputs for connecting to all 48 AND gates.
The PLUS405 uses 64 input gates.

The PLUS405 contains 16 pairs of OR gates
controlling state transitions and output stages
and two additional NOR gates for dual comple-
ment arrays.

Complement Array

The COMPLEMENT Array provides an
asynchronous feedback path from the OR
Array back to the AND Array.

This structure enables the sequencer to per-
form both direct and complement sequential
state jumps with a minimum of transition (AND)
terms.

Typically direct jumps, such as T and T in
Figure 27 require only a single AND gate each.
But a complement jump such as T3 generally
requires many AND gates if implemented as a
direct jump. However, by using the Comple-
ment Array, the logic requirements for this type
of jump can be handled with just one more gate
from the AND Array. Because it can be splitinto
separate machines (2 clocks), the PLUS405in-
corporates two COMPLEMENT Arrays.

January 1990
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Figure 25. Typical OR Array Gating of Transition Terms Ty23 Controlling Ar-
bitrary State and Output Register Stages.
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Figure 26. The COMPLEMENT Array is Logically Constructed from a
multiple input Programmable NOR Gate. All AND Terms Coupled to the
OR Gate are Complemented at the Inverter Output, and Can be Fed Back
as Inputs to the AND Array.
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T3 PoX PoY
TRANSITION TERMS COMPLEMENT ARRAY
AF02160S AF02170S

Ta = Po(PoX + PoY)
T3=Po[Po(X + V)]
T3 =PolPo + X+ V)]
T3=0+Py(X+Y)
T3=Po(X+Y)

Ty =PoX
— DIRECT
; Ty = PoY
COMPLEMENT { T3 = Po(Xe V) = Po(T; ¥ T3)

a. Typical State Sequence b. Complement Jump
Figure 27. a. X And Y Specify the Conditional Logic for Direct Jump
Transition Terms Ty and T,. The Complement Jump Term T3 is True Only
When Both T4 and T, are False. b. Note that the Complementary Logic
Expression for T3, T+ Ty, Corresponds Exactly to the Logic Structure of the
Complement Array.
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As indicated in Figure 28, the single Comple-
ment Array gate may be used for many states
of the state diagram. This happens because all
transition terms linked to the OR gate include
the present state as a part of their conditional
logic. In any particular state, only those transi-
tion terms which are a function of that state are
enabled; all other terms coupled to different
states are disabled and do not influence the
output of the Complement Array. As a general
rule of thumb, the Complement Array can be
used as many times as there are states.
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Ta1=loliPo
Taz2 = 12Po

Tea = (Ta1 + Taz2)Po = (lol + 12)Pg

Tas=12P3
Tas = lol1P3
Tes = (Taa + Tae)Pa = (Iohy + 12)P3

Ten = COMPLEMENT STATE TRANSITION TERM
Tan = DIRECT STATE TRANSITION TERM
Py = PRESENT STATE

a. State Diagram b. Logic Definition
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8 TRANSITION TERMS USED 6 TRANSITION TERMS USED
LD02320S LD02310S
c. State Logic without Using the Complement Array d. State Logic Using the Complement Array

Figure 28. Logic Reduction with the Complement Array. The Logic State Diagram in (a) Includes Complement Jumps Tc¢3 and
Tcs Defined in (b). When Using the Complement Array, a Savings of 2 Transition Terms Results, as Shown in (c) and (d).

Additional features are available dependingon  More details on PLAs, PAL-Type devices and  Programmable Macro Logic, Signetics very
a specific part. In particular, the PLC42VA12  Sequencers can be found in the application  high density logic is fully described in detail in
has everything mentioned here, and more.  section later in the manual. its own section.
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SIGNETICS PROGRAMMABLE

LOGIC QUALITY

Signetics has put together winning processes
for manufacturing Programmable Logic. Our
standard is zero defects, and current customer
quality statistics demonstrate our commitment
to this goal.

The PLDs produced in the Standard Products
Group mustmeet rigid criteria as defined by our
design rules and as evaluated with a thorough
product characterization and quality process.
The capabilities of our manufacturing process
are measured and the results evaluated and re-
ported through our corporate—wide QA0S data
base system. The SURE (Systematic Uniform
Reliability Evaluation) program monitors the
performance of our productin a variety of accel-
erated environmental stress conditions. All of
these programs and systems are intended to
prevent product-related problems and to in-
form our customers and employees of our prog-
ress in achieving zero defects.

RELIABILITY BEGINS WITH THE
DESIGN

Quality and reliability must begin with design.
No amount of extra testing or inspection will
produce reliable ICs from a design that is
inherently unreliable. Signetics follows very
strict design and layout practices with its
circuits. To eliminate the possibility of metal mi-
gration, current density in any path cannot ex-

ceed 2 X 105 amps/cm2. Layout rules are
followed to minimize the possibility of shorts,
circuit anomalies, and SCR type latch-up ef-
fects. Numerous ground—to—substrate connec-
tions are required to ensure that the entire chip
is at the same ground potential, thereby pre-
cluding internal noise problems.

PRODUCT CHARACTERIZATION

Before a new design is released, the character-
ization phase is completed to insure that the
distribution of parameters resulting from lot—to—
lot variations is well within specified limits. Such
extensive characterization data also provides a

January 1990

Quality
and
Reliability

basis for identifying unique application—related
problems which are not part of normal
data sheet guarantees. Characterization takes

place from -55°C to +125°C and at + 10%
supply voltage.

QUALIFICATION

Formal qualification procedures are required
for all new or changed products, processes and
facilities. These procedures ensure the high
level of productreliability our customers expect.
New facilities are qualified by corporate groups
aswell as by the quality organizations of specif-
icunits that will operate in the facility. After qual-
ification, products manufactured by the new
facility are subjected to highly accelerated envi-
ronmental stresses to ensure that they can
meetrigorous failure rate requirements. New or
changed processes are similarly qualified.

QAO05 — QUALITY DATA BASE
REPORTING SYSTEM

The QA0S data reporting system collects the
results of product assurance testing on all
finished lots and feeds this data back to
concerned organizations where appropriate
action can be taken. The QA0S reports EPQ
(Estimated Process Quality) and AOQ (Aver-
age Outgoing Quality) results for electrical,
visual/mechanical, hermeticity, and documen-
tation audits. Data from this system is available
upon request.

THE SURE PROGRAM

The SURE (Systematic Uniform Reliability
Evaluation) program audits/monitors products
from all Signetics’ divisions under a variety of
accelerated environmental stress conditions.
This program, first introduced in 1964, has
evolved to suit changing product complexities
and performance requirements.

The SURE program has two major functions:
Long-term accelerated stress performance
auditand a short-term accelerated stress moni-
tor. Inthe case of Bipolar Memory and Program-
mable Logic products, samples are selected
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that represent all generic product groups in all
wafer fabrication and assembly locations.

THE LONG-TERM AUDIT
One-hundred devices from each generic family
are subjected to each of the following stresses
every eight weeks:

® High Temperature Operating Life:
T, = 150°C, 1000 hours, static biased or
dynamic operation, as appropriate (worst
case bias configuration is chosen)

® High Temperature Storage: T, = 150°C,
1000 hours

©® Temperature Humidity Biased Life: 85°C,
85% relative humidity, 1000 hours,
static biased

® Temperature Cycling (Air-to-Air): -65°C to
+150°C, 1000 cycles

THE SHORT-TERM MONITOR
Every other week a 50-piece sample from each
generic family is run to 168 hours of pressure
pot (15psig, 121°C, 100% saturated steam)
and 300 cycles of thermal shock (—65°C to
+150°C).

In addition, each Signetics assembly plant per-
forms SURE product monitor stresses weekly
on each generic family and molded package by
pin count and frame type. Fifty-piece samples
are run on each stress, pressure pot to 96
hours, thermal shock to 300 cycles.

SURE REPORTS

The data from these test matrices provides a
basicunderstanding of productcapability, an in-
dication of major failure mechanisms andanes-
timated failure rate resulting from each stress.
This data is compiled periodically and is avail-
able to customers upon request.

Many customers use this information in lieu of
running their own qualification tests, thereby
eliminating time-consuming and costly addi-
tional testing.
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RELIABILITY ENGINEERING
In addition to the product performance monitors
encompassed in the Programmable Logic
SURE program, Signetics’ Corporate and
Division Reliability Engineering departments
sustain a broad range of evaluation and qualifi-
cation activities.
Included in the engineering process are:
© Evaluation and qualification of new or
changed materials, assembly/wafer-fab
processes and equipment, product
designs, facilities and subcontractors
© Device or generic group failure rate studies

® Advanced environmental stress develop-
ment

® Failure mechanism characterization and
corrective action/prevention reporting

The environmental stresses utilized in the engi-
neering programs are similar to those utilized
for the SURE monitor; however, more highly-
accelerated conditions and extended durations
typify the engineering projects. Additional
stress systems such as biased pressure pot,
power-temperature cycling, and cycle-biased
temperature-humidity, are also included in the
evaluation programs.

FAILURE ANALYSIS

The SURE Program and the Reliability Engi-
neering Program both include failure analysis
activities and are complemented by corporate,
divisional and plant failure analysis depart-
ments. These engineering units provide a ser-
vice to our customers who desire detailed

Those of you who invest in costly test equip-
ment and engineering to assure that incoming
products meet your specifications have a spe-
cial understanding of the cost of ownership.
And your cost does not end there; you are also
burdened with inflated inventories, lengthened
lead times and more rework.

SIGNETICS UNDERSTANDS

CUSTOMERS’ NEEDS

Signetics has long had an organization of quali-
ty professionals, inside all operating units,
coordinated by a corporate quality department.
This broaddecentralized organization provides
leadership, feedback, and direction fo achiev-
ing a high level of quality.

In 1980 we recognized that in order to achieve
outgoing levels on the order of 100ppm (parts
per million), down from an industry practice of
10,000ppm, we needed to supplement our tra-
ditional quality programs with one that encom-
passed all activities and all levels of the
company. such unprecedented low defect lev-
els could only be achieved by contributions
from allemployees, from the R and D laboratory
to the shipping dock. In short, from a program
that would effect a total cultural change within
Signetics in our attitude toward quality.

QUALITY PAYS OFF FOR OUR

CUSTOMERS

Signetics’ dedicated programs in productquali-
ty improvement, supplemented by close work-
ing relationships with many of our customers,
have improved outgoing product quality more
than twenty-fold since 1980. Today, many ma-
jor customers no longer test Signetics circuits.
Incoming product moves directly from the re-
ceiving dock to the production line, greatly
accelerating throughput and reducing invento-
ries. Other customers have pared significantly
the amount of sampling done on our products.
Others are beginning to adopt these cost-
saving practices.

We closely monitor the electrical, visual, and
mechanical quality of all our products and re-
view each retum to find and correct the cause.
Since 1981, over 90% of our customers report
asignificantimprovementin overall quality (see
Figure 1).

At Signetics, quality means more than work-
ing circuits. It means on-time delivery of the
right product at the agreed-upon price.
Signetics considers Performance to Customer
Request and Performance to Original Sched-
ule Date to be key Quality issues. Employees
treat delinquencies as quality defects. They
analyze the cause for the delinquency and seek
corrective action to prevent future occurrence.
Continuous effort is given to try to achieve the
ultimate goal of zero delinquencies.

failure analysis support, who in turn provide
Signetics with the technical understanding of
the failure modes and mechanisms actually ex-
periencedin service. This information is essen-
tial in our ongoing effort to accelerate and
improve our understanding of product failure
mechanisms and their prevention.

ZERO DEFECTS PROGRAM

In recent years, United States industry has in-
creasingly demanded improved product quali-
ty. We at Signetics believe that the customer
has every right to expect quality products from
a supplier. The benefits which are derived from
quality products can be summed up in the
words, lower cost of ownership.

" January 1990
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ONGOING QUALITY PROGRAM

The quality improvement program at Signetics
is based on *Do It Right the First Time". The in-
tent of this innovative program is to change the
perception of Signetics’ employees that some-
how quality is solely a manufacturing issue
where some level of defects is inevitable. this

“MAKING CERTAIN” —
ADMINISTRATIVE QUALITY

IMPROVEMENT

Signetics' experience has shown that the larg-
est source of errors affecting product and ser-
vice quality is found in paperwork and in other

attitude has been replaced by one of accep-
tance of the fact that all errors and defects are
preventable, a point of view shared by all tech-
nical and administrative functions equally.

This program extends into every area of the
company, and more than 40 quality improve-
ment teams throughout the organization drive
its ongoing refinement and progress.

Key components of the program are the Quality
College, the “"Make Certain” Program, Correc-
tive Action Teams, and the Error Cause Re-
moval System.

The core concepts of doing it right the first time

are embodied in the four absolutes of quality:

1. The definition of quality is conformance to
requirements.

2. The system to achieve quality improve-
ment is prevention.

3. The performance standard is zero
defects.

4. The measurement system is continuous
improvement.

January 1990

admini functions. The “Make Certain™
program focuses the attention of management
and administrative personnel on error preven-
tion, beginning with each employee's own ac-
tions.

This program promotes defect prevention in
three ways: by educating employees as to the
impact and cost of administrative errors, by
changing attitudes from accepting occasional
errors to one of accepting a personal work stan-
dard of zero defects, and by providing a formal
mechanism for the prevention of errors.

CORRECTIVE ACTION TEAMS
Employees with the perspective, knowledge,
and necessary skills to solve a problem are
formed into ad hoc groups called Corrective
Action Teams. These teams, a major force with-
in the company for quality improvement,
resolve administrative, technical and manufac-
turing issues.

ECR SYSTEM (ERROR CAUSE
REMOVAL)

The ECR System permits employees to report
to management any impediments to doing the
job right the first time. Once such an impedi-
ment is reported, management is obliged to
respond promptly with a corrective program.
Doing itright the first time in all company activi-
ties produces lower cost of ownership through
defect prevention.

PRODUCT QUALITY PROGRAM
To reduce defects in outgoing products, we
created the Product Quality Program. This is
managed by the Product Engineering Council,
composed of the top product engineering and
test professionals in the company. this group:
1. Sets aggressive product quality improve-
ment goals;

2. provides corporate-level visibility and
focus on problem areas;

3. serves as a corporate resource for any
group requiring assistance in quality
improvement; and

4. drives quality improvement projects.

As a result of this aggressive program, every
major customer who reports back to us on
product performance is reporting significant
progress.

VENDOR CERTIFICATION
PROGRAM

Our vendors are taking ownership of their own
product quality by establishing improved pro-
cess control andinspection systems. They sub-
scribe to the zero defects philosophy. Progress
has been excellent.

Through intensive work with vendors, we have
improved our lot acceptance rate on incoming
materials as shown in Figure 2. Simultaneous-
ly, waivers of incoming material have been
eliminated.
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Figure 2. Lot Acceptance Rate From Signetics Vendors
MATERIAL WAIVERS COMMUNICATING WITH EACH
1988 - 0 OTHER
1987- 0 For information on Signetics’ quality programs
1986 - 0 or for any question conceming product quality,
1985- 0 the field salesperson in your area will provide
1984- 0 you with the quickest access to answers. Or,
1983- 0 write onyour letterhead directly to the corporate
1982 - 2 VP of quality at the corporate address shown at
1981 -134 the back of this manual.
Higher incoming quality material ensures high-  We are dedicated to preventing defects. When
er outgoing quality products. product problems do occur, we want to know
about them so we can eliminate their causes.
Here are some ways we can help each other:
® Provide us with one informed contact within
QUALITY AND RELIABILITY your organization. This will establish conti-
ORGANIZATION nuity and build confidence levels.

Quality and reliability professionals at the divi-
sional level are involved with all aspects of the
product, from design through every step in the
manufacturing process, and provide product

assurance testing of outgoing product. A sepa-
rate corporate-level group provides direction
and common facilities.

Quality and Reliability Functions
® Manufacturing quality control
® Product assurance testing

® Laboratory facilities — failure analysis,
chemical, metallurgy, thin film, oxides

© Environmental stress testing

® Quality and reliability engineering
@ Customer liaison
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® Periodic face-to-face exchanges of data
and quality impro! ideas b

MANUFACTURING: DOING IT

RIGHT THE FIRST TIME

In dealing with the standard manufacturing
flows, it was recognized that significant im-
provement would be achieved by “doing every
job right the first time”, a key concept of the
quality improvement program. During develop-
ment of the program many profound changes
were made. Figure 3, Programmable Logic
Process Flow, shows the result. Key changes
included such things as implementing 100%
temperature testing on all products as well as
upgrading test handlers to insure 100% posi-
tivebinning. Some of the other changes and ad-
ditions were to tighten the outgoing QA lot
acceptance criteria to the tightest in the indus-
try, with zero defect lot acceptance sampling
across all three temperatures.

The achievements resulting from the improved
process flow have helped Signetics to be rec-
ognized as the leading Quality supplier of Pro-
grammable Logic. These achievements have
also led to our participation in several Ship-to-
Stock programs, which our customers use to
eliminate incoming inspection. such programs
reduce the user cost of ownership by saving
both time and money.

OUR GOAL: 100%
PROGRAMMING YIELD

Our original goal backin the eariy 1970s was to
developa broadline of programmabie products
which would be recognized as having the best
programming yield in the industry. Within the
framework of a formal quality program, our ef-
forts to improve circuit designs and refine man-
ufacturing controls have resulted in major
advances toward that goal.

Also within the framework of our formal quality
programwe have now established astated goal
of 100% prog ing yield. through the in-

your engineers and ours can help prevent
problems before they occur.

® Test correlation data is very useful. Line-
pull information and field failure reports
also help us improve product performance.

® Provide us with as much specific data on
the problem as soon as possible to speed
analysis and enable us to take corrective
action.

@ An advance sample of the devices in
question can start us on the problem
resolution before physical retum of
shipment.

This teamwork with you will allow us to achieve

our mutual goal of improved product quality.
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creasing effectiveness of a quality attitude of
*Do It Right the First Time" we're moving ever
closer to that target.

Signetics PLD programming yields have been
shownin collected data fromintemnal audits and
customer reporting to be consistently higher
than comparable devices produced by our
competition. We use systematic methods in-
volving publication of exacting specifications of
our programming algorithms, and through eval-
uation of those algorithms as implemented in
industry standard programming equipment.
Because of this we can assure our customers
who program Signetics PLDs on such qualified
equipment they will see consistently high
yields. Our data base shows that average lot
programming yield exceeds 97%.
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....... SCANNING ELECTRON MICROSCOPE CONTROL

Wafers are sampled daily by the Quality Control L y from each L jected to SEM
analysis. This process control reveals manutacturing defects such as contact and oxide step covsraqe in the
metalization process which may result in early failures.

"""" DIE SORT VISUAL ACCEPTANCE
Product is inspected for defects caused during fabrication, wafer testing, or the mechanical scrbe and break
operation. Defects such as smears and bonding pads are included In the lot acceptance
criteria.

------- PRE-SEAL VISUAL ACCEPTANCE

Product is inspected to detect any darmga incurred at the die attach and wire bonding stations. Defects such as
and d ball bonds are included in the lot acceptance criteria.

(<]
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STABILIZATION BAKE PRECONDITIONING

Plastic molded devices are baked to stress wire and die bonds and help devices. It als
an optimum plastic seal to enhance molsture resistance. Hemmlcdevicsnnbamto ensure the elimination
of any remaining cavity moisture.

TEMPERATURE CYCLING (Monitor)

Using MIL-STD--883 Method 1010.1 Condition C devices are cycled from cold to hot temperatures imposing a
very severe stress which weakens loose bonds and package seals without degrading good devices. A loosened
bond is later detected during 100% electrical tests.

SEAL TESTS
Hermetic package seal integrity is ensured by 100% gross lsak testing.

"""" 100% PRODUCTION ELECTRICAL TEST

Every device is tested for ional and AC/DC pi at high with guard bands to assure
performance to data shest imks.

BURN IN (SUPR Nl LEVEL B OPTION)
Devices are burned in for 21 hours at 155°C maximum junction temperature.

SYMBOL

Devices are marked with the Signetics logo, device number and the date code or custom syrbol per individual
specification requirements.

VISUAL
All products are 100% visually per the in Sig or

100% PRODUCTION ELECTRICAL TESTING

Every device is tested for and AC/DC at 25°C with guard bands to assure performance to
data sheet imits.

Tttt - FINAL QUALITY ASSURANCE GATE
The final QA | Cti tests have met Sig

mwwm%mummmmwmm

Figure 3. Customer Specific Products Programmable Logic Process Flow

January 1980
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Signetics Programmable Logic Devices

Quality and Reliability

As time goes on the drive for a product line that
has Zero Defects will grow in intensity. These
efforts will provide both Signetics and our cus-
tomers with the ability to achieve the mutual
goal of improved product quality.

The Customer Specific Quality Assurance de-
partment has monitored PPM progress, which
can be seen in Figure 4. We are pleased with
the progress that has been made, and expect
to achieve even more impressive results as the
procedures for accomplishing these tasks are
fine tuned.

January 1990

3
®

05

Defective Parts per Miliion
Thousands

Electrical and Mechsnical

1 ! L 1 1

1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

Figure 4. Programmable Logic EPQ (Estimated Process Quality)
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Signetics Programmable Logic Devices

Quality and Reliability

The Customer Specific Reliability Department
has established an ongoing Infant Mortality
Monitor. This monitor is used to determine and
drive ongoing Corrective Action for the pur-
poses of continuously improving product reli-
ability.

The real measure of any quality improvement
program is the result that our customers see.
The meaning of Quality is more than just work-
ing circuits. It means commitment to On Time
Deliveryatthe RightPlace of the Right Quantity
of the Right Product at the Agreed Upon Price.

January 1990
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Signetics Programmable Logic Devices

Quality and Reliability

CMOS RELIABILITY

INFORMATION

All Signetics’ EPROM die are designed as low
power UV light erasable and electrically pro-
grammable read only memories. They have
been designed to perform over military and
commercial tomperature ranges. These dieare
assembled in EPROM packages that comply
with industry standard packages: CERDIP
(Quartz window), Plastic DIP (One Time Pro-
grammable) and Plastic Leaded Chip Carrier
(One Time Programmable).

The following descriptions are of the tests and
calculations performed on each device organi-
zation and package type to validate the quality
andreliability of the CMOS design and technol-
ogy. All described tests are performed on each
package type, with the exception of the ‘Pro-
gram-erase cycling’ test for the One Time Pro-
grammable devices.

ELECTROSTATIC DISCHARGE
PROTECTION (ESD)

This testis performed to validate the product's
tolerance to electrostatic discharge damage.

Both MIL-STD-883 criteria (human body mod-
el) and mechanical model charged device test
are performed.

HIGH TEMPERATURE STORAGE
LIFE TEST (HTSL)

Another popular name for this test is datareten-
tion bake. This process is used to thermally ac-
celerate charge loss from the floating gate. The
test is performed by subjecting devices that
contain a 100% programmed data pattern to a
250°C bake with no applied electrical bias or
clocks.

In addition to charge loss, this testis used to de-
tect mechanical reliability (i.e., bond integrity)
and process instability.

January 1990

DYNAMIC LOW TEMPERATURE

LIFE TEST (DLTL)

This test is performed at —~10°C to detect the
effects of hot electron injection into the gate
oxide as well as package-related failures (i.e.,
metal corrosion). The biasing and clocking con-
ditions for this test are identical to the DHTL #1
test.

TEMPERATURE CYCLE (TMCL)
This test consists of performing 200 cycles of
ambient air temperature of the chamber and
housing the unbiased subject devices from
—65°C to +150°C and back. The 200 cycles are
performed at 20 minutes per cycle.

DYNAMIC HIGH TEMPERATURE
LIFE TEST (DHTL #1)

This test is used to accelerate failure mecha-
nisms by operating the devices at 125°C ambi-
ent temperature with worst-case specified
power supply voltages of Vo and Vpp at 5.5V.
The memory is sequentially addressed to exer-
cise the fully-loaded outputs. A checkerboard
complement data pattern is used to simulate
random patterns expected during actual use.

DYNAMIC HIGH TEMPERATURE
LIFE TEST (DHTL #2)

Thistestis usedto accelerate oxide breakdown
failures and to further accelerate the failure
mechanisms of DHTL #1. The test setup is
identical to the one used for the DHTL #1 test
except the temperature is 150°C and the V¢
and Vpp power supply voltages are 6.5V, result-
ing in a 20% increase over the specified opera-
tional electrical field across the gate oxides of
the device (1.25mV/cm for 325A oxide thick-

ness). This represents a 55 X electrical field in-
duced acceleration in addition to the thermal
acceleration at 150°C.

34

PROGRAM-ERASE CYCLING

AND PROGRAMMABILITY

All four power supply voltage combinations for
Vce and Vpp are tested for programmability
(Vec=6.0V+£0.25Vand Vpp =125V +0.5Vin
program mode). The number of possible pro-
gram/erase cycles is then tested to establish
program-erase cycling expectations.

FAILURE RATE PREDICTIONS

In preparation for the various life tests, a 168
hour, 125°C, 5.5V production burn-in is per-
formed on the devices. The infant mortality re-
jects are removed from the population in order
to develop long-term failure rate information
during the random failure rate portion of the de-
vice life cycle.

The failure rate calculation combines ali failure
mechanisms by activation energies and asso-
ciated device hours for the 125°C, 5.5V Dy-
namic Life Test (DHTL #1), the 150°C, 6.5V
Dynamic Life Test (DHTL #2), the 150°C, 7.5V
Static Life Test and the 250°C Bake.

The activation energies for the various EPROM
failure mechanisms are:

Defective bit 0.6eV
charge gain/loss
(electron hopping conduction)
Oxide breakdown 0.3eV
Silicon defects 0.3eV
Contamination 1.0-1.2eV
Intrinsic charge loss 1.4eV

NOTE:
The combined failure rate for the stresses is the
sum of failure rates by activation energies.



Signetics Programmable Logic Devices

Quality and Reliability

METHODS OF FAILURE RATE
CALCULATIONS

Actual Device Hours = Number of Devices X
Number of Hours. In order to determine the
Equivalent Hours derated to a given operation
temperature, the junction temperatures of the
devices should be calculated using the known
thermal resistance of the package (0,4) and the
power dissipation of the devices:

T1.2=0 (V1,2 + a2 Q)]

Using the Arrhenius relation, the test tempera-
ture and the derated operation temperature will
yield the thermal acceleration factor from
Tito Ty

R, A-exp[ﬁ]
KT

k

5

Ry A-explkT.

1 P 1 . [EA:H:l_l] 2)
T T2

k = 8.617 X 105 eV/Kelvin (Boltzmann's

constant)

A = Proportionality constant for a given
failure mechanism

Ry = mean time to failure @ T,
Rz = mean time to failure @ T,
Ea = activation energy for the failure

mechanism
T1 = operating temperature
T2 = life test temperature

January 1990

An additional 55 X acceleration factor should
he added for the 150°C/6 5V dynamic life test
due to the time-dependent oxide failure accel-
eration (20% higher than specified power sup-
ply voltage).

Multiplying the actual device hours by the ac-
celeration factor for each failure mechanism
will result in the equivalent hours.

Poisson statistics are applied to estimate the
performance of the population from the life test
results of a sample test. This is useful when the
probability of failures is small and the failures
occur randomly in time. A commonly used for-
mula for estimating the failure rate is the “chi-
squared” equation:

x2
Fc= — X 100% 3]
C= ont (3)

Fc = calculated failure rate estimate
(in %/1000 hrs) at upper confidence limit

X2 = “chi-squared" value for 2F, + 2 degrees
of freedom for o< where Fj is the number
of actual failures ()2 comes from
available tables for a known o)

o< = 1-B, where B is the confidence limit
(B is stated in %).

n = number of units in test

t = testtime in thousands of hours
(equivalent)

35

Equation 3 will calculate the estimated failure
rates/1000 hrs for 60% confidence level (indus-
try standard) for each failure mechanism.

THE SURE PROGRAM

The SURE (Systematic Uniform Reliability
Evaluation) program audits/monitors products
from all Signetics' divisions under a variety of
accelerated environmental stress conditions.
this program, first introduced in 1964, has
evolved to suit changing product complexities
and performance requirements.

The SURE program has two major functions:
long-term accelerated stress performance au-
ditand a short-term accelerated stress monitor.
In the case of Memory products, samples are
selected that represent product groups from all
wafer fabrication and assembly locations.

SURE REPORTS

The data from these test matrices provides a
basic understanding of product capability, an
indication of major failure mechanisms and an
estimated failure rate resulting from each
stress. This datais compiled periodically and is
available to customers upon request.
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Product Specification

Programmabie Logic Devices

DESCRIPTION

The PLHS16L8A is a high-speed “A” ver-
sion, and the PLHS16L8B is a very high-
speed “B version PAL®-type device. The
sum of products (AND-OR) architecture is
comprised of 64 AND gates and 8 OR
gates. The Signetics PLHS16L8A/B de-
vices offer 100% functional compatibility
with other PAL 16L8 devices. Specified at
atpp of 20ns (maximum), the PLHS16L8A
is 20% faster than other “A” version PAL
16L8 devices, and consumes 20% less
power than most other “A” speed 16L8 de-
vices. The PLHS16L8B, specified at
155mA lgc (maximum), consumes 20%
less power than other “B” version PAL
16L8 devices.

All AND gates are linked to 10 dedicated
inputs, 6 bidirectional I/O and 2 dedicated
outputs. On-chip buffers couple eithertrue
(1, B) or complement (I, B) input polarities
to all AND gates. The 64 AND gates are
separated into eight groups of eight prod-
uct terms each. Within each group, seven
of the AND terms are OR’ed together,
while the eighth is used to control the
3-State function of the bidirectional I/0. All
outputs (bidirectional and dedicated) are
inverting.

Inthe virgin state, the AND array fuses are
back-to-back CB-EB diode pairs which act
as open connections. Current is ava-
lanched across individual diode pairs dur-
ing fusing, which essentially short circuits
the EB diode and provides the connection
for the associated product term.

The PLHS16L8A/B is field-program-
mable, allowing the user to quickly gener-
ate custom patterns using standard
programming equipment.

PHILIPS

PLHS16L8A/B

Programmable AND Array Logic

(16 x 64 x 8)

Order codes are listed in the Ordering
Information Table.

FEATURES

® “A” version 100% functionally and
pin-for-pin compatible with
AmPAL16L8A, MMI PAL16L8A,
TIBPAL16L8-25, and
NSC PAL16L8A devices

— 20% faster than other “A” version
PAL devices
- tpp = 20ns (max)

e “B” version 100% functionally and
pin-for-pin compatible with
AmPAL16L8B, MMI PAL16L8B,
TIBPAL16L8-15 and NSC PAL.16L8B
devices

— Consumes 20% less power than
other “B” version PAL devices

— 155mA l¢c (worst case)

- /O propagation delay: 15ns (max)
(“B” version)

® Field-programmable
® 10 dedicated inputs

® 8 outputs
- 6 bidirectional I/O
— 2 dedicated outputs

© Individual 3-State control of all
outputs

® 64 AND gates/product terms
® Security fuse

Inc., a wholly-owned subsidiary of Advanced Micro Devices, Inc.

39

PIN CONFIGURATIONS

N Package

A Package

I2 1 lo VecOr

EBIEEEE

APPLICATIONS

® 100% functional replacement for
20-pin 16L8 combinatorial PAL de-
vices

® Random logic

® Code converters

® Fault detectors

® Function generators

® Address mapping/decoding
® Multiplexing

PHILIPS



Product Specification

Signetics Programmable Logic Devices

PLHS16L8A/B

Programmable AND Array Logic (16 x 64 x 8)

FPLA LOGIC DIAGRAM

PLHS16LSA/B

[19] o7

v [EHZ |

(£9-0) SWH3L 1ONAOYd

31

INPUTS (0-31)

NOTES:

1. All unprogrammed or virgin "AND" gate locations are pulled to logic *1".

Programmable connections.

2.

40
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Product Specification

Programmable AND Array Logic (16 x 64 x 8) PLHS16L8A/B
FUNCTIONAL DIAGRAM
Pes LOGIC TERMS Po
o{$
10§ a5
B, 4—
. 3t
l[lI I lIL )] U“f ) U & Ll T ILI II Tl [TLI I
Y \) \
>o o7
> 1
@/L}—D\‘ )
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic Dual In-Line (300mil-wide) PLHS16L8AN, PLHS16L8BN Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLHS16L8AA, PLHS16L8BA Maximum ambient 75°C
Allowable thermal rise 75°C

ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage -0.51t0 +% Voc
Vin Input voltage -05t0+55 Voc
Vout Output voitage —0.5 to Vgc Max Voc
Voutrra | Output voltage (programming) +21 Voc
I Input current -30to +5 mA
lout Output current +100 mA
loutPRG Output current (programming) +170 mA
Ta Operating temperature range 0to +75 °C
Tsta Storage temperature range —65 10 +150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-

cated in the operational and programming specification of the device is notimplied.

October 16, 1989
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Signetics Programmable Logic Devices Product Specification

Programmable AND Array Logic (16 x 64 x 8) PLHS16L8A/B

DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75 < Ve < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min I Typ! I Max UNIT
Input voltage?
Vu_ Low VCC =MIN +0.8 \"
Vi High Ve = MAX +2.0 \
Ve Clamp Vee = MIN, Iy = -18mA -0.9 -1.2 v
Output voltage
Vee =MIN, Viy = Viyor Vi
VoL Low loL = +24mA +0.50 \
Vou High lon =—3.2mA +2.4 +3.5 \%
Input current
Vee = MAX
Iy Low VN = +0.40V -20 -100 HA
Iy High VN = +2.7V +25 HA
I High VN = +5.5V +1.0 mA
Output current
Vee = MAX, Vi = 0.8V, Vi = 2.0V
lozn Output leakage Vourt = +2.7V +100 HA
lozL Output leakage Vour = +0.40V -50 HA
los Short circuit 3 Vour = +0.5V -30 —-60 -90 mA
lcc Vcc current Vce = MAX, All inputs = GND 100 155 mA
Capacitance?*
Voo = +5V
CiN Input ViN=20V@ f=1MHz 6 pF
Cout 1’0 Vour=20V@ f = 1MHz 9 pF
NOTES:

1. Typical limits are at Voo = 5.0V and Tp = +25°C.

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vot = 0.5V has
been chosen to avoid test problems caused by tester ground degradation.

4. These parameters are not 100% tested, but are periodically sampled.

October 16, 1989 42
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Programmable AND Array Logic (16 x 64 x 8) PLHS16L8A/B

AC ELECTRICAL CHARACTERISTICS 0°C < Tp < +75°C, 4.75 < Vg < 5.25V, Ry = 200Q, R = 390Q

LIMITS
SYMBOL PARAMETER FROM TO TEST PLHS16L8A PLHS16L8B UNIT
CONDITIONS Min | Typ | Max | Min | Typ | Max
tp Propagation delay Output + Input + C_ = 50pF 14 20 12 15 ns
tea Output enable Output — Input + C_ =50pF 14 20 12 15 ns
ter Output disable Output + Input + CL = 5pF 14 20 12 15 ns
NOTES:

1. Typical limits are at Vg = 5.0V and Ty = +25°C.

2. tpp is tested with switch Sy closed and C|_ = 50pF.

3. For 3—State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and Sy is open for high—impedance to High tests and
closed for high—impedance to Low tests. Output disable times are tested with C| . 5pF. High—to—High impedance tests are made to an output
voltage of Voy = —0.5V with Sy open, and Low—to-High impedance tests are made to the Vo = +0.5V level with S; closed.

VIRGIN STATE TIMING DEFINITIONS
A f_acto:;y shipped virgin ds?vuce contains all SYMBOL PARAMETER
fusible links open, such that:
1. All outputs are enabled. tep Input to output propagation
lay.
2. All p-terms are enabled in the AND array. delay
ter Input to output disable
(3—State) delay (Output
Disable).
tea Input to Output Enable
delay (Output Enable).
TIMING DIAGRAM
3.0V
INPUTS, IO 1.5V
ov
) tER—> 'EA’!
VoH
VoL
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE; CHANGING;
MUST BE WILL BE : g
ANY CHANGE STATE
DOES NOT LINEIS HIGH
APPLY IMPEDANCE
“OFF" STATE

Oc'lobel' 16, 1989 43
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Programmable AND Array Logic (16 x 64 x 8)

PLHS16L8A/B

AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
430V — ———
Vce +5V S
1 1 N l J o
Cy C2 SR
1
| I I o " By T ——J R tf SnlL_
= I | 3 _I_ +3.0V
| | RS CL
INPUTS | o ip but | 1
T *8w | ) I 10%
[ | ov———f
S L o Z OUTPUTS == ™ 5""_ _'Is"'
= MEASUREMENTS:
_I_ All circult delays are measured at the +1.5V level of
- inputs and outputs, unless otherwise specified.
NOTE:
C1 and C7 are 10 bypass VCC 1o GND. Input Puises

LOGIC PROGRAMMING

PLHS16L8A/B logic designs can be generated
using any commercially available, JEDEC
standard design software that supports the
16L8 architecture. No JEDEC fuse map con-

PLHS16L8A/B designs can also be generated
using the program table format, detailed on the
following page. This program table entry (PTE)
format is supported on the Signetics AMAZE

To implement the desired logic functions, each
logic variable (I, B, P and D) from the logic
equations is assigned a symbol. TRUE (High),
COMPLEMENT (Low), DON'T CARE and

version or translation is necessary when using  PLD design soft . AMAZE is available free  INACTIVE symbols are defined below.
the PLHS16L8A/B. of charge to qualified users.
“AND” ARRAY - (I, B)
LB 1,8 LB L8
LB LB B B
41 LB 1B A4
PD RD PD P,D
[ smamE | cooe ] | STATE [ cooe | [ STATE [ cooe | [ s | cooe |
L _macnve2 | o ] L TRUE H | Ucompiemeny [ | | oontcare! | - |
NOTE:

1. This is the initial state of all diodes pairs.

2. All unused product terms must be programmed with all pairs of diodes in the INACTIVE state (all fuses on an unused p—term must be

programmed).

October 16, 1989
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Status Product Specification

Programmable Logic Devices

FEATURES
© Ultra high-speed
— tpp = 7.5ns and fyax = 74MHz for
the PLUS16R8-7 Series
— tpp = 10ns and fyax = 60 MHz for
the PLUS16R8D Series

® 100% functionally and pin-for-pin
compatible with industry standard
20-pin PALICs

© Power-up reset function to enhance
state machine design and testabil-
ity

® Design support provided via
AMAZE and other CAD tools for
Series 20 PAL devices

® Field-programmable on industry
standard programmers

® Security fuse

® Individual 3-State control of all
outputs

16L8, 16R8, 16R6, 16R4

DESCRIPTION

The Signetics PLUS16XX family consists
of ultra high-speed 7.5ns and 10ns ver-
sions of Series 20 PAL devices.

The PLUS16XX family is 100% functional
and pin-compatible with the 1618, 16R8,
16R6, and 16R4 Series devices.

The sum of products (AND-OR) architec-
ture is comprised of 64 programmable
AND gates and 8 fixed OR gates. Multiple
bidirectional pins provide variable input/
output pin ratios. Individual 3-State control
of all outputs and registers with feedback
(R8, R6, R4) is also provided. Proprietary
designs can be protected by programming
the security fuse.

The PLUS16R8, R6, and R4 have D-type
flip-flops which are loaded on the
Low-to-High transition of the clock input.

In order to facilitate state machine design
and testing, a power-up reset function has
been incorporated into these devices to

resetallinternal registers to active-Low af-
ter a specific period of time.

The Signetics State-of-the-Art oxide isola-
tion Bipolar fabrication process is
employed to achieve high-performance
operation.

The PLUS16XX family of devices are field
programmable, enabling the user to
quickly generate custom patterns using
standard programming equipment. See
the programmer chart for qualified pro-
grammers.

The AMAZE software package from
Signetics supports easy design entry for
the PLUS16XX series as well as other
PLD devices from Signetics. The
PLUS16XX series are also supported by
other standard CAD tools for PAL-type de-
vices.

Order codes are listed in the Ordering
Information table.

PLUS16L8 10 8(6 10) 0

PLUS16R8 8 0 8

PLUS16R6 8 210 6

PLUS16R4 8 4100 4
®PAL is areg of M Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.

PHILIPS|

LA

PHILIPS
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Product Specification

PAL-Type Devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

PIN CONFIGURATIONS
PLUSi6LE PLUS16R8
A4
I E — 20 | Vee a1 —P— E Vee

& - =

[s1 (=1 [-] [ (=] [ (=] [+ <]

&=

AND

ARRAY

o
w

BUEEERA®

Ig — B,
[= = 13| B
Iy - 12| Op

GND | 10 L Tuls

CD15280S
PLUS16L8
b ol Vec O7
a|[2]f1][20]]10
[a ‘ 18] B¢

|5 ___1_1] Bs

AND
15 [6 or | ourruts |—1] 8,
ARRAY

[7 _Ea,
I8 —14( B,

| 4> 1 1
|02] D] D) B )

I3 GND |3 O, B,

cp152708

SYMBOL  DESCRIPTION

I Dedicated Input

o Dedicated combinatorial Output
Q Registered output

B Bidirectional (inputioutput)
CLK Clock input

OE Output Enable

Vee Supply Voltage

GND Ground

s

o o & &

T
©

[
z
o
- I
©

1 [51 [+ [ [+ [+] ] [-]

T

T

AND

ARRAY

T
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19 | Q;
18 | Qg
17] Qs
16 ] Q,

15 IQ;,

14]Q,

nlo.

12|,

1 | GE

PLUS16R8

I, lp CLK Ve @
3|[2][1][20][1o

AND
OR OuTPUTS |1
ARRAY

-

-

CD153108

18] Qg

7.
o,

|
|l|1_o_’11[£l
Q,

I
Tl

Q

sz

I, GND

DESCRIPTION
Dedicated Input

CD152608

Dedicated combinatorial Output

Registered output
Bidirectional (inputioutput)
Clock input

Output Enable

Supply Voitage

Ground
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Signetics Programmable Logic Devices

Product Specification

PAL-Type Devices

16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

PIN CONFIGURATIONS
PLUS16R6 PLUS16R4
\J N\
CLK E————-D— 20 | Ve cLK E——-D—j 20 | Vee

;

b2

w
L

-

&

=] (=1 (-] [51 [ (=] [] [<] [+]

AND

ARRAY

,.:-
|

1

o

00

-

KJ

HE
I PPYYPY

(2]
z
o

1

=

PLUS16R6
I, 1o CLK Vo B,

3(|2f1]]20}[19

T T T ] I

19 | B,

18 | Qg

17 | Qs

°

o

12 | B,

l_:|]

€D153008

1] F—E] Qs
I3]5 117 Qs
AND
|6 OR | OUTPUTS T_s] Q,
ARRAY ]
lg|8 —{ 14| Q,
911011} [12]|13
I, GND OE B, Q
cD152508
SYMBOL DESCRIPTION
I Dedicated Input
o Dedicated combinatorial Output
Q Registered output
B Bidirectional (input/output)
CLK Clock input
OE Output Enable
Vee Supply Voltage
GND Ground

| 19| B,

T o] o] T 2]

o
o

|

14

AND

ARRAY

o

|
T

&l
=] (=] (=] [2]

YYYY

o
~

|
3
G

o
<

1

C0152908

PLUS16R4
i 1y CLK Vo B,

3112 1]]20][19

o
Ngh
AND
OR | OUTPUTS —-@ Q,
ARRAY
] o

|- F) o,

[ T

D)D) 0) 3]

I, GND OE B, B,
CD152408

SYMBOL  DESCRIPTION

GND

Dedicated Input

Dedicated combinatorial Output
Registered output

Bidirectional (inputoutput)
Clock input

Output Enable

Supply Voltage

Ground

November 14, 1989

48



Signetics Programmable Logic Devices

Product Specification

PAL-Type Devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

LOGIC DIAGRAM

PLUS16L8

No

T TRTTTRTIVE T

;

] e

7]

7

PRODUCT TERMS (0-63)

NOTES:

1. All unprogrammed or virgin *AND" gate locations are pulled to logic “0".
2. & Programmable connections.

3

INPUTS (0-31)
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Product Specification
PLUS16R8

PLUS16R8D/-7 SERIES

16L8, 16R8, 16R6, 16R4

PAL-Type Devices
LOGIC DIAGRAM

31

50

INPUTS (0-31)

(£9-0) SWH3L 1ONAOYHd

Signetics Programmable Logic Devices

All unprogrammed or virgin "AND" gate locations are pulled to logic *0".
Programmable connections.

2

NOTES:
November 14, 1989
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Signetics Programmable Logic Devices

Product Specification

PAL-Type Devices X
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES
LOGIC DIAGRAM PLUS16R6

cLK [3

OO

05

CUUII )

24 —H
5 s D
]
c
S 32
o
<]
£

39 £ £l
O e

40 L

a7 & Iy

Q,
§

[]

INPUTS (0-31)

NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic "0".
2. i Programmable connections.

31
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Product Specification

Signetics Programmable Logic Devices

PAL-Type Devices

PLUS16R8D/-7 SERIES

16L8, 16R8, 16R6, 16R4

PLUS16R4

{13' By

Bo

12

°z

LOGIC DIAGRAM

(£9-0) SWH3L 1ONAOHd

40
47

Iz

3

INPUTS (0-31)

1. All unprogrammed or virgin "AND" gate locations are pulled to logic “0".

NOTES:

#¥ Programmable connections.

2.

52
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Signetics Programmable Logic Devices

Product Specification

PAL-Type Devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

FUNCTIONAL DESCRIPTIONS

The PLUS16XX series utilizes the familiar
sum—of—productsimplementation consisting of
a programmable AND array and a fixed OR
array. These devices are capable of replacing
an equivalent of four or more SSI/MSI inte-
grated circuits to reduce package count and
board area occupancy, consequently improv-
ing reliability and design cycle over Standard
Cell or gate array options. By programming the
security fuse, proprietary designs can be pro-
tected from duplication.

The PLUS16XX series consists of four PAL-
type devices. Depending on the particular de-
vice type, there are a variable number of
combinatorial and registered outputs available
to the designer. The PLUS16L8 is a combinato-
rial part with 8 user configurable outputs (6 bi-
directional), while the other three devices,
PLUS16R8, PLUS16R6, PLUS16R4, have
respectively 8, 6, and 4 output registers.

3-State Outputs

The PLUS16XX series devices also feature
3-State outputbuffers on each output pin which
can be programmed for individual control of all
outputs. The registered outputs (Qn) are con-
trolled by an external input (/OE), and the com-
binatorial outputs (On, Bn) use a product term
to control the enable function.

AND ARRAY - (I, B)

Programmable Bidirectional Pins
The PLUS16XX products feature variable
Input/Output ratios. In addition to 8 dedicated
inputs, each combinatorial output pin of the
registered devices can be individually pro-
grammedas an inputoroutput. The PLUS16L8
provides 10 dedicated inputs and 6 Bidirection-
al l/O lines that can be individually configured
as inputs or outputs.

Output Registers

The PLUS16R8 has 8 output registers, the
16R6 has 6, and the 16R4 has 4. Each output
register is a D-type flip—flop which is loaded on
the Low—to-High transition of the clock input.
These output registers are capable of feeding
the outputs of the registers back into the array
to facilitate design of synchronous state ma-
chines.

Power-up Reset

By resetting all flip—flops to a logic Low, as the
power is turned on, the PLUS16R8, R6, R4 en-
hance state machine design and initialization
capability.

Software Support
Like other Programmable Logic Devices from
Signetics, the PLUS16XX series are supported

by AMAZE, the PC—based software develop-
ment tool from Signetics. The PLUS16XX fami-
iy of devices are also supported by standard
CAD tools for PAL devices, including ABEL and
CUPL.

AMAZE is available free of charge to qualified
users.

Logic Programming

Logic designs for PLUS16XX series can be
generated using any commercially available
JEDEC standard design software that supports
the 20—pin PAL devices. No JEDEC fuse map
conversion or translation is necessary when
transferring designs from slower 20—pin PAL
devices.

To implement the desired logic functions, each
logic variable from the logic equations is as-
signed a symbol. True (High), Complement
(Low), Don't Care and Inactive symbols are de-
fined below.

ot ]

w1

— LB — LB
LB
e | R

STATE CODE [ STATE ] cooE | I STATE [ cooE |
[ wacnve? | o ] 18 n s C ] [ oontoare | -
VIRGIN STATE

A factory shipped virgin device contains all fus-
ible links intact, such that:
1. All outputs are at “H" polarity.

2. All P, terms are disabled.

3. All P, terms are active on all outputs.

November 14, 1989
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Signetics Programmable Logic Devices Product Specification

PAL-Type Devices _
168, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE

PLUS16R8DN Maximum junction 150°C
PLUS16R6DN
. . . PLUS16R4DN
20-Pin Plastic Dual-In-Line PLUS16L8DN Alowable thermal rise

300mil-wide E::Hg} ggg:;“ ambient to junction

PLUS16R4-7N
PLUS16L8-7N

PLUS16R8DA
PLUS16R6DA
PLUS16R4DA
20-Pin Plastic Leaded Chip Carrier PLUS16L8DA
(PLCC) PLUS16R8-7A
PLUS16R6-7A
PLUS16R4-7A
PLUS16L8-7A

Maximum ambient 75°C

75°C

NOTE:

The PLUS16XX series of devices are also processed to military requirements for operation over
the military temperature range. For specifications and ordering information, consult the Signetics
Military Data Book.

ABSOLUTE MAXIMUM RATINGS?

RATINGS

SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage -05 +7 Voc
ViN Input voltage -0.5 +5.5 Ve
Vour Output voltage +5.5 Voc
IN Input currents -30 +30 mA
lout Output currents +100 mA
Tsta Storage temperature range -65 +150 °C

NOTE:

1. .Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.

OPERATING RANGES
RATINGS
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +4.75 +5.25 Ve
Ta Operating free—air temperature (] +75 °c
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Signetics Programmable Logic Devices Product Specification
PAL-Type Devices PLUS16R8D/—7 SERIES
16L8, 16R8, 16R6, 16R4

DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75 < Vge <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min | Typt | Max UNIT
Input voltage?
Vi Low Ve = Min 0.8 v
Vi High Ve = Max 20 v
Vic Clamp Vee = Min, [y =—18mA -08 -15 \Y
Output voltage
Ve = Min, Viy=Viyor Vi
Vor Low loL = 24mA 0.5 \
Vou High low = -3.2 mA 2.4 %
Input current
Vee = Max

I Low3 Viy = 0.40V 250 HA
Iy High? Viy =27V 25 HA
h Maximum input current Vin = Vee = Veomax 100 HA
Output current

Vce = Max
lozn Output leakage Vout =2.7V 100 HA
lozL Output leakage Vour = 0.4V -100 HA
los Short circuit* 8 Vout = OV -30 -90 mA
lec Vg supply current Vee = Max 180 mA
Capacitance®
Cin Input Vg =5V

Vour =2.0V pF
Cg 1/O (B) Vout =2V, f= 1MHz pF

NOTES:

o aWD =

. All typical values are at Veg = 5V, T = +25°C.

. All voltage values are with respect to network ground terminal.
. Leakage current for bidirectional pins is the worst case of |, and lgz_ or I}y and lozp.
. Testone at a time.
. Duration of short circuit should not exceed 1 second.

These parameters are not 100% tested but periodically sampled.
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Signetics Programmable Logic Devices Product Specification

PAL-Type Devices .
1618, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES

AC ELECTRICAL CHARACTERISTICS R, = 200Q2, Ry = 3902, 0°C < Tp < +75°C, 4.75 < V¢ <5.25V

LIMITS
SYMBOL PARAMETER FROM TO -7 D UNIT
Min? Max Min? Max

Pulse Width
toxH Clock High CK+ CK~- 5 7 ns
tokL Clock Low CK- CK+ 5 7 ns
tckp Period CK+ CK+ 10 14 ns
Setup & Hold time
ts Input pator CK+ 7 9 ns
tH Input CK+ f;%l‘g;gk 0 0 ns
Propagation delay
tcko Clock CK+t atx 3 6.5 3 75 ns
toKF Clock3 CK+ Q 3 7 ns
tep Output (20L8, R6, R4)? ,B Output 75 10 ns
toe1 Output enable* OE Output enable 3 8 3 10 ns
toe2 Output enable*5 | QOutput enable 3 10 3 10 ns
ton1 Output disable* OE Output disable 3 8 3 10 ns
ton2 Output disable*5 | Output disable 3 10 3 10 ns
tskw Output Q Q 1 1 ns
tepr Power-Up Reset Vee+ Q+ 10 10 ns
Frequency (20R8, R6, R4)

No feedback 1/ (toki + toxH)® 100 714 MHz
fmax Internal feedback 1/ (tis + tokr)® 100 625 MHz

External feedback 1/ (s + tcko)® 74 60.6 MHz

-

For definitions of the terms, please refer to the Timing/Frequency Definitions tables.

NOTES:

1.

2
3.
4

CL = OpF while measuring minimum output delays.

. tpp test conditions: CL = 50pF (with jig and scope capacitance), Viy = 3V, V| = 0V, Vo = VoL = 1.5V.

tckr was caleulated from measured Internal fygax.

. In reference to 3—State outputs, output enable times are tested with CL = 50pF to the 2.0V or 0.8V level. Output disable times are tested with
CL = 5pF. High to High-impedence tests are made to an output voltage of V1 = Vou—0.5V; Low to High-impedence tests are made to the
V1 =Vor+0.5V level.

. Same function as togy and tops, with the difference of using product term control.

. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency.
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PAL-Type Devices
PLUS16R8D/-7 SERIES
16L8, 16R8, 16R6, 16R4
TEST LOAD CIRCUIT
Vee
o | | Bo'% o INCLUDES SCOPE
AND JIG
I | |~ ByOn Ry CAPACITANCE
: DUT r—'1—> Qo
| |
In o-—L—.. ._L__> Qn Ry o
oK GND o -— l
=
OUTPUT REGISTER SKEW

cx_—_/_ __________________

Qn j<
(REGISTERED OUTPUT) 1.5V
skw
Qn 41 sV
(REGISTERED OUTPUT) K

3V

ov

3v

ov

3v

ov

CLOCK TO FEEDBACK PATH

——us 1

tCKF
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PAL-Type Devices x
1618, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES

TIMING DIAGRAMS1: 2 TIMING DEFINITIONS
SYMBOL PARAMETER
WV
(INPUIT':):}(""’V 15V tekH Width of input clock pulse.
ov toxL Interval between clock pulses.
[~ 4u 45—

tokp Clock period.

Required delay between be-
tis ginning of valid input and posi-
tive transition of clock.

Required delay between posi-
tin tive transition of clock and end
of valid input data.

Delay between positive trans-
ition of clock and when internal
texe Q output of flip-flop becomes
tOE1 valid.

Delay between positive trans-

Flip—Flop Outputs tcko ition of clock and when outputs
P pBulp become valid (with OE Low).

Delay between beginning of
toes Output Enable Low and when
+3V outputs become valid.

B —
(INPU"I,’S) 18V Delay between beginning of
ov ton1 Output Enable High and when

| outputs are in the Off-State.

tpp
— \/ Delay between predefined
I~ OH y ! P
(cousmmon?kt 1.5V Z,T Output Enable High, and when
OUTPUTS) ;5 ] toe2 combinational outputs become
toE2

VoL valid.

Delay between predefined

LB ‘ Output Enable Low and when
(OUTPUT +1.5V +1.5V 0D2 combinational outputs are in
ENABLE) ov the Off-State.

Delay between V¢ (after pow-
er—on) and when flip—flop out-
puts become preset at “1” (in-
ternal Q outputs at “0").

Gate Outputs
P tppR

Propagation delay between
vee tep combinational inputs and out-

f asv puts.
Vee /
ov FREQUENCY DEFINITIONS
" tePR] fmax No feedback: Determined by

Q v .. .
(REGISTERED \["5‘, 5V OH the minimum clock period,
OUTPUTS) 1/(tekL + tokH)-
VoL Internal feedback: Deter-
™ ek mined by the internal delay
+3V from flip—flop outputs through

(INPU#SB) )(mv 1.5V the internal feedback and array
ov to the flip—flop inputs, 1/(ts +
™ % s ™ toxe).

External feedback: Deter-

/o add mined by clock-to-output

delay and input setup time,
ov 1/(tis + tcko)-

CK

Ys

4S4iCKF NOTES:
1. Input pulse amplitude is OV to 3V.
Power-Up Reset 2. Inputrise and fall times are 2.5ns.
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Signetics Programmable Logic Devices

Product Specification

PAL-Type Devices
16L.8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

PROGRAMMING

The PLUS16XX Series are programmable on conventional programmers for 20—pin PAL® devices. Refer to the following charts for qualified

manufacturers of programmers and software tools:

PROGRAMMER MANUFACTURER

PROGRAMMER MODEL

FAMILY/PINOUT CODES

DATA /O CORPORATION

10525 WILLOWS ROAD, N.E.

P.O. BOX 97046

REDMOND, WASHINGTON 98073-9746

(800)247-65700

SYSTEM 298B, LogicPak™ 303A-V04
ADAPTER 303A-011A-V08

303A-011B-V04

UNISITE 40/48, V2.3 (DIP)

V2.5 (PLCC)

MODEL 60, 60A/H, V.13

16L8-7/16L8D : 1B/17
16R8-7/16R8D : 1B/24
16R6-7/16R6D : 1B/24
16R4-7/16R4D : 1B/24

STAG MICROSYSTEMS, INC.

REDMOND, WASHINGTON 98073-9746
(800)247-6700

ZL30/30A PROGRAMMER 16L8-7/16L8D : 11/29
1800 WYATT DRIVE REV. 30A31 16R8-7/16R8D : 11/30
SUITE 3 16R6-7/16R6D : 11/30
SANTA CLARA, CALIFORNIA 95054 PPZ PROGRAMMER 16R4-7/16R4D * 11/30
(408)988-1118 TBA

SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM
SIGNETICS COMPANY
811 EAST ARQUES AVENUE
P.O. BOX 3409 AMAZE SOFTWARE
SUNNYVALE, CALIFORNIA 94088-3409 REV. 1.7
(408)991-2000
DATA 1/O
10525 WILLOWS ROAD, N.E.
P.O. BOX 97046 ABEL™ SOFTWARE

REV. 1.0 AND LATER

LOGICAL DEVICES, INC.
1201 NORTHWEST 65TH PLACE
FORT LAUDERDALE, FLORIDA 33309

(800)331-7766

CUPL™ SOFTWARE
REV. 1.01 AND LATER
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Programmable Logic Devices

DESCRIPTION

The PHD16N8-5 is an ultra fast
Programmable High-speed Decoder fea-
turing a 5ns maximum propagation delay.
The architecture has been optimized
using Philips Components-Signetics
state—of-the—art bipolar oxide isolation
process coupled with titanium-tungsten
fuses to achieve superior speed in any
design.

The PHD16N8-5 is a single level logic
element comprised of 10 fixed inputs, 8
AND gates, and 8 outputs of which 6 are
bidirectional. This gives the device the
ability to have as many as 16 inputs. In-
dividual 3-State control of all outputs is
also provided.

The device is field-programmable, en-
abling the user to quickly generate custom
patterns using standard programming
equipment. Proprietary designs can be
protected by programming the security
fuse.

The AMAZE software package from
Philips Components-Signetics supports
easy design entry for the PHD16N8-5 as
well as other PLD devices.

Order codes are listed in the pages
following.

PHD16N8-5

Programmable High-Speed
Decoder Logic (16 x 16 x 8)

FEATURES

® [deal for high speed system
decoding

® Super high speed at 5ns tpp
® 10 dedicated inputs

© 8 outputs
- 6 bidirectional I/0
— 2 dedicated outputs

® Security fuse to prevent duplication
of proprietary designs.

¢ Individual 3-State control of all
outputs

® Field-programmable on industry
standard programmers

® Available in 20-pin Plastic DIP and
20-Pin PLCC

APPLICATIONS

© High speed memory decoders
© High speed code detectors

© Random logic

® Peripheral selectors

® Machine state decoders

® Footprint compatible to 16L8

® Fuse/Footprint compatible to
TIBPAD

PIN CONFIGURATIONS

N Package

N = Plastic

A Package

I2 I o Vec Oz

g GND Iy Og By

A = Plastic Leaded Chip Carrier

PHILIPS
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Signetics Programmable Logic Devices

Preliminary Specification

Programmable High-Speed
Decoder Logic (16 x 16 x 8)

PHD16N8-5

LOGIC DIAGRAM

24

L1 )
i __J
D— L |
-
T
[\
L/
—PD 18]
[\
I——J
Y
I—J‘ ’

NOTES:

1. Al unprogrammed or virgin “AND” gate locations are pulled to logic “0”
2 Programmabie connections

October 1989
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Signetics Programmable Logic Devices Preliminary Specification

Programmable High-Speed PHD16N8-5
Decoder Logic (16 x 16 x 8)

FUNCTIONAL DIAGRAM
o—12
w12
> By-Bg
[ ooy
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic Dual In Line Package; (300mil-wide) PHD16N8-5N Maximum junction 150°C
" . O,
20-Pin Plastic Leaded Chip Carrier; (350mil square) PHD16N8—5A Maximum ambient 75°c
Allowable thermal rise 759
bient to juncti
ABSOLUTE MAXIMUM RATINGS? AR
RATINGS

SYMBOL PARAMETER Min Max UNIT

Vee Supply voltage -0.5 +7 Vbc

ViN Input voltage -05 +5.5 Ve

Vout Output voltage +5.5 Voc

IN Input currents -30 +30 mA

lout Output currents +100 mA

Ta Operating temperature range 0 +75 °C

Tsta Storage temperature range -65 +150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.

OPERATING RANGES
RATINGS
SYMBOL | PARAMETER Min Max UNIT
Vee Supply voltage +4.75 +5.25 Voc
Ta Operating free-air temperature 0 +75 °C
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Signetics Programmable Logic Devices

Preliminary Specification

Programmable High-Speed

- PHD16N8-5
Decoder Logic (16 x 16 x 8)
DC ELECTRICAL CHARACTERISTICS 0°C < T < +75°C, 4.75 < Vg < 5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min Typ! Max UNIT
Input voltage?
Vi Low Vee = MIN 0.8 Vv
Vi ngh Vee = MAX 20 \
Ve Clamp Vee =MIN, Iy =-18mA -0.8 -1.5 Vv
Output voltage
Ve = MIN, Viy = Viyor Vi
VoL Low lo = +24mA 05 v
VoH High IOH =-3.2mA 24 \"
Input current
Ve = MAX
I Low Vin = +0.40V 20 —250 HA
[ High Vin = +2.7V 25 HA
I High Vin = Vee = Voo max 100 HA
Output current
Vee = MAX
lozn Output leakage 3 Vour = +2.7V 100 HA
lozu Output leakage 3 Vour = +0.40V -100 HA
los Short circuit 4 Vout = 0V -30 -90 mA
lec Ve supply current Vee = MAX 115 180 mA
Capacitance®
VCC = +5V
Cin Input ViN=20V@ f=1MHz 8 pF
Cour 110 (B) Vour =2.0V@ f = 1MHz 8 pF
NOTES:
1. Typical limits are at Voc = 5.0V and T = +25°C.
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
3. Leakage current for bidirectional pins is the worst case of |;_and loz_or Iy and lozy.
4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second.
5. These parameters are not 100% tested, but are periodically sampled.

October 1989
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Signetics Programmable Logic Devices Preliminary Specification

Programmable High-Speed
Decoder Logic (16 x 16 x 8) PHD16N8-5

AC ELECTRICAL CHARACTERISTICS 0°C < Tp < +75°C, 4.75 < Vg < 5.25V, Ry = 20002, R, = 390Q2

TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITIONS Min Max UNIT
tpp! Propagatiqn delay (,B) £ Output + C_ = 50pF 5 ns
tog? Output Enable (,B)+ Output enable C, = 50pF 10 ns
top? Output Disable (,B)x Input disable CL =5pF 10 ns

NOTES:

1. tpp is tested with switch Sy closed and C| = S0pF.

2. For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S, is open for high—-impedance to High tests and
closed for high—impedance to Low tests. Output disable times are tested with C|_ = 5pF. High—to—High impedance tests are made to an out-
put voltage of V1 = Vo — 0.5V with Sy open, and Low—to—High impedance tests are made to the V1 = Vg + 0.5V level with Sy closed.

VIRGIN STATE TIMING DEFINITIONS

A factory shipped virgin device contains all
fusible links open, such that: SYMEOL PARAMETER

1. Al outputs are disabled. 0 g‘eﬁg;m output propagation

2. All p—terms are disabled in the AND array.

PROPAGATION DELAY - ns
-

Input to Output Disable
top (3—State) delay (Output 3
Disable).
2
Input to Output Enable
toe delay (Output Enable). 1

© 1 2 3 4 5 6 7 8

TEST CONDITIONS: Tp = 75°C;
Vg = 4.75V; C_ = 50pF;
Ry = 2000; Ry = 3002

Worst-Case Propagation Delay vs.
Number of Outputs Switching

TIMING DIAGRAM
3.0V
INPUTS, I/O 1.5V
ov
.., top—>] oe+|

VoH

VoL

WAVEFORM INPUTS ouTPUTS WAVEFORM INPUTS ouTPUTS
MUSTBE  WILLBE ANYCHANGE  STATE
STEADY STEADY
PERMITTED UNKNOWN

CENTER
DOES NOT LINE IS HIGH
APPLY IMPEDANCE

“OFF” STATE
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Preliminary Specification

Programmable High-Speed

PHD16N8-5

Decoder Logic (16 x 16 x 8)

AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
Vee
+5V
T L.
oT—-— o By
" Bz _L_.
INPUTS pur ©n Ry
om Il o
T sw OUTPUTS
ol o Bx GND Rz :|: L
- - MEASUREMENTS:
All circult delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.
Input Pulses
LOGIC PROGRAMMING

PHD16N8-5 logic designs can be generated
using any commercially available, JEDEC

standard design software.

PHD16N8-5 designs can also be generated
using the program table format, detailed on the
following page. This program table entry (PTE)
format is supported on the Signetics AMAZE
PLD design software. AMAZE is available free

To implement the desired logic functions, each
logic variable (I, B, P and D) from the logic
equations is assigned a symbol. TRUE (High),
COMPLEMENT (Low), DON'T CARE and IN-
ACTIVE symbols are defined below.

of charge to qualified users.
“AND” ARRAY - (I, B)
LB LB LB LB
LB LB L,B LB
LB LB LB LB
P,D R D RD PD
[ STATE [ cooe | [ STATE [ cope ] [ STATE [ cooe ] [ STATE | cooe |
[ inacnve! | o | | TRUE | w1 COMPLEMENT | L | | poNtcare | - |
NOTE:

1. This is the initial state.
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Programmable High-Speed
Decoder Logic (16 x 16 x 8) PHD16N8-5

PROGRAM TABLE
' AND OR (FIXED)
i é INPUT (1) INPUTS (B) OUTPUTS (B, O)
' R
§: 5 ] ool7ssq|3210554|3 2|1 7554'3210
x & | !
£ § 3| g ¢ | } : >
§.|5le|g ! | [ 1 A l
B 515 2 [ [ |
L8122 i } ,
R 3 | | | |
) | I
: 5 ‘ s } :
' = s I | ! A
. of x| 4| | [ ! ! | o |
Z 7 | | } Al
! ¥ I T
! w 2 s ! I ' , 0
. g p 1} | 1 ! | A
. o L ]
. g 2|l
BLECH N sxananns: | D
L 1 | | ] | A
12 ! : : D
13 | | | A
a NNEEEEE :
§ 15 | | | A
x| Wlen fn ola|7z]e|slalsl2l1]iw|w|wlis]u]s 19 |18 [17 |16 115 [1a |13 |12
frey < 1 1 5 |
LT : |
|
w
J | zl|ay || | | l
[+ 4 < < !
& zZ | I I |
g s I I I I
o | | | |
o =
u f: ] ] | |
s33%:
o ow
Ww w o @ O w
= a0 2 = - NOTES: . . .
<zt £ o > E 2 1. The PHD16N8-5 is shipped with all links intact.
P 3 Q 2 g = 2. Unused | and B bits in the AND array exist as INACTIVE in the virgin state.
w o 8 w > = 3. All p—terms are inactive until programmed otherwise.
§ :E 5 Z x| 4 Datacannotbe entered into the OR array field due to the fixed nature of the device architecture.
2 £532¢5 8
O a » 0 F o
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Programmable High-Speed D16N
Decoder Logic (16 x 16 x 8) PHD16NG-5

DECODING 1/2 MEG STATIC MEMORY

AH31
.
. I
° PHD16N8
- 16K X 4
AL16 —— SRAM
AH31
. I—
° R
o | PHD16NS
. R
AL16——
L]
L]
L]
AH31 .
° I
° I
o | PHD18NS
° _—
AL16
AH31
° L
° I
o | PHD16Ng
®
AL16:
16K X 4
SRAM
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Status Product Specification

Programmable Logic Devices

DESCRIPTION

The PLHS18P8A and the PLHS18P8B
are two-level logic elements consisting of
72 AND gates and 8 OR gates with fusible
connections for programming /O polarity

and direction.

All AND gates are linked to 10 inputs (I)
and 8 bidirectional /O lines (B). These
yield variable I/O gate configurations via 8
direction control gates, ranging from 18
inputs to 8 outputs.

On-chip T/C buffers couple either True
(I, B) or Complement (1, B) input polarities
to all AND gates. The 72 AND gates are
separated into 8 groups of 9 each. Each
group of 9 is associated with one bidirec-
tionalpin. In each group, eight of the AND
terms are ORed together, while the ninth
is used to establish I/O direction. All out-
puts are individually programmable via an
Ex—OR gate to allow implementation of
AND/OR or NAND/NOR logic functions.

Inthe virgin state, the AND array fuses are
back-to-back CB-EB diode pairs which
will act as open connections. Current is
avalanched across individual diode pairs
during fusing, which essentially short cir-
cuits the EB diode and provides the con-
nection for the associated product term.

The PLHS18P8AB is field-program-
mable, allowing the user to quickly gener-
ate custom patterns using standard
programming equipment.

Order codes are listed in the Ordering
Information Table.

®PAL is a reg of jthic Memories, Inc.,

PLHS18P8A/B
PAL®-Type Devices

FEATURES

® “A” version 100% functionally
compatible with AmPAL18P8A and
all 1618, 16P8, 16H8, 16L2, 16H2,
14L4, 14H4, 12L6, 12H6, 10L8, 10H8,
16LD8 and 16HD8 “A” speed
PAL-type products

® “B” version 100% functionally
compatible with AmPAL18P8B and
all 16L8, 16P8, 16H8, 16L2, 16H2,
14L4, 14H4, 12L6, 12H6, 10L8, 10H8,
16LD8 and 16HD8 “B” speed
PAL-type products

® Field-programmable
® 10 inputs
® 8 bidirectional /O lines

© 72 AND gates/product terms

- configured into eight groups of
nine

® Programmable output polarity
(3-State output)

® |/O propagation delay:
— PLHS18P8A: 20ns (max)
- PLHS18P8B: 15ns (max)

® Power dissipation: 500mW (typ)
® TTL compatible
® Security fuse

a wholly owned subsidiary of Advanced Micro Devices, Inc.

PIN CONFIGURATIONS

N Package

A Package

I2 h lo Vcc By

Vee

Bg
Bs
By
B3

BIEIEIS]E!

APPLICATIONS

® 100% functional replacement for all
20-pin combinatorial PAL devices

® Random logic

® Code converters

® Fault detectors

® Function generators

® Address mapping

® Multiplexing

PHILIPS|

PHILIPS



Signetics Programmable Logic Devices

Product Specification

PAL-Type Devices

PLHS18P8A/B

FPLA LOGIC DIAGRAM

0 INPUTS (0-35)

0

PRODUCT TERMS (0-71)

NOTES:
1. All unprogrammed or virgin “AND" gate locations are pulled to logic “1".
2. % Programmable connections.
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PAL-Type Devices PLHS18P8A/B
FUNCTIONAL DIAGRAM
Py LOGIC TERMS Po
o {2
! Va
0¥ s
o 31—
o
T By
rooo —T—0 B7
®/{ Bo . .
10 By
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic Dual In—Line (300mil-wide) PLHS18P8AN, PLHS18P8BN Maximum junction 150°C
. - O,
20-Pin Plastic Leaded Chip Carrier PLHS18P8AA, PLHS18P8BA Maximum ambient 75%C
Allowable thermal rise 759C
bient to junction
ABSOLUTE MAXIMUM RATINGS! e
SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage —0.510 +7 Ve
Vin Input voltage -0.5t0+5.5 Ve
Vout Output voltage —0.5 to V¢ Max Ve
VouTtprG Output voltage (programming) +21 Voc
In Input current -30to +5 mA
lout Output current +100 mA
loutPRa Output current (programming) +170 ‘mA
Ta Operating temperature range Oto +75 °C
Tsta Storage temperature range —65 to +150 °c
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is notimplied.

October 16, 1989
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PAL-Type Devices PLHS18P8A/B
DC ELECTRICAL CHARACTERISTICS 0°C < Tp < +75°C, 4.75 < Vo < 5.25V
LTs
SYMBOL PARAMETER TEST CONDITIONS PLHS18P8A PLHS18P8B UNIT
Min ! Typ! L Max | Min I Typ! ] Max
Input voltage?
' Low Vee = MIN +0.8 +0.8 v
M High Ve = MAX +2.0 +2.0 \"
Vi Clamp Vee = MIN, Iy =-18mA 09 | -1.2 -09 | 1.2 v
Output voltage
Vee =MIN, Viy = Viyor V.
Vou Low loL = +24mA +0.50 +0.50 '
Vou High lon =—3.2mA +24 | 435 +24 | +35 )
Input current
Vee = MAX
Iy Low Vin = +0.40V -20 | -100 -20 | —100 HA
I High VN = +2.7V +25 +25 HA
I High V)N = +5.5V +1.0 +1.0 mA
Output current
Vee = MAX, V= 0.8V, Vi = 2.0V
lozn Output leakage Vour = +2.7V +100 +100 HA
loau Output leakage Vour = +0.40V —250 -250 HA
los Short circuit 2 Vour = +0.5V -25 -60 | -90 -30 -60 -90 mA
lec Ve current Vcc = MAX, Allinputs = GND 100 155 100 155 mA
Capacitance?
Vce = +5V
Cin Input ViN=20V@ f=1MHz 6 6 pF
Cour [l/e] Vour = 2.0V @ f= IMHz 9 9 pF
NOTES:

1. Typical limits are at Ve = 5.0V and T = +25°C.

2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.

3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Vgyt = 0.5V has
been chosen to avoid-test problems caused by tester ground degradation.

4. These parameters are not 100% tested, but are periodically sampled.

October 16, 1
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PAL-Type Devices PLHS18P8A/B

AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Ve < 5.25V, Ry = 200, R, = 390Q2

LIMITS
SYMBOL PARAMETER FROM TO TEST PLHS18P8A PLHS18P8B UNIT
CONDITIONS Min | Typ | Max | Min | Typ | Max

tep Propagation delay Output + Input + C_ =50pF 14 20 12 15 ns

tea Output enable Output — Input+ C_ = 50pF 14 20 12 15 ns

ter Output disable Output + Input Cy =5pF 14 20 12 15 ns
NOTES:
1. Typical limits are at Vg = 5.0V and T = +25°C.

2. tpp is tested with switch S, closed and C; = 50pF.

3. For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and
closed for high—impedance to Low tests. Output disable times are tested with C . 5pF. High—to—High impedance tests are made to an output
voltage of Vo = —0.5V with Sy open, and Low—to—High impedance tests are made to the Vg = +0.5V level with S, closed.

VIRGIN STATE TIMING DEFINITIONS
A factory shipped virgin device contains all
fusible links open, such that: SYMBOL PARAMETER
1. All outputs are at “H" polarity. tep Input to output propagation
delay.
2. All outputs are enabied. a
ter Input to output disable
3. All p-terms are enabled. (3-State) delay (Output
Disable).
tea Input to Output Enable
delay (Output Enable).
TIMING DIAGRAM
3.0V
INPUTS, /O —_— 15V
ov
L ER—] 'EA’I
VoH
Vou
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE; CHANGING;
MUST BE WILL BE L :
ANY CHANGE STATE
STEADY STEADY m PERMITTED UNKNOWN
DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE
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PAL-Type Devices PLHS18P8A/B

AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS

430V — e —

Vee T +5V Sy

>
<

R2 <
2‘,_]—

|
INPUTS oy DUT
O—I—-——.

10%
| oV—
0;— _L..—>
B oo 2 OUTPUTS —— Sne Sne
= MEASUREMENTS:
_L All circuit delays are measured at the +1.5V level of
= inputs and outputs, unless otherwise specified.
NOTE:
C1 and C3 are to bypass VoG to GND. Input Pulses
LOGIC PROGRAMMING OUTPUT POLARITY - (B)

PLHS18P8A/Blogic designs can be generated
using Signetics’ AMAZE PLD design software P
or one of several other commercially available, P X Do— B X D— B
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is

accepted.
PLHS18P8A/B logic designs can also be gen- [ acmveLeveL | cope | [ acnveLeveL | copE |
erated using the program table format detailed | Low v ] [ HIGH! | w1}

on the following pages. This program table
entry (PTE) format is supported by the
Signetics’ AMAZE PLD design software (PTP
module). AMAZE is available free of charge to
qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equations
(I, B, O, P, etc) is assigned a symbol. The
symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

“AND” ARRAY - (I, B)

LB LB LB LB
LB LB LB LB
3:] 18:] LB LB
RD RD RD D
[ smmE [ cobe | [ STATE [ cope | [ smE [ cooe | [ smtE [ cope ]
L _mnacnve2 | o | | B | w1} | LB o ] { oontcare' | - ]

NOTE:

1. This is the initial state of all link pairs.

2. All unused product terms must be programmed with all pairs of fuses in the INACTIVE state (all fuses on an unused p—term must be
programmed).
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1
AND CONTROL
CUSTOMER NAME |
______ 1-___-__-_' NOTES:
PURCHASE ORDER # INACTIVE o l HIGH H 1. The FPLA is shipped with all links open.
B H : Low L (POL) 2. Unused | and B bits in the AND array exist as Don't
e 1, B(M) Care (-) in the virgin state.
S|GNETICS DEVICE # —_— CF (xxxx) De——— LB L l— 3. All p-terms are active until programmed otherwise.
DON'TCARE - | OR (FIXED) 4. All unused product terms must be programmed with
CUSTOMER SYMBOLIZED PART # p——————— all pairs of fuses In the INACTIVE state (all fuses
| [oirecTioN b on an unused p-term must be programmed).
TOTAL NUMBER OF PARTS I ACTIVE OUTPUT| A 5. Data cannot be entered into the OR array field due
| 1o the fixed nature of the device architecture.
PROGRAM TABLE # REV DATE | [noruseo
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ECN No. 97550
Date of Issue | September 1, 1989
Status Product Specification

Programmable Logic Devices

DESCRIPTION

The PLC18V82Z35 and PLC 18V8Z| are univer-
sal PAL-type devices featuring high perform-
ance and virtually zero-standby power for
power sensitive applications. They are reliable,
user-configurable substitutes for discrete TTL/
CMOS logic. While compatible with TTL and
HCTlogic, the PLC18V8Z| can also replace HC
logic over the V¢ range of 4.5 to 5.5V.

The PLC18V8Z is a two-level logic element
comprised of 10 inputs, 74 AND gates (product
terms) and 8 output Macro cells.

Each output features an “Output Macro Cell”
which can be individually configured as a dedi-
cated input, a combinatorial output, or a regis-
tered outputwith internal feedback. As aresult,
the PLC18V8Zis capable of emulating all com-
mon 20-pin PAL devices to reduce documenta-
tion, inventory, and manufacturing costs.

A power-up reset function and a Register Pre-
load function have been incorporated in the
PLC18V8Z architecture to facilitate state ma-
chine design and testing.

With a standby current of less than 100ULA and
active power consumption of 1.5mA/MHz, the
PLC18V8Z is ideally suited for power sensitive
applications in battery operated/backed porta-
ble instruments and computers.

The PLC18V8Z is also processed to industrial
requirements for operation over an extended
temperature range of -40°C to +85°C and sup-
ply voltage of 4.5V to 5.5V.

Ordering information can be found in the
Ordering Information table.

®PAL is a registered of

g

PHILIPS|

PLC18V8Z35/PLC18V8/ZI

Zero Standby Power

Universal PAL®-type Devices

FEATURES

® 20-pin Universal Programmable Array
Logic

® Virtually Zero-Standby-power

® Functional replacement for Series 20
PAL devices
= loL =24mA

® High-performance CMOS EPROM cell
technology
~ Erasable
- Reconfigurable
— 100% testable

® 35ns Max propagation delay (comm)

® 40ns Max propagation delay (Industrial)

® Up to 18 inputs and 8 input/output
macro cells

® Programmable output polarity
© Power-up reset on all registers
® Register Preload capability

® Synchr PresetAsynch

Reset

® Security fuse to prevent duplication of
proprietary designs

® Design support provided using AMAZE
software development package and
other CAD tools for PLDs

® Available in 300mil-wide DIP with quartz
window, plastic DIP (OTP) or PLCC
(OTP)

APPLICATIONS

© Battery powered instruments
® Laptop and pocket computers
© Industrial control

© Medical Instruments

® Portable communications equipment

Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.

75

PIN CONFIGURATIONS

N and FA Packages
lg/CLK |:
4 2]
>3 E
1a [4]
14 [5]
15 [€]
15 [7]
i [8]
s (3]
GND @]

N = Plastic
FA = Ceramic with Quartz Window

A Package

o/
I2 14 CLKVcc Fy

13 [4] 18] Fg
14 [5] [17] F5

] Fs
[15] F3
14] P

[o] Tro] D] 2 i3]
s GND I/ Fo Fy
OF

A = Plastic Leaded Chip Carrier
PIN LABEL DESCRIPTIONS
| Dedicated input
B Bidirectional input/output
[¢] Dedicated output
D Registered output
(D-type fiip-flop)
F Macrocell Input/Output

CLK Clock Input
OFE Output Enable
Vee Supply Voltage
GND | Ground

PHILIPS
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Zero Standby Power ;
Universal PAL-Type Devices PLC18VSZ Series

LOGIC DIAGRAM

< CLK
DIR_|

SP

Cl
| [ Lo
SP

p B-r-{18] g
e [ 7

Mo OF
DIR ﬂ

oo | [T

F3

Ui s

s 2

r
ety
=
ﬂf

i [e]=

Ig |9
SP
AR
Y
" ——{i1]1y0e
DN SSAL DOAE ST AN00 89N NNOS ASA8 a2 conRg.
NOTES:
In the unprogrammed or virgin state: Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via the configuration cell. The clock and
OE functions are disabled.

All cells are in a conductive state. All output macro celis (OMC) are configured as bidirectional /O, with the outputs disabled via the
All AND gate locations are pulied to a logic “0" (Low). dlrecuon term.
Output polartty is inverting. i Denotes a programmable cell location.

September 1, 1989 76



Signetics Programmable Logic Devices
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Zero Standby Power

Universal PAL-Type Devices

PLC18V8Z Series

PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION

FUNCTIONAL DIAGRAM

CROSS REFERENCE o
L4 -l)
1618 L2 | 14L4 e [0 | | M
PIN | PLC | 16H8 | 16Ra | 16Re | 16R8 | 1.2 | 14L2 | 126 | 17L8
NO. |18vsZ :g;g 16RP4 | 16RP6 [16RP8 | (202 | 1iow [ 1252 | 105
>3
1 IWCLK | 1 ClK | clk | ok | | | I
19 F7 B B B D | ] ] o 2 p
o
18 Fé B B D D 1 | o o) . 22
, 1] gs
17 F5 B D D D | o o o . &S
16 Fa B D D D o o o o . |gx
=2
15 F3 B D D D o o o o ]z
-3
14 F2 B D D D I o o o 98,5 °
13 Fi1 B B D D ] ] o o
12 FO B B B D i 1 ) o L3
11 I/OE I OF OF ] ] ] I SR
- —
The Signetics state-of-the-art Floating-Gate to the customer. Additionally, this allows _:3——"-';
CMOS EPROM process yields bipolar Signetics to extensively stress test, as well as

equivalent performance at less than one-quar-
ter the power consumption. The erasable na-
ture of the EPROM process enables Signetics
to functionally testthe devices prior to shipment

OUTPUT MACRO CELL (OMC)

ensure the threshold voltage of each individual
EPROM cell. 100% programming yield is sub-
sequently guaranteed.

DIRECTION CONTROL TERM

FROM AND
ARRAY A TOALLOMCs
i

NOTE:
# Denotes a programmable cell location.

September 1, 1989
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THE OUTPUT MACRO CELL
(OMC)

The PLC18V8Z series devices have 8individu-
ally programmable Output Macro Cells. The 72
AND inputs (or product terms) from the pro-
grammable AND array are connected to the 8
OMCs in groups of 9. Eight of the AND terms
are dedicated to logic functions; the ninth is for
asynchronous direction control, which
enables/disables the respective bidirectional
1/0 pin. Two product terms are dedicated for
the Synchronous Preset and Asynchronous
Reset functions.

Each OMC can beindependently programmed
via 16 architecture control bits, AC1,and AC2,
(one pair per macro cell). Similarly, each OMC
has a programmable output polarity control bit
(Xn). By configuring the pair of architecture
control bits according to the configuration cell
table, 4 different configurations may be im-
plemented. Note that the configuration cell is
automatically programmed based on the OMC
configuration.

DESIGN SECURITY

The PLC18V8Z series devices have a pro-
grammable security fuse that controls the ac-
cess to the data programmed in the device. By
using this programmable feature, proprietary
designs implemented in the device cannot be
copied or retrieved.
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Product Specification

Zero Standby Power

Universal PAL-Type Devices

PLC18V8Z Series

CONFIGURATION CELL

A single configuration cell controls the func-
tions of Pins 1 and 11. Refer to Functional
Diagram. When the configuration cell is pro-
grammed, Pin 1 is a dedicated clock and Pin 11
is dedicated for output enable. When the con-
figuration cell is unprogrammed, Pins 1 and 11

enable for all registered OMCs is common—
from Pin 11 only. Output enable control of the
bidirectional 1/0 OMCs is provided from the
AND array via the direction product term.

Ifany one OMC is configured as registered, the
configuration cell will be automatically confi-
gured (via the design software) to ensure that

abled on Pins 1 and 11, respectively. If none of
the OMCs are registered, the configuration cell
will be programmed such that Pins 1 and 11 are
dedicated inputs. The programming codes are
as follows:

Pin 1 = CLK, Pin 11 =OE

are both dedicated inputs. Note that the output  the clock and output enable functions are en- Pin 1 and Pin 11 = Input H
CONTROL CELL CONFIGURATIONS
FUNCTION AC1, AC2y CONFIG. CELL COMMENTS
: Dedicated clock from Pin 1. OE Control
Registered mode Programmed Programmed Programmed for all registerd OMCs from Pin 11 only.
e Pins 1 and 11 are dedicated inputs.
Bidirectional I/O mode' Unprogrammed Unprogrammed Unprogrammed 3—S?ate control from AND arra)? only.
Fixed input mode Unprogrammed Programmed Unprogrammed Pins 1 and 11 are dedicated inputs.
] Pins 1 and 11 are dedicated inputs. The
Fixed output mode Programmed Unprogrammed Unprogrammed feedback path (via Fuux) is disgbled.
NOTE:
3. This is the virgin state as shipped from the factory.
ARCHITECTURE CONTROL—ACT1 and AC2
OE
sp a F(D), F )
AR — s
s FB), F (B) ;)D—D"—‘ F(O).F (0)
.\ R
= T]CLK =
OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE
REGISTERED (D-TYPE) D BIDIRECTIONAL 10! B FIXED OUTPUT [
(COMBINATORIAL)
F——— =
\f NP ok of—
sp—| ©Ke D"‘ F(D), F () sP—|
g = FQ) AR — AR—]
OE NC—1 OE
— | =< o
OMC CONFIGURATION | CODE CONFIGURATION CELL | CODE CONFIGURATION CELL | CODE
PIN 1 = CLK PIN 1 = INPUT
FIXED INPUT 1 PIN '" - OF L PIN 11‘ = INPUT He

NOTE:

A factory shipped unprogrammed device is configured such that:

. All AND gates are pulled to a logic “0" (Low).
. Output polarity is inverting.

. This is the initial unprogrammed state. All cells are in a conductive state.

. Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled.
. All Output Macro Cells (OMCs) are configured as bidirectional I/0, with the outputs disabled via the direction term.

ONH WN =

. This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically configured
to ensure that the clock and output enable functions are enabled on Pins 1 and 11, respectively, if any one OMC is programmed as registered.
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Zero Standby Power

. PLC18V8Z Series
Universal PAL-Type Devices
ORDERING INFORMATION
DESCRIPTION OPERATING CONDITIONS ORDER CODE
20—Pin Plastic Dual In-Line Package Commercial
300mil-wide (tpp = 35ns) Temperature Range PLC18V8Z35N
20-Pin Ceramic Dual In—Line Package "
300mik-wide with quartz window (tep = 35ns) * 5% Power Supplies PLC18VBZ3SFA
20-Pin Plastic Leaded Chip Carrier
350mil square (tpp = 35ns) PLC18VBZ35A
20-Pin Plastic Dual In-Line Package Industrial
300mil-wide (tep = 40ns) Temperature Range PLC18VEZIN
20-Pin Ceramic Dual In—Line Package .
300mil-wide with quartz window (tpp = 40ns) + 10% Power Supplies PLC18V8ZIFA
20—-Pin Plastic Leaded Chip Carrier
350mil square (tpp = 40ns) PLC18V8ZIA
ABSOLUTE MAXIMUM RATINGS? THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage -0.5t0+7 Voc Maximum junction 150°C
- 50 5.5 (Industrial Maximum ambient 75°C
Vee Operating supply voltage 4 745105.25 (((?or‘;:;?c)i al) Voc
) Allowable thermal rise 75°C
Vin Input voltage —0.510 Ve +0.5 Voc ambient to junction
Vout Output voltage —0.5t0 Vg + 0.5 Voc
™ Input currents -10to +10 mA
lout Output currents +24 mA
Ta Operating temperature range 643 ?728(5021‘:?;::";2}) °c
Tsta Storage temperature range -85 to +150 °c
NOTE:

1. Stresses above those listed may cause malfuncion or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.

AC TEST CONDITIONS

VOLTAGE WAVEFORMS

+5V

«
FROM OUTPUT ¢
FX)

S Ry
(BX,
UNDER TEST t—_r TEST POINT
T

Ro =390 0 $

*Cy_ INCLUDES JIG AND PROBE TOTAL
CAPACITANCE

Test Load Circuit

+20V— — — —

MEASUREMENTS:
All circuit delays are measured at the +1.5V level of inputs and outputs, unless otherwise specified.

Input Pulses

September 1, 1989
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Zero Standby Power ]
Universal PAL-Type Devices PLC18V8Z Series

DC ELECTRICAL CHARACTERISTICS Commercial = 0°C < Tp < +75°C, 4.75V < Vo < 5.25V;
industrial = ~40°C < T, < +85°C, 4.5V < Voo < 5.5V

LIMITS
SYMBOL PARAMETER TEST CONDITION Min I Typ! Max UNIT

Input voltage
Vi Low Vee = Min 03 0.8 v
Vi High Vec = Max 20 Ve +03 v
Output voltage?
VoL Low Vee = Min, lo = 20pA 0.100 v

Vee = Min, lo = 2dmA 0.500 \
Vo High \\llocccz= T,L'I. Iﬁ:. Zfzgﬁ‘: vccz—'%. v v
Input current
I Low’ Viy = GND -10 HA
™ High Vin = Voo 10 WA
Output current
loorp) Hi-Z state Q’:J’I:GV% _‘1‘:) u”z
los Short-circuit® Vout = GND -130 mA
lcc Vce supply current (Standby) Vee = Max, Viy =0 or Vec® 100 HA
leo/f Vg supply current (Active)* Ve = Max (CMOS inputs)5: 6 1.5 mA/MHz
Capacitance
C Input \X s‘::=250\</ 12 pF
Cs 10 Vg = 2.0V 15 pF

NOTES:

1. All typical values are at Vg = 5V, Tp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Duration of short—circuit should not exceed one second. Test one at a time.
4. Tested with TTL input levels: V)= 0.45V, V| = 2.4V. Measured with all outputs switching.
5. Algo/TTL input = 2mA.
6. Algc vs frequency (registered configuration) = 2mA/MHz.
7. Iy for Pin 1 (I/CLK) is + 10LLA with Vi = 0.4V.
8. Vjyincludes CLK and OE if applicable.
15 6
5
/ .
10
- V4 A
g ’ 4
3 g 2
/ q A
5
/ v
0
/ 4
-1 e
1004A
% 2 4 6 8 10 20 20 40 60 80 100 120 140 160 180 200
f(MHz) OUTPUT CAPACITANCE LOADING (pF)
Figure 1. I¢c vs Frequency Figure 2. Atpp vs Output Capacitance
(Worst Case) Loading (Typical)
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AC ELECTRICAL CHARACTERISTICS Commercial = 0°C < Tp < +75°C, 4.75V < Vg < 5.25V;
industrial = —40°C < Ty < +85°C, 4 5V < Vge < 5.5V; Ry = 390Q

TEST CONDITION! (Commenion | Godustin
SYMBOL PARAMETER FROM TO C UNIT
R, (Q) ®F) Min Max Min Max
Pulse width
Clock period
tcke (Minimum CLK + CLK + 200 50 47 57 ns
tis + tcko)
tokH Clock width High CLK + CLK- 200 50 20 25 ns
tokl Clock width Low CLK - CLK + 200 50 20 25 ns
A t — =
Waw | pulse width I+ Ft ITFT 35 40 | ns
Hold time
Input or feedback
i d?t: I'?;Ide:meac CLK+ Input + 200 50 0 0 ns
Setup time
Input or feedback
tis data setup time 1+ Ft CLK + 200 50 25 30 ns
Propagation delay
Delay from input
oo o active output I+, Ft Ft 200 50 35 4 | ns
Clock High to
tcko output valid CLK + F+ 200 50 22 27 ns
access Time
Product term . "
toerd onablo o outputs I+ F+ F+ AciveHigh R- 15k 1 50 3s 40 | ns
of
Product term
topt2 disable to outputs 1+ Ft F+ From Vou R = e 5 35 40 ns
off From Vo R = 200
Pin 11 output
top2? disable High to OE - F+ From Vou R = o 5 25 30 ns
outputs off From Vo R =200
Pin 11 output . . _
oe® | enable to active OE + it Actvetiigh R =13k 1 50 25 30 | ns
output =
tarD Async reset delay 1+ F+ F+ 35 40 ns
As) ot
tanR reg;v‘;'r;iim o 1+ F+ CLK + 25 30 ns
Sync preset
R | rocovery fime I4FE | CLKs 25 % s
tePR Power—up reset Ve + F+ 35 40 ns
Frequency of operation
fwax_ | Maximum frequency | U(ts + texo) 200 | s0 ] 21 18 | MHz

NOTES:

1. Refer also to AC Test Conditions. (Test Load Circuit)
2. 3-State levels are measured 10.5V from the active steady—state level.
3. Resistor values of 1.5k and 55052 provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level.

September 1, 1989
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POWER-UP RESET

In order to facilitate state machine design and
testing, a power—up reset function has been
incorporatedin the PLC18V8Z. All internal reg-
isters will reset to active-Low (logical “0") after
a specified period of time (tppRr). Therefore, any

TIMING DIAGRAMS

OMC that has been configured as a registered
output will always produce an active-High on
the associated output pin because of the in-
verted output buffer. The internal feedback (Q)

of a registered OMC will also be set Low. The
programmed polarity of OMC will not affect the
active-High output condition during a system
power—up condition.

INPUTS
1/0, REG.
FEEDBACK

<

VALID INPUT

VAUD INPUT

X72222222222.

PIN 11 OE

e Ys —sfe— Yy

s R (R N

4

Fﬁ‘ﬂ

tckp

{.,

REGISTERED
OUTPUTS

.-~ 'cxo&

2 toE2
3-STATE

ANY INPUT
PROGRAMMED FOR
DIRECTION CONTROL

COMBINATORIAL
OUTPUTS

=

top1

Switching Waveforms

+5V
VIJ.SV
]
Vee ov
pPR
- —— Vou
F %{
(OUTPUTS) 1.5V 1.5V
VoL
[*tcko
LB +3V
ov
—texL—>t— 1 —
g +3V
CLK W \ y 1.5V 1.5V
1 ov
4% —*1*— 'CKH ekl —*
ckp
Dlagva.m presupposes that the outputs (F) are enabled. The reset occurs reg: of the output or

Power-Up Reset

September 1, 1989
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TIMING DIAGRAMS (Continued)

tARW

ASYNCHRONOUS
RESET INPUT

tARD

REGISTERED
OUTPUT

CLOCK

Asynchronous Reset

SYNCHRONOUS
PRESET INPUT

-

YH k SPR

CLOCK

REGISTERED
OUTPUT

Synchronous Preset
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REGISTER PRELOAD FUNCTION
(DIAGNOSTIC MODE ONLY)

In order to facilitate the testing of state
machine/controller designs, a diagnostic mode
register preload feature has been incorporated
into the PLC18V8Z series device. This feature
enables the user to load the registers with pre-

determined states while a super voltage is
applied to Pins 11 and 6 (Io/OE and ls). (See
diagram for timing and sequence.)

To read the data out, Pins 11 and 6 must be re-
turnedto normal TTL levels. The outputs, Fq _ 7,
must be enabled in order to read data out. The

REGISTER PRELOAD (DIAGNOSTIC MODE)

Q outputs of the registers will reflect data in as
input via Fo _ 7 during preload. Subsequently,
the register Q output via the feedback path will
reflect the data in as input via Fo_7.

Refer to the voltage waveform for timing and
voltage references. tp| = 10LLsec.

12.0V 12.0v
16/OE
(PIN 11)
5.0V 5.0V
oL e oL, oL e Py OF(
2.0 "_—} Vou
I |
(PIN§) |
5.0V |
A
|
1/CLK
1/CLK r ‘* 4
(PIN 1) : N/
% oKL~k
Foz —_-1: PRELOAD DATA IN :E————-( PRELOAD DATA OUT DATA OUT Foz
45 Y
O, "

LOGIC PROGRAMMING
The PLC18V8Z can be programmedby means
of Logic Programming equipment.

With Logic programming, the AND/OR/Ex-OR
gate input connections necessary to imple-
ment the desired logic function are coded di-
rectly from logic equations using the Program
Table. Similarly, various OMC configurations
are implemented by programming the Archi-
tecture Control bits AC1 and AC2. Note that
the configuration cell is automatically pro-
grammed based on the OMC configuration.

In this table, the logic state of variables |, P and
B associated with each Sum Term S is as-
signed a symbol which results in the proper
fusing pattern of corresponding link pairs, de-
fined as follows:

“AND” ARRAY - (I, B)

OUTPUT POLARITY - (O, B)

S
G,B
X

[ acnveLrever [ cooe |
[_mwverna? | ¢ ]

[ activeiever | cope |
[ NonanvertNG | H ]

LB

LB

LB LB

P

1B

LB LB

LB LB

[ STATE [ cooe | [

STATE

[ cooe ] [

STATE

STATE CODE |

[_pontcare | - | [

nacve! T o ] L

1,B 1

-

1B

NOTE:

1. A factory shipped unprogrammed device is configured such that all cells are in a conductive state.

September 1, 1989
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ERASURE CHARACTERISTICS
(For Quariz Window Packages
Only)

The erasure characteristics of the PLC18V8Z
Series devices are such that erasure begins to
occur upon exposure to light with wavelengths
shorter than approximately 4000 Angstroms
(A). It should be noted that sunlightand certain
types of fluorescent lighting could erase a typi-
cal PLC18V8Z in approximately three years,
while it would take approximately one week to
cause erasure when exposed to direct sunlight.

PROGRAMMING

If the PLC18V8Z is to be exposed to these
types of lighting conditions for extended peri-
ods of time, opaque labels should be placed
over the window to prevent unintentional era-
sure.

The recommended erasure procedure for the
PLC18V8Zis exposure to shortwave ultraviolet
light which has a wavelength of 2537 Ang-
stroms (A). The integrated dose (i.e., UVinten-
sity X exposure time) for erasure should be a
minimum of 15Wsec/cm?. The erasure time
with this dosage is approximately 30 to 35

minutes using an ultraviolet lamp with a
12,000{W/cm? power rating. The device
should be placed within one inch of the lamp
tubes during erasure. The maximum integrated
dose a CMOS EPLD can be exposedto without
damageis 7258 Wsec/cm?). Exposure of these
CMOS EPLDs to high intensity UV light for
longer periods may cause permanentdamage.

The maximum number of guaranteed erase/
write cycles is 50. Data retention exceeds 20
years.

The PLC18V82Z35/1is programmable on conventional programmers for 20—pin PAL devices. Refer to the following charts for qualified manufacturers

of programmers and software tools:

FORT LAUDERDALE, FLORIDA 33309
(800)331-7766

PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES
System 29B, LogicPak™
DATA /0 CORPORATION 303A-011A; V09 (DIL)
10525 WILLOWS ROAD, N.E. 303A-0118B; Vo4 (PLCC)
P.O. BOX 97046 SB/aF
REDMOND, WASHINGTON 98073-9746 UNISITE 4\%45?(DIL)
(800)247-5700 Chipsite (PLCC) — TBA
MODEL 60 TBA
STAG MICROSYSTEMS, INC. Z1.30/30A PROGRAMMER
1600 WYATT DRIVE REV. 30A34 (DIL)
SUITE3 30A001 Adaptor (PLCC) 12/205
SANTA CLARA, CALIFORNIA 95054
PPZ PROGRAMMER
(408)988-1118 Tl
SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM
SIGNETICS COMPANY
811 EAST ARQUES AVENUE AMAZE SOFTWARE
P.O. BOX 3409 REV. 1.8 AND LATER
SUNNYVALE, CALIFORNIA 940883409
(408)991-2000
DATA 110
10525 WILLOWS ROAD, N.E. ™
PO BOX 97046 ABEL™ SOFTWARE
REDMOND, WASHINGTON 98073-9746
(800)247-5700
LOGICAL DEVICES, INC.
1201 NORTHWEST 65TH PLACE CUPL™ SOFTWARE
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PROGRAM TABLE
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* THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE.

** FOR SP, AR: “=" IS NOT ALLOWED.
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DESCRIPTION

The 10H20EV8/10020EV8 is an ultra
high-speed universal ECL PAL®-type de-
vice. Combining versatile output macro-
cells with a standard AND/OR single
programmable array, this device is ideal in
implementing a user’s custom logic. The
use of Signetics state-of-the-art bipolar
oxide isolation process enables the
10H20EV8/10020EV8 to achieve opti-
mum speed in any design. The AMAZE
design software package from Signetics
simplifies design entry based upon
Boolean or state equations.

The 10H20EV8/10020EV8 is a two-level
logicelement comprised of 11 fixed inputs,
an input pin that can either be used as a
clock or 12th input, 90 AND gates, and 8
Output Logic Macrocells. Each Output
Macrocell can be individually configured
as a dedicated input, dedicated output
with polarity control, a bidirectional I/O, or
as aregistered output that has both output
polarity control and feedback to the AND
array. This gives the part the capability of
having up to 20 inputs and eight outputs.

The 10H20EV8/10020EV8 has a variable
number of product terms that can be OR'd
per output. Four of the outputs have 12
AND terms available and the other four
have 8 terms per output. This allows the
designer the extra flexibility to implement
those functions that he couldn’t in a stan-
dard PAL device. Asynchronous Preset
and Reset productterms are also included
for system design ease. Each output has
a separate output enable product term.
Another feature added for the system
designer is a power-up Reset on all regis-
tered outputs.

@raLisa

10H20EV8/10020EV8
ECL Programmable Array Logic

The 10H20EV8/10020EV8 also features
the ability to Preload the registers to any
desired state during testing. The Preload
is not affected by the pattern within the
device, so can be performed at any step in
the testing sequence. This permits full
logical verification even after the device
has been patterned.

FEATURES
© Ultra high speed ECL device
- tpp = 4.5ns (max)
- tis = 2.5ns (max)
- tcko = 2ns (max)
— fuax = 222MHz
® Universal ECL Programmable Array
Logic
- 8 user programmable output
macrocells
- Up to 20 inputs and 8 outputs
- Individual user programmable
output polarity

© Variable product term distribution
allows Increased design capability

® Asynchronous Preset and Resst
capability

© 10KH and 100K options

® Power-up Reset and Preload
function to enhance state machine
design and testing

® Design support provided via
AMAZE and other CAD tools

® Sacurity fuse for preventing design
duplication

© Avalilable in 24-Pin 300mil-wide DIP
and 28-Pin PLCC.

of i inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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PIN CONFIGURATION

F Package

h E:

12 [2]
LKy, 3]
Fi [4]
F2 [5]
Vcor E
F3 [7]
Fs E:
13 E:

4 i)

Is E
VEE E

A Package

ClKAgp Ip 1y NC Voo lyy lyo

[4] 3] [2] [7] foe] o7} F2q]
®

Fy [5]
F2 (8] 2] Fy
Veor [7] 23] Veor
ne (8] j22] NC
F3 [9] 21] Fg
Fy [19} 20 F5
13 [1] 19] 19

PHILIPS
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10H20EV8/10020EV8

z]

ASYNCHRONOUS RESET
ASYNCHRONOUS PRESET

Se9 Sugy
3
T el

INPUT LINES

ECL Programmable Array Logic

Signetics Programmable Logic Devices

LOGIC DIAGRAM

|
aosesseen aoreessern Qoteeesesese QOresesececs Qoreeesssese

gate locations are pulled to logic “0”

% Programmable connections
3. Pinout for F Package

1. All unprogrammed or virgin “AND"

NOTES:
2.
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10H20EV8/10020EVS8

FUNCTIONAL DIAGRAM

CLKA

!

PROGRAMMABLE AND ARRAY
(90 X 40)

&_ 9 Y

PRESET|

Ly
RESET] ouTPUT OUTPUT OUTPUT OUTPUT ouwur OUTPUT ourpur
> LOGIC LOGIC b LoGic | LoGiC HP LoGic
MACROCELL} | { macrocELL} | | MACROCELL MACROCELL| MACHOCELL | | macROCELL} | MACROCELI
F F F F

FUNCTIONAL DESCRIPTION

The 10H20EV8/10020EV8 is an ultra high-
speed universal ECL PAL-type device. Com-
bining versatile Output Macrocells with a
standard AND/OR single programmable array,
this device is ideal in implementing a user’s
custom logic.

As can be seen in the Logic Diagram, the de-
viceis atwo-level logic elementwith a program-
mable AND array. The 20EV8 can have up to
20inputs and 8 outputs. Each output has a ver-
satile Macrocell whereby the output can either
be configured as a dedicated input, a dedicated
combinatorial output with polarity control, a bi-
directional I/O, or as a registered output that
has both output polarity control and feedback
into the AND array.

-

CLK—P Q

FI’I
A T_(>o_ -1
: OUTPUT
SELECT
MUX
> ¢ So

AR
FEEDBACK]
Vee 51

Figure 1. Output Logic Macrocell

October 1989
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The device also features 90 productterms. Two
of the product terms can be used for a global
asynchronous preset and/or reset. Eight of the
product terms can be used for individual output
enable control of each Macrocell. The other 80
product terms are distributed among the out-
puts. Four of the outputs have eight product
terms, while the other four have 12. This ar-
rangement allows the utmost in flexibility when
implementing user patterns.

Output Logic Macrocell

The 10H20EV8/10020EV8 incorporates an
extremely versatile Output Logic Macrocell
that allows the user complete flexibility when
configuring outputs.

Asseenin Figure 1, the 10H20EV8/10020EV8
Output Logic Macrocell consists of an edge-
triggered D-type flip-flop, an output select
MUX, and a feedback select MUX. Fuses Sy
and S, allow the user to select between the
various cells. S; controls whether the output
will be either registered with internal feedback
or combinatorial I/O. Sy controls the polarity of
the output (Active-HIGH or Active-LOW). This
allows the user to achieve the following
configurations: Registered Active-HIGH out-
put, Registered Active-LOW output, Combina-
torial Active-HIGH output, and Combinatorial
Active-LOW output. With the output enable
product term, this list can be extended by add-
ing the configurations of a Combinatorial I/O
with Polarity or another input.
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ORDERING INFORMATION

DESCRIPTION ORDER CODE
10H20EV8-6F
24—Pin Ceramic Dual In-Line 10H20EV8-4F
(300mil-wide) 10020EV8-6F
10020EV8—4F
10H20EV8-6A
' " . . 10H20EV8—4A
28-Pin Plastic Leaded Chip Carrier 10020EV8B-6A
10020EV8—4A

ABSOLUTE MAXIMUM RATINGS?

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage (Vcc = 0) -8 Ve
Vin Input voltage (Vcc = 0) Oto Vge Voc
lo Output source current 40 mApc
Ta Operating Temperature range gttz i;g ((1%52)) °C
Tsta Storage Temperature range -551t0 +150 °C

NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

OPERATING RANGES
RATINGS
DEVICE | SYMBOL PARAMETER Min Max UNIT
10H20EV8 | Vge Supply voltage -5.46 | —4.94 Voc
Ta Operating free—air temperature [] +75 °c
10020EV8 | Vee Supply voltage 48 | 42 | Vo
Ta Operating free—air temperature ] +85 °c
October 1989 %
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Registered Active-HIGH

Combinatorial Active-HIGH

Figure 2. Output Macro Cell Configurations

Registered Active-LOW

Combinatorial Active-LOW

OUTPUT MACRO CELL
CONFIGURATION

Shownin Figure 2 are the four possible configu-
rations of the output macrocell using fuses Sy
and S;. As seen, the output can either be regis-
tered Active—HIGH/LOW with feedback or
combinatorial Active—HIGH/LOW with feed-
back. If the registered mode is chosen, the
feedback is from the Q output to the AND array
enables one to make state machines or shift
registers without having to tie the outputto one
of the inputs. If a combinatorial output is cho-
sen, the feedback gate is enabled from the pin
and allows one to create permanent outputs,
permanent inputs, or /O pins through the use
of the output enable (D) product term.

OUTPUT ENABLE

Each output on the 10H20EV8/10020EV8 has
its own individual product term for output en-
able. The use of the D product term (direction
control) allows the user three possible configu-
rations of the outputs. They are always en-
abled, always disabled, and controlled by a
programmed pattern. AHIGH onthe D termen-
ables the output, while a LOW performs the dis-
able function. Output enable control can be
achieved by programming a pattern on the D
term.

The output enable control can also be used to
expandadesigner’s possibilities once a combi-
natorial output has been chosen. If the D term
is always HIGH, the pin becomes a permanent

October 1989

Active—HIGH/LOW output. If the D term is
always LOW (all fuses left intact), the pin now
becomes an extra input.

PRESET AND RESET

The 10H20EV8/10020EV8 also includes a sep-
arate product term for asynchronous Preset
andasynchronous Reset. These lines are com-
mon for all registers and are asserted when the
specific product term goes HIGH. Being
asynchronous, they are independent of the
clock. It should be noted that the actual state of
the output is dependent on how the polarity of
the particular output has been chosen. If the
outputs are a mix of Active—HIGH and Active—
LOW, a Preset signal will force the Active—
HIGH outputs HIGH while the Active—LOW
outputs would go LOW, even though the Qout-
putof all flip—flops would go HIGH. A Reset sig-
nal would force the opposite conditions.

PRELOAD

To simplify testing, the 10H20EV8/10020EV8
has also included PRELOAD circuitry. This
allows auserto load any particular data desired
into the registers regardless of the pro-
grammed pattem. This means that the
PRELOAD can be done on a blank part and
after that same part has been programmed to
facilitate any post—fuse testing desired.

Itcan also be used by a designer to help debug
his/her circuit. This could be importantif a state
machine was implemented in the 10H20EV8/

91

10020EV8. The PRELOAD would allow a
designer to enter any state in the sequence
desired and start clocking from that particular
point. Any or all transitions could be verified.

AMAZE

The AMAZE PLD Design Software develop-
ment system also supports the 10H20EV8/
10020EV8. AMAZE provides the following ca-
pabilities for the 10H20EV8/10020EV8:

® State equation entry

® Boolean equation entry

® |ogic and timing simulation

® Automatic test vector generation

AMAZE operates on an IBM PC/XT, PC/AT,
PS/2, or any compatible system with DOS 2.0
or higher. The minimum system configuration
for AMAZE is 640K bytes of RAM and a hard
disk.

AMAZE compiles the design after completion
for syntax and completeness. Programming
data is generated in JEDEC format.

DESIGN SECURITY

The 10H20EV8/10020EV8 has a program-
mable security fuse that controls the access to
the data programmed in the device. By using
this programmable feature, proprietary designs
implemented in the device cannot be copied or
retrieved.
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DC ELECTRICAL CHARACTERISTICS 10H20EVS: 0°C < Tp < +75°C, Vg = 5.2V + 5%, Ve = Veor = Veoz = GND
£ < —4.2V, Vcc = Veor = Vcoz = GND

10020EV8: 0°C < Ta < +85°C, 4.8V < Vg

LIMITS
SYMBOL PARAMETER! TEST CONDITIONS? Ta Min Max UNITS
VoH High level output voltage ViN = Vik Max. or Vi Min. 0°C -1020 | -840
10KH +25°C -980 -810 mV
+75°C -920 -735
100K | 0°C to 85°C | —-1025 -880 mV
VoHt High level output threshold voltage Vin = Vi Max. or Vi Min. 100K | 0°C to 85°C | —1035 mV
Voo Low level output voltage ViN = Vi Max. or V) Min. 0°C -1950 | -1630
10KH +25°C -1950 | —-1630 mV
+75°C —-1950 | -1600
100K | 0°C to 85°C | —1810 | —-1620 mV
Vour High level output threshold voltage VN = Viy Max. or V) Min. 100K | 0°C to 85°C -1610 mV
Vi High level input voltage Guaranteed input voltage 0°C -1170 -840
high for all inputs 10KH +25°C -1130 | -810 mV
+75°C -1070 | -735
100K | 0°C to 85°C | —1165 -880 mV
ViL Low level input voltage Guaranteed input voltage 0°C -1950 | -1480
low for all inputs 10KH +25°C —-1950 | -1480 mV
+75°C -1980 | —1450
100K | 0°Cto 85°C | —1810 | —-1475 mV
Iy High level input current ViN = Viy Max. 10KH 0°C
+75°C 220 HA
100K | 0°C to 85°C
I Low level input current ViN = VL Min, 0°C
Except I/O Pins 10KH +75°C 0.3 HA
100K | 0°C to 85°C 05
lee Supply current Veg = Max. 10KH | 0°C to 75°C
All inputs and outputs open -230 mA
100K | 0°C to 85°C
NOTES:
1. All voltage measurements are referenced to the ground terminal.

2. Each ECL 10KH/100K series device has been designed to meet the DC specification after thermal equilibrium has been established. The
circuitis in a test socket or mounted on a printed circuit board and transverse air flow greater than 500 (150 meters) linear fpm is maintained.
Voltage levels will shift approximately 4mV with an air flow of 200 linear fpom. Qutputs are terminated through a 50Q resistor to —2V.

3. Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be termi-
nated to —2V. If tied to Vgg, it must be through a resistor > 10K.
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Signetics Programmable Logic Devices

Preliminary Specification

ECL Programmable Array Logic

10H20EV8/10020EV8

AC TEST CIRCUIT
+2.0V £ 0.010V
PULSE !
GENERATOR \_T_,
L
SCOPE (ﬁ: ) SCOPE
Rr L PN
—~2.5V 4 0.010V FOR 10020EV8
-3.2V + 0.010V FOR 10H20EV8
NOTES:

»

@~NoOO»

9.

1.

Use decoupling capacitors of 0.1lF and 25uF from GND to Vcc, and 0.01pF and 25F from GND to Vge (0.01 and 0. 1UF capacitors
should be NPO Ceramic or MLC tyPe) Decoupling capacitors should be placed as close as physically possible to the DUT and lead
length should be kept to less than /4 inch (6mm).

. All unused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required.
3. All unused outputs are loaded with 50 to GND.
. Ly and L, are equal length 50€2 impedance lines. L, the distance from the DUT pin to the junction of the cable from the Pulse Gener-

ator and the cable to the Scope, should not exceed /4 inch (6mm).

. Ry = 5062 terminator internal to Scope.

. The unmatched wire stub between coaxial cable and pins under test must be less than 1/, inch (6mm) long for proper test.

. C = Fixture and stray capacitance < 3pF.

. Any unterminated stubs connected anywhere along the transmission line between the Pulse Generator and the DUT or between the

DUT and the Scope should not exceed '/, inch (6mm) in length (refer to section on AC setup procedure).
All 50Q2 resistors should have tolerance of + 1% or better.

10. Test procedures are shown for only one input or set of input conditions. Other inputs are tested in the same manner.
11. Two 10LF capacitors between Vgc and Vo1 and Voo respectively located as close to the device as possible is recommended to

reduce ringing.

12. Normal practice in test fixtures layout should be followed. Lead lengths, particular to the power supply, should be as short as possible.
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Signetics Programmable Logic Devices Preliminary Specification

ECL Programmable Array Logic 10H20EV8/10020EV8

VOLTAGE WAVEFORMS
> - THL TLH -
+1110mV (lﬂmgxﬂ)
+1050mV (10020EV8)
NEGATIVE 0% 80%
PULSE 50% 50%
20% 20%
| +310mV
- twit)
N bl +1110mV (10H20EV8)
+1050mV (10020EV8)
POSITIVE 80%
PULSE

+310mV

INPUT PULSE REQUIREMENTS
Vee = Voot = Veo2 = +2.0V 10.010V, VEE = -3.2V 1 0.010V, VT = GND (0V)
FAMILY AMPLITUDE | REP RATE | PULSE WIDTH tTLH THL
10KH ECL 800mVp_p 1MHz 500ns 1.3+0.2ns 1.3102ns
INPUT PULSE REQUIREMENTS
Ve = Veo1 = VCo2 = +2.0V $0.010V, VEE = -2.5V 1 0.010V, V1 = GND (0V)
FAMILY AMPLITUDE | REP RATE | PULSE WIDTH tTLH tTHL
100K ECL 740mVp_p 1MHz 500ns 0.7+0.1ns 0.7+ 0.1ns

Input Pulse Definition
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Signetics Programmable Logic Devices Preliminary Specification

ECL Programmable Array Logic 10H20EV8/10020EV8

AC ELECTRICAL CHARACTERISTICS 10H20EVS8: 0°C < Ta < +75°C, Vgg = -5.2V + 5%, Ve = Veor = Veoz = GND

10020EVE: 0°C < Ta < 1889C, 48V Vo =« 4.2V Voo = Veoy =Vege = GND

LIMITS
SYMBOL PARAMETER FROM T0 CONDTIONS' -4 i UNIT
Min | Max | Min | Max
Pulse Width
tekH Clock High CLK + CLK- 2 3 ns
tokL Clock Low CLK - CLK + 2 3 ns
texp Clock Period CLK + CLK + 4 6 ns
tPRH Preset/Reset Pulse (1, V0) + (I, ¥O) & 4.5 6 ns
Setup and Hold Time
tis Input (I, VO) + CLK + 25 4 ns
ti Input CLK + (I, 1O) + 0 0 ns
ters acfltz‘:kp?;s:unéiset (L /Oy CLK + 45 6 ns
Propagation Delay
teo Input (1, /O) + 110 + 45 6 ns
tcko Clock CLK + /0 + 2 3 ns
toe Output Enable (L VO) + 110 4.5 6 ns
top Output Disable (1, VO) + 110 45 6 ns
trRO Preset/Reset (1,VO) + /0 + 45 6 ns
tepR Power—on Reset Vee 110 10 ns

NOTES:
1. Refer to AC Test Circuit and Voltage Wafeforms diagrams.
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Signetics Programmable Logic Devices Preliminary Specification

ECL Programmable Array Logic 10H20EV8/10020EV8

TIMING DIAGRAMS
1, V0
- Ye A
g
4s
/ 50% 50% Vso%
CLK
CKH CKL
CKP
<Ko
vo
(REGISTERED 50%
tpp
Vo
(COMBINATORIAL 50%
OUTPUT)
Flip—Flop and Gate Outputs
VEE =—4.94 10H20EVS
VEE = —4.2 10020EV8
VEE
~— tppR
REGISTERED
ACTIVE-LOW
OUTPUT
1,10
(INPUT) 50%
1 4s
< Lk
Power-On Reset
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Signetics Programmable Logic Devices Preliminary Specification

ECL Programmable Array Logic 10H20EV8/10020EV8

TIMING DIAGRAMS (Continued)

Output Enable/Disable

50%
cLK
|+—tpps
ASYNCHRONOUS
PRESET/RESET //5“ \\5'”‘
PRH
[ tero

V0

(OUTPUT) 50%

Asynchronous Preset/Reset
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Signetics Programmable Logic Devices

Preliminary Specification

ECL Programmable Array Logic

10H20EV8/10020EV8

REGISTER PRELOAD

The 10H20EV8/10020EV8 has included cir-
cuitry that allows auser toload data into the out-
put registers. Register PRELOAD can be done
atany time and is not dependenton any particu-
lar pattern programmed into the device. This
simplifies the ability to fully verify logic states
and sequences even after the device has been
patterned.

The pin levels and sequence necessary to per-
form the register PRELOAD are shown below.

Vi
PIN3

s
—/

A

Vou ViH
—_—
OUTPUTS
VoL \ ViL

DISABLE OUTPUTS APPLY EXTERNAL  DATA PRELOADED  REMOVE EXTERNAL
ENABLE PRELOAD INPUTS TO BE AND PRELOAD  INPUTS
PRELOADED DISABLED
LMITS
SYMBOL PARAMETER Min. Typ. Max UNIT
Input HIGH level during
Vi PRELOAD and Verify L B B v
Input LOW level during
Vi PRELOAD and Verify -1.85 | 185 | -1.45 v
PRELOAD enable voltage
Vpp applied to Iy, 1.45 16 1.75 \"
NOTE:
1. Unused inputs should be handled as follows:
—Setat Viyor Vi
— Terminated to —2V
— Tied to Vgg through a resistor > 10K
- Open
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Signetics Programmable Logic Devices

Preliminary Specification

ECL Programmable Array Logic

10H20EV8/10020EVS8

LOGIC PROGRAMMING

10H20EV8/10020EVS logic designs can be
generated using Signetics’ AMAZE PLD de-
sign software or one of several other commer-
cially available, JEDEC standard PLD design
software packages. Boolean and/or state
equation entry is accepted.

“AND” ARRAY — (1), (F), (Qp)

10H20EV8/10020EV8 logic designs can also
be generated using the program table entry for-
mat detailed on the following pages. This pro-
gram table entry format is supported by the
Signetics’ AMAZE PLD design software (PTP
module). AMAZE is available free of charge to
qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equations
(1, F,Q, etc.)is assigned asymbol. The symbols
for TRUE, COMPLEMENT, INACTIVE, PRE-
SET, etc., are defined below.

_ F— LFQ _ —LEQ _ —LEQ _ — LFQ
— LFQ — LRa — LR o — LFa
P, D, AP, AR P, D, AP, AR P, D, AP, AR P, D, AP, AR
[ ___state [ copE ] [ STATE [ copE] [ smmeE ] CooE | [ smate ] coDE |
[ wacnve’2 | o | T [ N [_DoNTcaRe | - |

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
2. Any gate (P, D, AP, AR) will be unconditionally inhibited if any one of the I, F or Q link pairs is left intact.

OUTPUT MACROCELL CONFIGURATIONS

OUTPUT MACROCELL CONFIGURATION | CONTRBLWORD | oo ppiry Fuse
Registered Output, Active—HIGH D H
Registered Output, Active-LOW D! L
Combinatorial I/O, Active—HIGH B H
Combinatorial I/O, Acitve—LOW B

NOTES:

1. This is the initial (unprogrammed) state of the device.
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10H20EV8/10020EV8

POLARITY

100

CONTROL WORD

ECL Programmable Array Logic

Signetics Programmable Logic Devices

PROGRAM TABLE

: :
W. I.Il.._ln_nl..llulull;Ile:I_I:Lnﬂlxllleﬁl.II.L|1I |L1jLﬁ.l M
m T T L;rl.ll.l:Tl.TlﬁLull Jl-lLll M
) N
= &
§ il e 1 1 L
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Signetics

Document No.| 853—1359

ECN No. 98104

Date of Issue | November 14, 1989

Status Product Specification

Programmable Logic Devices

FEATURES
® Ultra high-speed
— tpp = 7.5ns and fyax = 74MHz for
the PLUS20R8-7 Series
- tpp = 10ns and fyax = 60 MHz for
the PLUS20R8D Series
® 100% functionally and pin-for-pin
compatible with industry standard
24-pin PAL ICs

® Power-up reset function to enhance
state machine design and
testability

® Design support provided via
AMAZE and other CAD tools for
Series 24 PAL devices

o Field-programmable on industry
standard programmers

® Security fuse

© Individual 3-State control of all

PLUS20R8D/-7 SERIES

PAL®-Type Devices

20L8, 20R8, 20R6, 20R4

DESCRIPTION

The Signetics PLUS20XX family consists
of ultra high-speed 7.5ns and 10ns ver-
sions of Series 24 PAL devices.

The PLUS20XX family is 100% functional
and pin-compatible with the 20L8, 20R8,
20R6, and 20R4 Series devices.

The sum of products (AND-OR) architec-
ture is comprised of 64 AND gates and 8
fixed OR gates. Multiple bidirectional pins
provide variable input/output pin ratios. In-
dividual 3-State control of all outputs and
registers with feedback (R8, R6, R4) is
also provided. Proprietary designs can be
protected by programming the security
fuse.

The PLUS20R8, R6, and R4 have D-type
flip-flops which are loaded on the
Low-to-High transition of the clock input.

In order to facilitate state machine design

The Signetics State-of-the-Art oxide isola-
tion Bipolar fabrication process is
employed to achieve high-performance
operation.

The PLUS20XX family of devices are field
programmable, enabling the user to
quickly generate custom patterns using
standard programming equipment. See
the programmer chart for qualified
programmers.

The AMAZE software package from
Signetics supports easy design entry for
the PLUS20XX series as well as other
PLD devices from Signetics. The
PLUS20XX series are also supported by
other standard CAD tools for PAL-type
devices.

Order codes are listed in the Ordering
Information table.

outputs and testing, a power-up reset function has
been incorporated into these devices to
reset all internal registers to active-Low
after a specific period of time.
DEDICATED COMBINATORIAL REGISTERED
DEVICE NUMBER INPUTS OUTPUTS OUTPUTS
PLUS20L8 14 8(6 1/0) 0
PLUS20R8 12 0 8
PLUS20R6 12 210 6
PLUS20R4 12 410 4
®PAL is a regi of Mi Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.

PHIUPS
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Signetics Programmable Logic Devices

Product Specification

PAL®-Type Devices

20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

PIN CONFIGURATIONS
PLUS20L8-7 PLUS20R8-7
\J \J
'“E_—l 24] Vee > 24] Ve
;,E_ 23] i3 - 23] 1y
CH = - =] or
hE’_ > | 2118 = Eos
>
M ap | o
< [
Is|e 19 ] B4 | ] <
E_1 g : &
L ¢ o] & — o 8]0,
<
- e |
ls | 8 E& -
ls E — E % 1
Nng ol .
|
GND |12 Elu
coisasts
PLUS20L8-7 PLUS20R8-7
I Iy g NC Vec hs Oy h lg CLK NC Vcc Iyy Qp

s 1o GND NC Iy typ Og
CD155128

SYMBOL  DESCRIPTION
I

Dedicated Input
o Dedicated combinatorial Output
Q Registered output
B Bidirectional (input/output)
CLK Clock input
OE Output Enable
vee Supply Vokage
GND Ground
NC No Connection

ls I GND NC OE 1, Q
Cosa8as

DESCRIPTION

Dedicated Input

Dedicated combinatorial Output
Registered output

Bidirectional (input/output)
Clock input

Output Enable

Supply Voltage

Ground

No Connection

November 14, 1989
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Signetics Programmable Logic Devices

Product Specification

PAL®-Type Devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

PIN CONFIGURATIONS
V PLUS20R6-7 PLUS20R4-7
et \J
cLK o 24|V, ok [ 1 f——-r— 24] vge
lo L2 By o - 23] 1y,
I :3._1_ 22] 8, . || 7] =,

[Re—121] o,
5 o,
1.
.,
(B
=

olalzlalalalalale
4]

]

o
AND/OR ARRAY

e,
30

|

<

5 e

1e Lo }— ﬁ: T 15]8,
1, L Elw
GND E «Eﬁ

CD154608

PLUS20R6-7

Iy lp CLK NC Voc by By

g lp GND NC OE Iyg Bg
155038

SYMBOL DESCRIPTION

| Dedicated Input

o Dedicated combinatorial Output
Q Registered output

B Bidirectional (input/output)

CLK Clock input

OE Output Enable

Vee Supply Voltage

GND Ground

NC No Connection

.-

w

o

~

©
-
ey

Blelalolalziololiciaizie]

GND |12

21] 8,
] o,
] .
o
o
] -
15] B,
E o
5] =

AND/OR ARRAY

g R T

L1111

co154725

PLUS20R4-7

Iy lp CLK NC Vec Iy By

Iy lg GND NC OE Iy B
coi54935

DESCRIPTION

Dedicated Input

Dedicated combinatorial Output
Registered output

Bidirectional (inputioutput)
Clock input

Output Enable

Supply Voltage

Ground

No Connection
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Signetics Programmable Logic Devices

Product Specification

PAL®-Type Devices

20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

LOGIC DIAGRAM

PLUS20L8

la|s
=
3
s
@
=
B
5 Is[s
2
o “©
o @
& @
o @
“
45
46
&
1s

1

13 [a 4] 0 O 5 O O B
24 2 3 = .
3 .
27
2
2
30

a
3

&
© ® ~
23283842 23288838 ARBR2888

NOTES:
1. All unprogrammed or virgin

0123 4567 891011 12131415 16171819 20212223 24252627 28293031 32333435 36373839

INPUTS (0-39)

"AND'" gate locations are pulled to logic 0"

2. % Programmable connections

e

s
—22] 07

55

84

33

-

15| Oo

13 111

LD09510S.
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Signetics Programmable Logic Devices

Product Specification

PAL®-Type Devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

LOGIC DIAGRAM PLUS20R8
CLK
0123 4567 891011 12131415 16171819 20212223 24252627 28293031 32333436 3637
lo ﬂ—————@ I

Ly

1. All unprogrammed or virgin "AND"" gate locations are pulled to logic "o
2. & Programmable connections

1]
°
10
P ] s ) o af—
13 g
i : 1 —p T
=" —<t
e R
18— g : .
= - , ° 0—-10—@05
21—y , % b
22—t - ot B
21 r_ Hl > o
2[4} ¥ T T <t —]
2%
:—r'F- ;
Z_J k D Q Qs
Fam ! b G
3‘—‘7 —t
13 [5 11T T e T %t
v —
frpums
5 ﬁ o ap—+Pw 04
2 a7 5 ~
e ] a
g ==l
E ule T T e ST T T TIT ¥
- 0
- 4
g a2
8 “ o of—tbofig]es
45
3 o =
o ::_ 5 3 ] Q
s [T T et ._—j
a8
2
5 or«ez
53 —_
kY 5 : —p a
] )
16 (s ¥ T T b T N %1
8 — bt Hrr
z : ]
] o o)——— [>o—{16] Q4
A 1o ] + 3
e 1] s 3 fa > j
v [T T T T <+
o4
: A
g [+ Or——\ Qo
n > @
15 [0}
s [(MHE 0
0123 4567 891011 12131415 16171819 20212223 24252627 28293031 32333435 36373839 —
L<p—{13]GE
INPUTS (0-39)
LD09520S
NOTES:

B o
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PAL®-Type Devices PLUS20R8D/~7 SERIES
20L8, 20R8, 20R6, 20R4

LOGIC DIAGRAM PLUS20R6

0123 4567 591011 12131415 16171819 20212223 24252627 28203031 32333435 36373839

2 |4
2
P
2
7
F
»
»
n
i3 |5
a 2
3
© )
s »
@ >
= »
E, »
r Is |6
I 4
£
2 o
] 2
T 4
o “
48
46
a
Is |7
4
L
50
51
2
]
s
%
ls |8
s
7
2
s
«
o
2
)
7|9
“
&%
"
%4
“
®
)
n
Is
e % )
0123 4567 891011 12131415 16171819 20212223 24252627 28293037 32333435 26373839 J @ 6-5
INPUTS (0-39)
LD09530S
NOTES:

1. ﬁll unprogrammed or virgin "AND"" gate locations are puilled to logic 0"
2. 4k Programmable connections
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PAL®-Type Devices -
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES

LOGIC DIAGRAM PLUS20R4

0123 4567 891011 12131415 16171819 20212223 24252627 28293031 323U NITN N

I8 1 | L L DL L A
o[2 I T EESEESREREEN 5} {23) 1
H & o
0 -t e - - - -
12 —4 4 i : ’ @57
13— ot -
1. — L g e Tt
15— ~
w[EHE T T T T
16 +— —+
17 .t
AL ] -
s —————————21] 86
6
2 :
» ™1
p[a ¥ o e e 5
: -1
28
g o D Qf—1 Qs
: 1 3
3 FE
13 [ 1T Tt
pa
ke
: A
- 3 o 1 04
2 14 —
: k4 —P o
e 39
2 5
-
F 8
5 a2
g g - o e
2 s —p O
4 a7
15[7
48 5
49—
0 —
e s o 0—10‘02
53 5 55 —_
P i —p T
“—
D >
57— e st e
: 7 i SEiaREe i i = a8 EES - 16| B,
e e s e T B e 0 8
a
(e
(o3 o 1
L]
o
e ' f1s] &
% —t
o l
n
1s [0} 3=
w[1¥ P S— < —{18] o
0123 4S67 891011 12131415 16171819 20212223 24252627 28293031 32333435 38373839 o—E
INPUTS (0-39)
Coosse0s
NOTES:

1. All unprogrammed or virgin "AND'" gate locations are pulled to logic 0"
2. ¢ Programmable connections

November 14, 1989 107



Signetics Programmable Logic Devices

Product Specification

PAL®-Type Devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

FUNCTIONAL DESCRIPTIONS

The PLUS20XX series utilizes the familiar
sum—of—-productsimplementation consisting of
a programmable AND array and a fixed OR
array. These devices are capable of replacing
an equivalent of four or more SSI/MSI inte-
grated circuits to reduce package count and
board area occupancy, consequently improv-
ing reliability and design cycle over Standard
Cell or gate array options. By programming the
security fuse, proprietary designs can be pro-
tected from duplication.

The PLUS20XX series consists of four PAL-
type devices. Depending on the particular
device type, there are a variable number of
combinatorial and registered outputs available
to the designer. The PLUS20L8 is a combina-
torial part with 8 user configurable outputs (6 bi-
directional), while the other three devices,
PLUS20R8, PLUS20R6, PLUS20R4, have
respectively 8, 6, and 4 output registers.

3-State Outputs

The PLUS20XX series devices also feature
3-Stateoutputbuffers on each output pinwhich
can be programmed for individual control of all
outputs. The registered outputs (Qn) are con-
trolled by an external input (/OE), and the com-
binatorial outputs (On, Bn) use a product term
to control the enable function.

AND ARRAY - (I, B)

Programmable Bidirectional Pins
The PLUS20XX products feature variable
Input/Output ratios. In addition to 12 dedicated
inputs, each combinatorial output pin of the
registered devices can be individually pro-
grammedas an inputor output. The PLUS20L8
provides 14 dedicated inputs and 6 Bidirection-
al I/O lines that can be individually configured
as inputs or outputs.

Output Registers

The PLUS20R8 has 8 output registers, the
20R6 has 6, and the 20R4 has 4. Each output
registeris a D—type flip—fiop which is loaded on
the Low—to~High transition of the clock input.
These output registers are capable of feeding
the outputs of the registers back into the array
to facilitate design of synchronous state ma-
chines.

Power-up Reset

By resetting all flip—flops to a logic Low, as the
power is turned on, the PLUS20R8, R6, R4 en-
hance state machine design and initialization
capability.

Software Support
Like other Programmable Logic Devices from
Signetics, the PLUS20XX series are supported

by AMAZE, the PC-based software develop-
ment tool from Signetics. The PLUS20XX fam-
ily of devices are also supported by standard
CAD tools for PAL devices, including ABEL and
CUPL.

AMAZE is available free of charge to qualified
users.

Logic Programming

Logic designs for PLUS20XX series can be
generated using any commercially available
JEDEC standard design software that supports
the 24—pin PAL devices. No JEDEC fuse map
conversion or translation is necessary when
transferring designs from slower 24—pin PAL
devices.

To implement the desired logic functions, each
logic variable from the logic equations is
assigned a symbol. True (High), Complement
(Low), Don't Care and Inactive symbols are
defined below.

— 1B
I,BO———'E o
— I,B

O

nD P,D

[ state [ cooE | [ smatE | copE | [ STATE | CODE |

[Cmemve™ [ o | s W | s [t | [ bowroare | - |
VIRGIN STATE

A factory shipped virgin device contains all fus-
ible links intact, such that:
1. All outputs are at “H" polarity.

2. All Py terms are disabled.

3. All P, terms are active on all outputs.

November 14, 1989



Signetics Programmable Logic Devices Product Specification

PAL®-Type Devices PLUS20R8D/—7 SERIES
20L8, 20R8, 20R6, 20R4

ORDERING INFORMATION THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE

PLUS20R8DN Maximum junction 150°C
Stggggig: Maximum ambient 75°C
24—Pin Plastic Dual-In-Line PLUS20L8DN ;
300mil-wide PLUS20R8-7N :rb"{j:}'fo‘?:nﬂi’n"se
PLUS20R6-7N
PLUS20R4-7N
PLUS20L8-7N

PLUS20R8DA
PLUS20R6DA
PLUS20R4DA
28-Pin Plastic Leaded Chip Carrier PLUS20L8DA
(PLCC) PLUS20R8-7A
PLUS20R6-7A
PLUS20R4-7A
PLUS20L8-7A

75°C

NOTE:

The PLUS20XX series of devices are also processed to military requirements for operation over
the military temperature range. For specifications and ordering information, consult the Signetics
Military Data Book.

ABSOLUTE MAXIMUM RATINGS!

RATINGS

SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage -05 +7 Vpc
ViN Input voltage -05 +55 Voc
Vour Output voitage +6.5 Ve
In Input currents -30 +30 mA
lour Output currents +100 mA
Tsta Storage temperature range -85 +150 °c

NOTE:

1. .Stresses above those listed may cause malfunction or permanentdamage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.

OPERATING RANGES
RATINGS
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +4.75 +5.25 Vpe
Ta Operating free—air temperature o] +75 °c
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PAL®-Type Devices PLUS20R8D/~7 SERIES
20L8, 20R8, 20R6, 20R4

DC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75 < Voo <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min l Typ? -[ Max UNIT
Input voltage?
Vi Low Vee = Min 0.8 v
Vi High Ve = Max 20 v
Vic Clamp Vee = Min, Iy =—18mA -08 -15 v
Output voltage
Vee = Min, Viy = Viyor V.
VoL Low loL = 24mA 05 v
Von High loy=-3.2mA 24 v
Input current
Ve = Max
I Low? Viy =0.40V -250 HA
Iy High?® VN =27V 25
I Maximum input current Vin = Vee = Veomax 100 HA
Output current
Vee = Max

lozn Output leakage Vour =2.7V 100 HA
loz Output leakage Vour = 0.4V -100 HA
los Short circuit* 5 Vour = OV -30 -90 mA
lce Ve supply current Vee = Max 150 210 mA
Capacitance®
Cin Input Vee =5V

Vour = 2.0V 8 pF
Cg 110 (B) Vour =2V, f = 1MHz 8 pF

NOTES:

ONAWN =~

. All typical values are at Vg = 5V, Tp = +25°C.

. All voltage values are with respect to network ground terminal.
Leakage current for bidirectional pins is the worst case of Iy_and lgz or Iy and lozy.
. Testone ata time.
. Duration of short circuit should not exceed 1 second.

. These parameters are not 100% tested but periodically sampled.

November 14, 1989
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Product Specification

PAL®-Type Devices

— RI
20L8, 20R8, 20R6, 20R4 PLUS20R8D/~7 SERIES

AC ELECTRICAL CHARACTERISTICS R, = 200Q, R, =390, 0°C < Ty < +75°C, 4.75 < Vg < 5.25V

LIMITS
SYMBOL PARAMETER FROM TO -7 D UNIT
Min? ] Max Min? Max

Pulse Width
tokH Clock High CK+ CK- 5 7 ns
ok Clock Low CK- CK+ 5 7 ns
tckp Period CK+ CK+ 10 14 ns
Setup & Hold time
tis Input f;%lgafk CK+ 7 9 ns
tH Input CK+ felane‘:ifgk 0 0 ns
Propagation delay
tcko Clock CK+ Qt 3 6.5 3 75 ns
oK Clock3 CKt Q 3 7 ns
tep Output (2018, R6, R4)2 B Output 75 10 ns
toe1 Output enable* OE Output enable 3 8 3 10 ns
toe2 Output enable*s I Output enable 3 10 3 10 ns
top1 Output disable?* OE Output disable 3 8 3 10 ns
top2 Output disable*5 | Output disable 3 10 3 10 ns
tskw Output Q Q 1 1 ns
tepR Power-Up Reset Veo+ Q+ 10 10 ns
Frequency (20R8, R6, R4)

No feedback 1/ (toyq + tokn)® 100 714 MHz
fmax Internal feedback 1/ (s + tckr)® 100 62.5 MHz

External feedback 1/ (tis + tcko)® 74 60.6 MHz

.

For definitions of the terms, please refer to the Timing/Frequency Definitions tables.

NOTES:

1.
2
3.
4

o

November 14, 1989

CL = OpF while measuring minimum output delays.

. tpp test conditions: CL = 50pF (with jig and scope capacitance), Vi = 3V, V) = 0V, Vou = VoL = 1.5V.

tekr was calculated from measured Internal fyax.

. In reference to 3-State outputs, output enable times are tested with CL = 50pF to the 2.0V or 0.8V level. Output disable times are tested with
CL = 5pF. High to High—impedence tests are made to an output voltage of V1 = Vo ~0.5V; Low to High—impedence tests are made to the
V1=V +0.5V level.

. Same function as togy and top+, with the difference of using product term control.

. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the frequency.
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Signetics Programmable Logic Devices Product Specification

PAL®-Type Devices PLUS20R8D/~7 SERIES
20L8, 20R8, 20R6, 20R4 S20

TEST LOAD CIRCUIT
Vee
i
b | | Bo/% o INCLI.AH')‘%SJ'%OOPE
: BrOn Ry CAPACITANCE
| DuT T Q
| |
S . L N o
ek GND * - ]r:
=+
OUTPUT REGISTER SKEW

3v

cK /
———————————————————— ov

v
9n 15V
(REGISTERED OUTPUT) -
ov
tskw
av
Qn 41
(REGISTERED OUTPUT) 1.5V
ov

CLOCK TO FEEDBACK PATH
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Product Specification

PAL®-Type Devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

TIMING DIAGRAMS™ 2

TIMING DEFINITIONS

I,B
(INPUTS)

Q
REGISTERED OUTPUTS)

KV

LB
st X =

CK 1.5Vz 1.5V

[ 48—+ CKH

W L g

o 3V
1.5V

ov

KO

t0E1

Flip—Flop Outputs

1.5V

+3V

ov

|
tpD
o, A
1.5V
OUTPUTS) N
t0E2

B
{COMBINATORIAL

Vo
lv,

o2

VoL

1B
(OUTPUT
ENABLE)

+1.5V +1.5V

+3V

Vee

(REGISTERED
OUTPUTS)

1,B
(INPUTS)

CK

Q
Essssgy\ 1.5V 1.5V

Gate Outputs

ov

Jh.sv

vee

[ tppR~—|

ov

VoH

™ oK

X.sv 1.5V

+3V

o

[— +3V
1.5V

ov

YS4tCKF

Power—Up Reset
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SYMBOL

PARAMETER

ckH

Width of input clock pulse.

ek

Interval between clock pulses.

tekp

Clock period.

s

Required delay between be-
ginning of valid input and posi-
tive transition of clock.

tiH

Required delay between posi-
tive transition of clock and end
of valid input data.

teke

Delay between positive trans-
ition of clock and when internal
Q output of flip—flop becomes
valid.

tcko

Delay between positive trans-
ition of clock and when outputs
become valid (with OE Low).

toet

Delay between beginning of
Output Enable Low and when
outputs become valid.

top1

Delay between beginning of
Output Enable High and when
outputs are in the Off-State.

toe2

Delay between predefined
Output Enable High, and when
combinational outputs become
valid.

Delay between predefined
Output Enable Low and when
combinational outputs are in
the Off-State.

tepR

Delay between V¢ (after pow-
er—on) and when flip—flop out-
puts become preset at “1” (in-
ternal Q outputs at “0”).

trp

Propagation delay between
combinational inputs and out-
puts.

FREQUENCY DEFINITIONS

fmax

No feedback: Determined by
the minimum clock period,
Wltexe + toxn)-

Internal feedback: Deter-
mined by the internal delay
from flip—flop outputs through
the internal feedback and array
to the flip—flop inputs, 1/(tis +

ter)-

External feedback: Deter-
mined by clock—to—output
delay and input setup time,
1/(tis + tcko)-

NOTES:

1. Input pulse amplitude is OV to 3V.
2. Inputrise and fall times are 2.5ns.



Signetics Programmable Logic Devices Product Specification

PAL®-Type Devices _
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES

PROGRAMMING

The PLUS20XX Series are programmable on conventional programmers for 24—pin PAL® devices. Refer to the following charts for qualified
manufacturers of programmers and software tools:

PROGRAMMER MANUFACTURER PROGRAMMER MODEL FAMILY/PINOUT CODES
DATA /O CORPORATION SYSTEM 29B, LogicPak™ 303A-V04 )
10525 WILLOWS ROAD, N.E. 20L8-7/20L8D : 18/26
raLRe TR SO | B v e
REDMOND. WASHINGTON 98073-9746 UNISITE 40/48, V2.3 (DIP) 20R4-7/20R4D : 1B/27
(800)247-5700 V2.5 (PLCC)

MODEL 60, 60A/H, V.13

STAG MICROSYSTEMS, INC.

2L.30/30A PROGRAMMER 20L8-7/20L8D : 11/56
‘S%?(T’Q’V;ATT DRIVE REV. 30A31 20R8-7/20R8D - 11/57
SANTA CLARA, CALIFORNIA 95054 20R6-7/20R6D : 11/57
: PPZ PROGRAMMER 20R4-7/20R4D : 11/57
(4089881118 TBA
SOFTWARE MANUFACTURER DEVELOPMENT SYSTEM
SIGNETICS COMPANY
811 EAST ARQUES AVENUE
P.O. BOX 3409 AMAZE SOFTWARE
SUNNYVALE, CALIFORNIA 94088-3409 REV. 1.7
(408)991-2000
DATA 110
10525 WILLOWS ROAD, N.E.
P.O. BOX 97046 ABEL™ SOFTWARE
REDMOND, WASHINGTON 98073-9746 REV. 1.0 AND LATER
(800)247-5700
LOGICAL DEVICES, INC.
1201 NORTHWEST 65TH PLACE
FORT LAUDERDALE, FLORIDA 33309 CUPL™ SOFTWARE
REV. 1.01 AND LATER
(B00)331-7766 ! LATE
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Programmable Logic Devices

DESCRIPTION

The PHD48N22-7 is an ultra fast
Programmable High-speed Decoder fea-
turing a 7.5ns maximum propagation
delay. The architecture has been opti-
mized using Philips Components—
Signetics state—of—the—art bipolar oxide
isolation process coupled with titanium—
tungsten fuses to achieve superior speed
in any design.

The PHD48N22-7 is a two level logic
element comprised of 36 fixed inputs,
73 AND gates, 10 outputs, and 12 bi-
directional I/Os. This gives the device the
ability to have as many as 48 inputs. In-
dividual 3-State control of all outputs is
also provided.

The device is field—programmable, en-
abling the user to quickly generate custom
patterns using standard programming
equipment. Proprietary designs can be
protected by programming the security
fuse.

The AMAZE software package from
Philips Components—Signetics supports
easy design entry forthe PHD48N22-7 as
well as other PLD devices.

Order codes are listed in the pages
following.

PHILIPS

PHD48N22-7

Programmable High-Speed
Decoder Logic (48 x 73 x 22)

FEATURES

® |[deal for high speed system
decoding

® Super high speed at 7.5ns tpp
® 36 dedicated Inputs

® 22 outputs
— 12 bidirectional VO
— 10 dedicated outputs

® Security fuse to prevent duplication
of proprietary designs.

® Individual 3—State control of all
outputs

® Field—programmable on Industry
standard programmers

® Available in 68-Pin Plastic Leaded
Chip Carrier (PLCC)

APPLICATIONS
® High speed memory decoders

® High speed code detectors
® Random logic

® Peripheral selectors

® Machine state decoders

115

PIN CONFIGURATION
A Package
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26}
B ||
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Signetics Programmable Logic Devices Preliminary Specification

Programmable High-Speed DABND2_7
Decoder Logic (48 x 73 x 22) PHD48

LOGIC DIAGRAM
INPUTS (0-95)
OR3
o1
7] or2
2
65] OR1
23
—E o
B[s
53] 00
2] 08
51] 07
£ o
iy 50
g 05
I 04
7] 08
5] 02
o1
00
2] 87
uls
1] 86
s[7
0] BS
16 8
7] 84
7 [e
5] B3
18 [10
B2
w [
B1
1o [i2
T B0
m B}z
n2 P2
1 G—Ff] ™
4 —Fo
ns <) f9] 2
16 @o}—ix —F7)
n B ]
s @} —Fs]»
1o pa—i¥ ——Fi»
120 BB} —{% ]
121 i} L B
12 B —i% ——Fojis
1 5] —Pps) i
NOTES:
1. NI unprogrammed or virgin “AND" gate locations are pulled to logic “0"
2.~ Programmable connections
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Programmable High-Speed PHD48N22—7
Decoder Logic (48 x 73 x 22)

FUNCTIONAL DIAGRAM
o O—13
s O—3—
K o
—
—t
Bg-B7
£ S
{1 00-09
oo 0 o
—] > 13 ony-o8s
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
68-Pin Plastic Leaded Chip Carrier PHD48N22-7A Maximum junction 150°C
Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS! Allowable thermal rise o
RATINGS ambient to junction 75°C
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage -05 +7 Voc
Vin Input voltage 0.5 +5.5 Voc
Vout Output voltage +55 Voc
In Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -85 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.

OPERATING RANGES
RATINGS
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +4.75 +5.25 Voc
Ta Operating free-air temperature (] +75 °C

November 1989 17



Signetics Programmable Logic Devices

Preliminary Specification

Programmable High-Speed

PHD48N22-7
Decoder Logic (48 x 73 x 22)
DC ELECTRICAL CHARACTERISTICS 0°C < T < +75°C, 4.75 < Ve < 5.25V
uMITS
SYMBOL PARAMETER TEST CONDITIONS Min Typ? Max UNIT
Input voltage?
Vi Low VOC =MIN 0.8 v
Vi High Vee = MAX 20 \
Ve Clamp Vee = MIN, Iy = —18mA -0.8 -15 v
Output voitage
Vcc = MlN, VIN = V|H or V“_
VoL Low loL = +24mA 0.5 v
Vou High lon = —3.2mA 24 v
Input current
Ve = MAX
I Low VN = +0.40V —20 -250 u-A
I High Vin = +2.7V 25 UA
I High Vin = Vee = Vee max 100 HA
Output current
Vee = MAX
lozn Output leakage 3 Vout = +2.7V 100 HA
loz Output leakage 3 Vour = +0.40V -100 HA
los Short circuit 4 Vour = +0V -30 —60 -90 mA
lec Vg current Vee = MAX 420 mA
Capacitance®
Vcc =+5V
Cin Input ViN=20V @ f=1MHz 8 pF
Cour o Vour =2.0V@ f = 1MHz 8 pF
NOTES:
1. Typical limits are at Vg = 5.0V and T = +25°C.
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
3. Leakage current for bidirectional pins is the worst case of |y and loz_or Iy and loz .
4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second.
5. These parameters are not 100% tested, but are periodically sampled.

November 1989
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Programmable High-Speed

PHD48N22-7
Decoder Logic (48 x 73 x 22)
AC ELECTRICAL CHARACTERISTICS 0°C < Tp < +75°C, 4.75 < Ve < 5.25V, Ry = 20082, R, = 3902
TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITIONS Min Max UNIT
topy'! o coyis | 0.B.ORE | Ouputt CL = 50pF 75 ns
Propagation dela)
tope" trough OR outpots (,B,OR): | Output G =50pF 10 ns
tog? Output Enable (I, B,OR) £ | Output enable C = 50pF 10 ns
top? Output Disable (I, B,OR) £ | Outputdisable C_ =5pF 10 ns
NOTES:

1. tpp1, 2 are tested with switch S¢ closed and C = 50pF.

2. For 3-State output; output enable times are tested with C|_ = 50pF to the 1.5V level, and S, is open for high—impedance to High tests and
closed for high—impedance to Low tests. Output disable times are tested with C|_= 5pF. High—to—High impedance tests are made to an out-
put voltage of V1 = Vo — 0.5V with S, open, and Low—to-High impedance tests are made to the V1 = Vg + 0.5V level with Sy closed.

VIRGIN STATE TIMING DEFINITIONS
A factory shipped virgin device contains all
fusible links open, such that: SymsoL PARAMETER
1. All outputs are disabled. tep1 Input to output propagation
2. All p—terms are disabled in the AND array. delay (through B/O outputs).
tep2 Input to output propagation
delay (through OR outputs).
top Input to Output Disable
(3—State) delay (Output
Disable).
toe Input to Output Enable delay
(Output Enable).
TIMING DIAGRAM
3.0V
s 1.5V
ov
o] | el
oonr—& .
Vo
WAVEFORM INPUTS ouTPUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE; CHANGING;
MUST BE WILL BE : g
ANY CHANGE STATE
STEADY STEADY m PERMITTED UNKNOWN
DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF” STATE
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Preliminary Specification

Programmable High-Speed
Decoder Logic (48 x 73 x 22)

PHD48N22-7

AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
+30V
Vee 90%
i T -/ Now
S 10%
T By *
o——]——u i3s Bz —]—>
INPUTS Bw pyr Om Ry
oJ——— Bx On —1—-»
o——=1 ORp [ T—
o—»| ORg GND ORp || Ry oL
.l.. OUTPUTS I
MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.
Input Pulses
LOGIC PROGRAMMING

PHD48N22-7 logic designs can be generated
using any commercially available, JEDEC
standard design software.

“AND” ARRAY - (I, B)

PHD48N22-7 designs can also be generated
using the program table format, detailed on the
following page. This program table entry (PTE)
format is supported on the Signetics AMAZE
PLD design software. AMAZE is available free
of charge to qualified users.

To implement the desired logic functions, each
logic variable (I, B, P and D) from the logic
equations is assigned a symbol. TRUE (High),
COMPLEMENT (Low), DON'T CARE and
INACTIVE symbols are defined below.

LB LB LB LB
1,B LB 1B LB
LB 13:4 LB 144
PD RD D PD
[ smmE | cope | [ STATE [ cope | [ STATE [ cooe | [ STATE | cooe ]
[ nacuve! [ o | l TRUE | w1 | compement [ L | | _pontcare | - ]

NOTE:
1. This is the initial state.

November 1989
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Programmable High-Speed PHD48N22—7
Decoder Logic (48 x 73 x 22) 8

PROGRAM TABLE

i INPUTS

R | B OR
"5&&_&31&92_&&2‘_&222120191.17!615"!312"‘03 8l7ie6|sfaj3f2/1/o0}7/6/5|4/3[2f1]013[2(1]0
]

1

s[a[>[lefs[s[a]z]a]e]= 2 ]6]s]an e ol [c[s[s[a s a e a]a]s]e]s]a s ]a]ea]e]e e u us[w]wle S8 [ 8 s [k ]z

42 |41 40 % |37 |36 | 35|34 |3 |31 30 |28 |26 |27 |26 |25 |24 |23 |22 | 70|10 |18 [17 |16 |13 |12 |11 |10 |8 [ 7 | 6 |5 |3 [ 2 |V |52 5150 |47 |46 |45 |44 |43 [68 |67 [65 oA |

VARIABLE
NAME
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Programmable High-Speed b §
Decoder Logic (48 x 73 x 22) PHD48N22-7

PROGRAM TABLE (Continued)

E OUTPUTS

R 0 B OR
Mo sl e
[

1

1

12

1

14

S

Blx[~[2[e[s[x[s [s[[a]s|=[s]8]s]a]s s |e]u]s|2]s[s|s]s]s s s]a]=]s 8 ]]x]a |z a0 s 8]n]s|5x ]2 |s|s [~

—
]

VARIABLE
NAME
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Programmable High-Speed PHDA48N22—7
Decoder Logic (48 x 73 x 22)

TYPICAL SYSTEM APPLICATION

__] CLOCK

GENERATOR

RESET  CLK2

1
7
]| JL
———— ————=
gle
1k
vl
| SRR |

ADDRESS|

.
i

DRAM
CONTROL

DATA

vowrerrace K wumaus o

LOCAL
ADVANCED BUS
DMA

CONTROL

= 1 1 S i —

11
i P Pl RIS RIS T A B!

FLOPPY AXED
INTERRUPT TIMER/ LAN SERIAL GRAPHICS
CONTROLLER COUNTER ComR L DISK CONTROL PORTS COPROCESSOR EPROM

i | I

EXTERNAL
INTERRUPTS

FLOPPY AXED DISK CRT
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Status Product Specification

Programmable Logic Devices

DESCRIPTION

The PLS153 and PLS153A are two—level
logic elements, consisting of 42 AND
gates and 10 OR gates with fusible link
connections for programming /O polarity
and direction.

All AND gates are linked to 8 inputs (1) and
10 bidirectional 1/O lines (B). These yield
variable VO gate configurations via 10
direction control gates (D), ranging from
18 inputs to 10 outputs.

On-chip T/C buffers couple either True
(1, B) or Complement (1, B) input polarities
to all AND gates, whose outputs can be
optionally linked to all OR gates. Their
output polarity, in turn, is individually pro-
grammable through a set of Ex~OR gates
for implementing AND/OR or AND/NOR
logic functions.

The PLS153 and PLS153A are field-
programmable, enabling the user to
quickly generate custom patterns using
standard programming equipment.

Order codes are listed in the Ordering
Information Table.

PHILIPS

PLS153/A

Field-Programmable Logic Arrays

(18 x 42 x 10)

FEATURES
® Field-Programmable (Ni-Cr links)

® 8 inputs

® 42 AND gates

® 10 OR gates

© 10 bidirectional VO lines

® Active—High or —Low outputs

® 42 product terms:
- 32 logic terms
- 10 control terms

® /O propagation delay:
— PLS153: 40ns (max)
— PLS153A: 30ns (max)

® Input loading: —100pA (max)

® Power dissipation: 650maA (typ)
® 3—State outputs

® TTL compatible

APPLICATIONS

® Random logic

® Code converters

® Fault detectors

® Function generators
® Address mapping

© Multiplexing

127

PIN CONFIGURATIONS

N Package

Vee

By
Bg
Bs
By

B =B EE

DDELE
By GND B; By

A = Plastic Leaded Chip Carrier

LOGIC FUNCTION

TYPICAL PRODUCT TERM:
Pn=A-B-C-D-...
TYPICAL LOGIC FUNCTION:
AT OUTPUT POLARITY = H
Z=P0+P1+P2...

AT OUTPUT POLARITY = L
Z=F+Pi+P2 +...
Z=F-Pi-F2-...

NOTES:

1. For each of the 10 outputs, either function Z (Active-
High) or Z (Active-Low) is available, but not both.
The desired output polarity is programmed via the
Ex-OR gates.

2. Z, A, B, C, etc. are user defined connections to fixed

inputs (1) and bidirectional pins (B).

PHILIPS




Product Specification
PLS153/A

-

B— (CONTROL TERMS)

B—— (LOGIC TERMS-P) ———— @

Field-Programmable Logic Arrays (18 x 42 x 10)

Signetics Programmable Logic Devices

LOGIC DIAGRAM

0990 D7|Dg|D5(D4 (D3| D2/D1| Do

___.___________________________________“wmmwmmmmw..

3100000024230 0v00016150000008 7ovoovee OXO
4 Programmable connection.
128

2. A! programmed ‘OR’ gate locations are pulied to logic 0",

3.

1. All programmed ‘AND' gate locations are pulled to logic *1".

NOTES:

October 16, 1989



Signetics Programmable Logic Devices

Product Specification

Field-Programmable Logic Arrays (18 x 42 x 10)

PLS153/A

FUNCTIONAL DIAGRAM

T

\
S T T o ] > o B
|
| |
‘ |
| I
So i >-| >————— Bo
Xo
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic Dual In—Line, 300mil-wide PLS153N, PLS153AN Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLS153A, PLS153AA Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS? ambient to junction
RATINGS
SYMBOL PARAMETER Min Max uNIT The PLS183/A devices are also processed to
military requirements for operation over the
Vee Supply voltage +7 Voc military temperature range. For specifications
and ordering information consult the Signetics
M Input voltage +55 Voo Military Data Handbook.
Vour Output voltage +65 Voc
IN Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range —65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-

cated in the operational and programming specification of the device is not implied.
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Signetics Programmable Logic Devices

Product Specification

Field-Programmable Logic Arrays (18 x 42 x 10)

PLS153/A

DC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75V < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min | Typ' | Max UNIT
Input voltage?
Vi Low Ve = Min 0.8 v
Vi High Vee = Max 20 V)
Ve Clamp23 Ve = Min, iy = —12mA -08 -1.2 v
Output voitage
Ve = Min
VoL Low24 loL = 15mA 05 v
Vo High? 3 low =—2mA 24 v
Input current®
Vee = Max
'8 Low V|N =0.45V -100 HA
In High V|N =55V 40 LIA
Output current
Ve = Max
loorr) Hi~Z state® Vour = 5.5V 80 HA
Vour = 0.45V -140
los Short circuit3 5. 6 Vour =0V -15 -70 mA
lec Vg supply current” Vee = Max 130 155 mA
Capacitance
Vee =5V
Cin Input Vin=2.0V 8 pF
Cs o Vg =2.0V 15 pF
NOTES:
1. All typical values are at V¢c = 5V, Tp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone at a time.
4. Measured with +10V applied to I;.
5. Measured with +10V applied to ly_7. Output sink current is supplied through a resistor to Vcc.
6. Duration of short circuit should not exceed 1 second.
7. lcc is measured with g, 11 at OV, I, — Iz and Bg_g at 4.5V.
8. Leakage values are a combination of input and output leakage.
9. Iy and Iy limits are for dedicated inputs only (lg — I7).
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Signetics Programmable Logic Devices Product Specification

Field-Programmable Logic Arrays (18 x 42 x 10) PLS153/A

AC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75V < Vg < 5.25V, Ry = 470Q, Ry = 1kQ

LimiTS
SYMBOL PARAMETER FROM TO TEST PLS153 PLS153A UNIT
CONDITION | Min | Typ' | Max | Min | Typ' | Max
tep Propagation delay Input + Output + Cy =30pF 30 40 20 30 ns
toe Output enable Input Output — C_ = 30pF 25 35 20 30 ns
too Output disable? Input + Output + C_=5pF 25 35 20 30 ns
NOTES:

1. All typical values are at Vg = 5V, Ty = +25°C.
2. Measured at V1 = Vg + 0.5V.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
7 Vee
INCLUDES SCOPE
oT]% AND JIG
| | Ry CAPACITANCE
| | 8
| YT
ol — L4 put |
|
T &
10% Bw Bz L f2 I t
L R L 1
—> Scul"— —.lsno GND
=
MEASUREMENTS: =
Ali circuit delays are measured at the +1.5V level
of inputs and outputs, uniess otherwise specified.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER
43V
tep Propagation delay between LB 3‘“ 1.5V x 15V
input and output. % ov
too Delay between input change ‘
and when output is off (Hi-Z —— Vo
or High). 8 X,.sv %VT Sk 15V
toe Delay between input change u_.l _.I L_ Vou
and when output reflects
specified output level. ik o0 ‘o€
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Field-Programmable Logic Arrays (18 x 42 x 10) PLS153/A

LOGIC PROGRAMMING OUTPUT POLARITY - (B)

PLS153/A logic designs can be generated

using Signetics AMAZE PLD design software

or one of | other cc cially availabl s S B

JEDEC standard PLD design software pack- X X

ages. Boolean and/or state equation entry is

accepted. = =

PLS153/A logic designs can also be generated

using the program table entry format detailed ACTIVE LEVEL CODE ACTIVE LEVEL CODE

on the following page. This program table entry HGH! Low L

format is supported by the Signetics AMAZE mvonanvertng) | M (INVERTING)

PLD design software (PTP module). AMAZE is

available free of charge to qualified users.

To implement the desired logic functions, the

state of each logic variable from logic equations

(I, B, O, P, etc.) is assigned a symbol. The sym-

bols for TRUE, COMPLEMENT, INACTIVE,

PRESET, etc., are defined below.

AND ARRAY - (I, B)

LB LB LB LB
LB LB LB LB
LB 19:4 LB LB
PD PD PD RD
[ STATE | cooe | [ STATE T cooe ] STATE [ cooe ] [ STATE | cooe |
[ mnacve2 [ o | | I, B 1 v ] 1B | | [ pontcare | - ]

OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
fusible links intact, such that:

P P 1. All outputs are at “H” polarity.
s s 2. All P, terms are disabled.
3. All P, terms are active on all outputs.
s T cooe ] T BT CAUTION: PLS153A TEST
L acvel T A ] L macve | o | COLUMNS

NOTES:

1. This is the initial unprogrammed state of all links.

2. Anygate P, will be unconditioanlly inhibited if both the True and Complementofaninput (either

| or B) are left intact.

October 16, 1989

132

The PLS153A incorporates two columns not
shown in the logic block diagram. These col-
umns are used for in-house testing of the de-
vice in the unprogrammed state. These
columns must be disabled prior to using the
PLS153Ain your application. If you are usinga
Signetics-approved programmer, the disabling
is accomplished during the device program-
ming sequence. If these columns are not dis-
abled, abnormal operation is possible.

Furthermore, because of these test columns,
the PLS153A cannotbe programmed using the
programmer algorithm for the PLS153.



Product Specification

Signetics Programmable Logic Devices

PLS153/A

Field-Programmable Logic Arrays (18 x 42 x 10)

FPLA PROGRAM TABLE

POLARITY
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Document No.| 853-1285

ECN No. 97081

Date of Issue |July 12, 1989

Status Product Specification

Programmable Logic Devices

DESCRIPTION

The PLUS153 PLDs are high speed, com-
binatorial Programmable Logic Arrays.
The Signetics state-of-the-art Oxide Iso-
lated Bipolar fabrication process is
employed to produce propagation delays
as short as 12ns.

The 20—pin PLUS 153 devices have a pro-
grammable AND array and a program-
mable OR array. Unlike PAL® devices,
100% product term sharing is supported.
Any of the 32 logic product terms can be
connected to any or all of the 10 output OR
gates. Most PAL ICs are limited to 7 AND
terms per OR function; the PLUS153 de-
vices can support up to 32 input wide OR
functions.

The polarity of each output is user—pro-
grammable as either active-High or
active-Low, thus allowing AND-OR or
AND-NOR logic implementation. This
feature adds an element of design flexibil-
ity, particularly when implementing com-
plex decoding functions.

The PLUS153 devices are user—program-
mable using one of several commercially
available, industry standard PLD pro-
grammers.

®PAL is a rogi of M Memo

PHILIPS

PLUS153B/D

Programmable Logic Arrays

(18 x 42 x 10)

FEATURES

© |/O propagation delays (worst case)
— PLUS153B - 15ns max.
— PLUS153D - 12ns max.

® Functional superset of 16L8 and
most other 20-pin combinatorial
PAL devices

® Two programmable arrays

— Supports 32 input wide OR
functions

® 8 inputs
© 10 bi—directional I/O

® 42 AND gates
- 32 logic product terms
- 10 direction control terms

® Programmable output polarity
- Active-High or Active-Low

® Security fuse

@ 3-State outputs

® Power dissipation: 750mW (typ.)
® TTL Compatible

134

PIN CONFIGURATIONS

N = Plastic

N Package

A Package

18] B;
[17] 87
16] Bg
15] B5
4] By

DJCIDIELE
Bo GND By Bp B3
A = Plastic Leaded Chip Carrier

APPLICATIONS

® Random logic

® Code converters

® Fault detectors

® Function generators
® Address mapping

® Multiplexing

, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation.

PHILIPS



Signetics Programmable Logic Devices

Product Specification

Programmable Logic Arrays
(18 x42x10)

PLUS153B/D

LOGIC DIAGRAM

B——————— (LOGIC TERMS-P) ——— @ B— (CONTROL TERMS) —#
1]

o[}
" B—ﬁ
I2 E}“i ; i i T_—“_#

1 [ S
wEH : , %-——
s [ T e

310000ce24230000001615000000 8 700000e 0

NOTES:

1. All programmed ‘AND" gate locations are pulled to logic *1”.
2. All programmed ‘OR' gate locations are pulled to logic "0".
3. #: Programmable connection.

8—
Bs [ !
Be
Bs
Bg
By
Bg
By
T7 | DoPs [D7{Dg[Ds[Da[D3[D2[D1] Do 2 5
- - e . 1
! Xo
=1 t 18| Bg
Xs
- 16| Bg
Xs
= 3 15| Bs
] As
% 3 14| By
fx, 13] By
] 12| By
2
f ‘S 1] By
D)
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Signetics Programmable Logic Devices Product Specification
Programmable Logic Arrays PLUS153B/D
(18 x 42 x 10)

FUNCTIONAL DIAGRAM

P3y Po Do Do
|
|
| — 7
|
o || > 4
h 1
Bg n
O U U
So ——1 ,
4 ! > o8
| % |
' |
! |
. DB
X Bo
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION tpp (MAX) ORDER CODE TEMPERATURE
20-Pin Plastic DIP 300mil-wide 15ns PLUS153BN Maximum junction 150°C
20-Pin Plastic DIP 300mil-wide 12ns PLUS153DN Maximum ambient 75°C
20-Pin Plastic Leaded Chip Carrier 15ns PLUS153BA Allowable thermal rise 75°C
20-Pin Plastic Leaded Chip Carrier 12ns PLUS153DA ambient to junction
ABSOLUTE MAXIMUM RATINGS' Tho PLUS153 devioas are also processad 1o
military requirements for operation over the
RATING military temperature range. For specifications
and ordering information consult the Signetics
SYMBOL PARAMETER Min Max UNIT Military Data Book.
Vee Supply voltage +7 Voc
Vi Input voltage +55 Vbe
Vour Output voltage +5.5 Ve
In Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating free—air temperature range [ +75 °C
Tsta Storage temperature range -65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-

cated in the operational and programming specification of the device is not implied.
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Signetics Prog ble Logic D Product Specification
Programmable Logic Arrays PLUS153B/D
(18 x 42 x 10)

DC ELECTRICAL CHARACTERISTICS 0°C < Ty £ +75°C, 4.75 < V¢ £ 5.25V

LTS
SYMBOL PARAMETER TEST CONDITIONS Min I Typ! I Max UNIT
Input voltage?
Vi Low Vce = Min 0.8 '
V|H ngh Vcc = Max 2.0 \
Vic Clamp Ve = Min, Iy = —12mA -08 -1.2 Vv
Output voltage
Ve = Min
VoL Low* loL = 15mA 0.5 \")
Vou High' lon =—2mA 24 v
Input current®
Vce = Max
" Low VN =0.45V -100 HA
I High ViN = Ve 40 p.A
Output current
Ve = Max
lO(oFf.‘) Hi-Z state® Vour = 5.5V 80 HA
Vour = 0.45V -140
los Short circuit3. 5. 6 Vourt = 0V -15 -70 mA
lec Ve supply current” Vce = Max 150 200 mA
Capacitance
Vee =5V
Cin Input VN =2.0V 8 pF
Cg 1o Vg =2.0V 15 pF

NOTES:

1. All typical values are at Vg = 5V, Ta = +25°C.

2. All voltage values are with respect to network ground terminal.

3. Testone at a time.

4. Measured with inputs lo — 12 = OV, inputs I3 — Is = 4.5V, inputs |7 = 4.5V and lg = 10V. For outputs Bg — B4 and for outputs Bg — Bg apply the

same conditions except |7 = OV.

5. Same conditions as Note 4 except 7 = +10V.

6. Duration of short circuit should not exceed 1 second.

7. lcc is measured with inputs lg — I; and By — Bg = OV.

8. Leakage values are a combination of input and output leakage.

9. Iy and Iy limits are for dedicated inputs only (I — 17).

AC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V < V¢ < 5.25V, Ry = 470Q, R = 1kQ

LIMITS
SYMBOL PARAMETER FROM TO TEST PLUS153B PLUS153D UNIT
CONDITION | Min Typ | Max | Min Typ Max

tep Propagation Delay? Input +/— | Output +/— | C_ = 30pF " 15 10 12 ns
toe Output Enable Input +/— Output — C_ = 30pF 1 15 10 12 ns
top Output Disable’ Input +/— Output + Cp =5pF 1 15 10 12 ns

NOTES:

1. Measured at V1 = Vg + 0.5V.

2. Measured with all inputs and outputs switching simultaneously.
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Product Specification

Programmable Logic Arrays PLUS153B/D
(18 x 42 x 10)
VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
BV ————
90%
g vec
Y J -
INCLUDES SCOPE
1O R T T n  CAMGTAGCE
| B
| e
30V poony ol 7 DuT |
|
o 0—[—’ Bw 8 | Ry I CL
ov——— ol Bx = =
e e awo
L
MEASUREMENTS: =
All circuit delays are measured at the +1.5V level
of inputs and outputs, uniess otherwise specified.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER v
t Propagation delay between LB 31.5v x 1.5V x 1.5V
o input and output. d ov
top Delay between input change I
and then output is off (Hi—-Z — Vou
or High). 8 X""’ 7}[,,7 ‘_s{isv
toe D:éay ::Meen input change _.I _,I L_ VoL
t reflects
spociiod outputiovel, e e oe
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Signetics Programmable Logic Devices Product Specification
Programmable Logic Arrays PLUS153B/D
(18 x 42 x 10)

LOGIC PROGRAMMING OUTPUT POLARITY - (B)

PLUS153 logic designs can be generated
using Signetics AMAZE PLD design software
or one of several other commercially available, s ) > s ! > B
JEDEC standard PLD design software pack- X 8 X
ages. Boolean equation entry is accepted.
PLUS153 logic designs can also be generated = =
using the program table entry format detailed
on the following pages. This program table ACTIVELEVEL | CODE ACTIVE LEVEL | CODE
entry format is supported by the Signetics HGH! " Low N
AMAZE PLD design software (PTP module). (NON-INVERTING) (INVERTING)
AMAZE is available free of charge to qualified
users.
To implement the desired logic functions, the
state of each logic variable from logic equations
(1,B, O, P, etc.) is assigned a symbol. The sym-
bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, etc., are defined below.
AND ARRAY - (I, B)
L8 LB LB LB
L8 L8 [ LB
LB [8:4 LB LB
P,D PD PD P,D
[ STATE [ cooe | [ STATE | cooe | STATE [ cooe ] [ STATE [ cooE |
[ macvet2 | o | | 1,B | 1] L | [ _pontcare | - |
OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
fusible links intact, such that:
P P 1. All outputs are at “H” polarity.
s 2. All P, terms are disabled.
3. All P, terms are active on all outputs.
[ PasTaTuUs T copE | [P STATUS CODE_|
L acnve! | A ] [ iNacTivE e |

NOTES:

1. This is the initial unprogrammed state of all links.

2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either

| or B) are left intact.

July 12, 1989
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Signetics Programmable Logic Devices

Programmable Logic Arrays

(18 x 42 x 10)

PLUS153B/D

PLA PROGRAM TABLE

POLARITY
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Document No.|

ECN No.

Date of Issue | November 1989

Status Preliminary Specification

Pregrammable Logic Devices

DESCRIPTION

The PLUS153—-10 PLD is a high speed,
combinatorial Programmable Logic Array.
The Signetics state-of-the-art Oxide
Isolated Bipolar fabrication process is
employed to produce propagation delays
as short as 10ns.

The 20-pin PLUS153 device has a pro-
grammable AND array and a program-
mable OR array. Unlike PAL® devices,
100% product term sharing is supported.
Any of the 32 logic product terms can be
connectedto any or allof the 10 output OR
gates. Most PAL ICs are limited to 7 AND
terms per OR function; the PLUS153-10
can support up to 32 input wide OR
functions.

The polarity of each output is user—
programmable as either active-High or
active—Low, thus allowing AND-OR or
AND-NOR logic implementation. This
feature adds an element of design flexibil-
ity, particularly when implementing com-
plex decoding functions.

The PLUS153-10 device is user—pro-
grammable using one of several commer-
cially available, industry standard PLD
programmers.

PLUS153-10

Programmable Logic Array

(18 x 42 x 10)

FEATURES
® |/O propagation delays (worst case)

— PLUS153-10 — 10ns max.

® Functional superset of 16L8 and
most other 20-pin combinatorial
PAL devices

® Two programmable arrays

— Supports 32 input wide OR
functions

® 8 inputs
© 10 bi—directional /O

® 42 AND gates
- 32 logic product terms
— 10 direction control terms

® Programmable output polarity
— Active-High or Active-Low

® Security fuse

® 3-State outputs

® Power dissipation: 750mW (typ.)
® TTL Compatible

PIN CONFIGURATIONS
N Package
1o [1] 20] Vee
h 2] 19] By
12 3] 18] B3
13 [4] 17] 87
11 [5] 16] Bs
15 [6] 15] B5
15 [7] [14] B4
17 (2] 13] B,
Bo [5] 12] B,
GND [10} [11] B4
N = Plastic
A Package
I2 14 lo Vcc By
[31[2] [1] Foo] [19]
13 [4] b @ Bg
14 [5] ﬁl 87
15 [6] [16] Bg
ls 15] B5
iz [8] 14] B4
OO ERE)
Bg GND By By B3
A = Plastic Leaded Chip Carrier

APPLICATIONS
© Random logic

® Code converters

® Fault detectors

® Function generators
® Address mapping

® Multiplexing

®pALis a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation.

PHILIPS
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Programmable Logic Array PLUS153-10
(18 x42 x 10)

LOGIC DIAGRAM

#B——————— (LOGIC TERMS-P) ————— M B— (CONTROL TERMS) —li

of1]
h 2]
12 |3]
5 ]4]
14 [5]
15 6]
16 [7]
i7[s]

12| B,
TR B

31eeeece242300c0eei615000000 8 7oooese 0

NOTES:

1. All programmed 'AND' gate locations are pulled to logic *1".
2. All programmed ‘OR' gate locations are pulled to logic "0".
3. 4 Programmable connection.
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Preliminary Specification

Programmable Logic Array PLUS153-10
(18 x42x10)
FUNCTIONAL DIAGRAM
P3q Po Do Dg
|
|
| e - — ]
|
l { T 3
V2 O—J——Q 17
By Q__
" U U U
I’N A
Sg { I 1 : % D_ —T—o By
|
| |
| |
So D_[*)____‘_J_ﬂ
o Bo
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION tpp (MAX) ORDER CODE TEMPERATURE
20-Pin Plastic DIP 300mil-wide 10ns PLUS153-10N Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier 10ns PLUS153-10A Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS! ambient to junction
RATING
SYMBOL PARAMETER Min Max UNIT The PLUS153 devices are also processed to
military requirements for operation over the
Vee Supply voltage +7 Voc military temperature range. For specifications
and ordering information consult the Signetics
Vin Input voltage +5.5 Voc Military Data Book.
Vour Output voltage +5.5 Voc
In Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating free—air temperature range 0 +75 °C
Tsta Storage temperature range —65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.
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Preliminary Specification

Programmable Logic Array

(18 x 42 x 10)

PLUS153-10

DC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75 < Ve < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min I Typ! I Max UNIT
Input voltage?
V|L Low Voc = Min 0.8 v
Viy High Vee = Max 20 v
Ve Clamp Vee = Min, Iy = -12mA -0.8 -1.2 "
Output voitage
Vcc = Min
VoL Low* loL = 15mA 0.5 v
Vou High® lon = —2mA 24 \
Input current?
VCC = Max
'S Low Vin =0.45V -100 “A
I High Vin = Voo 40 HA
Output current
VCC = Max
lo(orF) Hi-Z state® Vourt = 5.5V 80 UHA
Vour = 0.45V -140
los Short circuit® 5 & Vout =0V -15 -70 mA
lec Ve supply current’? Vee = Max 150 200 mA
Capacitance
Vee =5V
Cin Input ViN = 2.0V 8 pF
Cg 110 Vg = 2.0V 15 pF
NOTES:
1. All typical values are at Vg = 5V, T = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone at atime.
4. Measured with inputs lg — I = OV, inputs I3 — Is = 4.5V, inputs |; = 4.5V and lg = 10V. For outputs By — B4 and for outputs Bg — Bg apply the
same conditions except I7 = OV.
5. Same conditions as Note 4 except l; = +10V.
6. Duration of short circuit should not exceed 1 second.
7. lcc is measured with inputs lp — I; and By — Bg = OV.
8. Leakage values are a combination of input and output leakage.
9. Iy and Iy limits are for dedicated inputs only (lg — I7).

AC ELECTRICAL CHARACTERISTICS 0°C < Tp < +75°C, 4.75V < Vg < 5.25V, Ry = 470Q, Ry = 1kQ

TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITION Min Typ Max UNIT
tep Propagation Delay? Input +/— Qutput +/— Cy = 30pF 8 10 ns
toe Output Enable Input +/— Qutput — C_ = 30pF 8 10 ns
top Output Disable! Input +/— Output + Cy = 5pF 8 10 ns

NOTES:
1. Measured at V1 = Vg + 0.5V.

2. Measured with all inputs and outputs switching simultaneously.
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Programmable Logic Array PLUS153-10
(18 x 42 x 10)

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
+3.0
‘f‘ vce
+5V
" or—lo ek seore
——I Sns tg tE— 5n.L— | | R, CAPACITANCE
| ! B
| Y1
ol [ DUt |
|
Bw Bz 1. Rz I c
ol Bx = =
GND
=
MEASUREMENTS: =
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER v
+3'
tep Propagation delay between LB _—_anv thv Xu.sv
input and output. ov
ton Delay between input change ’
and when output is off (Hi-Z —— Vo
or High). B x 15V % vr X‘x‘w
toe Delay between input change VoL
and when output reflects
specified output level. """’"! ""ton —'} ‘oe L_
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Preliminary Specification

Programmable Logic Array
(18 x 42 x 10)

PLUS153-10

LOGIC PROGRAMMING OUTPUT POLARITY - (B)

PLUS153-10 logic designs can be generated
using Signetics AMAZE PLD design software
or one of several other commercially available, S
JEDEC standard PLD design software pack-
ages. Boolean equation entry is accepted.

D Dol

PLUS153-10 logic designs can also be gener- =
ated using the program table entry format de-

NOTES:

tailed on the following pages. This program ACTIVE LEVEL | CODE ACTIVE LEVEL | CODE
table entry format is supported by the Signetics HGH! " Low L
AMAZE PLD design software (PTP module). (NON-INVERTING) (INVERTING)
AMAZE is available free of charge to qualified
users.
To implement the desired logic functions, the
state of each logic variable from logic equations
. (I, B, O, P, etc.) is assigned a symbol. The sym-
bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, etc., are defined below.
AND ARRAY - (I, B)
B LB LB 1B
LB LB LB LB
[:4 LB LB LB
P.D RD P,D P,D
[ STATE | copE ] [ smamE [ cooe | [ smE [ cooe | [ STATE [ cooe |
[_macmvet2 [ o | { 1,8 & ] | 1B L [ pontcare | - |
OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
fusible links intact, such that:
P P 1. All outputs are at “H" polarity.
s s 2. All P, terms are disabled.
3. All P, terms are active on all outputs.
[ Pystatus [ cobE | [ Pnstatus | cobE |
L acvel T A ] [ mnacve | o |

1. This is the initial unprogrammed state of all links.
2. Any gate P, will be unconditionally inhibited if both the true and complement of an input (either
| or B) are left intact.
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POLARITY
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Programmable Logic Array

(18 x42x10)

Signetics Programmable Logic Devices
PLA PROGRAM TABLE
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Signetics

Application Specific Products
® Series 24

DESCRIPTION

The PLS173 is a two-level logic element
consisting of 42 AND gates and 10 OR
gates with fusible link connections for
programming 1/O polarity and direction.

All AND gates are linked to 12 inputs ()
and 10 bidirectional I/0 lines (B). These
yield variable I/0 gate configurations via
10 direction control gates (D), ranging
from 22 inputs to 10 outputs.

On chip T/C buffers couple either True
(I, B) or Complement (I, B) input polari-
ties to all AND gates, whose outputs can
be optionally linked to all OR gates.
Their output polarity, in turn, is individual-
ly programmable through a set of EX-OR
gates for implementing AND/OR or
AND/NOR logic functions.

The PLS173 is field programmable, en-
abling the user to quickly generate cus-
tom patterns using standard program-
ming equipment.

Order codes for this device are con-
tained in the pages following.

FUNCTIONAL DIAGRAM

PLS173

Field-Programmable Logic
Array (22 X 42 X 10)

Signetics Programmable Logic

Product Specification

FEATURES
o Field-Programmable (Ni-Cr links)
e 12 inputs
® 42 AND gates
e 10 OR gates
e 10 bidirectional 1/0 lines
e Active-High or -Low outputs
® 42 product terms:
- 32 logic terms
- 10 control terms
e |/O propagation delay: 30ns (max.)
e Input loading: —~100uA (max.)
e Power dissipation: 750mW (typ.)
® 3-State outputs
o TTL compatible

APPLICATIONS

e Random logic

e Code converters

o Fault detectors

e Function generators
e Address mapping

e Multiplexing

PIN CONFIGURATIONS

N Package
1o 1] ~ 124] vee
L 2] 23] 8,
1, (3] 22] By
15 [4] % B;
1 [5] [20] B;
Is E 19] 8,
5 [7] 18] 8,
' [&] [17] B,
15 (9] B,
1, [i0] 5] 8,
o (11} 14] By
GNo [72] % L1
CD03290S
N = Plastic
A Package

NC s bl b5 L N/C

(7] (7 (5] (7] (7] [¢] [5]

1, [12] af
GND [14 2]
vy [79] Nl
8, [16] 28] v,
8, [7] 27]8,
e, [1] 7] o,

NEOEEEE
N/C B, B, Bs By B; N/C
CD033908
NOTE:
A = Plastic Leaded Chip Carrier

LOGIC FUNCTION

TYPICAL PRODUCT TERM:

Pn=A-B-C-D-
TYPICAL LOGIC FUNCTION:
AT OUTPUT POLARITY =H
Z=PO+P1+P2...

AT OUTPUT POLARITY =L
Z=POFPI+PZF ...
Z=P0-Pi-P2-...

NOTES:

1.For each of the 10 outputs, either function Z
(Active-High) or Z (Active-Low) is available, but not
both. The desired output polarity is programmed
via the EX-OR gates.

2.Z, A B, C, etc. are user defined connections to

Py Po Do Dy
o o—_|| ‘2
'
1
|
I
1
| R [ v N SN
1
i
i .
by ot % T
By
By
SQ EJ J
N [l ——O By
@/ : * :
1
i i
! 1
! 1
! i
. : :
o 1 08,
Xo L
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Signetics Applicatfion Specific Products @ Series 24

Product Specification

Field-Programmable Logic Array (22 X 42 X 10) PLS473

FPLA LOGIC DIAGRAM

B———————— (LOGIC TERMS—P) ——— @ W———— (CONTROL TERMS) ———8
e L
(SR B EE :
w2 i =
{3 i
5la
uls LELEED i
[ e
"E"‘Ch. :
v (e
gl 9
15 {10
I |1
Ly |13
By
8,
8,
By
8,
Bs
86
8
8g
By
D5 [ 04| D30z { 01| Dy
23( By
22| By
}2‘ 8y
}20 B,
19| Bs
188,
s;
=e 178y
Sz
— 6 | B,
X, »?" { 2
—op- 158,
X, e
= ,(n_,;m, {u By
3Meeecee2s 23ec0ccelf 150000eeg Toosoos( =
TB00941S
NOTES:
1. All "AND" gate i are pulled to logic
2. All "OR'" gate i are pulled to logic 0",
3. Programmable connection.
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Signetics Application Specific Products @ Series 24

Product Specification

Field-Programmable Logic Array (22 x 42 x 10) PLS173
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
- - : A o
ggﬂi?—t}i?j?c DIP PLS173N Maximum junction 150°C
Maximum ambient 75°C
e oo Loaded PLS173A Allowable thermal rise 75°C
ambient to junction
ABSOLUTE MAXIMUM RATINGS!
RATING
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +7 Vbc
Vin Input voltage +55 Vbe
Vour Output voltage +55 Vpe
In Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating free—air temperature range 0 +75 °C
Tsta Storage temperature range -85 +150 °C
NOTES:
1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.
DC ELECTRICAL CHARACTERISTICS 0°C < Tp < +75°C, 4.75 < Voo < 5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min l Typ' | Max UNIT
Input voltage?
Vi Low Vce = Min 0.8 \"
Viy High Vee = Max 2.0 Vv
Vic Clamp? 3 Vee = Min, iy = ~12mA -0.8 -1.2 \Y
Output voltage
Vee = Min
VoL Low24 loL = 15mA 0.5 \Y
Vou High? § lon = —2mA 2.4 v
Input current'®
Vee = Max
I Low VN =0.45V -100 uA
™ High Vin = Voo 40 HA
Output current
Vee = Max
loorr) Hi-Z state® Vour = 5.5V 80 HA
Vour = 0.45V -140
los Short circuit3 5 6 Vour = 0V -15 -70 mA
lec Vcc supply current” Vee = Max 150 170 mA
Capacitance
Ve =5V
In Input Vi = 2.0V 8 pF
Cg [lle] Vg = 2.0V 15 pF

Notes on following page.
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Product Specification

Field-Programmable Logic Array (22 x 42 x 10) PLS173
AC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75 < V¢ < 5.25V, R, = 4708, R, = 1kQ
TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITION Min Typ Max UNIT
tep Propagation delay Input £ Output + C| = 30pF 20 30 ns
toe Output enable Input £ QOutput — C, = 30pF 20 30 ns
top Output disable® Input + Output + C, =5pF 20 30 ns
NOTES:
1. All typical values are at Vg = 5V, Ta = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone at a time.
4. Measured with inputs V|_applied to 11. Pins 1-5 = OV, Pins 6-10 = 4.5V, Pin 11 = OV and Pin 13 = 10V.
5. Same conditions as Note 4 except Pin 11 = +10V.
6. Duration of short circuit should not exceed 1 second.
7. lgc is measured with g and Iy = 0V, and |, — |11 and By — Bg = 4.5V. Part in Virgin State.
8. Measured at V1 = Vg + 0.5V.
9. Leakage values are a combination of input and output leakage.
10. 1y and Iy limits are for dedicated inputs only (lo — l11).
VOLTAGE WAVEFORM TEST LOAD CIRCUIT
430V — o — —
T Vee
o NCLUDES SCOPE
INCLUDES SC
OT"|% AND JIG
| | Ry CAPACITANCE
. ByfT—
O—L—’ ||" DuT |
|
By R CL
L 0% © ~| Bw Bz 2 I
ov S . + =
Sml‘— —-ls'n GND
=
MEASUREMENTS: =
Al circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER
+3V
tep Propagation delay between B }LSV Xu.sv Xmsv
input and output. ov
too Delay between input change l
and when output is off (Hi-Z —_
or High). Vo
B 1.5V vr 15V
toe Delay between input change VoL
and when output reflects
specified output level. ‘_'Pr.l top —.l ‘oE L_
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Product Specification

Field-Programmable Logic Array (22 x 42 x 10)

PLS173

LOGIC PROGRAMMING

PLS173 logic designs can be generated using
Signetics AMAZE PLD design software or one
of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS173 logic designs can also be generated
using the program table entry format detailed

OUTPUT POLARITY - (B)

ACTIVE LEVEL CODE ACTIVE LEVEL CODE

on the following pages. This program table HIGH! " Low L

entry format is supported by the Signetics (NON-INVERTING) (INVERTING)

AMAZE PLD design software (PTP module).

AMAZE is available free of charge to qualified

users.

To implement the desired logic functions, the

state of each logic variable from logic equations

(,B, O, P, etc.) is assigned a symbol. The sym-

bols for TRUE, COMPLEMENT, INACTIVE,

PRESET, etc., are defined below.

AND ARRAY - (I, B)

LB 1,B ,B ,B
B LB LB LB
LB LB LB |:4
PD RD P,D PD
| STATE ] cooe | [ STATE CODE | [ STATE | CcODE | [ STATE [ cope |
[ mnacve¥2 [ o | { IL,B [ w1 [ LB L | _ponTcare | - ]

OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
fusible links intact, such that:

P P 1. All outputs are at "H” polarity.
s s 2. All P, terms are disabled.
3. All P, terms are active on all outputs.
| “PnsTATUS | copE [ Pastatus | cobE |
[ acvel a7 [ macve | e

NOTES:

1. Thisis the initial unprogrammed state of all link pairs. Itis normally associated with all unused

(inactive) AND gates P, D,,.

2. Any gate Py, D, will be unconditionally inhibited if both the True and Complement of any input

(I, B) are left intact.

May 11, 1988
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POLARITY
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Field-Programmable Logic Array (22 X 42 X 10)

Signetics Application Specific Products @ Series 24

FPLA PROGRAM TABLE

153

PN R lwioRe{7Fefs e 3|21 [2fT20]0]ug7iw|1t]|n

May 11, 1988



Signetics

Document No.| 853-1298

ECN No. 97080

Date of Issue |July 12, 1989

Status Product Specification

Programmable Logic Devices

PLUS173B/D

Programmable Logic Arrays

(22 x 42 x 10)

DESCRIPTION FEATURES PIN CONFIGURATIONS
The PLUS173 PLDs are highspeed,com- o |0 propagation delays (worst case) N Package
binatorial Programmable Logic Arrays.
. . ! - PLUS173B - 15ns max.
The Signetics state-of-the-art Oxide Iso- PLUS173D — 12ns max 1o [T} 24] vee
lated Bipolar fabrication process is B - s : 1 2] 23] By
employed to produce propagation delays ~ © Functional superset of 20L10 and 12 [3] 53] Bg
as short as 12ns. most other 24-pin combinatorial s [] o
PAL devices s 7

The 24-pin PLUS173 devices have a pro- 14 (5] 20] Bg
grammable AND array and a program- © Two programmable arrays 15 [6] [79] B5
mable OR array. Unlike PAL® devices, ~ — Supports 32 input wide OR func- I6 [7] ) 8,
100% product term sharing is supported. tions 7 [&] 7] 8
Any of the 32 logic product terms canbe ¢ 19 inputs s 5] o
connectedto any or all of the 10 output OR o
gates. Most PAL Cs are limited to 7 AND  ® 10 bi-directional /O to 10 5] 84
terms per OR function; the PLUS173 de-  ® 42 AND gates ho (1] 73] By
vices‘ can suppott up to 32 input wide OR - 32 logic product terms GND [12] 73] 14
functions. — 10 direction control terms N = Plastic
The polarity of ea<.:h outpgt is user— ¢ Programmable output polarity
programmable as either active—High or Active—High or Active—Low A Package
active-Low, thus allowing AND-OR or - Active-Hiig B I3 I2 11 lo Vcc By Bg
AND-NOR logic implementation. This ® Security fuse [+ 3] [2] [1] ] for] [
feature .adds an elemgnt of desigp flexibil- ¢ 3_gtate outputs Nels ¢ 25) NC
ity, particularly when implementing com- L "3 24] B7
plex decoding functions. ® Power dissipation: 750mW (typ.) 1s [7] 73] Bs
The PLUS173devices are user—program-  ® TTL Compatible 16 2] 2] B5
mable using one of several commercially 17 [9] [21] B4
available, industry standard PLD pro- 1g [19] 20] B3
grammers. APPLICATIO‘NS N (] ) e

® Random logic CIEICICICIGAC]

® Code converters lg hoGND Iy Bg By By

e Fault detectors A = Plastic Leaded Chip Carrier

© Function generators

® Address mapping

® Multiplexing
®raLisa g k of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation.

PHILIPS
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Signetics Programmable Logic Devices Product Specification

Programmable Logic Arrays PLUS173B/D
(22 x 42 x 10)

LOGIC DIAGRAM

B———————— (LOGIC TERMS-P) —————H# B— (CONTROL TERMS) —
o S

S

=

&

&

=

o

T

AT Y

=
°©

=
=

Sg |D9opPs [D7|Dg(Ds5(D4|D3(D2|D1 (Do

Yo T * ‘ [z]
1] Bz

X7 s

Xg 5)5 0] 8

X5 E]Bf‘

ot o

X o E]B:‘

e

D 16| By

2 SB |

o 15| By

xoj v 1‘80

3100000242300 000 cei615000eee8 7000eece 0

NOTES:

1. All programmed 'AND' gate locations are pulled to logic “1".
2. Ali programmed ‘OR’ gate locations are pulled to logic “0".
3. #: Programmable connection.
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Programmable Logic Arrays PLUS173B/D
(22 x42x 10)

FUNCTIONAL DIAGRAM

1

g’ gg—___—i
Ya! v

) U U
S, { )
9 , L7 : < D— To By
‘ |
: |
" Nt
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION tpp (MAX) ORDER CODE TEMPERATURE
24—Pin Plastic DIP 300mil-wide 15ns PLUS173BN Maximum junction 150°C
24-Pin Plastic DIP 300mil-wide 12ns PLUS173DN Maximum ambient 75°C
28-Pin Plastic Leaded Chip Carrier 15ns PLUS173BA Allowable thermal rise 75°C
28-Pin Plastic Leaded Chip Carrier 12ns PLUS173DA ambient to junction

ABSOLUTE MAXIMUM RATINGS?

RATING

SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +7 Voc
Vin Input voltage +5.5 Vpe
Vour Output voltage +55 Voc
In Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating free—air temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C

NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.
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Product Specification

Programmable Logic Arrays

(22 x 42 x 10)

PLUS173B/D

DC ELECTRICAL CHARACTERISTICS 0°C < Tp < +75°C, 4.75 < Ve < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min | Typ'- | Max UNIT

Input voltage?
Vi Low Vee = Min 0.8 \
Vi High Vee = Max 2.0 v
Vic Clamp Ve = Min, Iy = —12mA -08 -1.2 \"
Output voltage?

Ve = Min
VoL Low? loL = 15mA 0.5 \Y
Von High® lon = —2mA 2.4 v
Input current?

Ve = Max
I Low Vin = 0.45V -100 HA
I High Vi = Vee 40 HA
Output current

Ve = Max
lo(oFF) Hi-Z state® Vour = 5.5V 80 HA

Vour = 0.45V ~140

los Short circuit3 5 6 Vour = 0V —-15 -70 mA
lec Vce supply current’” Vee = Max 150 200 mA
Capacitance

Voo =5V
I Input Vin = 2.0V 8 pF
Cs 110 Vg = 2.0V 15 pF

NOTES:

. Testone at a time.

O =

conditions except |1y = OV.

©oOND O

. All typical values are at Veg = 5V, T = +25°C.
. All voltage values are with respect to network ground terminal.

Same conditions as Note 4 except input |11 = +10V.

. Duration of short circuit should not exceed 1 second.
. lcc is measured with inputs I — |1y and By — Bg = OV. Part in Virgin State.
. Leakage values are a combination of input and output leakage.

.l and Iy limits are for dedicated inputs only (lp — 141).

. Measured with inputs lg — I = OV, inputs |5 — lg = 4.5V, 1;; = 4.5V and I1o = 10V. For outputs By — B4 and for outputs Bs — Bg apply the same

AC ELECTRICAL CHARACTERISTICS 0°C < Tp < +75°C, 4.75 < Vg < 5.25V, Ry = 470Q, Ry = 1kQ

LIMITS
SYMBOL PARAMETER FROM TO TEST PLUS173B PLUS173D UNIT
CONDITION | Min Typ Max | Min Typ Max
trp Propagation Delay? Input +/— Output +/— | CL = 30pF 1 15 10 12 ns
toe Output Enable Input +/— Output — C_ = 30pF 1 15 10 12 ns
top Output Disable’ Input +/— Output + Cy = 5pF 1 15 10 12 ns
NOTES:

1. Measured at V1 = Vg + 0.5V.

2. Measured with all inputs and outputs switching simultaneously.

July 12, 1989

157
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Programmable Logic Arrays PLUS173B/D
(22 x 42 x 10)

VOLTAGE WAVEFORM TEST LOAD CIRCUIT
+3.0!
? vee
+5V
ov o mct.:r;%s.l ‘Sé:OPE
| | Ry CAPACITANCE
| ! B
| Y[ T~
O-J—’ 141 DuT |
|
o—[—- Bw . Rg I CL
ol — Bx = =
GND
=
MEASUREMENTS: =
All circuit delays are measured at the +1.5V ievel
of inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER v
+
tep Propagation delay between LB 3{1.5v anv Xl.sv
input and output. ov
ton Delay between input change l
and when output is off (Hi-Z —— Vou
or High). B 1.5V % vr 3’\12'
toe Delay between input change VoL
and when output reflects
specified output level. ~ 'PD_.‘ top _—] ‘oe L—
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Product Specification

Programmable Logic Arrays

(22 x 42 x 10)

PLUS173B/D

LOGIC PROGRAMMING

PLUS173 logic designs can be generated
using Signetics AMAZE PLD design software
or one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean equation entry is accepted.

PLUS173 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equations
(1,B, 0, P, etc.) is assigned a symbol. The sym-
bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, etc., are defined below.

AND ARRAY - (I, B)

OUTPUT POLARITY - (B)

ACTIVE LEVEL

CODE

HIGH!
(NON-INVERTING)

ACTIVE LEVEL CODE

LOW
(INVERTING)

LB

LB

LB

{ STATE

[ cope ] [

STATE ]

{_mnacnvet2 [ o | l

[ DONTcCARE

OR ARRAY - (B)

[ Pastatus T cope |
[ acmvel | A ]

[

Pp STATUS

[ cope |

[ macve |

Dl

NOTES:

1. Thisis the initial unprogrammed state of all link pairs. Itis normally associated with all unused

(inactive) AND gates P, Dy

2. Any gate P, D, will be unconditionally inhibited if both the true and complement of any input

(1, B) are left intact.

July 12, 1989
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VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that:
1. All outputs are at “H” polarity.

2. All P, terms are disabled.

3. All P, terms are active on all outputs.
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Signetics Programmable Logic Devices

Programmable Logic Arrays

(22 x 42 x 10)

PLUS173B/D

PLA PROGRAM TABLE

POLARITY
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ECN No.

Date of Issue | October 1989

Status Preliminary Specification

Programmable Logic Devices

DESCRIPTION

The PLUS173-10 PLD is a high speed,
combinatorial Programmable Logic Array.
The Signetics state-of-the-art Oxide Iso-
lated Bipolar fabrication process is
employed to produce propagation delays
as short as 10ns.

The 24-pin PLUS173-10 device has a
programmable AND array and a program-
mable OR array. Unlike PAL® devices,
100% product term sharing is supported.
Any of the 32 logic product terms can be
connectedto any or all of the 10 output OR
gates. Most PAL ICs are limited to 7 AND
terms per OR function; the PLUS173—-10
device can support up to 32 input wide OR
functions.

The polarity of each output is user—
programmable as either active—High or
active—Low, thus allowing AND-OR or
AND-NOR logic implementation. This
feature adds an element of design flexibil-
ity, particularly when implementing com-
plex decoding functions.

The PLUS173-10 device is user—
programmable using one of several com-
mercially available, industry standard
PLD programmers.

®paALis a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation.

PHILIPS

\F/

PLUS173-10

Programmable Logic Array

(22 x42 x10)

FEATURES
® |/O propagation delays (worst case)
- PLUS173-10 - 10ns max.

® Functional superset of 20L10 and
most other 24-pin combinatorial
PAL devices

© Two programmable arrays
— Supports 32 input wide OR
functions

® 12 inputs
® 10 bi—directional I/O

® 42 AND gates
- 32 logic product terms
- 10 direction control terms

© Programmable output polarity
— Active-High or Active—Low

® Security fuse

® 3-State outputs

® Power dissipation: 750mW (typ.)
® TTL Compatible

APPLICATIONS

© Random logic

® Code converters

® Fault detectors

® Function generators
® Address mapping

© Multiplexing

161

PIN CONFIGURATIONS
N Package
1o [1] - = Vee

2] 23] Bg

iz [3] 22] By

13 [4] 21] 87

14 [5] 20] Bg

15 [6] [19] B5

16 [7] 18] B4

17 [&] 17] 85

1s 9] 6] 8,

lg [10] 15] 8

ho (11} [13] By

GND [12] E [

N = Plastic
A Package

I3 I2 14 lo VccBg Bg
Ne [5] b 25] NC
4 [6] 24] 87
15 [7] 23] 85
t6 2] 22] B5
17 (3] 21] B
16 [i9 120] B3
Ne [11] [19] NC

EJEJTNERCIT)T

lg ligGNDlyy Bg By By

A = Plastic Leaded Chip Carrier

PHILIPS
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Signetics Programmable Logic Devices

Programmable Logic Array

(22 x 42 x 10)

PLUS173-10

LOGIC DIAGRAM

[=] 8

b3

-=

D2|D1{Dg

D

DglDsID,

DgPg (D7

B— (CONTROL TERMS)

B (LOGICTERMSP) —— @

3100000024230 00000i6150000008 Tovooose Oxo

NOTES:

gate locations are pulled to logic *1".
gate locations are pulled to logic “0".
connection.

programmed ‘OR'
Programmable

All

1. All programmed 'AND’
3. &k

2.
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Preliminary Specification

Programmable Logic Array PLUS173-10
(22 x 42 x 10)
FUNCTIONAL DIAGRAM
P31 Po Do Dg
lo
|
|
| Fm————— L
|
| A
O O—I—i 2 1’
Bo Q,_
T C U
S —f p > o
1 | % |
! [
‘ [
L
* Db————ten
Xo
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION tpp (MAX) ORDER CODE TEMPERATURE
24-Pin Plastic DIP 300mil-wide 10ns PLUS173-10N Maximum junction 150°C
28-Pin Plastic Leaded Chip Carrier 10ns PLUS173-10A Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS! ambient to junction
RATING
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +7 Ve
Vin Input voltage +55 Vpoc
Vout Output voltage +55 Vpe
In Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating free—air temperature range 0 +75 °C
Tsta Storage temperature range -85 +150 °c
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.
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Programmable Logic Array

PLUS173-10
(22 x 42 x 10)
DC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75< Vg < 5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min | Typ' | Max | uNIT

Input voltage?
Vi Low Vce = Min 0.8 %
Vi High Vee = Max 20 v
Vi Clamp Vce = Min, Iy = —12mA -0.8 -1.2 \
Output voltage?

Vee = Min
VoL Low# loL = 15mA 05 v
Vou Highs lon = —2mA 24 v
Input current®

Ve = Max
I Low Viy = 0.45V -100 WA
™ High Vin = Ve 40 HA
Output current

Vee = Max
lo(orr) Hi-Z state8 Vout = 5.5V 80 HA

Vour = 0.45V —140

los Short circuit3: 5 € Vour =0V -15 -70 mA
lce Vg supply current’ Vee = Max 150 200 mA
Capacitance

Vg =5V
In Input Vi = 2.0V 8 pF
Cs 1o Vg = 2.0V 15 pF

NOTES:

. Testone at a time.

conditions except 1 = OV.

©CEONON AN

. All typical values are at Vg = 5V, Tp = +25°C.
. All voltage values are with respect to network ground terminal.

Same conditions as Note 4 exceptinput l;; = +10V.

. Duration of short circuit should not exceed 1 second.
Icc is measured with inputs o — |17 and By — Bg = OV. Part in Virgin State.
. Leakage values are a combination of input and output leakage.

.l and Iy limits are for dedicated inputs only (lp — I11).

Measured with inputs Ig — 14 = OV, inputs Is — Ig = 4.5V, Iy = 4.5V and |9 = 10V. For outputs By — B4 and for outputs Bs — Bg apply the same

AC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75 < Ve < 5.25V, Ry = 47082, R, = 1kQ

TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITION Min Typ Max UNIT
tep Propagation Delay? Input +/— ) Output +/— C_ = 30pF 8 10 ns
toe Output Enable Input +/— Output — C_ = 30pF 8 10 ns
too Output Disable’ Input +/— Output + C_ =5pF 8 10 ns

NOTES:
1. Measured at V1 = Vg + 0.5V.

2. Measured with all inputs and outputs switching simultaneously.

October 1989
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Programmable Logic Array

(22 x 42 x 10)

PLUS173-10

VOLTAGE WAVEFORM TEST LOAD CIRCUIT
430V — — — —
? vce
+5V
mcwlgf’s‘l ls:opz
I I}o Ry CA:ACITANCE
| B
| \l
ot— n our |
|
Bw Bz 1. Rz I oL
ol - = =
o GND I
=

MEASUREMENTS:
Al circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.

Input Pulses

top Delay between input change
and when output is off (Hi-Z
or High).

toe Delay between input change

and when output reflects
specified output level.

TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER v
t Propagation delay between LB }.sv 1.5V
7 input and output. X ov

October 1989
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Programmable Logic Array

PLUS173-10

(22 x 42 x 10)

LOGIC PROGRAMMING OUTPUT POLARITY - (B)

PLUS173-10 logic designs can be generated

using Signetics AMAZE PLD design software

or one of several other commercially available, s s B

JEDEC standard PLD design software pack- X L >—- x 1>

ages. Boolean equation entry is accepted.

PLUS173-10 logic designs can also be gener- = =

ated using the program table entry format de-

tailed on the following pages. This program ACTIVELEVEL | CODE ACTIVE LEVEL | CODE

table entry format is supported by the Signetics HGH! " Low N

AMAZE PLD design software (PTP module). (NON-INVERTING) (INVERTING)

AMAZE is available free of charge to qualified

users.

To implement the desired logic functions, the

state of each logic variable from logic equations

(1,B, O, P, etc.) is assigned a symbol. The sym-

bols for TRUE, COMPLEMENT, INACTIVE,

PRESET, etc., are defined below.

AND ARRAY - (I, B)

LB LB ,B LB
LB LB ,B B
LB LB LB LB
P.D PD P,D P,D
[ STATE | cooe | [ s [ cope | STATE [ copE | [ STATE [ cooe ]
[ macnver2 [ o | | 1B [ n | .8 T ¢t | [ oontcare | - |

OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
fusible links intact, such that:

P P 1. All outputs are at “H” polarity.
s s 2. All P, terms are disabled.
3. All P, terms are active on all outputs.
[ PnsTatUs | copE | [ Pastatus T cope |
[ acnvel | [ iNacmve o |

NOTES:

1. Thisis the initial unprogrammed state of all link pairs. Itis normally associated with all unused

(inactive) AND gates P, D,.

2. Any gate P,,, D, will be unconditionally inhibited if both the true and complement of any input

(I, B) are left intact.

October 1989
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PLUS173-10
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Programmable Logic Array

Signetics Programmable Logic Devices
(22 x 42 x 10)

PLA PROGRAM TABLE
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Signetics

Application Specific Products
® Series 24

DESCRIPTION

The PLHS473 is a two level logic device
consisting of 24 AND gates and 22 OR
gates with fusible link connections for
programming /O polarity and direction.
The Signetics state of the art Oxide-
Isolated Bipolar process is used to pro-
duce performance not yet achieved in
devices of this complexity.

All AND gates are linked to 11 input pins,
9 bidirectional 1/0 pins, and 2 dedicated
output pins. The bidirectional pins are
controlled via the OR array. Using these
features, the PLHS473 can be config-
ured with up to 20 inputs and as many as
11 outputs.

The AND array input buffers provide
both the True and Complement of the
inputs (Ix) and the bidirectional signals
(Bx) as programmable connections to
the AND gates. All 24 AND gates can
then be optionally linked to all 22 OR
gates (a feature known as Product Term
sharing not found in PAL® device archi-
tectures or most macrocell architec-
tures). The OR array drives 11 output
buffers which can be programmed as
active-High for AND-OR functions or
active-Low for AND-NOR functions. In
addition, the 1/0 configuration of each
bidirectional pin is individually controlled
by a sum-of-products (AND-OR) function
which may also contain any of the 24
AND gate outputs. This allows dynamic

FUNCTIONAL DIAGRAM

PLHS473

Field-Programmable Logic
Array (20 X 24 X 11)

Signetics Programmable Logic

Product Specification

170 configuration of all 9 bidirectional
pins.

The PLHS473 contains two new fea-
tures of significance. A code verification
lock has been incorporated to improve
user security. The addition of three test
columns and one test row enables the
user to test the device in an unpro-
grammed state.

The PLHS473 is field programmable us-
ing Vertical Avalanche Migration Pro-
grammed (VAMP™) fuses to program
the cells. This enables the generation of
custom logic patterns using standard
programming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

® Field-Programmable

e 11 dedicated inputs

e 2 dedicated outputs

e 9 bidirectional 1/0 lines

e 24 product terms

e 22 OR gates

e I/0 direction decoded in OR array

e Output Enable decoded in OR
array

e Security fuse
e |/O propagation delay: 22ns (max.)

23

l'm—(]}

o

[P

Oa

PIN CONFIGURATIONS

N Package

1o [1]
4[2]
L 3]
13 (4]
1 [5]
15 (6]

[T
.
15 (2]
13 [10]
‘wE

GND {12

CD05294S
A Package

NC Wbl l 1 NG

[ [ [5) [+ [7] 5] 5]
TN

NG ap
GND [14] 2],
Bo |15} o [1]%
81 1] 28] v,
8, [17] 27]85
B3 [18 [26] B,

T E
N/C By Oa Os Bs Bg N/C
CD05300S

10026455

¢ Input loading: —100uA (max.)

® Power dissipation: 700mW (typ.)
® Security fuse

e Testable in unprogrammed state

e Programmable as 3-State or
Open-Collector outputs

e TTL compatible
e Programmable output polarity

APPLICATIONS

e Random logic

e Code converters

e Fault detectors

e Function generators
e Address mapping

e Multiplexing

PAL is a trademark of Monolithic Memories, Inc., a wholly owned subsidary of Advanced Micro Devices, Inc.

May 11, 1988
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Field-Programmable Logic Array (20 X 24 X 11) PLHS473

FPLA LOGIC DIAGRAM

(LOGIC TERMS-P) ————————8
] [N

5

&

&

=

&

I

IPTTITTTTIT

o
3
B1
r—

B2
B3
Ba
Bs
8¢
B7
Bg
Dg
Sg -
o7 Xs T @ B8
Ds X777 7
s L1
o5 x> @ Bs
ss L1 o
D4 xs D> D s
A o @
D3 xrj 4
S3
o2 oD 9] &
: o
Dy x> {15) &2
S1 l
Do X1 1J14 B
So g
Ea Xo —{13] 80
Ss
- S —{os
Sa

xA-:'L {18] 0a

23 ¢ o o o o 16 15 ¢ o« o o o ¢ 8 7 * o o o o o 0 =

10026308

NOTES:

1. All unprogrammed or virgin ""AND"" gate locations are pulled to logic ""1"".
2. All unprogrammed or virgin "OR"" gate locations are pulled to logic ""0".
3. Programmable connection.

May 11, 1988 169
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Field-Programmable Logic Array (20 X 24 X 11) PLHS473

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
;g::;lsz?c DIP PLHS473N Maximum junction 150°C
! Maximum ambient 75°C
28-pin Plastic Leaded PLHS473A Allowable thermal rise 7500
Chip Carrier ambient to junction
ABSOLUTE MAXIMUM RATINGS' LOGIC FUNCTION
SYMBOL PARAMETER RATINGS UNIT TYPICAL PRODUCT TERM:
Ve Supply voltage +7 Voo Pn=A-B-C:D- ...
TYPICAL LOGIC FUNCTION:
+55 V AT OUTPUT POLARITY =H
Vin Input voltage DC el
Vour Output voltage +55 Voc AT OUTPUT POLARITY =L
N Input currents -30 to +30 mA Z=PO+PT+P2+ ...
Z=P0-P1-P2-...
lout Output currents +100 mA NOTES:
T Operating free-air temperature range 0to +75 °C 1.For each of the 11 outputs, either function Z
A perating a P 9 o (Active-High) or Z (Active-Low) is available, but not
Tstg Storage temperature range -65 to +150 °C 5,‘;"1’,;"::5;"::‘2: fout polarity is programmed
2.2, A, B, C, etc. are user defined connections to
NOTE: fixed inputs (I), fixed output pins (0) and
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress bidirectional pins (B).
rating only. Functional operation at these or any other conditions above those indicated in the operational
and programming specification of the device is not implied.
DC ELECTRICAL CHARACTERISTICS 0°C <Tp<+75°C, 4.75 < V¢ <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ' ] Max
Input voltage?
Vi Low Vee = Min 0.8 \
Vin High Voo = Max 2.0 \
Vic Clamp® Vee = Min, Iy =—-12mA -08 | -1.2 v
Output voltage 2
Vge = Min
VoL Low* loL = 15mA 05 v
Vo High® lon =—-2mA 2.4 v
Input current
Vee = Max
e Low ViN = 0.45V -100 MA
IH High Vin=5.5V 40 MA
Output current
Vce = Max
lo©Fm) Hi-Z state® Vour = 5.5V 40 uA
Vour = 0.45V -100 MA
los Short circuit® 5 € Vout = 0.5V -15 -70 mA
Icc Vcc supply current” Ve = Max 140 155 mA
Capacitance
Veo =5V
N Input Vin = 2.0V 8 pF
Cg 170 Vg = 2.0V 15 pF

Notes on the following page.
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Field-Programmable Logic Array (20 X 24 X 11)

PLHS473

AC ELECTRICAL CHARACTERISTICS 0°C <Tp <+75°C, 4.75 <Vcc <5.25V, Ry = 470Q, Ry = 1k

SYMBOL PARAMETER T0 FROM conoimon uNIT
Min Typ Max
tep Propagation delay Output * Input £ C_ = 30pF 15 22 ns
toe Output enable Output - Input + C| = 30pF 15 22 ns
top Output disable® Output + Input * C_ = 5pF 15 22 ns
NOTES:
1. All typical values are at Vgc =5V, Tp= +25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one at a time.
4. Measured with inputs 0-4 =0V, inputs 5, 7= 4.5V, and inputs 6, 8-10 = 10V.
5. Same conditions as Note 5 except input 8 = 4.5V.
6. Duration of short circuit should not exceed 1 second.
7. Igc is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State.
8. Measured at V1 = Vg + 0.5V.
9. Leakage values are a combination of input and output leakage.
VOLTAGE WAVEFORMS TEST LOAD CIRCUITS
?Vcc
+5V
INCLUDES SCOPE
15ns} Y {5ns} v Yo AND JIG
| 1 CAPACITANCE
+3.0V : : By
' " DUuT \
1
o——{58w . ] a0
ov | 2
ot By oy p———
GND = =
WF053925 —L
MEASUREMENTS: =
All circuit delays are measured at the + 1.5V level TCo2681S
of inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER 3V
L8 * 1.5V thv X\.sv
tpp Propagation delay between ov
input and output.
tob Delay between input change
and when output is off (Hi-Z " Vou
or High). B Xi.sv vr 1.5vv
oL
toe Delay between input change . | ¢ '
S S -t o —] —
and when output reflects Lod op oe
specified output level. wrosazs

May 11, 1988
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Field-Programmable Logic Array (20 X 24 X 11)

PLHS473

LOGIC PROGRAMMING OUTPUT POLARITY - (O, B)

PLHS473 logic designs can be generated
using Signetics' AMAZE PLD design software S-TT‘)D_ o8
or one of several other commercially avail-
able, JEDEC standard PLD design software

packages. Boolean and/or state equation 025745
entry is accepted.

ACTIVE LEVEL CODE
H

PLHS473 logic designs can also be generat-
ed using the program table entry format

HIGH
(NON-INVERTING)

TC025645

ACTIVE LEVEL | CODE
Low’ L
(INVERTING)

detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

""AND''" ARRAY - (I, B)

0

R SN I - G (R R Yy
¢

4G
-

STATE |_cooe | STATE CODE [ state T cooe | STATE CODE
DONT CARE' | - | INACTIVEZ | 0 | w8 [ W | T
TC02600S TC02630S TC02610S TC02620S8

OR ARRAY - (O, B)

fo | o

oo P, STATUS | GOBE _
TC025808 TC02591S

NOTES:
1. This is the initial unprogrammed state of all links. All unused P, and D, terms must be programmed as
INACTIVE.
2. Any gate P,, will be unconditionally inhibited if the True and Complement of either input (I or B) are both
programmed for a connection.

May 11, 1988 172

VIRGIN STATE
A factory shipped virgin device contains all
fusible links intact, such that:

1. All outputs are at "L polarity.

2. All P, terms are enabled in the AND
array. (Don't Cares)

3. All P, terms are inactive in the OR array.
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CUSTOMER NAME
cT A
PURCHASE ORDER # — AT Mo
INACTIVE |
SIGNETICSDEVICE # ______ CF(XXXX)____ v "
CUSTOMER SYMBOLIZED PART # i( 5 " 1.8() CONTROL
3 e —
TOTAL NUMBER OF PARTS
DON'T CARE | —| HIGH H
PROGRAM TABLE # REV DATE Tow " (POL) POLARITY
T AND T OR
5 | 8 (1) El € ) o B (0)
MTw[o]s[7]e]s[e]a]2]1]ole]7]sls5]e]3]2]1]o|"[e]ale]r]e]s]a]a]2]1]o|B|Al8]7]6]5]a]al2]1
) )
1 1
2 2
3 3
4 4
s 5
6 6
7 7
8 8
9 9
10 10
1 1
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
PINJ11]10| 98| 7|6 |s|afja|2|1]23]|22|21]20]17|16]15|14]13 19 (18] 23| 22] 21|20 17|16} 15| 14
NOTES:
w 1. The FPLA is sh with all links open.
3 2. Unused | and B s s in the AND arr array exist
g;’ 3. :.IP—urms -r: ?nualvn on°a1| eutpuls (B,0) inthe
<< vlvqln state.
v 4, Unused product terms Intho AND array
must be programmed as INACTIVE.
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Programmable Logic Devices

DESCRIPTION

The PLHS473S is a two level logic device
consisting of 24 AND gates and 22 OR
gates with fusible link connections for
programming l/O polarity and direction.
The Signetics state—of-the—art Oxide—
Isolated Bipolar process is used to pro-
duce performance not yet achieved in
devices of this complexity.

The PLHS473 has an enhanced drive
capability of 24mA.. This, coupled with the
tact that it can drive both 30pF and 200pF
loads, allows it to be directly connected to
an external bus.

All AND gates are linked to 11 input pins,
9 bidirectional 1/0 pins, and 2 dedicated
output pins. The bidirectional pins are
controlled via the OR array. Using these
features, the PLHS473S can be con-
figured with up to 20 inputs and as many
as 11 outputs.

The AND array input buffers provide both
the True and Complement of the inputs
(Ix) and the bidirectional signals (Bx) as
programmable connections to the AND
gates. All 24 AND gates can then be
optionally linked to all 22 OR gates (a
feature known as Product Term sharing,

not found in PALs® or most macrocell ar-
chitectures). The OR array drives 11 out-
put buffers which can be programmed as
Active-High for AND-OR functions or
Active-Low for AND-NOR functions. In
addition, the I/0 configuration of each bi-
directional pin is individually controlled by
sum-of-products (AND-OR) function
which may also contain any of the 24 AND
gate outputs. This allows dynamic /O
configuration of all 9 bidirectional pins.

The PLHS473S is field—programmable
using Vertical Avalanche Migration
Programmed (VAMP™,) fuses to program
the cells. This enables the generation of
custom logic patterns using standard pro-
gramming equipment.

PALis a

g of k

PHILIPS

A

PLHS473S

Programmable Logic Array

(20 x 24 x 11)

Order codes for this device are contained
in the pages following.

FEATURES

® |/O propagation delay:
25ns (max) @ 30pF
35ns (max) @ 200pF

® Field—programmable

® 11 dedicated inputs

® 2 dedicated outputs

® 9 bidirectional I/O lines

® 24 product terms

® 22 OR gates

© |/O direction decoded in OR array
® Output Enable decoded in OR array
® Power dissipation: 700mW (typ)

® Enhanced drive capability of 24mA
® Security fuse

® Programmable as 3-State or Open-
Collector outputs

® TTL compatible

APPLICATIONS

© Random logic

® Bus interface

® Code Converters

® Function generators
® Address mapping

® Multiplexing

Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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PIN CONFIGURATIONS
N Package
o (1] 124] vee
2] 23] By
12 [3] 22] B7
13 [4] 21] Bg
14 [5] |20] Bs
1s [E] 19] og
16 [7] 18] 0a
i7 [2] [17] B4
s [2] 18] B
Ig [10] 15] B,
140 [11 1] B,
GND [12] 13] By
N = Plastic
A Package
I3 12 4 lo Vcc Bg By
[4] (3] [2] [*] fos] o7 o4
NC E, ° 25) NC
s [€]
s (7]
s (2]
v [9]
s ig

Ne [11]

lg 110 GND Bg By By Bj

A = Plastic Leaded Chip Carrier

PHILIPS
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Preliminary Specification

.

B (LOGIC TERMS-P)

Programmable Logic Array (20 x 24 x 11)

Signetics Programmable Logic Devices

PLA LOGIC DIAGRAM

Lll_lmll_.mlljml

>
D....D..D..p.)bbbbhr..

gnL

SREF SR ERNTIEFSFSFERFH X

7 ¢ 0 0000 0
175

220 0000016 150 0 0 0 0 ¢ 8
gin ‘OR’ gate locations are pulled to logic “0".

Programmable connection.

F

1. All unprogrammed or virgin ‘AND' gate locations are pulled to logic "1".
4

2. All unprogrammed or vir,

NOTES:

3.

October 1989



Signetics Programmable Logic Devices

Preliminary Specification

Programmable Logic Array (20 x 24 x 11)

PLHS473S

FUNCTIONAL DIAGRAM

|

AN
N

i

-
J

U

U_

!

O Bg

VU Y UU
ya

—0O Og

!

O Oa

ORDERING INFORMATION

THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE
" " " - — 3
(Z;O—Opln?i&iztg; DIP; PLHS473SN Maximum junction 15(1 C
Maximum ambient 75°C
28-Pin Plastic Leaded Chip Carrier Allowable thermal rise
(450mil-wide) PLHS4735A ambient to junction 75°C
ABSOLUTE MAXIMUM RATINGS! LOGIC FUNCTION
SYMBOL PARAMETER RATINGS UNIT
TYPICAL PRODUCT TERM:
Vee Supply voltage +7 Voo Pp=A'B-C-D-...
Vin Input voltage +5.5 Voo TYPICAL LOGIC FUNCTION:
AT OUTPUT POLARITY = H
Vour Output voltage +5.5 Ve Z=-PO+P14P2...
In Input currents -30 to +30 mA AT OUTPUT POLARITY =L
Z=POTPI+PI+...
lout Output currents +100 mA z= m‘ﬁfﬁ + .
Ta Operating temperature range 0to +75 °c
NOTES:
© . Foreach of the  either function Z (Acti
Tsta Storage temperature range -651t0 +150 C 1 H%:fo'gz he. ;Jegli'%si;;v;.'l a‘;ﬂg‘ o "(o :%'ov{?{
NOTES: Ehfgasired output polarity is programmed via the
1. Stresses above those listed may cause malfunction or permanent damage to the device. This 2. ZAB, 8?‘;?3:;.1.@ user defined connections tofixed
is a stress rating only. Functional operation at these or any other condition above those indi- '('g;"‘s (i) tixed output pins (0) and bidirectional pins
cated in the operational and programming specification of the device is not implied. )

October 1989
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Signetics Programmable Logic Devices

Preliminary Specification

Programmable Logic Array (20 x 24 x 11) PLHS473S
DC ELECTRICAL CHARACTERISTICS 0°C < Tp < +75°C, 4.75 < Ve < 5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITIONS Min Typ! Max UNIT
Input voltage?
Vi Low Vee = MIN 0.8 v
Viy High Vee = MAX 2.0 \
Ve Clamp? Ve = MIN, Iy = —12mA 0.8 1.2 v
Output voltage?
Voo = MIN
VoL Low* loL = 24mA 05 v
VoH High' lon = —2mA 2.4 \'
Input current
Vee = MAX
I Low Vin = 0.45V -100 LA
" High Viy = 5.5V 40 DA
Output current
Ve = MAX
=55V 40
loFF) Hi-Z state® Vour =5.5 HA
Vour = 0.45V -100 LA
los Short circuit 3 5.6 Vour = 0.5V -15 -70 mA
lec Ve supply current’? Vee = MAX 140 155 mA
Capacitance
Voo =5V
In Input Vin =20V 8 15 pF
Cg 1o Vg =20V 10 15 pF
NOTES:

. Alltypical values are at Vgg = 5V. Tp = +25°C.

. All voltage values are with respect to network ground terminal.

Test one at a time.

Measured with inputs 0 —4 = 0V, inputs 5, 7 = 4.5V, and inputs 6, 8 — 10 + 10V.
Same conditions a Note 4 except input 8 = 4.5V.

Duration of short circuit should not exceed 1 second.

lcc is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State
. Measured at V1 = Vg + 0.5V.

. Leakage values are a combination of input and output leakage.

CONON A LN~
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Signetics Programmable Logic Devices Preliminary Specification

Programmable Logic Array (20 x 24 x 11) PLHS473S

AC ELECTRICAL CHARACTERISTICS 0°C < T < +75°C, 4.75 < Ve < 5.25V, R; = 20002, R, = 390€2

TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITIONS Min Typ? Max UNIT
y C = 200pF
tpp Propagation delay Input + Output + 2 out;';ut o swiF: ching 20 35 ns
toe Output Enable Input + Output + Cy = 200pF 15 25 ns
too Output Disable? Input Output + CyL = 5pF 15 22 ns

AC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75 < Vg < 5.25V, Ry = 470Q, R, = 1kQ

TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITIONS Min Typ?! Max UNIT
trp Propagation delay Input £ Outputt CL = 30pF 15 25 ns
toe Output Enable Input + Output — CL = 30pF 15 22 ns
too Output Disable? Input + Output + C_=5pF 15 22 ns

NOTES:

1. All typical values are at Vg = 5V. Ty = +25°C.

2. High-to-High impedance tests are made at an output voltage of Vo — 0.5V with Ry disconnected from +5V, and Low-to-High impedance
tests are made at an output voltage of Vg + 0.5V.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
43,0V e e
T Vee
+5V
INCLUDES SCOPE
T AND JIG
| | Ry CAPACITANCE
| I By
© - "10 |
|
o-—r—. | Bw 8z I Ry I CL
°_‘L"” Bx X f— = =
GND
MEASUREMENTS: 1
All circuit delays are measured at the +1.5V level of =3
inputs and outputs, unless otherwise specified.
Input Puises
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER v
o Propagation delay between L8 > {1.5v } {1.5v } {xsv "
D input and output. °
Delay between input change
too and when output is off (Hi-Z .~ VoH
or High). B Xr.sv % Vi ‘ﬁkiv
. VoL
Delay between input change
toe and when output reflects e ‘PD"I top "I toe L'
specified output level
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Signetics Programmable Logic Devices

Preliminary Specification

Programmable Logic Array (20 x 24 x 11)

PLHS473S

LOGIC PROGRAMMING

The PLA can be programmed by means of
Logic programming equipment.

With Logic programming the AND/OR/Ex-OR
gateinputconnections necessary toimplement
the desired logic function are coded directly
from logic equations using the Program Table
on the following page.

OUTPUT POLARITY - (0O, B)

In this table, the logic state of variables |, P and ACTIELEVEL | OOE ACTIE LEve | oo%
. : . Low
3, associated wnh.each Sun_\ Term S is as- (NON-INVERTING) H (NVERTING) L
signeda symbol which results in the proper fus-
ing pattern of corresponding links, defined as
follows.
“AND” ARRAY - (I, B)
LB 1B 1B LB
LB LB B LB
LB LB LB LB
P P P
[ smEe T cooe | [ smmE T cooe ] [ STATE | CODE | [ STATE [ cope ]
[ _oonvcare! | - | [ macve2 | o | [ .8 H LB o ]
“OR” ARRAY - (O, B) VIRGIN STATE
A factory shipped virgin device contains all
fusible links intact, such that:
P P 1. All outputs are at “L" polarity.
2. All P, terms are enabled. (Don't Cares.)
D— s s 3. All P, terms are inactive on all outputs.
[ PnsTATUS T copE | [ Pastatus [ cope |
[ nactve! | o [ acwve | a |

NOTES:

1. This is the initial unprogrammed state of all links.

2. Any gate P, will be unconditionally inhibited if the true and complement of either input (I or B)

are both programmed for a connection.

October 1989
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379VL NVHOO0Hd Vid
sa01A8(] 01607 ejqewweiBold soneubis

08}

(11 X 2 % 02) Aeddy 21607 ajqewweiboid

AND OR
CUSTOMER NAME
ACTIVE | A
PURCHASE ORDER # n 8)
INACTIVE | 0 INACTIVE | o
SIGNETICS DEVICE # CF (XXXX) —
3 H
CUSTOMER SYMBOLIZED PART # T3 T 18(1) CONTROL
TOTAL NUMBER OF PARTS -
DON'T CARE | — HIGH H
PROGRAM TABLE # REV DATE ——+eou T
LT T T T TTTTT
T AND T OR
5 ] B (1) £ € ) o 8 (0)
MI0[s]e]7]6]s5|e]a]2]1]oje]7|6]s]a]a]2]1]o] [e]ale]r]6]s]a]s]z2]1]o|B|Ale]7]6]s]alalz]1]o
0 )
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
PIN|11)10f 98| 7|6 |5|afa]2|1])23f22]21)20)17)16]|15)14]13 1901823 22) 21| 20| 17|18} 15| 14} 13
:‘OY‘I%S;FPLAb hi with all links
. 8|
w 2. Unused | andl!kgl):d IM:NSM‘;‘;G:XM
a2, uDon!Cuo()lnthovlrglnnate
E3 3. ANl P—terme are inactive on all outputs (B, O) in the
£3 virgin state.
4. Unuud product terms in the AND array
must be programmed as INACTIVE.

SE.LYSH1d
uonesypadg Areuiwield



Signetics

Application Specific Products
® Series 28

DESCRIPTION

The PLS100 (3-state) and PLS101
(Open Collector) are bipolar, fuse Pro-
grammable Logic Arrays (FPLAs). Each
device utilizes the standard AND/OR/
Invert architecture to directly implement
custom sum of product logic equations.

Each device consists of 16 dedicated
inputs and 8 dedicated outputs. Each
output is capable of being actively con-
trolled by any or all of the 48 product
terms. The True, Complement, or Don't
Care condition of each of the 16 inputs
can be ANDed together to comprise one
P-term. All 48 P-terms can be selectively
ORed to each output.

The PLS100 and PLS101 are fully TTL
compatible, and chip enable control for
expansion of input variables and output
inhibit. They feature either Open Collec-
tor or 3-state outputs for ease of expan-
sion of product terms and application in
bus-organized systems.

Order codes are listed in the Ordering
. Information Table.

FUNCTIONAL DIAGRAM

PLS100,/PLS101

Field-Programmable Logic
Array (16 X 48 X 8)

Signetics Programmabie Logic

Product Specification

FEATURES

® Field-Programmable (Ni-Cr link)
® Input variables: 16

e Output functions: 8

e Product terms: 48

e |/O propagation delay: 50ns
(max.)

e Power dissipation: 600mW (typ.)
® Input loading: -100uA (max.)
e Chip Enable input
e Output option:
- PLS100: 3-State
- PLS101: Open-Collector
e Output disable function:
- 3-State: Hi-z
- Open-Collector: High

APPLICATIONS

e CRT display systems

e Code conversion

e Peripheral controllers

® Function generators

e Look-up and decision tables
e Microprogramming

e Address mapping

e Character generators

e Data security encoders

o Fault detectors

e Frequency synthesizers

e 16-bit to 8-bit bus interface
e Random logic replacement

4> &:@ TYPICAL CONNECTION

v o—¢
W D—-ﬁ.
|.5D—-w‘

TYPICAL CONNECTION [ ]EJ ———————

T

Po Py

4Ds‘__jD—- Fe
)

S7
D-—_ Fr
=
Paz P

LDO1481S

May 11, 1988
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PIN CONFIGURATIONS

N Package

Fet (1] (28] Vee
17 [2] [27) 1s
s [Z] 28] 1
15 [4] [25] 1o
14 [5] 23] 14
13 (€ 23] 112
12 E [22] 113
1 2] E Ha
lo [9] [20] 15
Fr [ig] [19) CE
Fe [i1] 18] Fo
Fs [12] [17) Fy
Fa [13] [16] Fy

GND : [15] F3

CDO04284S
t Fuse Enable Pin: It is recommended that this pin
either be left open or connected to ground during
normal operation.

A Package

Fe F7 o 12 13 Iy

miciololaiolo
Fs [12 4] s
Fa [i3] B
GND [1e 2] 17
Fa i3 1 FE
F2 [1e] w)Vee
Fy E‘ E] Ig
Fo [19] 2] g

THEEEEE
CE Iys ha h3 42 1 Mo
TOP VIEW
coouzr1s

853-0308 93256



Signetics Application Specific Products ® Series 28 Product Specification

Field-Programmable Logic : PLS100/PL
Array (16 X 48 X 8) $100/PLS101

FPLA LOGIC DIAGRAM

(9]
W8
(7}
13(6]
145
15(4]
t6[3]
17 (2]
18 27]
o 26}
ho gl
1 24
h2 B3
3223
hal23

520

4700000040 390 0000032310 000002423000 00e161560 00008 70000 eel x,\

NOTES:

1. All AND gate inputs with a blown link float to a logi
2. All OR gate inputs with a blown fuse float to logic "0".
3. #* Programmable connection.

May 11, 1988 182



Signetics Application Specific Products @ Series 28

Product Specification

Field-Programmable Logic

Array (16 X 48 X 8)

PLS100/PLS101

ORDERING INFORMATION

The PLS100 device is also processed to

ADEN.COE § EATOR military requirements for operation over the
DESCRIPTION TRI-STATE OPEN-COLLECTOR military temperature range. For specifications
28-pin Plastic DIP 600mil-wide PLS100N PLS101N and ordering information consult the
N N N - Signetics Military Data Book.
28-pin Plastic Leaded Chip Carrier PLS100A PLS101A
ABSOLUTE MAXIMUM RATINGS' THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage +7 Vpc Maximum junction 150°C
Vin Input voltage +55 Voc Maximum ambient 75°C
Vo Output voitage +55 Voc Allowable thermal rise
In input current +30 mA ambient to junction 75°C
louT Output current +100 mA
Ta Operating temperature range 0 to +75 °C
Tste Storage temperature range -65 to +150 °C
NOTE:
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress
rating only. Functional operation at these or any other conditions above those indicated in the operational
and programming specification of the device is not implied.
DC ELECTRICAL CHARACTERISTICS 0°C <Tp<+75°C, 4.75V < Vg <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min | Typ! } Max
Input voltage?
ViH High Vcc = Max 2 \
ViL Low Vce = Min 0.8 \
Vic Clamp? 3 Ve = Min, Iy =-12mA -0.8 -1.2 \Y
Output voltage?
Vce = Min
VoH High (PLS100)* lon = -2mA 2.4 \'
VoL Low® loL = 9.6mA 0.35 0.45 \Y
Input current
in High V|N = 5.5V <1 25 A
e Low ViN = 0.45V -10 -100 uA
Output current
lo(oFF) Hi-Z state (PLS100) CE = High, V¢c = Max
Vout = 5.5V 1 40 MA
o Vout = 0.45V -1 -40
los Short circuit (PLS100)% © CE = Low, Voyr =0V -15 -70 mA
Icc Ve supply current” Vce = Max 120 170 mA
Capacitance
CE = High, Vgg = 5.0V
Cin Input Vin = 2.0V 8 pF
Cout Output Vour = 2.0V 17 pF
Notes on following page.
May 11, 1988 183



Signetics Application Specific Products @ Series 28 Product Specification

Field-Programmable Logic

Array (16 X 48 X 8) PLS100/PLS101

AC ELECTRICAL CHARACTERISTICS R, =470Q, R, =1k, C_ = 30pF, 0°C < Tp < +75°C, 4.75V < Vg <5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min , Typ' | Max

Propagation delay

tpD Input Output Input 35 50 ns
tce Chip enable Output Chip enable 15 30 ns
Disable time

tco Chip disable Output J Chip enable ] ‘ 15 ‘ 30 ] ns

NOTES:

All values are at Vgc =5V, Ta= +25°C.

. All voltage values are with respect to network ground terminal.

. Test one pin at a time.

Measured with V_ applied to CE and a logic high stored.

Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to Vce.
. Duration of short circuit should not exceed 1 second.

. Icc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open.

NO O AN
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Field-Programmable Logic

1
Array (16 X 48 X 8) PLS100/PLS101

LOGIC PROGRAMMING OUTPUT POLARITY - (F)

PLS100/PLS101 logic designs can be gener-

C gesigns can be gener

ated using Signetics' AMAZE PLD design s D__E s D__,
software or one of several other commercially

available, JEDEC standard PLD design soft-
ware packages. Boolean and/or state equa-

tion entry is accepted. Ls0z2985 15023058

PLS100/PLS101 logic designs can also be ACTIVE LEVEL | CODE ACTIVE LEVEL | CODE

generated using the program table entry for- LOW L HIGH! H
(INVERTING) (NON-INVERTING)

mat detailed on the following pages. This
program table entry format is supported by
the Signetics' AMAZE PLD design software
(PTP module). AMAZE is available free of
charge to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

o T e T e [ e [
Q Q Q Q

STATE CODE STATE CODE | STATE CODE STATE CODE

INACTIVE "2 [0} ) H | L DON'T CARE —_

15023118 15023218 15023315 15023418

"OR'" ARRAY - (F)

P P
S S

15020108 15020208

P, STATUS CODE P, STATUS
AcTivEl [ A | INACTIVE | |

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive)
AND gates Py

2. Any gate P, will be unconditionally inhibited if any one of its (I) link pairs is left intact.
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Product Specification

Field-Programmable Logic
Array (16 X 48 X 8)

PLS100/PLS101

TEST LOAD CIRCUITS

VOLTAGE WAVEFORMS

+3.0V
I ”
o—]ip VcC
| 45V
|
| Fof ™™
| ouT : . +30V
I 1
[ Fr—
o—=i
15 fi2 a ov
O—=ITE GNO I - .
— = (INCLUDES b
1 - SCOPE AND JIG WF053925
= CAPACITANCE) MEASUREMENTS:
TCo1651S TCo1661S All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DIAGRAM TIMING DEFINITIONS
+3.0v SYMBOL PARAMETER
NPUT HQ'W tce Delay between beginning of
ov Chip Enable low (with Input
& +3.0V valid) and when Data Output
15V 15V becomes valid.
N T o tcp Delay between when Chip
— b e Enable becomes High and
FoFz 15V 1 5v¥ Data Output is in off state
: —— VoL (Hi-Z or High).
> tpp Delay between beginning of
wroesozs valid Input (with Chip Enable
Low) and when Data Output
Read Cycle becomes valid.

May 11, 1988 186

VIRGIN STATE
The PLS100/101 virgin devices are factory
shipped in an unprogrammed state, with all
fuses intact, such that:
1. All P, terms are disabled (inactive), in the
AND array.
All P, terms are active in the OR array.
3. All outputs are active-High.
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CUSTOMER NAME PROGAM TABLE ENTRIES
INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL
PURCHASE ORDER # Im m Don't Car Prod. Term Prod. Term Not Active Active
SIGNETICS DEVICE # CF (XXXX) on'tCare Present in Fp Present in Fp High Low
CUSTOMER SYMBOLIZED PART #__ — H L — (dash) A * (period) H L
TOTALNUMBEROFPARTS = |NOTE NOTES NOTES
nter (—) for unused inputs of used
PROGRAM TABLE # _ ____REV __ DATE ____ P-terms 1. Entries independent of output polarity. 1. Polarity programmed once only.
2. Enter (A) for unused outputs of used P-terms 2. Enter (H) for all unused outputs
\")
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Signetics Section 5
Programmable Logic
Sequencer Device
Data Sheets

Programmable Logic Devices

INDEX

Series 20
PLS155 Programmable Logic Sequencer (16 X 45 x 12); 14MHz .... 191
PLS157 Programmable Logic Sequencer (16 X 45 x 12); 14MHz . ... 202
PLS159A Programmable Logic Sequencer (16 x 45 x 12); 18MHz . ... 213
Series 24
PLS167/A Programmable Logic Sequencers (14 X 48 X 6); 14, 20MHz . . 223
PLS168/A Programmable Logic Sequencers (12 X 48 X 8); 14, 20MHz . . 234
PLS179 Programmable Logic Sequencer (20 X 45 X 12); 18MHz .. .. 245
PLC42VA12 CMOS Programmable Logic Sequencer

(42X105x12);25MHzZ .. ... ... 256
Series 28
PLC415-16 Programmable Logic Sequencer (17 X 68 X 8); 16MHz .. ... 275
PLS105/A Programmable Logic Sequencers (16 x 48 x 8); 14, 20MHz . . 294
PLUS105-40  Programmable Logic Sequencer (16 X 48 X 8); 40MHz ... .. 305
PLUS105-55  Programmable Logic Sequencer (16 x 48 X 8); 55MHz ... .. 317
PLUS405-37/-45

Programmable Logic Sequencers (16 X 64 x 8); 37, 45MHz . . 329
PLUS405-55  Programmable Logic Sequencer (16 X 64 X 8); 55MHz ... .. 344
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Document No.| 853-0317

ECN No. 93255

Date of Issue |May 11, 1988

Status Product Specification

DESCRIPTION

The PLS155 is a 3—State output, regis-
tered logic element combining AND/OR
gate arrays with clocked J—K flip—flops.
These J-K flip-flops are dynamically con-
vertible to D—type via a “fold—back” invert-
ing buffer and control gate F¢. It features
4 registered I/0 outputs (F) in conjunction
with 8 bidirectional 1/O lines (B). These
yield variable I/O gate and register config-
urations via control gates (D, L) ranging
from 16 inputs to 12 outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and 21
OR gates with fusible link connections for
programming I/O polarity and direction. All
AND gates are linked to 4 inputs (l), bi-
directional /O lines (B), internal flip—flop
outputs (Q), and Complement Array out-
put (C). The Complement Array consists
of a NOR gate optionally linked to all AND
gates for generating and propagating
complementary AND terms.

PHILIPS|

PLS155

Field-Programmable Logic
Sequencer (16 x 45 x 12)

FEATURES
® fuax = 14AMHz
— 18.2MHz clock rate

® Field—Programmable (Ni—Cr link)
® 4 dedicated inputs

© 13 control gates

® 32 AND gates

® 21 OR gates

® 45 product terms:
— 32 logic terms
— 13 control terms

® 8 bidirectional I/O lines

® 4 bidirectional registers

® J-K, T, or D-type flip—flops

® Asynchronous Preset/Reset
® Complement Array

® Active-High or —Low outputs
® Programmable OE control

® Positive edge-triggered clock
® Input loading: —100pLA (max.)
® Power dissipation: 750mW (typ.)
© TTL compatible

® 3-State outputs

191

PIN CONFIGURATIONS
N Package
ck 1] 7 20] vee
o [2] E By
w 3] 18] Bs
iz (4] [17] F5
s [E] 16] Fa
By [E] 15] Fy
8y [7] 4] Fo
B2 [2] 13 85
8; [2] [12] Bs
GND [19] 1] oE
A Package
4y lg CKVce By
5
17] Fa
15 F2
18] Fy
Bg

APPLICATIONS
© Random sequential logic

® Synchronous up/down counters

® Shift registers

o Bidirectional data buffers

¢ Timing function generators

® System controllers/synchronizers

® Priority encoder/registers

PHILIPS



Signetics Programmable Logic Devices

Product Specification

Field-Programmable Logic Sequencer (16 x 45 x 12)

PLS155

FUNCTIONAL DIAGRAM

(LOGIC TERMS)

(CONTROL TERMS) E
L D

|

<
=

oo .

e

s D@D

T31 To

CK

On—chip T/C buffers couple either True (I, B, Q)
or Complement (I, B, Q, T) input polarities to all
AND gates, whose outputs can be optionally
linked to all OR gates. Any of the 32 AND gates
can drive bidirectional I/O lines (B), whose
output polarity is individually programmable
through aset of Ex-OR gates forimplementing
AND-OR or AND-NOR logic functions. Simi-
larly, any of the AND gates can drive the J-K

May 11, 1988

inputs of all flip—flops. The Asynchronous Pre-
set and Reset lines (P, R), are driven from the
OR matrix.

All flip—flops are positive edge-triggered and
can be used as input, outputor I/O (for interfac-
ing with a bidirectional data bus) in conjunction
with load control gates (L), steering inputs (1),

192

(B), (Q) and programmable output select lines
(E).

The PLS155 is field programmable, enabling
the user to quickly generate custom patterns
using standard programming equipment.

Order codes are listed in the Ordering Informa-
tion Table.
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155
FPLS LOGIC DIAGRAM
» (LOGIC TERMS - T) - = (CONTROL TERMS)————————————
B i B 2 =
W BRI T T BEiiaEaae 1
oS miiiiinimianiiiamaiiiaaamanananin BEnsaElag
w EHCIL LT P TP TP ERiiEERnE
’ LD
" lmm:m|ullmmmmmm—liiliiﬁiil
" iissisamg limimlmnmml:—llunlllnn
. I— i R R
. BENEERERER
N Lt D)
D
N iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii—iiiiinmln-
Bs
N §§§§§§§iiiiiiiiﬁiiiiiiiiiiiiii—iiﬁiiﬁi D
T O T rrrrrrrh
e tey  esscnsnese|lles.
Slﬁ!ill!lllil!liili!lll!!!ﬂlilﬂ" - —
RARICACECARRACEEmARRORARmARSHAR] —1
EEECROERERRNARACRERAEMARKERAR .
RERECRCERERERREARARAERERAnRCRAT =
RERAREREENCCICEERCRERamRRRaRaD ==
RERCAERMARAEERAMENRRANEmRRRARES -5
RRERCREERRARICARNRRERMAROCRAT =
o ll!lllIlllllllllllllllllllIlill ’
e “ T m e
LA et AAAAmatiait
IHII!!IIEElllllllllﬂl!llllll @
L
o Illill!
oa llil lill!lﬂ“.l Il"liﬂ II o |
Q Fq
Ililllllllliiillilﬂllll!illlil R .
LT TR AT | Tos e
Iili!llli!lll!lllEIIIIIIIIIIIH ==lig iy
...... UESRRARARRARARRRRINORERER) SN JLE==Rau=
cko—a—T]ck
NOTES: o
1. All OR gate inputs with a blown link float to logic "'0"".
g. ﬁlldz:‘r;iresgue‘gérg’:‘f:omrol inputs with a blown link float to logic ""1"
4. % Programmable connection
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VIRGIN STATE

The factory shipped virgin device contains all
fusible links intact, such that:

1. OE is always enabled.

2. Preset and Reset are always disabled.
3. All transition terms are disabled.
4

. All flip—flops are in D—mode unless other-
wise programmed to J—K only or J-K or D
(controlied).

5. All B pins are inputs and all F pins are
outputs unless otherwise programmed.

LOGIC FUNCTION

Q3 Q2 Q1 Q0

nnnn e PRESENT STATE

STATE REGISTER K-B-C-...

[e]e]1] o) v

SETQq:Jg=(Qg - Tp-Qy-Tg)-K-B-C...
Ko=0
RESET Qq:J;=0
K1=(Q3:T2-Qy-Qg)X-B-C...
HOLD Qy: Jp =0
K2=0
TOGGLE Q3: J3=(Q3- T2+ Qq - Tp) - K-B-C...
K3=(Qy- T2-Qy Tg)-K-B-C...

NOTE:
Similar logic functions are applicable for D
and T mode flip—flops.

FLIP-FLOP TRUTH TABLE

OE [L ck P R J K|a| F
H Hi-Z
L |x X HLXX|H| L
L |x X L HX X]|L| H
L it T LrirtLttlala
L jt T L LL H|L|H
L ft T L LHLHIL
Lt |t T L LHH|g|aa
HIH T L Lt H|L|] W
H |vw T H L{H|
soviX T X X L H{L| H
x T X XH L|H| L
NOTES:
1. Positive Logic:
J—K=T0+T,+T2 .................. T31
Ta=T-(lo-l;-12...) - (Qo-Q ...) - (Bo

HBWN

+By-..l)
. T denotes transition from Low to High level.

. X =Don't care

. *=Forced at F, pin for loading the J—K flip—
flop in the Input mode. The load control
term, L, mustbe enabled (HIGH) and the p—
terms that are connected to the associated
flip—flop must be forced LOW (disabled)
during Preload.

. AtP =R =H, Q = H. The final state of Q

depends on which is released first.

. ** =Forced at F,, pin to load J-K flip—flop
independent of program code (Diagnostic
mode), 3—State B outputs.

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE

20-Pin Plastic DIP (300mil-wide) PLS155N Maximum junction 150°C

20-Pin Plastic Leaded Chip Carrier PLS155A Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS' ambientio pneion e

RATINGS
SYMBOL PARAMETER Min Max UNIT

Vee Supply voltage +7 Voc

Vin Input voltage +55 Voc

Vout Output voltage +55 Voe

In Input currents -30 +30 mA

lout Output currents +100 mA

Ta Operating temperature range 0 +75 °C

Tsta Storage temperature range —65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.
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PLS155

DC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75V < V¢ < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION Min [ Typ! J Max UNIT
Input voltage?
Viy High Ve = Max 20 v
Vi Low Vee = Min 0.8 \"
Ve Clamp Ve = Min, Iy =—12mA -0.8 -1.2 \
Output voltage?
Vcc = Min
VoH High lon = —2mA 24 Vv
VoL Low loL = 10mA 0.35 0.5 Vv
Input current®
Ve = Max
llH ngh V|N =5.5V <1 80 uA
I Low Viy = 0.45V -10 -100 UA
Output current
Vge = Max
lo(oFF) Hi-Z state5: 6 Vour = 5.5V 1 80 HA
Vour = 0.45V -1 -140 MA
los Short circuit® 7 Vour =0V -15 -70 mA
lec Ve supply current* Vee = Max 150 190 mA
Capacitance
Ve = 5.0V
Cin Input VN =2.0V 8 pF
Cout Output Vour = 2.0V 15 pF
NOTES:
1. All typical values are at Vg = 5V, Tp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone atatime.
4. lcc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open.
5. Leakage values are a combination of input and output leakage.
6. Measured with V|, applied to OE.
7. Duration of short circuit should not exceed 1 second.
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PLS155

AC ELECTRICAL CHARACTERISTICS 0°C < T4 < +75°C, 4.75V < Vo < 5.25V, Ry =470€2, R, = 1kQ

LIMITS
SYMBOL PARAMETER FROM TO TEST CONDITION Min l Typ! | Max UNIT
Pulse width
toKkH Clock? High CK + CK-— C, = 30pF 25 20 ns
tokL Clock Low CK - CK + C_ = 30pF 30 20 ns
tekp Period CK + CK + C_ = 30pF 70 50 ns
tpRH Preset/Reset pulse (1,B)— (1,B) + C, = 30pF 40 30 ns
Setup time®
tist Input (,B) CK+ C_ =30pF 40 30 ns
tis2 Input (through F,) F+ CK + Cy =30pF 20 10 ns
Input (through -
tisa Complement Array)* (1,B) £ CK+ C| =30pF 65 40 ns
Hold time
ti1 Input (,B)+ CK + C_ = 30pF 0 -10 ns
tiHz Input F+ CK + C_ = 30pF 15 10 ns
Propagation delays
tcko Clock CK+ F+ C_ =30pF 25 30 ns
toe1 Output enable OE - F- C, = 30pF 20 30 ns
topy Output disable? OE + F+ Cp =5pF 20 30 ns
tep Output (,B)* B+ Cy =30pF 40 50 ns
toe2 Output enable (1,B) + B+ C_ = 30pF 35 55 ns
top2 Output disable® (1,B8) - B+ C_ =5pF 30 35 ns
tprO Preset/Reset (1,B) + Ft Cy = 30pF 50 55 ns
NOTES:
1. All typical values are at Vgg = 5V, Tp = +25°C.
2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns.
3. Measured at V1 = Vg + 0.5V.
4. When using the Complement Array tckp = 95ns (min).
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.
6. For test circuits, waveforms and timing diagrams see the following pages.
VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
430V — — ——
Vee
+5V
o O T By INCLUDES SCOPE
| | AND JIG
| | Ry CAPACITANCE
| I
o B;
In put 74
Bw o - R c
| - 2 I -
Bx O n
CK O———e GND = =
=

MEASUREMENTS:
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.

Input Pulses
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155

TIMING DIAGRAMS TIMING DEFINITIONS

SYMBOL | PARAMETER

tokH Width of input clock pulse.

tekL Interval between clock pulses.
tekp Clock period.
LB sv v v tPRH Width of preset input pulse.
(INPUTS) I 1.5 -
ov Required delay between
l— 4y 451 —] tis1 beginning of valid input and
v positive transition of clock.

o -y /lj v Required delay between
J L o
Ys1 —>1+— 1CKH oKL—* Y beginning of valid input forced

at flip—flop output pins, and
positive transition of clock.

iU
F VoH
v -
(OUTPUTS) el X T Required delay between
VoL [] positive transition of clock and
tck
OE)

aa end of valid input data.

43V
1.5V Required delay between
positive transition of clock and
end of valid input data forced
at flip—flop output pins.

OE 1.5V

ov tie

Flip—Flop Outputs Delay between positive

4 transition of clock and when
CKo outputs become valid (with
OFE Low).

Delay between beginning of
toe1 Output Enable Low and when
outputs become valid.

Delay between beginning of
Output Enable High and

LB v top1 when outputs are in the
aneuts) NV OFF-State.

| v Propagation delay between

tep combinational inputs and
outputs.

PO
/ VoH
5 v 74
(OUTPUTS) - 7 v Delay between predefined
- Output Enable High, and
o€2

voL to
topz2 ——*| E2 when combinational outputs
become valid.

+3V

(OUTPUT 5V A5V Delay between predefined
ENABLE) ov I Output Enable Low and when

D2 combinational outputs are in
the OFF-State.

Delay between positive
transition of predefined
tpRO Preset/Reset input, and
when flip—flop outputs
become valid.

Gate Outputs
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PLS155

TIMING DIAGRAMS (Continued)

+3v
18
(INPUTS) 1.5V
ov
+3v
cK 1.5v
-—— - OV
0ns MIN. e i tis1 tcko ﬂ
~ +3v
*PRESET RESET 7!‘ sv 4( 1.8V
e e e e - ———— OV
(1. B INPUTS) - tpRH ——
o X (PRESET) T(‘-
(RESET) S
re— ! pRO
———= VYOH
£ (RESET) o\ "1 v
(0UTPUTS) (PRESET) A — vou

WF05491S

* The leading edge of preset/reset must occur only when the input clock is "'low", and must remain ""high"' as long as
required to override clock. The falling edge of preset/reset can never go "low' when the input clock is "high'.

Asynchronous Preset/Reset

+3v
1B "
. 1.5V 1.5V
(LOAD SELECT) ){
ov
+3v
OE -l 1.5V 1.5V
— ov
togt —»
o —— — — — — — --—ﬂi—\
L \
-———————--—-l‘ \—--
|
|
. | +3V Vou
(NPUTS) VT (FORCED D) }( 1.5V
oV vor
re—— top1 tis2

CK

e
R

WF05501S

Flip-Flop Input Mode
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PLS155

LOGIC PROGRAMMING

PLS155 iogic designs can be generaied using
Signetics AMAZE PLD design software or one
of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

“AND” ARRAY - (1), (B), (Qp)

PLS155 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equations
(1, B, O, P, etc.) is assigned a symbol. The sym-
bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, etc., are defined below.

b— 1.8, b—1,8,Q —1,8,Q —18,Q
1,B,Q ___luea ___|vBa o I,B.OO‘—E o
b—1,8,0 L 1,80 »— 18,8 I —1,8,0
(T.Fc,L,P, R, D)n (T,Fc, LR R D)y (LFC, LR R D)p (T,Fc,L, PR, D)
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE Y 2 o ,B,Q H 1,B8,Q L DON'T CARE -
“COMPLEMENT” ARRAY - (C)
c c c c
c c c c
(Tn, FO) (Tn: F) (T FC) (Tm Fc)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVEY: 3: 5 [ GENERATE® A PROPAGATE . TRANSPARENT -
“OR” ARRAY — (F-F CONTROL MODE)
Fc Fc
— J ba ]| — J |—a
MY M
—] K — K
ACTION CODE ACTION CODE
J-KORD
(CONTROLLED) A K .

Notes on following page.
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS155

“OR” ARRAY - (Qj, = D-Type)

T . Tn

| —a | -

M = ENABLED M = ENABLED

|
|
|

Tn STATUS CODE Tn STATUS CODE
ACTIVE (Set) A INACTIVE (Reset) .

“OR” ARRAY — (Q, = J-K Type)

Tn Tn Tn Tn
—4 J — a — J H—a | — J —Q - J —a
M = DISABLED M = DISABLED M = DISABLED M = DISABLED
—J K - K —4 K — K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE [ SET H RESET L HOLD -
“OR” ARRAY - (S or B), (P), (R) “EX-OR” ARRAY - (B)
Tn Tn
(OR B) (ORB)
Tn STATUS CODE Tn STATUS CODE POLARITY CODE POLARITY CODE
AcTve! A INACTIVE . Low L HIGH H

“OE” ARRAY - (E)

e[ }—">—— | =
£

k
;
;

ACTION CODE ACTION CODE ACTION CODE ACTION CODE
IDLE" 4 o CONTROL A ENABLE* L] DISABLE -

NOTES:

. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
. Any gate (T, F¢, L, P, R, D), will be unconditionally inhibited if both of the I, B, or Q links are left intact.

. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T, Fc.

. E,=0and E, = @ are logically equivalent states, since both cause F, outputs to be unconditionally enabled.

. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR" array links.

s W~
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FPLS PROGRAM TABLE

AND i oR ! CONTROL T NOTES

-—— = = — - EF——————f — = = — = — — — - — — — 1. TheFPLSIs shipped with tact Thus a back-
INACTIVE To | [acmve Ta) pasoy [ Te ground of entries corresponding to states of virgin
.80 t,‘ e l UACYWE ;. l ©=0) Koo ) FIF MODE 1DLE links exists in the table, shown BLANK for clarity.
180 T QP (controlied) § CONTROL Program unused C, |, B, and Q bits in the AND array as
(—). Program unused Q, B, P, and R bits in the OR
array as (—) or (A), as applicable

Unused Terms can be left blank

Q (P) and Q (N) are respectively the present and next
states of flip-flops Q

FIF MODE €g 2 ] POLARITY

[T 1 HEERRR

ANO oR
1 B(1) ofp) Q(N) P R B(0)
2] 1Jo] [al2]1]o]lelalelal7]6ls]a]

[

Eas

OON'T CARE  — ENABLE

S L |
o>

DISABLE

w

>

GENERATE | A
PROPAGATE e
TRANSPARENT ~

|
|
INACTIVE : o { {vocaLe
|
|
|
N

w
~
(=]
~
o
»
»
«
~
-
(=
[
B
~
-
o

THIS PORTION TO BE COMPLETED BY SIGNETICS

CF (XXXX)

CUSTOMER SYMBOLIZED PART #
DATE RECEIVED

DATE
b4

REV

B e e S R B e s o e o __.J._-.,. B it i s Hie m o a s s i e e nle e s i

COMMENTS
4+ 4+ +-++ 4+ 4+ 4+ 44+ 4++ 4+ ++- 4+ 4+ 4+ -+ 4+ 4+ 4+

TOTAL NUMBER OF PARTS

PURCHASE ORDER #

SIGNETICS DEVICE #

PROGRAM TABLE #
g

CUSTOMER NAME

o
o
++4+44 444444

PIN 51413}2]19{18{13{12;9 16{15

CTTTTTITT T

[
~
o
-
3

8012118
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Programmable Logic Devices

DESCRIPTION

The PLS157 is a 3-State output, regis-
tered logic element combining AND/OR
gate arrays with clocked J-K flip—flops.
These J—K flip—flops are dynamically con-
vertible to D-type via a “fold—back” invert-
ing buffer and control gate F. It features
6 registered /O outputs (F) in conjunction
with 6 bidirectional I/O lines (B). These
yield variable I/O gate and register config-
urations via control gates (D, L) ranging
from 16 inputs to 12 outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and 21
OR gates with fusible link connections for
programming /O polarity and direction. All
AND gates are linked to 4 inputs (l), bidi-
rectional /O lines (B), internal flip—flop
outputs (Q), and Complement Array out-
put (C). The Complement Array consists
of a NOR gate optionally linked to all AND
gates for generating and propagating
complementary AND terms.

PLS157

Field-Programmable Logic
Sequencer (16 x 45 x 12)

FEATURES
® fuax = 14MHz
— 18.2MHz clock rate

® Field—Programmable (Ni—Cr link)
® 4 dedicated inputs

® 13 control gates

® 32 AND gates

© 21 OR gates

® 45 product terms:
- 32 logic terms
~ 13 control terms

® 6 bidirectional /O lines

® 6 bidirectional registers

® J-K, T, or D-type flip—flops

® 3-State outputs

® Asynchronous Preset/Reset

® Complement Array.

® Active-High or —-Low outputs
® Programmable OE control

® Positive edge—triggered clock
® Input loading: —100pA (max.)
® Power dissipation: 750mW (typ.)
® TTL compatible

PIN CONFIGURATIONS

N Package
ck [1] 20] vee
b 2] 19] Bs
u 3] 18] Fs
12 [4] Fy
13 [5] [1€] Fs
8o [6] [15] F2
8y [7] [14] Fy
By (5] [13] Fo
B3 [9] [12] By
GND [10] 1] o

A Package

Fs
Fq
F3
F2
Fy

= & B B E

B3 GND OE B4 Fo

APPLICATIONS

® Random sequential logic

® Synchronous up/down counters
® Shift registers

® Bidirectional data buffers

® Timing function generators

® System controllers/synchronizers
® Priority encodet/registers

PHILIPS

D
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PLS157

FUNCTIONAL DIAGRAM
(LOGIC TERMS) (CONTROL TERMS)
. P E E BE
lfl-—-n v >
5
3 3

JORY

v—CH

Y—+—C
Q-0

+—CK

M-+ (n)

P Ry

CK

° ﬂs} Qo ﬂ&y -
v

AF01891S

On—chip T/C buffers couple either True (1, B, Q)
or Complement (1, B, Q, C) input polarities to all
AND gates, whose outputs can be optionally
linked to all OR gates. Any of the 32 AND gates
drives bidirectional I/O lines (B), whose output
polarity is individually programmable through a
setof Ex-OR gates forimplementing AND-OR
or AND-NOR logic functions. Similarly, any of
the 32 AND gates can drive the J—K inputs of
all fip—flops. The Asynchronous Preset and
Reset lines (P, R), are driven from the ANSD
array for 4 of the 8 registers. The Preset and
Resetlines (P, R) controlling the lower four reg-
isters are driven from the OR matrix.

May 11, 1988

Al flip—flops are positive edge—triggered and
can be used as input, outputor I/O (for interfac-
ing with a bidirectional data bus) in conjunction
with load control gates (L), steering inputs (1),
(B), (Q) and programmable output select lines
(E).

The PLS157 is field programmable, enabling
the user to quickly generate custom patterns
using standard programming equipment.

Order codes are listed in the Ordering Informa-
tion Table.
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FPLS LOGIC DIAGRAM

- (LOGIC TERMS—T). 2 - ONTROL TERMS)——————————

+<{11] 5E

{2}
u[3 ]
[4 ]
1[5

i

fis]s,
{8,
e,
{7e,

{i7]r,

{ie]r,

{islr,

{ide,

310 0000024 230 v v e 0 s16 150000 ceg 7erveooe0 Fo L—-——”—' K" 4 E]CK

0016935

NOTES:

1. All OR gate inputs with a blown link float to logic ""0"

2. All other gates and control inputs with a blown link float to logic 1",
3. @ denotes WIRE-OR.

4. # Programmable connection.
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VIRGIN STATE FLIP-FLOP TRUTH TABLE
The factery shipped virgin device contains all OF IL CK P R 4 Kla| F
fusible links intact, such that:
1. OE is always enabled. H Hi-Z
2. Preset and Reset are always disabled. L X X HL X X|H| L
3. All transition terms are disabled. L X X LHXXILIH
4. Al flip-fiops are in D-mode unless other- tju T vt tjala
wise programmed to J-K only or J-K or D L L T L LvL HILlH
(controlled). L L T LLHLIN L
5. All B pins are inputs and all F pins are L L T L L HHIOl a
outputs unless otherwise programmed.
HoH T UL HlL| W
LOGIC FUNCTION H W T LeHme
sov x T x x L H|L|H>
e x T X X H L[H|L"
[ To] o] e PRESENT STATE
NOTES
STATE REGISTER Positive Logic:
J-K= TO + T1 + Tz .................. T31
[o]o[o]"] @ NEXT STATE TaaTllo-h Ton ) Qo Cr oy (Bo
- By - ..l)
SETQg:Jp=(Q3* W2-Qy-Tg)-A-B-C... 2. T denotes transition from Low to High level.
Ko=0 3. X =Don'tcare
RESETQy:J1=0 4. *= Fgroed at F,, pin for loading the J—K flip—
Ky=(Q3 T2 Q¢-Tg)-K-B-C... flop in the Input mode. The load control
HOLD Qg: J3 =0 term, L, mustbe enabled (HIGH) and the p—
.Kz; o terms that are connected to the associated
TOGGLE 0g: dg (03 Tz 0y T KB fpflop must be forosd LOW (disabled)
K3=(0y'T2 0y - To) K -B-C 5. AtP =R =H, Q= H. The final state of Q
depends on which is released first.
NOTE: 6. ** = Forced at F, pin to load J—K flip—flop
Similar logic functions are applicable for D independent of program code (Diagnostic
and T mode flip—flops. mode), 3-State B outputs.
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic DIP (300mil-wide) PLS157N Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLS157A Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS! ambient to junction
RATINGS
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +7 Vpe
Vin Input voltage +5.5 Voc
Vour Output voltage +5.5 Voc
™ Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.
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PLS157

DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION Min | Typ! [ Max UNIT
Input voltage?
Vi High Ve = Max 20 \
Vi Low Vee = Min 0.8 \"
Vic Clamp Vg = Min, iy =-12mA -0.8 -1.2 V'
Output voltage?
Vee = Min
VOH ngh IOH =—2mA 24 "
VoL Low loL = 10mA 0.35 05 v
Input current
IIH ngh V|N =5.5V <1 80 uA
I Low V)N = 0.45V -10 | -100 HA
Output current
Vee = Max
loFF) Hi-Z state5 6 Vour = 5.5V 1 80 HA
Vour = 0.45V -1 ~140 HA
los Short circuit3 7 Vour =0V -15 -70 mA
lee Ve supply current? Vee = Max 150 190 mA
Capacitance
Vee = 5.0V
CiN Input Vi = 2.0V 8 pF
Court Qutput Vout=2.0V 15 pF
NOTES:
1. All typical values are at Vg = 5V, Ta = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone at atime.
4. lcc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open.
5. Leakage values are a combination of input and output leakage.
6. Measured with V,, applied to OE.
7. Duration of short circuit should not exceed 1 second.
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PLS157

AC ELECTRICAL CHARACTERISTICS 0°C < Tx < +75°C, 4.75V < V¢ < 5.25V, Ry =470€2, R = 1kQ)

LIMITS
SYMBOL PARAMETER FROM TO TEST CONDITION Min I Typ? l Max UNIT
Pulse width
tokn Clock? High CK + CK - Cy = 30pF 25 20 ns
okl Clock Low CK- CK+ C_ = 30pF 30 20 ns
texp Period CK+ CK+ Cy = 30pF 70 50 ns
tpRH Preset/Reset pulse (,B) - (1,B) + C =30pF 40 30 ns
Setup time®
tis1 Input (,B)+ CK+ C_ = 30pF 40 30 ns
tis2 Input (through F) Ft CK+ C_ =30pF 20 10 ns
tss e ray)® (.8)+ K+ C, = 30pF 65 40 ns
Hold time
ti1 Input (,B) £ CK+ C_ =30pF 0 -10 ns
tiH2 Input F+ CK + C_ =30pF 15 10 ns
Propagation delays
tcko Clock CK+ F+ C_ = 30pF 25 30 ns
toe1 Output enable OE - F- C_ = 30pF 20 30 ns
top1 Output disable® OFE + F+ C_ =5pF 20 30 ns
tep Output (1,B) B+ C_ = 30pF 40 50 ns
toe2 Output enable (,B) + B+ C_ = 30pF 35 55 ns
top2 Output disable? (1,B) - B+ C_ =5pF 30 35 ns
teRO Preset/Reset (1,B) + F+ C_ = 30pF 50 55 ns
NOTES:
1. All typical values are at Vgg = 5V, Tp = +25°C.
2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns.
3. Measuredat V1 = Vg + 0.5V.
4. When using the Complement Array tckp = 95ns (min).
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.
6. For test circuits, waveforms and timing diagrams see the following pages.
VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
430V — — ——
v§c
o O T —= 17— By e INCLUDES SCOPE
| oS
DuT
BWwOo T~ L o o
sxo—l—— —— Fn I
cKo— GND o o = =
+

MEASUREMENTS:
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.

Input Pulses
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TIMING DIAGRAMS TIMING DEFINITIONS
SYMBOL | PARAMETER
tokH Width of input clock pulse.

toke Interval between clock pulses.

tckp Clock period.

v ¢
15V 15V PRH
ov Required delay between

— 4 51— tist beginning of valid input and

[_ “av positive transition of clock.
cK 1.5v 1.5V 18V Required delay between
T o beginning of valid input forced

451 —>T+— 1CKH tekL—"] tis2 at fi .
p—flop output pins, and
1ok positive transition of clock.

¢ Vo
X v "
(OUTPUTS) 18V ]( T Required delay between
L o tiny positive transition of clock and
1K D} end of valid input data.
43V

OE 1.5V 1.5V Required delay between

ov t positive transition of clock and
1H2 end of valid input data forced

at flip—flop output pins.

Width of preset input pulse.

1,B
(INPUTS)

toE1

Flip—Flop Outputs Delay between positive

transition of clock and when
tcko outputs become valid (with
OE Low).

Delay between beginning of
toet Output Enable Low and when
outputs become valid.

Delay between beginning of
. Output Enable High and

B v top1 when outputs are in the
(INPUTS) 18V OFF-State.

| o Propagation delay between

trp combinational inputs and

D
r 7 Vou outputs.
B S
(OUTPUTS) \% 5 / v Delay between predefined
- Qutput Enable High, and
toE2

VoL 1, ole
top2 —— OE2 when combinational outputs
become valid.

43V
(oun:b? +1.5V +1.5V Delay between predefined
ENABLE) Output Enable Low and when
combinational outputs are in
the OFF-State.

ov top2

Gate Outputs -
Delay between positive

transition of predefined
trrO Preset/Reset input, and
when flip—flop outputs
become valid.
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TIMING DIAGRAMS (Continued)

18
(INPUTS) 18V
ov

—_— 3V
CK 1.5V
—} { ———- OV
Ons um.v—e le re tise 'cxo>‘

~
*PRESET RESET 7{| 5v J\, 1.5V
o o o ———

(1. BINPUTS) |e— tPRH ——
o X (PRESET) \x
(RESET) Fx
[e—tPrO

T VOH

F 1oy (RESED) ) ’1 5V -

(OUTPUTS) " (PRESET) P
————— VOL

WF05491S

* The leading edge of preset/reset must occur only when the input clock is "low", and must remain "high'* as long as
required to override clock. The falling edge of preset/reset can never go "low" when the input clock is "high'".

Asynchronous Preset/Reset

+3v
18 1.5V 1.5V
(LOAD SELECT)

ov

+3v
OE -l 1.5V 1.5V

— ov

. \
L ,t \
_—...-___-—-—.l' \——.
|
|
. | +3V Vou
(NPUTS) vy (FORCED D|N) 1.5V
oV VoL
te—— toD1 tys2
“+3v
CK

S

WF05501S

Flip-Flop Input Mode
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PLS157

LOGIC PROGRAMMING

PLS157 logic designs can be generated using
Signetics AMAZE PLD design software or one
of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

“AND” ARRAY - (1), (B), (Qp)

PLS157 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equations
(1, B, O, P, etc.) is assigned a symbol. The sym-
bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, efc., are defined below.

—1,8,Q $— 1,B,Q — 1,B,Q t— 1,B,Q
r——I,B,Q —1,8,Q +— 18,0 | -1,8,0
(T,Fc,L,P,R, D) (TFc, LA R, D) (T.Fc, LPR, D) (T Fc, LA R, D)n
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE ™ 2 o 1,8, Q H 180 L DON'T CARE -
“COMPLEMENT” ARRAY - (C)
c c c c
c c c c
(Tn, Fc) (Tn, FC) (Tn, Fe) (Tn, Fc)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVED 3.5 (] GENERATE® A PROPAGATE . TRANSPARENT -
“OR” ARRAY - (F-F CONTROL MODE)
Fc Fc
—t J o] — J }—a
MY M1
- K — K
ACTION CODE ACTION CODE
J-KORD
(CONTROLLED) A 4K .
Notes on following page.
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“OR” ARRAY - (Q, = D-Type)

Tn Tn
— J —a | J —a
M = ENABLED M = ENABLED
| K — K
T, STATUS CODE T, STATUS CODE
ACTIVE (Set) A INACTIVE (Reset) .

“OR” ARRAY — (Qj = J-K Type)

Tn Tn TI’\ T'\
— J —a — J F—a | — J —a — J —a
M = DISABLED M = DISABLED M = DISABLED M = DISABLED
— K — K —4 K — K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE o SET H RESET L HOLD -
“OR” ARRAY - (S or B), (P), (R) “EX-OR” ARRAY - (B)
PR S PRS
(OR B) (ORB)
Tn STATUS CODE Tn STATUS CODE POLARITY CODE POLARITY CODE
ACTIVE! A INACTIVE ° Low L HIGH H

“OE” ARRAY - (E)

& [F—D——

i S

;
i
;

ACTION CODE ACTION CODE ACTION CODE ACTION CODE
IDLE" 4 o CONTROL A ENABLEY . DISABLE -

NOTES:

. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the 1, B, or Q links are left intact.

. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, Fc.

. Ep=0and Ep, = ® are logically equivalent states, since both cause F, outputs to be unconditionally enabled.

. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR" array links.

nHs wN -~
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FPLS PROGRAM TABLE

| __ AND OR I CONTROL TNotes
———————————— +rt——— - — - = = — —1 1. The FPLS is shipped with all links intact. Thus a back-
INACTIVE !o | ] ACTIVE :A‘] 58800 | T e ground of entries corresponding 1o states of virgin
o 5] oo | (o ts] €0 | + e mooe  [rome n | links exists in the table, shown BLANK for clarity
Q it éw)‘ | | fé:.ﬁlo'.".m‘ CONTROL J'A Iz Program unused C, |, B, and Q bits in the AND array as
.
- 1= } En s (—). Program unused Q, B, P, and R bits in the OR
OON'TCARE | | ' ENABLE J'O | array as (—) or (A), as applicable.
DISABLE - | 3. Unused Terms can be left blank.
—= — )
INACTIVE 1,° { TOGGLE 1lc> | oo B Q (P) ana Q (N) are respectively the present and next
GENERATE 14 N | SET NN P | [fow [c] " L states of flip-flops Q
T Al -
PROPAGATE Ie | RESET VL | C F1F MODE € | Y | POLARITY
TRANSPARENT | — HOLD j— | T
A [TTTTT [ 1 1
T AND OR
i ¢ ! B(1) a (P) Q (N) PR 8(0)
w ] af2]1Jofs[aTal2]1Jo]s[a 3]2]1]0 sJalal2[1]o]AalA[s]ala][2]1]0
3 —~+ + + —+
[ E ; } 4 +
li' ! 4 -} Il }
—+ + t +
% 2 } + + t
> 2 } ! 4 |
) 4 + } + t
o 5
8 4 z = :
= 6 | i 4 }
w EYY T T T U
= 7 1 | I |
Q = t + 1 +—
= oo 8 I | n L
o < ° T T T N
o g o + t Tt t
w |2 % : + %
N 11 | il 4 +
o =5 + T T T T
= 3 12 | ! . 4
b4 [¢4] 13 N | j .
3 |2, g et 4 F .
E 58 | ; : a :
% 0 > P 15 4 N | |
S I .
EgEdE [T 1 ! . |
w X S W P4 1 T t T
I X0 o g 17 + 4 | i
= X 5 E s 18 N 4' I :
+ + T t
w <O 19 N | . I
O O0OQoo 2 T T ] T T
21 : + ' '
] t t +
22 + ; + +
w 23 + + + +
= 24 y ! 4 '
< 25 B T T 1
o 4 t —+ +
2 + i 1+ -+ t
27 + —+ + t
> 28 n N | N
w 20 T T T T
o o 1 + t +
31 * N ) :
(2 F t i s 4
= ¢ + +
E Pg 4 —4
P & Rg T T
4 "
rw s ® Ls X :
Wy ooy + + =
2oSacd | , .
LS g wa t t
ZO0aQgQ "5 0s ; " _'
T w g 2 04 X : )
w o 8 > = + +
S2Qz% o X ; | &
OXha¢ M T
CHuw 2 02 ! i |
D EZ o1 T T ._
32 9o0¢a + t
n - Qa (< | i ‘
PN_|5(4]|3]2]1|12]|9]8]7]6 18]|17]16]15]14]13]

TB01350S.
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Programmable Logic Devices

ogic 1)

DESCRIPTION FEATURES PIN CONFIGURATIONS
The PLS159A is a 3—State output, regis- e High—speed version of PLS159
tered logic element combining AND/OR gh-sp N Package
gate arrays with clocked J-K flip—flops. ® fuax = 18MHz ok [i] %] vee
These J-K flip-flops are dynamically = — 25MHz clock rate o ] 3+
. . . » 7
f:onvgnlble to D-type via a "fold-back” e Field—Programmable (Ni=Cr link) " ] E—
inverting buffer and control gate Fc. It fea- . . ! i
tures 8 registered /O outputs (F) in con-  ® 4 dedicated inputs 12 [4] Fs
junction with 4 bidirectional I/O lines (B). e 13 control gates 13 [5] [16] Fy
The§e ylel'd vana'ble 1/0 gate and register * 32 AND gates By [6] [15] F3
configurations via control gates (D, L) 8, [7] 4] F»
ranging from 16 inputs to 12 outputs. ® 21 OR gates 8, [5] 3] F
The AND/OR arrays consist of 32 logic @ 45 product terms: 8s [3] 12 Fo
AND gates, 13 control AND gates, and 21 - 32 logic terms GND [ig] [i1] oE
OR gates \{vith fusible lfnk conqecﬁc.)ns for — 13 control terms
programming I/O polarity and direction. All o .
AND gates are linked to 4 inputs (1), bidi- ¢ 4 bidirectional /O lines A Package
rectional I/O lines (B), internal flip-flop e 8 bidirectional registers
outputs (Q), and Complement Array out- . W lo CKVcc Fr
put (C). The Complement Array consists ¢ J-K, T, or D-type flip-flops 3127 19)
of a NOR gate optionally linkedto all AND @ Power—on reset feature on all 2 [4] b 18] Fe
gates for generating and propagating flip-flops (F, =1) 13 [5] [17] Fs
complementary AND terms. ® Asynchronous Preset/Reset Bo [6] 16] Fy
® Complement Array B1 =] Fo
e Active-High or ~Low output = I8 il 2
ctive—High or —Low outputs B ELE!
® Programmable OE control B3 GND OF Fy Fy
® Positive edge-triggered clock
® Input loading: -100uLA (max.) APPLICATIONS
® Power dissipation: 750mW (typ.) ® Random sequential logic
® TTL compatible ® Synchronous up/down counters
¢ 3-State outputs o Shift registers

® Bidirectional data buffers
® Timing function generators

® System controllers/synchronizers

® Priority encoder/registers

PHILIPS
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PLS159A

FUNCTIONAL DIAGRAM LOGIC FUNCTION
(CONTROL TERMS) a3 @2 Q1 Qo
(LOGIC TERMS)
P R L D £ -nnn e PRESENT STATE
o—as a OE
: 7 STATE REGISTER K-B-C-...
b b =
b= b nnnn @ NEXT STATE
$—
Q
a 3 SET Qg1 Jo=(3 * Tz* Gy - Tg) K B-C..
[P S S S Ko=0
[j,--[ [] J jgg RESET Qq:J1 =0
¢ Ky=(Q3: G- Q- Tg)-K-B-C...
s HOLD Qp:Jp =0
D‘PD - e Kz=0
DT PR F TOGGLEQ3: J3=(Q3 - T2°Qq-TQg)-A-B-C...
M (n) K3=(Q3-T2°Q;-TQg)-X-B-C...
L i K
T T, Fc j}ﬁ NOTE:
AFo18825 Similar logic functions are applicable for D
and T mode flip—flops.

On—chip T/C buffers couple either True (1, B, Q)
or Complement (1, B, Q, T)input polarities to all
AND gates, whose outputs can be optionally
linked to all OR gates. Any of the 32 AND gates
can drive bidirectional I/O lines (B), whose out-
put polarity is individually programmable
through a set of Ex-OR gates for implementing
AND-OR or AND-NOR logic functions. Simi-
larly, any of the 32 AND gates can drive the J-K
inputs of all flip—flops. There are 4 AND gates
for the Asynchronous Preset/Reset functions.

All flip-flops are positive edge-triggered and
can be used as input, output or I/O (for interfac-
ing with a bidirectional data bus) in conjunction
with load control gates (L), steering inputs (1),
(B), (Q) and programmable output select lines
(E).

The PLS159A is field-programmable, enabling
the user to quickly generate custom patterns
using standard programming equipment.

VIRGIN STATE

The factory shipped virgin device contains all
fusible links intact, such that:
1. OE is always enabled.

2. Preset and Reset are always disabled.
3. All transition terms are disabled.
4

. All flip—flops are in D-mode unless other-
wise programmed to J—K only or J~K or D
(controlled).

5. All B pins are inputs and all F pins are
outputs unless otherwise programmed.

May 11, 1988

FLIP-FLOP TRUTH TABLE

OFE [L ck P R J K|aQ| F
H Hi-2
L [x x L XX X|L| H
L {X X HLXX|H[ L
L {X X L HXX]|L|H
Lt T LLtL Llala
Lt T LLtL H|L|H
Lt T LteHLHIL
L |t T L rHH|T]laa
H (w T L L H|L| W
H |h T LHL|IH| L
sovix T X x L H|L|H~
X T X XHL[H|L"
NOTES:
1. Positive Logic:
K= To# T+ Toeeeeeeeeeeenanns Tar
Tho=C-(lo-li-12...) - (Qo-Qy...) (By
“By-...)

. T denotes transition from Low to High level.

. X =Don't care

. " =Forced at F,, pin for loading the J-K flip—
flop in the Input mode. The load control
term, L, mustbe enabled (HIGH) and the p—
terms that are connected to the associated
flip—flop must be forced LOW (disabled)
during Preload.

5. AtP =R =H, Q= H. The final state of Q

depends on which is released first.

6. ** = Forced at F,, pin to load J—K flip—flop

independent of program code (Diagnostic

mode), 3-State B outputs.

AN

214

CAUTION: PLS159A
PROGRAMMING ALGORITHM

The programming voltage required to program
the PLS159A is higher (17.5V) than that re-
quired to program the PLS159 (14.5V). Conse-
quently, the PLS159 programming algorithm
will not program the PLS159A. Please exercise
caution when accessing programmer device
codes to insure that the correct algorithm is
used.
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FPLS LOGIC DIAGRAM

B—————————(LOGIC TERMS — T) a4 B (CONTROL TERMS) ——m

e s

2 [H ‘ 2 g s e o e
]
T

- [_-30

1 BR T -

) - - : 5
Fy - Eas T E ;::t *4 § R T —
F, 4 1 8

2 - - 5 T —
¢, I T - 6858

F‘

. EER SR

Fe

00

D, |D, A€,

SE By
E B?
{7l &,
{€]s,

]Eﬂ

i ]’@Fs

|

Boy{i6] £,

& ]EIFs

]@”‘

‘]‘@Fo
Bleeceee2d 2o eccccqg 15ecceceg Terssnng Fe ox o

LD01681S.

NOTES:

1. All OR gate inputs with a blown link fioat to logic "0"".

2. All other gates and control inputs with a blown lirk float to logic “"1'.
3. @ denotes WIRE-OR.

4. % Programmable connection.
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ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-Pin Plastic DIP (300mil-wide) PLS159AN Maximum junction 150°C
20-Pin Plastic Leaded Chip Carrier PLS159AA Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS! ambient to junction
RATINGS
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +7 Voe
ViN Input voltage +5.5 Voe
Vour Output voltage +5.5 Voc
In Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.

DC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75V < V¢ < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION Min | Typ! ] Max UNIT

Input voltage?
Viy High Vee = Max 20 v
Vi Low Vee = Min 0.8 v
Vic Clamp Ve = Min, Iy =—12mA -0.8 -1.2 \"
Output voltage? _
Vou High Vec = Min, loy = —2mA 2.4 v
VoL Low loL = 10mA 0.35 0.5 v
Input current
™ High Vee = Max, Viy =5.5V <1 80 HA
I Low ViN =0.45V -10 -100 HA
Output current
loorr) Hi-Z state*.7 Vce = Max, Vour = 5.5V 1 80 HA

Vour = 0.45V -1 -140 HA
los Short circuit3: 5 Vour =0V -15 -70 mA
lce Ve supply current® Vo = Max 150 190 mA
Capacitance
Cin Input Vee =5.0V, Viy = 2.0V 8 pF
Cout Output Vour = 2.0V 15 pF

NOTES:

. All typical values are at Vgg = 5V, Tp = +25°C.

. All voltage values are with respect to network ground terminal.

Test one at a time.

. Measured with V|, applied to OE.

. Duration of short circuit should not exceed 1 second.

lcc is measured with the OE input grounded, all other inputs at 4.5V and the outputs open.
. Leakage values are a combination of input and output leakage.

NOOR WD =
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AC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75V < Ve £5.25V, R, =470Q, R; = 1kQ2
' LiMITS
SYMBOL PARAMETER FROM TO TEST CONDITION Min ] Typ! l Max UNIT
Pulse width
tokH Clock? High CK + CK- C_ = 30pF 20 15 ns
tokL Clock Low CK- CK + C_ =30pF 20 15 ns
tokp Period CK+ CK+ C_ = 30pF 55 45 ns
tPRH Preset/Reset pulse (,B)— (1,B) + Cy = 30pF 35 30 ns
Setup time®
tis1 Input (,B)* CK + C_ = 30pF 35 30 ns
tis2 Input (through F) F+ CK + C =30pF 15 10 ns
Input (through _
tisa Complement Array)* (,B)* CK+ C = 30pF 55 45 ns
Hold time
tiH1 Input (1,B)* CK + C = 30pF (o} -5 ns
tiH2 Input (through Fp) Ft CK+ C_ = 30pF 15 10 ns
Propagation delay
tcko Clock CK+ Ft+ Cy = 30pF 15 20 ns
toet Output enable OE - F- C_ = 30pF 20 30 ns
top1 Output disable® OFE + F+ C_ =5pF 20 30 ns
tep Output (1,B) B+ Cp = 30pF 25 35 ns
toe2 Output enable (1,B) + Bt C_ =30pF 20 30 ns
top2 Output disable® (1,B) - B+ C =5pF 20 30 ns
trrO Preset/Reset (1,B) + Ft C_ = 30pF 35 45 ns
tePR Power—on/preset Vee + F- Cp =30pF 0 10 ns
NOTES:
1. Alltypical values are at Vg = 5V, Tp = +25°C.
2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns.
3. Measured at V1 = Vg + 0.5V.
4. When using the Complement Array tckp = 75ns (min).
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.
VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
V(?;c
boT— T B Y LUDES SCOPE
Y INCLUDES
| AND JIG
| R, CAPACITANCE
n P . I Bz
DUt
Bw ¢ * T - Fp Ry a
By o_l_. L Fn I
CKO—= GND }e———0 TE = =
=
MEASUREMENTS: =
Al circuit delays are measured at the +1.5V level
of inputs and outputs, unless atherwise specified.
Input Pulses
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PLS159A

TIMING DIAGRAMS

TIMING DEFINITIONS

I,B
(INPUTS)

CcK

= [1]
Hs1 =+ tcKH—*" ekL—*

ﬁ 1.5V
T U 451"
1.5V

CKP

F
(OUTPUTS)

Flip—Flop Outputs

1,B
(INPUTS)

PD

B
(OUTPUTS)

N

N\

r
1.5V

<N

T

LB
(OUTPUT
ENABLE)

1.5V

)Fw
+

/
top2 77|
K +1L5V

Gate Outputs

+5V

ov

"‘ tPPR™]

. \
(OUTPUTS)

1.5V

VoH

ek

VoL

+3V

LB
(INPUTS)

(o

ov

CK

*— W1

1.5\/]

[——ts1—— tcK

Power—On Reset

/_.____ +3V
1.5V

+3V

ov

VoH

VoL

+3V

ov

SYMBOL

PARAMETER

tekH

Width of input clock pulse.

tekL

Interval between clock pulses.

tekp

Clock period.

teRH

Width of preset input pulse.

tis1

Required delay between
beginning of valid input and
positive transition of clock.

tisz

Required delay between
beginning of valid input forced
at flip—flop output pins, and
positive transition of clock.

tin

Required delay between
positive transition of clock and
end of valid input data.

tine

Required delay between
positve transition of clock and
end of valid input data forced
at flip—flop output pins.

teko

Delay between positive
transition of clock and when
outputs become valid (with

OE Low).

toet

Delay between beginning of
Output Enable Low and when
outputs become valid.

too1

Delay between beginning of
Qutput Enable High and
when outputs are in the
OFF-State.

tePR

Delay between V¢ (after
power—on) and when flip-flop
outputs become preset at “1”
(internal Q outputs at “07).

tpp

Propagation delay between
combinational inputs and
outputs.

Delay between predefined
Output Enable High, and
when combinational outputs
become valid.

Delay between predefined
Output Enable Low and when
combinational outputs are in
the OFF-State.

trro

Delay between positive
transition of predefined
Preset/Resetinput, and
when flip—flop outputs
become valid.
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PLS159A

TIMING DIAGRAMS (Continued)

\,B
(INPUTS)

PRESET/RESET a

+V
C 15V
ov
43V
ov
< %s1’ Ys1 Ko |
43V
[ 1.5V 15V
ov

(1B INPUTS) le—— tpau
o - M (PRESET) ‘2
\____(RESED
<= 'PRO
F /T mesen T\ Vou
15V ( 15V
(OUTPUTS) 7
Y (PRESET) \

cannot be guaranteed by the user.

Asynchronous Preset/Reset

18 ><
(LOAD SELECT) 8V

Xz

OE <l1.5v 1.5V
toE1 —
N —————— — h——-.—\
L \
——————-—-——.II \——-

|

|

" |

(NPUTS) vy (FORCED DiN) )(mv
e—— toD1 tis2
cK

ANNNNN\EN

Flip-Flop Input Mode

VoL

* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Tig1

+3v

ov

+3V Vou

oV voL

+3v

WF05501S
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PLS159A

LOGIC PROGRAMMING
PLS159Alogic designs can be generated using
Signetics AMAZE PLD design software or one
of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS159A logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equations
(I, B, O, P, etc.) is assigned a symbol. The sym-
bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, etc., are defined below.

“AND” ARRAY - (1), (B), (Qp)
b— 18,0 $—1,8,Q —18,Q —18,Q
»—1,8,0 | —1,8,@ »— 18,0 —1,B,Q@
(TFc,LLP,R, D)y (T Fc,LPRR D)y (TLFC, LR R, D)y (LFc, LR R Dy
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE D 2 o 1,B,Q H 1.8,Q L DON'T CARE -
“COMPLEMENT” ARRAY - (C)
c c c c
c c c c
(T, Fo) (T, Fo) (Tn. Fo) (T Fc)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVE" 3,8 o GENERATES A PROPAGATE . TRANSPARENT -
“OR” ARRAY - (F-F CONTROL MODE) “OR” ARRAY - (Q,, = D-Type)
Fc Fc Tn Th
—t J t—a | — J t—a —4 J t—a | + J }—a
—¢—ENABLED — | DISABLED M = ENABLED M = ENABLED
— K — K —4 K — K
ACTION CODE ACTION COUE Tn STATUS CODE Tn STATUS CODE
(CO:J—'I'.:{ g&n)' A JK ONLY . ACTIVE (Sety? A INACTIVE (Reset) |
Notes on following page. CAUTION:
THE PLS159A Programming Algorithm is different from the PLS159.
May 11, 1988 220
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“OR” ARRAY - (Qy, = J-K Type)

Th Tn Tn Tn
— J —a — J —a | J — Q — J — a
M = DISABLED M = DISABLED M = DISABLED M = DISABLED
— K — K -4 K — K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE o SET H RESET L HOLD -

“OR” ARRAY - (S or B)

“EX-OR” ARRAY — (B)

Tn

Tn

Tp STATUS

CODE

T, STATUS

CODE

POLARITY

POLARITY

ACTIVE!

INACTIVE

Low!

HIGH

“OE” ARRAY - (E)

o [F—"D——

—t

En

.
1
k

ACTION

CODE

ACTION

ACTION

CODE

ACTION

CODE

IDLED 4

CONTROL

ENABLE4

DISABLE

NOTES:
1

. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.

os op

May 11, 1988
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. Any gate (T, F¢, L, P, R, D), will be unconditionally inhibited if both of the I, B, or Q links are left intact.
. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, F¢.

E, =0 and E, = @ are logically equivalent states, since both cause F, outputs to be unconditionally enabled.
These states are not allowed for control gates (L, P, R, D), due to their lack of “OR" array links.
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FPLS PROGRAM TABLE

AND i OR ! CONTROL l NOTES

e = = - -+ ———— e — —— — — - - The FPLS is shipped with all hinks intact. Thus a back-

erso ] [Tw - ground of entnes corresponding to states of virgin

m @=0) Iinks exists in the table, shown BLANK for clanty
Program unused C. 1, B.and Q bits in the AND array as

(—). Program unused Q. B. P. and R bits in the OR

array as (—) or (A). as apphcable

Unused Terms can be left blank

Q (P) and Q (N) are respectively the present and next

states of flio-flops G

INACTIVE 0

7Koo FIF MOOE 1DLE To

(controlled) | CONTROL | A

ENABLE l .
+

|
|
l DISABLE
° | ISABLE | -
I
|
A

st

N

OON'TCARE |-

Ea B

@

INACTIVE | O
GENERATE | A
PROPAGATE |
mmmueuv: -

TOGGLE
SEY
RESET
HOLOD

IS

POL)

(@ = JiKy ow TL

hd FIF MODE €g N I POLARITY

r
NN L1
AND

] 8(1) Q (P] Qa(N) 8(0)
3l2{1]ofaf2f1]Jof7]e]slala]2]1]0 7le]s|afjaf2]1]af3]2]1]0

olo[~wlolala]o|n]a]o|Edm

ala
e k-

12

THIS PORTION TO BE COMPLETED BY SIGNETICS

CF (XXXX)

CUSTOMER SYMBOLIZED PART #

DATE RECEIVED
COMMENTS

REV DATE
3

RA
La
D3
D2
D1

TOTAL NUMBER OF PARTS
PROGRAM TABLE #

PURCHASE ORDER #
SIGNETICS DEVICE #

CUSTOMER NAME

v

8012915
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Status Product Specification

Programmabie Logic Devices

DESCRIPTION

The PLS167 and PLS167A are bipolar,
Programmable Logic State machines of
the Mealy type. The Field—-Programmable
Logic Sequencers (FPLS) contain logic
AND/OR gate arrays with user program-
mable connections which control the in-
puts of on—chip State and Output
Registers. These consist respectively of 8
Qp, and 4 Qr edge-triggered, clocked S/R
flip—flops, with an asynchronous Preset
Option.

All flip—flops are unconditionally preset to
“1” during power turn-on.

The AND array combines 14 external
inputs, ly_13, with 8 internalinputs, Py_7, fed
back from the State Register to form up to
48 transition terms (AND terms). In addi-
tion, Po and P, of the internal State Regis-
ter are brought off—chip to allow extending
the Output Register to 6 bits, if so desired.

All transition terms can include True,
False, or Don't Care states of the control-
ling variables, and are merged in the OR
array to issue next—state and next—output
commands to their respective registers on
the Low-to—High transition of the Clock
pulse.

Both True and Complement transition
terms can be generated by optional use of
the internal variable (C) from the Comple-
ment Array. Also, if desired, the Preset
input can be converted to output-enable
function, as an additional user program-
mable option.

Order codes are listed in the Ordering
Information Table.

PHILIPS

PLS167/A

Field-Programmable Logic
Sequencers (14 x 48 x 6)

FEATURES

® fyax = 13.9MHz - PLS167
20MHz - PLS167A

— 20MHz clock rate — PLS167
25MHz clock rate — PLS167A

® Field—Programmable (Ni—Cr link)

® 14 True/Complement buffered
inputs

® 48 programmable AND gates

® 25 programmable OR gates

® 8-bit State Register

® 2-bit shared State/Output Register

® 4-bit Output Register

® Transition Complement Array

® Programmable Asynchronous
Preset/Output Enable

® Positive edge-triggered clock

® Power-on preset to logic “1” of all
registers

e Automatic logic “HOLD” state via
S/R flip-flops

® On—chip Test Array

® Power: 600mW (typ.)

® TTL compatible

® 3-State outputs

® Single +5V supply

® 24-pin DIP 300mil-wide

APPLICATIONS

® Interface protocols

® Sequence detectors

® Peripheral controllers

© Timing generators

® Sequential circuits

® Security locking systems

223

PIN CONFIGURATIONS
N Package
cx (1] = 23] vee
16 [Z] 23] 17
15 (3] 27] 1
1 (4] E] ly
13 5] 20] 149
Iz 6] [19] 13y
n 7] 18] 112
1o [] 17) 143
Fo [9] [16] PROE
Fy 19} [15] Py
Fp, 11 13] Py
GND é [13] F3
A Package
la 1s lg CKVcc iz 1g
4] 51 [2] [7] ol o1 ]

Nc [5] o 25] NIC
15 [6] 24] 19
") 23] 110
h [8] 22) 114
o 9] 21] 1y,
Fo [10] 20] 113

Ne [11] [19) NC

07 oo o4 o] o] o7 e

Fy Fp GND F3 Py Py PROE

PHILIPS
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FUNCTIONAL DIAGRAM

EHE

@ |ourrur
REG.

Tz T cK

LDO1151S

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION POLARITY
1 CK Clock: The Clock input to the State and Output Registers. A Low—to—High transition on Active—High
this line is necessary to update the contents of both registers.
2-7 Iy —h3 Logic Inputs: The 13 external inputs to the AND array used to program jump conditions Active—High/Low
17-23 between machine states, as determined by a given logic sequence.
8 lo Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when Active—High/Low

exercised with standard TTL levels. When |y is held at +10V, device outputs Fj _ 3 and
Po - 1 reflect the contents of State Register bits P, _7 (see Diagnostic Output Mode dia-
gram). The contents of flip—flops P _ 1 and Fq — 3 remain unaltered.

9-1 Fo-3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active—High
13 Output Register bits Qg — 3, when enabled. When |y is held at +10V, Fg_3 = (P2_5).

14-15 Po-1 Logic/Diagnostic Outputs: Two register bits with shared function as least Significant Active-High
State Register bits, or most significant Output Register bits. When Ig is held at +10V, Pg_ 4
=(Ps-7).

16 PR/OE Preset or Output Enable Input: A user programmable function:
® Preset: Provides an Asynchronous Preset to logic “1” of all State and Output Register Active—High (H)
bits. Preset overrides Clock, and when held High, clocking is inhibited and Pg 7 and Fo_3

are High. Normal clocking resumes with the first full clock pulse following a High—to—-Low
clock transition, after Preset goes Low.

o Dutput Enable: Provides an Output Enable function to all output buffers. Active-Low (L)
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FPLS LOGIC DIAGRAM

— (LOGIC TERMS—T) -

LI | | RN

-—
-
id—

. -

|
T

P
T
ot —
e

S e

ziIslaIninirotel~folei~le

|
47 cesseeed0 3900000000323l soceens 28 230accncaclB15ecnreccsl 7esseassed

NOTES:

1. All AND gate inputs with a blown link float to a logi .
2. All OR gate inputs with a blown fuse float to logic "0".
3. @ Programmable connection.

i ﬁll‘ 7

Q,

Q9

- g
é} BRERE

r-- -

r___
[z

alo

Po

s

F2

Fo

CK

1LD02282S
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Field-Programmable Logic Sequencers (14 x 48 x 6) PLS167/A
TRUTH TABLE 1:2,3,4,5,6 LOGIC FUNCTION
OPTION Typical State Transition:
Vee PR OE lo CK S R Qpr F @ a1 Qo
H * X X X H H @ PRESENT STATE
L +10V X X X Qn (Qp)n
L X X X X Qn (QF)n STATE REGISTER A-B-C-...
H : X X x | o | wz _ @ NEXT STATE
v ol ox ox x| oo | o oon
L X X X X Qn (QF)n
L X T L L Q, (QF)n SET Qg: So=(T2- Qy - Tg) - K-B-C...
L X T L H L L Fo=0
RESET Qq:§1=0
L X T H L H H 'n:=(az-o,-uo)-x-n-c...
L X T H H IND. | IND.
HOLD Qgp: S =0
T X X X X X X H Rz =0
NOTES:
1. Positive Logic:
SR=To+T1+Ta+...Ta VIRGIN STATE
Ta=C(lolyl2...)(PoPy...P7) The factory shipped virgin device contains all
2. Either Preset (Active—High) or Oufput Enable (Active-Low) are available, but not both. The  fusible links intact, such that:
desired function is a user—programmable option. 1. PR/OE optionis setto PR. Thus, all outputs
denotes transition from Low—to—High level. will be at “1”, as preset by initial power-up
R = 8 = High is an illegal input condition. procedure.

*=HorLor+10V.
. X =Don't Care (<5.5V)

I ]
N

. All transition terms are disabled (0).
3. All S/R flip—fiop inputs are disabled (0).
4. The device can be clocked via a Test

ORDERING INFORMATION Array pre—programmed with a standard
DESCRIPTION ORDER CODE !rfleg‘rp;n%rg Test Array pattern MUST be
24-Pin Plastic DIP (300mil-wide) PLS167N, PLS167AN :fa'i:ei’r t:‘:';";;‘xgg;‘igga;:nﬁ; gﬁy
28-Pin Plastic Leaded Chip Carrier PLS167A, PLS167AA by any Signetics qualified programming
equipment.
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER Min Max UNIT Maximum junction 150°C
Vee Supply voltage +7 Voc Maximum ambient 75°C
ViN Input voltage +5.5 Voc Allowable thermal rise 75°C
Vout Output voltage +55 Voc ambient to junction
IN Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -85 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.
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DC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75V < V¢ < 5.25V
LmTe
SYMBOL PARAMETER TEST CONDITION Min [ Typt [ max | unim
Input voltage?
Vi High Vee = Max 2.0 )
Vi Low Vee =Min 0.8 \
Vi Clamp? Ve = Min, Iy ==12mA -0.8 -1.2 \"
Output voitage?
Vcc =Min
VoH High* lon = —2mA 24 \
Vou Low$ loL = 9.6mA 035 0.45 v
Input current
In High Viy =55V <1 80 YA
n Low V)N = 0.45V -10 | -100 HA
Iy Low (CK input) Vi = 0.45V 50 | -250 HA
Output current
Ve = Max
loorr) Hi-Z state5 6 Vour = 5.5V 1 40 HA
Vour = 0.45V -1 -40 HA
los Short circuit3. 7 Vour =0V —-15 -70 mA
lee Ve supply current® Ve = Max 120 180 mA
Capacitance®
Ve = 5.0V
Cin Input Vi = 2.0V 8 pF
Cout Output Vour = 2.0V 10 pF
NOTES:

N bR

. All typical values are at Vg = 5V, Tp = +25°C.

All voltage values are with respect to network ground terminal.
. Testone at a time.
. Measured with V_applied to OE and a logic high stored, or with V} applied to PR.
Measured with a programmed logic condition for which the output is at a low logic level, and V| applied to PR/OE Output sink current is
supplied through a resistor to V.

. Measured with Vy, applied to PR/OE.
. Duration of short circuit should not exceed 1 second.

. lcc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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AC ELECTRICAL CHARACTERISTICS R, = 470Q, R, = 1k, C_ = 30pF, 0°C < Tp < +75°C, 4.75°CV < Vgc < 5.25V

LIMITS
SYMBOL PARAMETER FROM TO PLS167 PLS167A UNIT
Min l Typ! I Max | Min l Typ! ] Max
Pulse width3
tokH Clock? High CK + CK - 25 15 20 15 ns
toke Clock Low CK~ CK+ 25 15 20 15 ns
tcke1B Period (without Complement Array) Output +/— | Input +/— 80 40 50 40 ns
tckp2B Period (with Complement Array) Output +/~ | Input +/— 120 60 80 50 ns
tPRH Preset pulse PR+ PR- 25 15 25 15 ns
Setup time3
tis1A Input Input + CK + 60 40 ns
tis1B Input Input + CK + 50 30 ns
tis1C Input Input = CK + 42 N/A ns
tisoA Input (through Complement Array) Input+ CK + 90 70 ns
tis2B Input (through Complement Array) Input CK+ 80 60 ns
tis2C Input (through Complement Array) Input CK + 72 N/A ns
tvs Power—on preset Vee + CK - 0 -10 0 -10 ns
tPRs Preset PR- CK - 0 -10 0 -10 ns
Hold time
tiy Input CK + Input [ 5 I -10 [ J 0 J -5 l ns
Propagation delay
tecko Clock CK + Output 15 30 15 20 ns
toe Output enable OE - Output — 20 30 20 30 ns
ton Output disable OE + Output + 20 30 20 30 ns
ter Preset PR+ Output + 18 30 18 30 ns
tepr Power—on preset Vee + Output + 0 10 0 10 ns
Frequency of operation®
fuaxC Without Complement Array 13.9 20.0 MHz
fmaxC With Complement Array 9.8 12.5 MHz
NOTES:
1. All typical values are at Vg = 5V, Tp = +25°C.
2. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns.
3. See “Speed vs. OR Loading” diagrams.
TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
430V — — — —
T +5V
Vee
lo P Ry
| o]
; ol 11
| ]
F3 Ry CL
h3 I
° CK  PRIOE ° T 7 ncLubes
GND gcops AND JIG ;.,L— —-‘
T CAPACITANCE)

MEASUREMENTS:
All circuit delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.

Input Pulses
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228




Signetics Programmable Logic Devices Product Specification

Field-Programmable Logic Sequencers (14 x 48 x 6) PLS167/A

TIMING DIAGRAMS TIMING DEFINITIONS
SYMBOL PARAMETER

+3V
lo-13 :>(1.sv 1.5V tekH Width of input clock pulse.
texL Interval between clock pulses.

Clock period — when not ‘
tokpt using Complement array. i

Required delay between
tis1 beginning of valid input and
positive transition of clock.

VoH
"sv\\ A[ r Clock period — when using
- teko™] VoL lckP2 | Complement array.

=

f—— tyg——=t

CLK

Fo-3/Po—1

[ tckp

Required delay between
beginning of valid input and
positive transition of clock,

tis2 when using optional
Complement Array (two
passes necessary through the
Flip—Flop Outputs AND array).

Required delay between V¢c
t (after power—on) and negative
Vs transition of clock preceding

. X - 3V first reliable clock pulse.
0-13 15v

ov Required delay between
negative transition of
asynchronous Preset and |

———— +3V ! h
y v 15V 15V ’ teRs negative transition of clock
oK - ) ’ ov preceding first reliable clock \
Dyt pulse. \
Vou Required delay between ‘
Sk 15V tiH positive transition of clock and |
Foa/Po1 .l L Vou end of valid input data. i
tor tors > tek —
N v Delay between positive

15V \“\w transition of clock and when

e teko outputs become valid (with
PR et oV PROE Low).

Delay between beginning of

Asynchronous Preset toe Output Enable Low and when
outputs become valid.

ov
tOE

Delay between beginning of
Output Enable High and

+5V too when outputs are in the
oy OFF-State.
. Delay between input Ig
cc

ov transition to Diagnostic mode
- tPPR tsRe and when the outputs refiect

- - - Vo, the contents of the State
&Q 15V (F)=1 1.5V (Fa=1) Register.
Fo-3/Poy

.l VoL Delay between input lg
l=tcko: transition to Logic mode and

'rl [ tsrD when the ofua:utcs;Jefle‘a the
contents of the Outpu
15V 4 \ 1.5V 15V Register. :

ClKk modoconoeme- ov

Delay between positive
tvs [ transition of Preset and when |
outputs become valid at 1",

+3V \
1.5VX %,5\/ Delay between V¢ (after 1
lo-n ov tppR power-on) and when outputs |
t ' become preset at 1.
Is 1 'H
WE054035 tPRH Width of preset input pulse.
Power-On Preset fmax Maximum clock frequency.
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TIMING DIAGRAMS (Continued)

' }‘LSV

1o x 15V 15 4
i

8.0v

e m————~

CLK s

+3V

ov

[‘—‘ls_’f_'cm-i—'
—====—1-- [ Ry S g Mg MU Y

INTERNAL
STATE REG. (Pg) X (Ng)
——— ——— o —— - —— - — = ——— — ——— VoL
1 ~— tsre —'l I=— tsro ——l
v,
LR IR >
(Fo) . : x X 1. 0+
ouTPUT h / A // / A/ // v V;)L
RE 'cxo L_
OF = = ov
'WF05381S
Diagnostic Output Mode
SPEED VS. “OR” LOADING
The maximum frequency at which the PLS " The two other entries in the AC table, tigo A
can be clocked while operating in sequential J s18 and B are corresponding 24 and 16 term lim-
mode s given by: 50 s ts1A_J its when using the on-chip Complement
IS1
(1/fmax) = toy = tis + tcko © Array.

. The worst case of tig for a given application
This frequency depends on the number of . P : IS o7 a 9V .
transition terms T, used. Having all 48 terms 2% = ca;]l:ﬁ determmed by 'gzn"?l!ng the Ol: line
connectedin the AND array does not appre- 2 with the maximum number of !, connections.
ciably impact performance; but the number This can be qone by referr.mgito the intercon-
of terms connected to each OR line affects 10 nectpatternin thg PLSlogic diagram, !yplcal—
tis, due to capacitive loading. The effect of ly |llgstrated in Figure 3 or b_Y counting the
thisloading can be seen in Figure 1, showing o PRV — ";"’:E'murr numbt:rt:f : or LP entries ? gr':
the variation of tig4 with the number of terms TERMS CONNECTED/OR ot the columns of the device Frogram able.
connected per OR. oPotze1s This number plotted on the curve in Figure 1

. - Figure 1. PLS167 tig; vs. or 2 will yield the worst case tjs and, by impli-
The PLS167 AC electrical characteristics " . .
contain three limits for the parameters tisy Terms/OR Connected ca‘pot;, the mz?umum clocking frequency for
and tgp (refer to Figure 1). The first, tiga is reliable operation.
guaranteed for a device with 48 terms con- L Note that for maximum speed all UNUSED
nectedto any ORline. tig1g is guaranteed for w J transition terms shouldbe disconnected from
a device with 32 terms connected to any OR us1A the OR array.
line. And tig4¢ is guranteed for a device with ©
24 terms conntected to any OR line. . ts18
The three other entries inthe AC table, tigo A, 2% TRANSTIONTERMS T
B, and C are corresponding 48, 32, and 24 - UUD U
term limits when using the on—chip Comple- D
ment Array. w° TeRmsIon >}
The PLS167A AC electrical characteristics o D
contain two limits for the parameters tig; and C s conmtereDen o
tisz (refer to Figure 2). The first, tgqa is guar- oporzsts useo o108
anteed for a device with 24 terms connected
to any OR line. ti54g is guaranteed for a de- " +

o : Figure 2. PLS167A g vs. Figure 3. Typical OR Array

vice with 16 terms connected to any OR line. Terms/OR Connecl;d Interconnect Pattern
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PLS167/A

LOGIC PROGRAMMING

PLSi87/A iogic designs can be generaied
using Signetics AMAZE PLD design software
or one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS167/Alogic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equations
(1,B, O, P, etc.) is assigned a symbol. The sym-
bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, etc., are defined below.

“AND” ARRAY - (I), (P)

PRESET/OE OPTION - (P/E)

PRIOE
P
E=1
(ALWAYS
= ENABLED)
[ ormion [ cooe ]
[ ereser’ | |

PRIOE
P=0
(PRESET E
DISABLED)
[ opmon [ cooe ]
o= [ ¢ |

PROGRAMMING:

The PS167/A has a power—up preset feature. This feature insures that the device will power—up
in a known state with all register elements (State and Output Register) at logic High (H). When
programming the device it is important to realize this is the initial state of the device. You must
provide a next state jump if you do not wish to use all Highs (H) as the present state.

i,p iLp iLp iLWp

LP LP LP LP

P P 33 33
Tn Tn Tn Tn
[ smmE [ cope | | STATE [ CODE | [ se T cope | [ state [ cooe |
Lmacvet2 [ o | { I,P v ] { 1P | I [ _pontcare | - ]
“OR” ARRAY - (N), (F)

Tn Tn Tn Tn
A e | A D e | D e | oD
w4 | | oD (e D] | D
[ acTioN [ cope | [ acmoN T cope | [ acTion [ cooe | [ AcTion [ cooe |
[_macmvet® | o L SET [ w1 { RESET v ] NOCHANGE | - |

“COMPLEMENT” ARRAY - (C)
c c c c
c < < c
Tn Tn Tn Tn
[ acTioN [ cooe ] [ action T cope | [ acmion T cooe | [ AcmoN ] cooe |
[_macrvet® | o | GENERATE | A | | _propaaTE | o | [ vranspament [ - |
NOTES:
1. This is the initial unprogrammed state of all links.

2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact.
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates Ty, (see

flip-fiop truth tables).

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,
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FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES
AND 1 OR
CUSTOMER NAME ettt R S e
T
PURCHASE ORDER # INACTIVE ° | mACTVE 49
GENERATE A SET H
ETICS E # CF (XXXX) en ! £
SIGN DEVIC PROPAGATE - | | ReseT L N, Fr
CUSTOMER SYMBOLIZED PART # TRANSPARENT | — { [wochance | —
TOTAL NUMBER OF PARTS - G e
INACTIVE | O r OPTION
PROGRAM TABLE # e — ISPl .-y USRI
REV TP 1 ™P | [ereser{w or
|
DATE DON'T CARE | — | L% L
1
OPTION (PE) I
AND o
I INPUT (1) PRESENT STATE (Ps) REMARKS NEXT STATE (Ns) | OUTPUT (Fr)
FHECIEIEL R E . _ _— _ -
M 32'1093]7554]:2107655[3"210 716[s{a[3]21Tof3]2[1 o
L] L L LS T
¥ L] [] T LB
[] L [] [] []
[ [ 1 [] [
A a -] i} ) |
A A Il A A
" a 2 .
L — T L] L2
1 T T w W L]
1 [ [] ] L L]
12 [] | ] ] [] []
13 [] Il [ [} [l
14 n x A a |
15 a M s . |
16 " . . »- M
17 3 = - s
»—::7 + T T T ol
LT T L L] T T
21 LE ] T ¥ T
22 T u [ ] T
23 [] L) [] [] ]
24 [] ] 'l [] ]
25 1 . 2 1 1
26 x M s 2 M
.27 " . M s
5 bl T T -
30 d L L L L
31 L ¥ T v v
32 LJ ] n T T
33 [] [] [] T T
A | ] Il [] []
-’;: 1 1 M [] ]
— 'l A 3 | [l
37 A 2 s ' M
5 - - - :
rm + % ¥ »
5l L T L) o T
42 T T L} T T
43 L] L] [] L T
44 [] ] ] ¥
45 1 [ [] ]
|45
a8 s U v [
a7 ¥ 0 .
PN [1]1§1]|2|2]2}2 IREL BRERE
nvo. |7{sfelofs|2fa|2|3]|4}5|¢]7|® slalls{1]0]®
]
Tz
>
TB01622S
NOTES:

1. The FPLS is shipped with all links initially intact. Thus, a background of "'0" for all Terms, and an ""H" for the P/E option, exits in the table, shown BLANK instead for clarity.
2. Unused Cp, I, and Ps bits are normally programmed Don't Care (—).

3. Unused Transition Terms can be left for future code modification or programmed as (—) for maximum speed.

4. Letters in variable fields are used as identifiers by logic type programmers.
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TEST ARRAY
The FPLS may be subjected to AC and DC v ey
parametric tests prior to programming via an _ cc
on-chip test array. (U * Fo)/Fy Vee
The array consists of test transition terms 48 °
and 49, factory programmed as shown below.
i P
Lo ) . 1, F)/F, (RAY . ’ 0-1
Testing is accomplished by clocking the FPLS (n" FolVFr (- F)/Fy n w707
and applying the proper input sequence to CLOCK —+ CK* FoyfesF
lo.13 as shown in the test circuit timing dia- @ o PR/OE
gram. (I, + F)/F, GND
AF01821S —
State Diagram Tcors02s
FPLS Under Test
OPTION (P/E) I+
AND OR
T
3 ¢ BSTITTS INPUT (im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
M 3|2|1]0f9|8|7]|]6]|5]|4 2|1]0}(7]|6|s5]4]|3|2]|1]{0 7{6|[s5{4f{3|2(110(3|2]1]0
48 | A |HIH|H|H|H|H|IH[H HIH|H|H|/H|H|H|H|{H|H|H[H|H LfjrjefrjojrfrjLfrfjuejrje
49 o Ll e el oo e e e eee e H|{H|H|H|H|H|H[H|H][H|H][H

Test Array Program

T801600S

+5V
475V
Vec
ov
<—'vs—-t<"0ﬂ1 ‘cxl.—»'
ViH
Both terms 48 and 49 must be deleted during [
user programming to avoid interfering with the _.’ [ '-qm_i rt,s,.>4_tm-.l
desired logic function. This is accomplished [
automatically by any of Signetics' qualified lo-13 f‘ft‘l 15V 15V 1.5v£ v
programming equipment. | ©
tepr texo —] r—lcxo
. g
Foa 15V 15V 15V
ov
STATE ————— [ === HGH
REGISTER | S, -t Low
WF05375S
Test Circuit Timing Diagram
OPTION (P/E) I
AND OR
T
H ¢ BTITATS INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
M
3({2(1/0(9|8|7]6]|5]a 2|1]0})7]6]|5|4]|3|[2]1]0 716|543 |2{1]0|3]2}1})0
a8 — [H[{H[H[A[H]H[H[H][A]H][R]R[H[H][H|H]|H]H|R]|H]|RA — === —=1=[=
49 e (LfLjLjLfrfrfrjefrfeljejejelefejejefjefejee|e -] =]=[=]={=[=|=]=[=1=[-

Test Array Deleted

8016108
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Programmable Logic Devices

DESCRIPTION

The PLS168 and tje PLS168A are bipolar,
Programmable Logic State machines of
the Mealy type. They contain logic AND/
OR gate arrays with user programmable
connections which control the inputs of
on—hip State and Output Registers.
These consist respectively of 10 Qp, and
4 Qr edge-triggered, clocked S/R flip—
flops, with an Asynchronous Preset Op-
tion.

All flip-flops are unconditionally preset to
“1” during power turn-on.

The AND array combines 12 external
inputs, lp_1, with 10 internal inputs, Pg_q,
fed back from the State Register to form
up to 48 transition terms (AND terms). In
addition, Py — P3 of the internal State Reg-
ister are brought off—hip to allow extend-
ing the Output Register to 8 bits, if so
desired.

All transition terms can include True,
False, or Don't Care states of the control-
ling variables, and are merged in the OR
array to issue next—state and next—output
commands to their respective registers on
the Low—to—High transition of the Clock
pulse.

Both True and Complement transition
terms can be generated by optional use of
the internal variable (C) from the Comple-
ment Array. Also, if desired, the Preset
input can be converted to output-enable
function, as an additional user program-
mable option.

Order codes are listed in the Ordering
Information Table.

PHILIPS

\E7

PLS168/A

Field-Programmable Logic
Sequencers (12 x 48 x 8)

FEATURES

® fuax = 13.9MHz - PLS168
20MHz - PLS168A
— 20MHz clock rate — PLS168
25MHz clock rate — PLS168A
® Field-Programmable (Ni-Cr link)

® 12 True/Complement buffered
inputs

® 48 programmable AND gates

® 29 programmable OR gates

® 10-bit State Register

® 4-bit shared State/Output Register

® 4-bit Output Register

® Transition Complement Array

® Programmable Asynchronous
Preset/Output Enable

® Positive edge-triggered clock

® Power-on preset to logic “1” of all
registers

® Automatic logic “HOLD” state via
S/R flip—flops

® On—chip Test Array

® Power: 600mW (typ.)

® TTL compatible

® 3-State outputs

® Single +5V supply

® 24-pin DIP 300mil-wide

APPLICATIONS

® Interface protocols

® Sequence detectors

® Peripheral controllers

® Timing generators

® Sequential circuits

® Security locking systems
® Counters

® Shift registers

234

PIN CONFIGURATIONS
N Package
ck (1] f24] vee
15 2] 23] 1
s 3] 22 17
13 [4] [21] 1g
1, [5] 20] 1y
1, [&] 19] 140
o [7] 18] 144
Fo [8] [17) pROE
F1 E 6] pg
F2 [i9 5] Py
F3 E‘: 12] Py
GND [12] 13] Po
A Package

I3 4 Is CKVcclg Iy

[4] [3] [2] [1] fos] o] fos]
L]

e [5] 25] NIC
L [6 24] 15
h (7] 23] 19
o [E] 22] 110
Fo [9] 21] 1y,
Fy [19] 20] PRIOE
N [11] [19] NC
02 1] [14] 18] ] [17] rg]

Fp F3 GND P Py Py P3
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Field-Programmable Logic Sequencers (12 x 48 x 8) PLS168/A

FUNCTIONAL DIAGRAM
(s>
PR/OE
P [E
s a P
@) 1
RAP :
I
s ol ——-D-0F
@ | rea
RAP
T To cK
LDO1150S
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION POLARITY
1 CK Clock: The Clock input to the State and Output Registers. A Low—to—High transition on Active—High
this line is necessary to update the contents of both registers.
2-6 =1y Logic Inputs: The 11 external inputs to the AND array used to program jump conditions Active—High/Low
18-23 between machine states, as determined by a given logic sequence.
lo Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, when Active—High/Low
exercised with standard TTL levels. When g is held at +10V, device outputs F, _ F3 and
Po _P3 reflect the contents of State Register bits P4 _ g (see Diagnostic Output Mode
diagram). The contents of flip—flops Pg _ 1 and Fq _ 3 remain unaltered.
13-16 Po-3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active—High
State Register bits Pg _ 3. When lg is held at +10V these pins reflect (Pg - Pg).
10-11 F2_F3 Logic/Diagnostic Outputs: Two register bits (F, — F3) which reflect Output register bits Active—High
(Q2 — Qg). When lg is held at +10V, these pins reflect (P4 _ Ps).
17 PR/OE Preset or Output Enable Input: A user programmable function:
® Preset: Provides an Asynchronous Preset to logic *1” of all State and Output Register Active—High (H)
bits. Preset overrides Clock, and when held High, clocking is inhibited and Py _g and Fo_3
are High. Normal clocking resumes with the first full clock pulse following a High—to-Low
clock transition, after Preset goes Low.
© Output Enable: Provides an Output Enable function to all output buffers. Active-Low (L)
8,9 Fo—Fq Logic Output: Two device outputs which reflect Output Registers Qp — Q4. When |y is
haeld at +10V, Fo — Fy = Logic “1".

October 11, 1989 235



Signetics Programmable Logic Devices

Product Specification

Field-Programmable Logic Sequencers (12 x 48 x 8)

PLS168/A

FPLS LOGIC DIAGRAM

NOTES:

(LOGIC TERMS—T)

crEtrrn
5 8 0 G

] 20 5 mamﬂgg“é’!u!ﬁgﬂug'f
Py Qlﬂﬂﬂ.ﬁﬂuﬂﬂs mﬂammmmmlmus 8 5 1 1 0 50 0 R A R R R 80

ﬁmﬁsmsmmsmnmaamwumamnammmnnmunamunuﬁuuumnuu 6
ﬁamm - ” S B R ﬂl ﬂ B

iEE s R unmuumm&mﬂsmmﬁmmamulmu»wuna
muumax-umﬁﬂm 50 0 5 0 A S 5 O A 5 150

ML mmsﬁﬁmxmnmﬂﬂsmmunmlmmummuunmwmInmnmm 3
528 5 5 6 O 0 0 O

Pa Eﬂﬁﬂ%iﬁmﬁﬁlﬂﬂ'ﬁ!ﬁMNE%‘@EKWEE&K&HNWEHﬂmﬂ BB RS
% SN 00 0 R R 0 0 W A e
smﬁmuummﬁwﬁamwumngmmxmmnmlxlumnnnu

1 0 R O
Py BBEM!&&S ﬁ!&lﬂz‘s?ﬂ nnmmnm ! ﬁllﬂw 3

m%uﬁngﬂmnanuwu

BEITAE afaRRCREniaC
Ll e e
&saamsmsmsmmg

¥ PHOEERL R ERE ROy
ERRHAE mmmmm CRAnRGE
EEENERERARANNEINNS EEHEES BB
GEEaReaE mﬁam&gsmmmm HEGEC ammn-
BEEHAREEINGR NN RS EOR N ANNMON UCRR R NN AR FHCHREI NG
m&m@mu mm ERAEEARRSnAcHEND ane
Hagam m‘

aua a ‘
L Eﬁ@ﬁ?ﬂl@gﬁﬁéﬁﬁﬁﬁﬁ ' !@Eﬁﬁﬁi&&ﬁ&&iﬁi

il
MH

1. All programmed "AND'' gate locations are pulled to Ioglc R
2. All programmed "OR'" gate locations are pulled to logic "0"".
3. @ Programmable connection.

3‘—%@5
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PLS168/A

TRUTH TABLE 1,2, 3,4,5,6 LOGIC FUNCTION
OPTION Typical State Transition:
Vee PR OE b cK s R Qpir F a2 a1 @
H * X X X H H e PRESENT STATE
L X X X X Q, (QF)n STATE REGISTER K-B-C-...
H . X X X Q, | Hi-zZ _ @ NEXT STATE
+5V L +10V X X X Q, (Qe)n nnn
L X X X X Q, (QF)n
L X T L L Q, (Qp)n SETQ:Sg=(G2°Q1-Tg)-K-B-C...
L X T L H L L Ro=0
RESET Qq: S1 =0
L X T H L H H Ry=(T2°Qq-Tg) K -B-C...
L X T H H IND. | IND.
HOLD Qp:S2=0
) X X X X X X H R2=0
NOTES:
1. Positive Logic:

SIR=To+Ty+To+... + T4z
Tn=Cllohylz...)(PoPy...Pg)

N

desired function is a user—-programmable option.

. Either Preset (Active—High) or Output Enable (Active—Low) are available, but not both. The

VIRGIN STATE
The factory shipped virgin device contains all
fusible links intact, such that:

1.

PR/OE optionis setto PR. Thus, all outputs

3. T denotes transition from Low-to—High level. will be at “1", as preset by initial power—up
4. R =S =High s anillegal input condition. procedure.
5. "=HorLor+10V. 2. All transition terms are disabled (0).
6. X =Don't Care (<5.5V) 3. Al S/R flip-flop inputs are disabled (0).
4. The device can be clocked via a Test
ORDERING INFORMATION Array pre—programmed with a standard
test pattern.
DESCRIPTION ORDER CODE NOTE: The Test Array pattern MUST be
24-Pin Plastic DIP (300mil-wide) PLS168N, PLS168AN deleted before incorporating a user pro-
gram. This is accomplished automatically
28-Pin Plastic Leaded Chip Carrier PLS168A, PLS168AA by any Signetics qualified programming
equipment.
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER Min Max UNIT Maximum junction 150°C
Vee Supply voltage +7 Voc Maximum ambient 75°C
VN Input voltage +5.5 Ve Allowable thermal rise 75°C
Vour Output voltage 455 Voo ambient to junction
IN Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range —65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.
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DC ELECTRICAL CHARACTERISTICS 0°C < T, < +75°C, 4.75V < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION Min I Typ! —I Max UNIT
Input voltage?
Viy High Voc = Max 2.0 \
Vi Low Ve = Min 0.8 \
Vic Clamp? Vee = Min, Iy ==12mA -0.8 -1.2 \Y
Output voltage?
Vcc = Min
VoH High* lon = —2mA 24 v
VoL Low® loL = 9.6mA 0.35 0.45 \
Input current
Iy High Vi =5.5V <1 25 HA
in Low Viy =045V -10 ~100 HA
e Low (CK input) V|\ =0.45V -50 —250 HA
Output current
VCC = Max
looFs) Hi-Z state® Vour = 5.5V 1 40 HA
Vour = 0.45V -1 —40 HA
los Short circuit3 7 Vourt =0V -15 -70 mA
lec Vg supply current® Vee = Max 120 180 mA
Capacitance®
Vcc =5.0V
CiN Input Viy =2.0V 8 pF
Cout Output Vourt = 2.0V 10 pF
NOTES:
1. Alltypical values are at Vg = 5V, Ta = +25°C.
2. Allvoltage values are with respect to network ground terminal.
3. Testone at a time.
4. Measured with V|_applied to OF and a logic high stored, or with V) applied to PR.
5. Measured with a programmed logic condition for which the output is at a low logic level, and Vy_applied to PR/OE Output sink current is
supplied through a resistor to Vc.
6. Measured with V) applied to PR/OE.
7. Duration of short circuit should not exceed 1 second.
8. lcc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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AC ELECTRICAL CHARACTERISTICS R, = 470Q, R, = 1k€2, C_ = 30pF, 0°C < Tp < +75°C, 4.75°CV < V¢ < 5.25V

LIMITS
SYMBOL PARAMETER FROM TO PLS168 PLS168A UNIT
Min I Typ! l Max | Min l Typ! I Max

Pulse width3
tekH Clock? High CK + CK - 25 15 20 15 ns
texL Clock Low CK - CK + 25 15 20 15 ns
tckp1B Period (without Complement Array) Input +/— | Output +/— | 80 40 50 40 ns
tokp2B Period (with Complement Array) Input +/— | Output +/— [ 120 60 80 50 ns
tpRH Preset pulse PR+ PR- 25 15 25 15 ns
Setup time?
tis1A Input Input + CK+ 60 40 ns
tis1B Input Input CK + 50 30 ns
ts1C Input Input £ CK + 42 N/A ns
tis2A Input (through Complement Array) Input CK + 90 70 ns
tis2B Input (through Complement Array) Input CK + 80 60 ns
ti52C Input (through bomplement Array) Input CK+ 72 N/A ns
tvs Power—on preset Vee + CK - 0 -10 (o] -10 ns
tPRs Preset PR - CK - 0 -10 0 -10 ns
Hold time
ty 1 Input r CK + l Input J 5 ] -10 l l 5 l -10 ] I ns
Propagation delay
tcko Clock CK + Output = 15 30 15 20 ns
toe Output enable OE - Output — 20 30 20 30 ns
too Output disable OE + Output + 20 30 20 30 ns
ter Preset PR+ Output + 18 30 18 30 ns
tepr Power—on preset Ve + Output + 0 10 0 10 ns
Frequency of operation3
fmaxC Without Complement Array 13.9 20.0 MHz
fmaxC With Complement Array 9.8 125 MHz

NOTES:

1. All typical values are at Vg = 5V, Ta = +25°C.

2. To prevent spurious clocking, clock rise time (10% — 90%) < 30ns.

3. See “Speed vs. OR Loading” diagrams.

TEST LOAD CIRCUIT VOLTAGE WAVEFORMS

Vee
1% Py b— Rq
| Po —
|
F
| o T
I F3 —-L—~ Ra CL
n
° CK  PRIOE ° T 7 uncupes
GND SCOPE AND JIG
1 CAPACITANCE)

+30V = = = —

MEASUREMENTS:
Al circuit delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.

Input Pulses

October 11, 1989 239



Signetics Programmable Logic Devices Product Specification

Field-Programmable Logic Sequencers (12 x 48 x 8) PLS168/A

TIMING DIAGRAMS TIMING DEFINITIONS

v
lo-11 >st 1.5V
ov

CLK et

Fo-3/Po-3

VoH

IJV\\

- tcko™]

VoL

ov

toE

Flip—Flop Outputs

lonn X,sv

15V

15V 15V 15V
-
‘IS_’L"CKO’I ‘cxu—**-'cm.*l
}( 15v

N T

L— 'mn

CLK

% 15v
"‘cxo-'l

Fo-o/Po-3

Asynchronous Preset

4.5V

Vee

te—tpPR

&g 15V (F)=1 1.5V * (Fo=1)
Fo-3/Po-a
| - tcko:

| texe
15v

1
v \ 15V

B 4
ClK m=de - - I toxn

tvs
5
l— tig ——ate— tyy _'I

Power-On Preset

lo-1n

+3V
ov
+3V

ov

Vou
VoL
+3V

ov

+5V

ov

Vou

VoL

+3V

ov

+3V

ov

WF05404S

SYMBOL

PARAMETER

tckH

Width of input clock pulse.

tekL

Interval between clock pulses.

tekpt

Clock period — when not
using Complement array.

tis1

Required delay between
beginning of valid input and
positive transition of clock.

tckp2

Clock period — when using
Complement array.

Required delay between
beginning of valid input and
positive transition of clock,
when using optional
Complement Array (two
passes necessary through the
AND array).

tys

Required delay between V¢c
(after power—on) and negative
transition of clock preceding
first reliable clock pulse.

tpRs

Required delay between
negative transition of
asynchronous Preset and
negative transition of clock
preceding first reliable clock
pulse.

tH

Required delay between
positive transition of clock and
end of valid input data.

tcko

Delay between positive
transition of clock and when
outputs become valid (with
PR/OE Low).

toe

Delay between beginning of
Output Enable Low and when
outputs become valid.

Delay between beginning of
Output Enable High and
when outputs are in the
OFF-State.

tsrRe

Delay between input ly
transition to Diagnostic mode
and when the outputs reflect
the contents of the State
Register.

tsRD

Delay between input lg
transition to Logic mode and
when the outputs reflect the
contents of the Output
Register.

Delay between positive
transition of Preset and when
outputs become valid at “1”.

tppR

Delay between V¢ (after
power-on) and when outputs
become preset at “1”.

tPRH

Width of preset input pulse.

fmax

Maximum clock frequency.
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TIMING DIAGRAMS (Continued)

the variation of tig1 with the number of terms
connected per OR.

The PLS168 AC electrical characteristics
contain three limits for the parameters tig;
and tig; (refer to Figure 1). The first, tigqa is
guaranteed for a device with 48 terms con-
nected to any OR line. tig1g is guaranteed for
a device with 32 terms connected to any OR
line. And tig4¢ is guranteed for a device with
24 terms conntected to any OR line.

The three otherentries inthe AC table, ti5, A,
B, and C are corresponding 48, 32, and 24
term limits when using the on—chip Comple-
ment Array.

The PLS168A AC electrical characteristics
contain two limits for the parameters tig1 and
tis2 (refer to Figure 2). The first, tigqa is guar-
anteed for a device with 24 terms connected
to any OR line. ti54g is guaranteed for a de-
vice with 16 terms connected to any OR line.

+3V
ov
pm—————- +10V
8.0V X sov
\——-——— +3V
Io 15V 15V + N
| T — 'Y
r— tn —'
+3V
15V \ 15V
CLK ey ov
f——tig ——>1+— texn ——’I
INTERNAL == == = = = = «p === | _————- - === = === Vou
STATE REG. (Pg) X (Ng)
——| - -— - - - - —— - ———— b - e - ———— VoL
[*— tsre ——I [+— 'sro —'1
vV
LRI R ==
(F) 15V & K X 1.5V F,+1
ouTPUT /4/ // / /; // ¢ ":,o)L
RF
— ‘'cko I‘—
OE = = ov
WrossB1S
Diagnostic Mode
SPEED VS. “OR” LOADING
The maximum frequency at which the PLS ™ - The two other entries in the AC table, tigo A
can be clopked while operating in sequential | () and B are corresponding 24 and 16 term lim-
modeis given by: 50 s us1A_| its when using the on-chip Complement
(1/fwax) = toy = tis + tcko w0 |— 7\2 S Aray.

i The worst case of tig for a given application
This frequency depends on the number of : /] 2 91 S oY A 9 "
transition terms T, used. Having all 48 terms ¥ L1 carr\] br:e dete(mlned by |ge;nt|?¥ng the O? line
connectedin the AND array does not appre- 2 ¥". the mb:xggumbnum‘ ro ,,ctgnr_lec ons.
ciably impact performance; but the number his can be done by referring o the intercon-
of terms connected to each OR line affects 0 nectpattern "."hg PLSlogic dlagram,ypncal~
tis, due to capacitive loading. The effect of ly '"l.JS"ated in Figure 3 or b,,y counting the
this loading can be seen in Figure 1, showing e e e o W maximum number of "H" or*L" entries in one

TERMS CONNECTED/OR
0P01261S
Figure 1. PLS168 tig; vs.
Terms/OR Connected

-
NN
TN/
s
.
. |

0 8 16 24 32 40
TERMS CONNECTED/OR
0P01251S

Figure 2. PLS168A g vs.
Terms/OR Connected

of the columns of the device Program Table.

This number plotted on the curve in Figure 1
or 2 will yield the worst case tjg and, by impli-
cation, the maximum clocking frequency for
reliable operation.

Note that for maximum speed all UNUSED
transition terms should be disconnected from
the OR array.

TRANSITION TERMS T,

QO00

TERMS/OR (2)

AF01810S

“oR*
ARRAY

Nt
NGT
useo

Figure 3. Typical OR Array
Interconnect Pattern
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PLS168/A

LOGIC PROGRAMMING

PLS168/A logic designs can be generated
using Signetics AMAZE PLD design software
or one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS168/A logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equations
(1, B, O, P, etc.) is assigned a symbol. The sym-
bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, etc., are defined below.

“AND” ARRAY - (I}, (P)

PRESET/OE OPTION — (P/E)

PRIOE

E=1
(ALWAYS
ENABLED)

[ opmon ] cope ]

[ preser | W |

PRICE
P=0
(PRESET E
DISABLED)
[ OPTION T cooe |
[ OF v ]

PROGRAMMING:

The PS168/A has a power—up preset feature. This feature insures that the device will power—up
in a known state with all register elements (State and Output Register) at logic High (H). When
programming the device it is important to realize this is the initial state of the device. You must
provide a next state jump if you do not wish to use all Highs (H) as the present state.

¥ ip ip P

LP LP P LP

P P ip 33
Tn Tn Tn Tn
[ STATE [ cooe ] [ STATE | cooe | [ smatmE [ cope | [ STATE [ cope |
Lomnacnvet2 [ o | l I, P T w7 [ P | [ pontcare | - |
“OR” ARRAY - (N), (F)

Tn Tn Tn Tn
iAo | A D e | A D e [ v B
oA DA | |t (oD e D
[ Acmion [ cooE | [ acmion [ cope ] [ acTioN ] cooe } [ Acmion | cooe |
[ _macnvet3 | o ] i SET | v [ RESET | I [ NochangE | - ]

“COMPLEMENT” ARRAY - (C)
c ¢ c c
c c < c
Tn Tn Tn Tn
[ acTion [ cooe | [ AcTion [ cooe ] [ acTion [ cooe 1} [~ acmon [ cooe ]
[ _mnacnvet® | o | _ceneratE | A | | PropagatE | o | | ransparent | - |
NOTES:

1. This is the initial unprogrammed state of all links.
2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (1 or P) are left intact.
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T, (see

flip-flop truth tables).

4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T,.
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FPLS PROGRAM TABLE
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o AND
NAME
PURCHASE ORDER ¥ S
CF (XXXX aenemare 4 <
.‘ (AN
SIGNETICS DEVICE « XX) P ———— Nt
CUSTOMER SYMBOLIZED PART ¥ T e
AL NUMI F —
TOTAL NUMBER OF PARTS — g
PRC TABLE ¥ 0 W s
REV (Al T e
DATE o TR =
Srats
OPTION (R/E) 1
ANOD
OR
M PRESENT STATE (P1) REMARKS NEXT STATE (Ns) l_ﬂw'r (Fo)
T(h
: S INPUT(Im) ) 0
L tjofo|s l7 eistaflaj2][v|ofofja|7|efs|e)s3 afsfrle]lsfafafzfrfofyajalft [
- *
v
2
: 1
; +
s H +
+
. H i
7 H T
H H H
] H L T
.. e 1
) H H T
'S ' ,:
+
w 2 $
+
" H
12 "
13 H
“ = }
- + + +
1% 2 %
L
o + f +
d 3 3 1
T T
" M 2 =
L4 L
0 + + t
L4
2 H H e
L | L
22 2 :— M
L
23 : 2 =
1
2 H H H
L] Ll
25 H i }
L
2 H M 1
L] L)
27 M #
T T
28 H 1 +
L] L4
20 re =
L) L)
= + + }
A4
an M 2 1
T t
2 H 't +
+
33 2 2
L)
3 H —+
14
35 1 3
L] L
3 L = 3
Ly Ll
il 3 M
L) L
% + t
» 4
LJ L]
40 e Il
L v
il i 3 3 s
L] Ll L T
42 H b 3 +
L] b b Ld
4 H 1 3 $
" —¥ L] T +
e L "
Ll L)
hil 3 3 3
L] H +
48 2 +
+ +
A7 -
PIN BRI ERED EA R st L
NO, slojo|vg2y3j2jagafsjeqr sjlajagrjo]o]|oe
VARIABLE
NAME
TB02031S
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TEST ARRAY
The FPLS may be subjected to AC and DC
parametric tests prior to programming via an _ Ve @ *SV
on-chip test array. (I + F)/Fy Veo
The array consists of test transition terms 48 °
and 49, factory programmed as shown below.
Testing is accomplished by clocking the FPLS (U - Fo)/Fy (- F)/F, l,——lon  Posf*=Pos
and applying the proper input sequence to cLock —=fck Foob—F
lo.11 as shown in the test circuit timing dia- @ PR/OE !
gram. (i"*‘ Fn)/Fn GND
AF01822S =
TCo15935
State Diagram
FPLS Under Test
AND OPTION (P E) H
OR
T PRESENT STATE (Ps) REMARKS NEXT STATE (Ns) L—EUT (Fr)
; Cn -qj INPUT(Im) ) (ox)
M |o9slzssaIaz|ugs7ssaz2xo 957654anxeaz|o
FON 28 (5 OO O R (N Y HRY G G (1 (Y Y (T L G R A I C ANENEEARNEENAE
o e fefe e Sefefofogefofefeefo ufe quefe fufufe e | MM AN
Test Array Program
+5V
Vee 4.75V
ov
Both terms 48 and 49 must be deleted during " _‘I“" } tow i
user programming to avoid interfering with the - Tov A
desired logic function. This is accomplished Vie
automatically by any of Signetics' qualified |t
programming equipment. _’i v
Ldd IH
loa1 15V
- Vn.
'CKO
v
Foa 1.5V
ov
STATE —————a === HGH
REGISTER | S Low
'WF053765
Test Circuit Timing Diagram
AND OPTION (P E) [ H
OR
T PRESENT STATE (Ps) REMARKS NEXT STATE (Ns) QUTPUT (Fr)
I3 e INPUT(Im) [—
R (o8 I I} (Px) (Px)
~M l098l7654121098765132|0 98765 211jog3y2fryjo
8 J~THIH[H[H HIR W [Hgn[H H[HIH[H [H]HgHH [H W W ~1-1-1- |- -1-1-1-1- |- |-
e Jelufefujegufife oo fu ool fujegufuijefele “T=-1=1=1- “T=1={-1-1-1-
Test Array Deleted
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Programmabie Logic Devices

DESCRIPTION

The PLS179 is a 3-State output, regis-
tered logic element combining AND/OR
gate arrays with clocked J-K flip—flops.
These J—K flip-flops are dynamically con-
vertible to D-type via a “foldback” invert-
ing buffer and control gate F¢. It features
8 registered /O outputs (F) in conjunction
with 4 bidirectional /O lines (B). There are
8 dedicated inputs. These yield variable
/O gate and register configurations via
controlgates (D, L) ranging from 20 inputs
to 12 outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and 21
OR gates with fusible link connections for
programming I/O polarity and direction. All
AND gates are linked to 8 inputs (l), bi-
directional I/O lines (B), internal flip~flop
outputs (Q), and Complement Array out-
put (C). The Complement Array consists
of a NOR gate optionally linked to all AND
gates for generating and propagating
complementary AND terms.

PHILIPS

PLS179

Field-Programmable Logic
Sequencer (20 x 45 x 12)

FEATURES

® fyax = 18.2MHz
— 25MHz clock rate

® Field—Programmable (Ni—Cr link)
® 8 dedicated inputs
® 13 control gates
© 32 AND gates
© 21 OR gates
® 45 product terms:
— 32 logic terms
- 13 control terms
® 4 bidirectional I/O lines
® 8 bidirectional registers
® J/K, T, or D-type flip—flops
® Asynchronous Preset/Reset
® Complement Array
® Active-High or —Low outputs
® Programmable OE control
® Positive edge-triggered clock

® Power—on reset on flip—flop
(Fa=“1")

® Input loading: — 100pA (max.)

® Power dissipation: 750mW (typ.)
® TTL compatible

® 3-State outputs

APPLICATIONS

® Random sequential logic

® Synchronous up/down counters
® Shift registers

® Bidirectional data buffers

© Timing function generators

® System controllers/synchronizers

e Priority encoder/registers

245

PIN CONFIGURATIONS
N Package
cx 1] 24] vee
1o [2] 23] By
n ] 122] F7
12 [4] E Fe
I3 [5] [20] Fs
14 (6] [19] Fy
15 (7] 18] F3
16 [2] [17] F,
7 [3] 6] £y
Bo (0] [15] Fo
8, [11] 1] By
GND [12] 13] OF
A Package

I 1y lgp CLK VgcBg Fr
[4] [3] [2] [1] [e8] [o7) [es]
N [5] d
s [£]
1 [7]
15 [2]
a
t7 [i9

25] N/IC

24] Fo
23] Fs
@Fl
21] Fy
20] Fz

Nic [11]

19 NC

EJEJEAEJCLT]

Bg By GND OE B, Fy Fy

PHILIPS
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FUNCTIONAL DIAGRAM

(LOGIC TERMS) (CONTROL TERMS)

P R L D E

[ 3
bD—{z
C

,|_JU
;

olT mw

T31 To Fc

On—chip T/C buffers couple either True (I, B, Q)
or Complement (I, B, Q, T) input polarities to all
AND gates, whose outputs can be optionally
linked to all OR gates. Any of the 32 AND gates
can drive bidirectional I/O lines (B), whose out-
put polarity is individually programmable
through a set of Ex-OR gates for implementing
AND-OR or AND-NOR logic functions.
Similarly, any of the 32 AND gates can drive the

May 11, 1988

J-K inputs of all flip-flops. Four AND gates
have been dedicated for the Asynchronous
Preset/Reset functions.

All flip-flops are positive edge-triggered and
can be used as input, outputor /O (for interfac-
ing with a bidirectional data bus) in conjunction
with load control gates (L), steering inputs (1),

246

(B), (Q) and programmable output select lines

(E).

The PLS179 is field programmable, enabling
the user to quickly generate custom patterns
using standard programming equipment.

Order codes are listed in the Ordering Informa-
tion Table.
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FPLS LOGIC DIAGRAM

B—————————— (LOGIC TERMS — T). - — (CONTROL TERMS) ——————— &

L4 |

S

- i

i
F-3
g

c
c g(!
Pg |Rg[Pa|Ra|Ls |La [03]D; [Dy Dy EalEe
S X3 D> Do ¢ 3] 8,
nal
Sz XD 14 8,
St X, 4 {5} &
So o F D> i 5,
S
™, Ja o] ]@5
K fo
4 Q {21 7
&S |
A U Q 23 r,
ICK'
i |
—
. J Q —T {9 r,
2 | w
K o
Py |
o @,
K CK' ]
x
Jal— {7, I
K CK [
4 |
L 4 Q fig r, i
K CK' ] ‘
J Q F, ‘
K ]@ ] |
Fleveoee2d 230ccccclf t50naceeg Taoeessld F P 7] cux ‘
LDO1671S }‘

1. All OR gate inputs with a blown link float to logic "'0"'.

2. All other gates and control inputs with a blown link fioat to logic "1".
3. @ denot IRE-OR.

4. 3
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Field-Programmable Logic Sequencer (20 x 45 x 12) PLS179
VIRGIN STATE FLIP-FLOP TRUTH TABLE
The factory shipped virgin device contains all
fusible links intact, such that: DEJLCKPRJKIG F
1. OE is always enabled. H H/Hi-Z
2. Preset and Reset are always disabled. L |X X X X X X]|L H
3. All transition terms are disabled. L |X X HLXX|H L
4. Allflip—flops are in D-mode unless other- L X X L HXXL H
wise programmed to J-K only or J-K or D LjL T Lrertetla Q
(controlied). Lft T LLLHfL| H
5. All B pins are inputs and all F pins are Lt T LLHLIH L
outputs unless otherwise programmed. L L T LLHHIO Q
LOGIC FUNCTION D T
OGICFU 0 Hi{# T L LHLH| L
e Q2 a1 Qo sovix T x X L HfL| H
nnnn e PRESENT STATE X T X X HLIH| 1*
STATE REGISTER A-B-C-... NOTES:

1. Positive Logic:

STl ) e | R

Ta=C-(lo-l4-l2...) - (Qo- Qs ...) -
SETQg:Jo=(Q3 " Tp-Qy-Tg)-K-B-C... Bo-Bi-...)
Ko=0 denotes transition from Low to High level.
. X =Don't care
RESETQq:J1=0 . - )
Q2T Q- TCo)-K-B- . *=Forced at F, pin for loading the J—K flip—
Ky= K-B-C... n
12030201 T) flop in the Input mode. The load control

INFARS)

HOLD Qp: =0 term, L, must be enabled (HIGH) and the
K2=0
p—terms that are connected to the asso-
TOGGLEQ3: J3=(Q3-T2° Q1 "TGg)"X-B-C... ciated flip—flop must be forced LOW (dis-
K3=(Q3-T2° Q1" Tg)-K-B-C... abled) during Preload.

5. AtP =R =H, Q = H. The final state of Q

NOTE: depends on which is released first.
Similar logic functions are applicable for D 6. ** = Forced at Fy pin to load J—K flip-flop
and T mode flip—flops. independent of program code (Diagnostic

mode), 3-State B outputs.

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
24-Pin Plastic DIP (300mil-wide) PLS179N Maximum junction 150°C
28-Pin Plastic Leaded Chip Carrier PLS179A Maximum ambient 75°C
Allowable thermal rise 75°C
ABSOLUTE MAXIMUM RATINGS! ambient to junction
RATINGS
SYMBOL PARAMETER Min Max UNIT
Vee Supply voltage +7 Vbc
Vin Input voltage +5.5 Voc
Vout Output voltage +55 Voe
I Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range —65 +150 °C
NOTES:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those indi-
cated in the operational and programming specification of the device is not implied.
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DC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V < Vg £ 5.25V

Lmars
SYMBOL PARAMETER TEST CONDITION Min r Typ! [ Max UNIT
Input voltage?
Vi High Vee = Max 20 %
V||_ Low VCC = Min 0.8 \'
Ve Clamp Ve = Min, Iy =—12mA -0.8 -1.2 \
Output voltage?
Vou High Ve = Min, loy = —2mA 24 Vv
Voo Low5 loL = 10mA 0.35 0.5 \
Input current
[m High Ve = Max, Vi =5.5V <1 40 HA
I Low VN = 0.45V -10 -100 HA
Output current
loorn Hi-Z state* 7 Vee = Max, Voyr = 5.5V 1 80 HA
Vour = 0.45V -140 HA
los Short circuit? 8 Vout = 0V —-15 -70 mA
lcc Ve supply current® Ve = Max 150 210 mA
Capacitance
Cin Input Ve =5.0V, Viy = 2.0V 8 pF
Cout Output Vour = 2.0V 15 pF
NOTES:
1. All typical values are at Vg = 5V, Tp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone at atime.
4. Measured with V, applied to OF.
5. Duration of short circuit should not exceed 1 second.
6. lcc is measured with the OF input grounded, all other inputs at 4.5V and the outputs open.
7. Leakage values are a combination of input and output leakage.
VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
43V ————
90% Vee
10% +5V
ov o O T— T By INCLUDES SCOPE
| | AND JIG
5ns Rt Sns! | | Ry CAPACITANCE
+3.0V Ih O —~ e Bz
DuT
B °—|'—" T Fo
w Ry CL
ov——— Bx o—]—v Fn :]:
Snsl"— —’ISnn cKo—— GND l—o oE - T
=
MEASUREMENTS: =
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.
Input Pulses
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AC ELECTRICAL CHARACTERISTICS R, = 470Q, R, = 1kQ, C|_ = 30pF, 0°C < Ta < +75°C, 4.75°CV < Voo < 5.25V
SYMBOL PARAMETER FROM To TEST LiMITS UNIT
CONDITION | Min$ f Typ! [ Max

Pulse width3

tekH Clock? High CK + CK- Cy = 30pF 20 15 ns
teke Clock Low CK- CK+ CL = 30pF 20 15 ns
tekp Period CK+ CK + C_ = 30pF 55 45 ns
teRH Preset/Reset pulse (I, B)- (I, B) + C_ = 30pF 35 30 ns
Setup time

tist Input (I, B)* CK + C =30pF 35 30 ns
tis2 Input (through Fp) F+ CK + C_ = 30pF 15 10 ns
tisa Input (through Complement Array)* (I, B)* CK + C_ = 30pF 55 45 ns
Hold time

tiy Input (,B)* CK+ C, = 30pF 0 -5 ns
tiz Input (through Fp) Ft CK + C = 30pF 15 10 ns

Propagation delay

tcko Clock CK+ F+ C, = 30pF 15 20 ns
toe1 Qutput enable OE - F- C_ = 30pF 20 30 ns
tops Output disable® OE + F+ C_ =5pF 20 30 ns
tpp QOutput (,B)x B+ C_ = 30pF 25 35 ns
toez Qutput enable (I, B) + B+ C_ = 30pF 20 30 ns
top2 Output disable? (I, B)- B+ CL =5pF 20 30 ns
tpro Preset/Reset (I, B) + F+ C, = 30pF 35 45 ns
tepR Power—on preset Veo + F- C_ =30pF 0 10 ns

NOTES:

1. All typical values are at Vgg = 5V, Ta = +25°C.

2. To prevent spurious clocking, clock rise time (10% — 90%) < 10ns.

3. Measured at V1 = Vg + 0.5V.

4. When using the Complement Array tckp = 75ns (min).

5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.
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TIMING DIAGRAMS TIMING DEFINITIONS
SYMBOL PARAMETER
43V
1,B - X
(INPUTS) >("5V tekn Width of input clock pulse.
ov
™ Y1 - tokL Interval between clock pulses.
43V
oK 1.5\!] /1sv tekp Clock period.
[ 451 > |CKH oRL—] ov tpRH Width of preset input pulse.
F VoH Required delay between
(OUTPUTS) A[ vr [ beginning of valid input and
VoL positive transition of clock.
L—th toD1
43V Required delay between
OE 1.5V 1.5V ¢ beginning of valid input forced
ov 152 at flip-flop output pins, and
10E1 positive transition of clock.
5 Required delay between
Flip—Flop Outputs (™™ positive transition of clock and
end of valid input data.
+3V Required delay between
B 1 Y
] 1.5V positive transition of clock and
(INPUTS) o tiH2 end of valid input data forced

at flip—flop output pins.

-—— VOH Delay between positive
transition of clock and when

B
(OUTPUTS) %\ 15V ]l"f toko outputs become valid (with
VoL OE Low).
i +1.5V

top2 7" o
- 43V Delay between beginning of
toet Output Enable Low and when
+1.5V outputs become valid.

ov

1,B
(OuTPUT
ENABLE)

Delay between beginning of
Gate Outputs \ Output Enable High and
oD when outputs are in the
OFF-State.

Delay between V¢ (after
4.5V N power-on) and when fiip—flop
PPR outputs become preset at “1”
vee ov (internal Q outputs at “0").

l" tPPR™] Propagation delay between
VOH tpp combinational inputs and

(OUTPUTS'; S S SS §S>{1.5V 1.5V outputs.
VoL

Delay between predefined

" teK L Output Enable High, and
v OE2 when combinational Outputs
LB become valid.
(INPUTS) 1.5V 1.5V
ov Delay between predefined
Output Enable Low and when
[ H1 51— top2

combinational Outputs are in

V_ hadd the OFF-State.
1.5\/] 1.5V 1.5V

Delay between positive

cK ov ;
le—— g1 ——++— tcKH tokL—] transition of predefined
tcxp tprO Preset/Reset input, and when
flip—flop outputs become
Power-On Reset valid.
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TIMING DIAGRAMS (Continued)

cannot be guaranteed by the user.

13V
18
(INPUTS) 18V
ov
43V
cxﬂ 2 1.5V
= - OV
[ Ys1" —>| [ st tcko >
/ \ -
PRESET/RESET i K 18V
ov
(I, B INPUTS) e tppy ——
a B (PRESET) /T
(RESET)
<— tpRo
F /- (RESET) ™\ ( Von
(OUTPUTS) v (PRESET) 7 L1.5v

Asynchronous Preset/Reset

Vo

* Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Tis{

tekH

gy ——

- +3v
: 1.5V
(LOAD SELECT) S )( 8V
ov
+3v
3 lLSV 1.5v
_J ov
toe1
fm———————f———
L \
_—————-——--.Il \——-
|
|
i | +3V VOH
(NPUTS) 121 (FORCED DyN) 1.5V
oV VoL
[ too1 tis2 tiH2
cK

r'+3v
— 0V

(o)

Flip-Fiop Input Mode

WF05501S
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LOGIC PROGRAMMING

PLS179 logic designs can be generated using
Signetics AMAZE PLD design software or one
of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS179 logic designs can aiso be generated
using the pri entry format detailed
on the following . This program table
entry format is supported by the Signetics
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of eachlogic variable from logic equations
(!, B, O, P etc.)is assigned a symbol. The sym-

bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, efc., are defined below.

“AND” ARRAY - (1), (B), (Qp)
b— 18,0 $—1,8,Q — 1,8, —1,8,0
»— 18,0 1,80 »— 18,0 l -1,8,0
(LFc, LA R, D)y (TLFe, LP. R, D) (LFc, LR R, D)p (LFc, LA R D)y
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE " 2 o LB,Q H 18,0 L DON'T CARE -
“COMPLEMENT” ARRAY - (C)
c c c c
c c c c
(Tn. Fe) (Tn FO) (T F) (Tn, Fe)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVE®: 3 5 o GENERATE® A PROPAGATE D TRANSPARENT -
“OR” ARRAY - (F-F CONTROL MODE) “OR” ARRAY - (Q,, = D-Type)
Fc Fc Tn Tn
] J a | — J }—a -4 J —a | — J |—a
4 — M = ENABLED M = ENABLED
— K — K — K — K
ACTION CODE ACTION CODE Tn STATUS CODE Tn STATUS CODE
(coJﬂII'(R%I:EED) A JK . ACTIVE (Set)! A INACTIVE (Reset) .
Notes on following page.
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“AND” ARRAY - (Qy = J-K Type)

Tn Tn Tn Tn
—4 J — Q —J J — Q — J — Q —1 J — Q
M = DISABLED M = DISABLED M = DISABLED M = DISABLED

—4 K 7 K —4 K 7 K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE [o] SET H RESET L HOLD -

“OR” ARRAY - (S or B) “EX-OR” ARRAY - (B)
Tn Tn

Tn STATUS

CODE

T, STATUS

POLARITY

POLARITY

ACTIVE2

INACTIVE

Low?!

HIGH H

“OE” ARRAY - (E)

J
!

;

- I — I
En En En En
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
IDLE 4 o CONTROL A ENABLE4 . DISABLE -

NOTES:
1.

This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
. Any gate (T, F¢, L, P, R, D), will be unconditionally inhibited if any one of the 1, B, or Q link pairs are left intact.

En =0 and E, = ® are logically equivalent states, since both cause Fj, outputs to be unconditionally enabled.

2

3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, Fc.
4

5

. These states are not allowed for control gates (L, P, R, D), due to their lack of “OR" array links.

May 11, 1988
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FPLS PROGRAM TABLE
N T _: NOTES
1. The FPLS is shipped with sl links intact. Thus
WACTIVE 10 'IAC“VE TAlRR, B (O)} | 2 und of entries corr to
1,8 Q H LB-(')-'l'NACTWE:'I @=0) | fax {. IOLE 4:2 ] states of virgin links exists in the table, shown
B a® | +— FIF + | BLANK for clarity.
18,3 L | | [k orD | A[MODE|CONTROL Al 'y | 2. Program unused C, L B, and O bits in the AND
DONT CARE |— | | (CONTROLLED) ENABLE ;o | ;nyu(-ghhognm A(mu)ud(gi& ﬁ.md:u.
ABLE |— in the as (—) or (A), as applicable.
WACTWVE T6]  |[T0GGLE 0 ! DA ! 5. Unusad Terme con be lf bank.
GENERATE 1A o I[sEr H (o=ux)l (m_) | 4 O(P)and Q (N) are respectivety the present and
[PROPAGATE o ||RESEY L : LOW L 1 next states of flip-flops Q.
[rasmrent—]  [[wo 1— . [ Frrone Eg | & | PouARmy
H 1 [TTTTTT1 T M LT 1]
T ANO {OR)
H i 8 () aP) am 8 (0)
8 ] 7]6[s]4]3]2]1]ol3]2][1]0]7]6]5 3]2[]0] [F]e[s[4l3]2]1]0[3]2]1]0
1 o
-
o 1
r4 2
g 3
@ 4
& s
o D
= 7
4| :
o = 9
2 < 10
g | &
s} 1
w |8 N
e}
N 13
2 |a 0
z =] 15
(o] E a 16
= w
E n > 17
c w @ 18
EgUQt s
X2 Wwg
QX e T 3 20
EXh W s 2
w o< Q 2
O O a O =
24
25
26
[27
w 28
=z 2
a 30
3
r ———
> Ps
w Re
v To 14
Pa
Ra
%) La
e 03
< 02
* % Q o1
c [P
wiz 8oy K=
Eg;ms PN Jolsl7]e]s[a]a]2]23]1af11]10]22[21]20]19]18]17[16]15
2048
T w e, 2
baod 32
3iE 28
EoY<ga
23555 ¢
ca v F a
TBo1711S

May 11, 1988 255



Signetics

Document No.

ECN No.

Date of Issue |January 1989

Status Preliminary Specification

Programmable Logic Devices

DESCRIPTION

The new PLC42VA12 CMOS PLD from
Signetics exhibits a unique combination of
the two architectural concepts that revolu-
tionized the PLD marketplace.

The Signetics unique Output Macro Cell
(OMC) embodies all the advantages and
none of the disadvantages associated
with the “V” type Output Macro Cell
devices. This new design, combined with
added functionality of two programmable
arrays, represents a significant advance-
mentinthe configurability and efficiency of
multi-function PLDs.

The most significant improvement in the
Output Macro Cell structure is the imple-
mentation of the register bypass function.
Any of the 10 J-K/D registers can be indi-
vidually bypassed, thus creating a combi-
natorial I/O path from the AND array to the
output pin. Unlike other “V” type devices,
the register in the PLC42VA12 Macro Cell
remains fully functional as a buried regis-
ter. Both the combinatorial I/O and buried
register have separate input paths (from
the AND array). In most V-type architec-
tures, the register is lost as a resource
when the cell is configured as a combina-
torial /0. This feature provides the capa-
bility to operate the buried register
independently from the combinatorial 1/O.

PAL is a registered of

PLC42VA12

CMOS Programmable Logic
Sequencer (42 x 105 x 12)

FEATURES

o High-speed EPROM-based CMOS
Multi-Function PLD

— Super set of 22V10, 32VX10 and
20RA10 PAL® ICs
¢ Two fully programmable arrays
eliminate “P-term Depletion”
- Up to 64 P-terms per OR function
¢ Improved Output Macro Cell
Structure
- Individually programmable as:
* Registered Output
* Registered Input
* Combinatorial I/O with Buried
Register
— Bypassed Registers are 100%
functional with separate input
and feedback paths

— Individual Output Enable control
functions
* From pin or AND array

e Eleven clock sources

* Register Preload and Diagnostic
Test Mode Features

o Security fuse

APPLICATIONS

¢ Mealy or Moore State Machines
- Synchronous
— Asynchronous

o Multiple, independent State
Machines

* 10-bit ripple cascade

e Sequence recognition

* Bus Protocol generation
 Industrial control

e A/D Scanning

inc., awholly owned subsidiary of Advanced Micro Devices, Inc.

PIN CONFIGURATIONS

FA and N Packages

lg/CLK [1] ~ |24 Vee
CNEY 23] My
12 3] 22] Mg
13 [4] 21] Wy
14 [5] — I
Is E {/ \\ E Ms
s N/ [Elm
17 (8] = T_7] M3
18 [2] 16] My
Bo [10) 15] My
81 1] [13] Mo
GND [i2] 73] 1g/OE
N = Plastic

FA = Ceramic with Quartz Window

A Package

o/
lp 1y CLKNCVcc Mg Mg

[+] [3] [2] (7] s ]

13 (5] e 25) My
u [5]} 2L
s [7] 23] Ms
ne [8] 22) NC
e [9] 21] My
17 [19] 20| M3
ig [11] 19] M2
EAEEICIELT

Bg By GNDNC I/ Mg My
OF

A = Plastic Leaded Chip Carrier

PHILIPS
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FUNCTIONAL DIAGRAM
. Pggees Py Fc Ln Pn Rh CKp LMp PMp RM, CK, DMy, DM DBp 1 ;”DUE
{!XB 19/CK
g O
gj_
<H
i
—T>
@ U-0U  BeEE EHEEEE & &
i
Dy
E - "_.__-Enxz
POLARI‘I%_’_) ~ ”19'0
Ef){;ﬁkm
POLARIT_!t_) ‘Eu’
POLARIT;YL_)ZX\"’/ r)* BEIBI
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LOGIC DIAGRAM

e wo wn an 2 . RN

E:
Programmable Connection
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LOGIC DIAGRAM (Continued)

[@woe
|
0
sl i =1l I
NI‘T‘T I ! |lJ! |
| . |
11 [ | i
EE R o 1
= ‘ N
v e 5LT*F* | it ®
| Il By |H i
e ‘ 1! s - T I @w
RN
H fi ‘ Yg‘r T |‘ Li A‘HI I [ ve
HH ‘ _
\ i I
{! | Ii
P A i
A
] e ‘
L ‘&' | "
N l‘ | |
AL )| | o
J'LL : [l J||‘i
iiNERii. Il
il | l >-‘E{$ | |
piy Y"ﬁl i = ! ¥T“ J T
i ] |
—— E e 1 T {Zw
I T —— 1
S L -
— ! L
PLCA42VA12
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ORDERING INFORMATION
DESCRIPTION ORDER CODE
24—Pin Ceramic Dual In—Line with window,
Reprogrammable (300mil-wide) PLC42VA12FA
24—Pin Plastic Dual In—Line,
One Time Programmable (300mil-wide) PLC42VA12N
28—Pin Plastic Leaded Chip Carrier,
One Time Programmable (450milwide) PLCA2VA12A
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage —05to +7 Voe Maximum junction 150°C
ViN Input voltage -0.5to Vgc +0.5 Voc Maximum ambient 75°C
Vour Output voltage -0.5to Ve +0.5 Vbc Allowable thermal rise o
N Al 75°C
ambient to junction
IN Input currents —10to +10 mA
lout Output currents +24 mA
Ta Operating temperature range Oto +75 °c
Tsta Storage temperature range -651t0 +150 °c
NOTE:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This
is a stress rating only. Functional operation at these or any other condition above those
indicated in the operational and programming specification of the device is not implied.

AC TEST CONDITIONS VOLTAGE WAVEFORMS

+30V————

+5V

3R
FROMOUTPUT 9

(BX, FX)— TEST POINT
UNDERTEST |
Rz g :l— o

*Cy INCLUDES JIG AND PROBE TOTAL

CAPACI
ACITANCE MEASUREMENTS:

All circuit delays are measured at the +1.5V level of inputs and outputs, unless otherwise specified.
Test Load Circuit Input Pulses
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DC ELECTRICAL CHARACTERISTICS 0°C < Ta < +75°C, 4.75V < Ve < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION Min Typ! Max UNIT
Input voltage?
Vi Low Vee = Min —03 0.8 "
Viy High Vee = Max 20 Voo +0.3 \"
Output voltage?
Vee = Min
VoL Low loL = 16mA 0.5 \
Vou High lOH =-3.2mA 24 \
Input current
I Low Vin=GND -10 HA
M High Vin=Vee 10 HA
Output current
IQ(QFF) Hi-Z state Vour = Vee 10 KA
Vout = GND -10 HA
los Short—circuit3.6 Vout = GND -130 mA
lec Ve supply current (Active)* lout = OMA, f = 15MHz5, Ve = Max 90 mA
Capacitance
Vee =5V
C Input Vi = 20V 12 pF
Cg 110 Vg =2.0V 15 pF
NOTES:
1. All typical values are at Vg = 5V. Ta = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Duration of short—circuit should not exceed one second. Test one at a time.
4. Tested with TTL input levels: V) =0.45V, V},; = 2.4V. Measured with all inputs and outputs switching.
5. Refer to Figure 1, Algc vs Frequency (worst case). (Referenced from 15MHz)
6. Refer to Figure 2 for Atpp vs output capacitance loading.
+10 6
/ . %
s / )
+! / 4 //
-~ 3
1 )4
s° E 7
< <
/ 1
/|
-5 v ° / V4
-10 -2
1 5 10 15 20 25 30 0 20 40 60 80 100 120 140 160 180 200
(MHz) OUTPUT CAPACITANCE LOADING (pF)
Figure 1. Algc vs Frequency Figure 2. Atpp vs Output
(Worst Case) (Referenced from 15MHz) Capacitance Loading (Typical)

January 1989 261



Signetics Programmable Logic Devices Preliminary Specification

CMOS Programmable Logic PLC42VA12
Sequencer (42 x 105 x 12)

AC ELECTRICAL CHARACTERISTICS 0°C < Ty < +75°C, 4.75V < Ve < 5.25V; Ry = 238€2, R, = 170Q2

PLC42VA12
TEST?
SYMBOL PARAMETER FROM TO CONDITION Min Typ! Max UNIT
(Co (pF))

Set-up Time
tis1 Input; dedicated clock (I, B, M) +/— CK+ 50 25 ns
tis2 Input; P—term clock (I, B, M) +/-= | (I, B, M) +/- 50 15 ns
tisa Preload; dedicated clock (M) +/— CK+ 50 10 ns
tissa Preload; P-term clock (M) +/— (1, B, M) +/— 50 0 ns
tiss :jrg)d'q!c;fgc:juggciomplemem aray, (I, B, M) +/— CK+ 50 50 ns
tise g‘f’t‘;'"':'c‘igg: complementarray: |\ g pym | (1B, M)+~ 50 40 ns
Propagation Delay
trp Propagation Delay (I, B, M) +/— | (I, B, M) +/— 50 35 ns
tckot Clock to Output; Dedicated clock CK+ (M) +/— 50 15 ns
tcko2 Clock to output; P-term clock (I, B, M) +/— (M) +/— 50 30 ns

Registered operating period,;
tokpt Dedicated clock (I, B, M) +/— (M) +/— 50 40 ns

(tis1 + tckot)
toxpe Registered operating period; (LB M) +/= M) +/~ 50 45 ns

P—term clock (tisz + tcko2)

Register preload operating period;
tokpa dedicated clock (M) +/— (M) +/— 50 25 ns
(tis3 + tckor)

Register preload operating period;
tckra P—term clock (M) +/— (M) +/— 50 30 ns
(tisa + tckoo)

Registered operating period with

tckps complement array; dedicated (I, B, M) +/— (M) +/— 50 65 ns
clock (tiss + tcko1)
Registered operating period with
tckes complement array; P-term clock (I, B, M) +/— (M) +/— 50 70 ns
(tise + tckoz)
toe1 Output Enable; from /OE pin /OE — (M) +/— 50 20 ns
toez Output Enable; from P—term (I, B,M) +/= |. (B, M) +/— 50 30 ns
top1 Output Disable; from /OE pin /OE + ;)[:;%Tetz 5 20 ns
tope Output Disable; from P—term (LBMa- | Quibuts 5 30 ns
tPrRO Preset to Output (1, B, M) +/— (M) +/— 50 30 ns
tePR Power—on Reset (Mn = 1) Vee + (M) +/— 50 15 ns
Hold Time
tH1 Input (Dedicated clock) CK+ (I, B, M) +/— 50 0 ns
tiHz Input (P— term clock) (I, B,M) +/— | (I, B, M) +/— 50 10 ns
tiHa Input; from Mn (Dedicated clock) CK+ (M) +/— 50 15 ns
tiHa Input; from Mn (P—term clock) (1, B, M) +/— (M) +/— 50 25 ns
Pulse Width
tokH1 Clock High; Dedicated clock CK+ CK- 50 15 ns
tokLt Clock Low; Dedicated clock CK- CK+ 50 15 ns
tokH2 Clock High; P—term clock CK+ CK- 50 20 ns
tekLe Clock Low; P—term clock CK- CK+ 50 20 ns
tpRH Width of preset/reset input pulse (I, B,M) +/— | (I, B, M) +/— 50 30 ns
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AC ELECTRICAL CHARACTERISTICS (Continued) 0°C < T < +75°C, 4.75V < Voc < 5.25V; ; Ry = 238Q, Ry = 170Q2

PLCA2VA12
TEST?2
SYMBOL PARAMETER FROM TO CONDITION Min Typ! Max UNIT
(CL (PF))

Frequency of Operation

feki Dedicated clock frequency C+ C+ 50 33 MHz

foke P-term clock frequency C+ C+ 50 25 MHz
Registered operating frequency;

fmaxt Dedicated clock (1, B, M) +/— (M) +/— 50 25 MHz
(tis1 + tcko1)
Registered operating frequency;

fuaxe P—term clock (I, B, M) +/— (M) +/— 50 222 MHz
(tis2 + tcko2)
Register preload operating fre-

fmaxa quency; Dedicated clock (tig3 + (M) +/— (M) +/— 50 40 MHz
tcko1)
Register preload operating fre-

fMAX4 quency; P— term clock (tig4 + (M) +/— (M) +/— 50 33 MHz
tckon)
Registered operating frequency

ith ;

faxs | Boyomplementarray; (B M+— | (M)+- 50 15.4 MHz
(tiss + tcko1)
Registered operating frequency

fmaxe with complement array; (I, B, M) +/— (M) +/— 50 143 MHz
P—term clock (tis¢ + tckoz)

NOTE:

1. All typical values are at Vgg = 5V, Ta = +25°C.
2. Refer also to AC Test Conditions (Test Load Circuit).

BLOCK DIAGRAM

65 # 105 PROGRAMMABLE AND ARRAY

64 LOGIC TERMS 41 CONTROL TERMS

= OUY YYD

7 QM

N v§e.d

COMPLEMENT J PR LD MUX ¢ ]| IID/CLK
MUX JK/D GE { ] Igl(ﬁ
64 x 32 (10) a
PROGRAMMABLE K
OR ARRAY ab{mux

B | R J-?M‘J-Mg
DD O
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OUTPUT MACRO CELL (OMC)

FROM AND ARRAY

LOAD PRESET RESET

CK OE

Q

o 1

OUTPUT ENABLE I
FROM OR 3 3 1
ARRAY J CK 'CLOCK SELECT MUX =
SELECT CLK
Fe MUX 1 ‘D
FROM OR =
ARRAY K Q L-T— 7 m Dc M
Zﬁ,w’ OuUTPUT
SELECT
Mux
FROM OR
RE|
ARRAY —f)D (REGISTER BYPASS) 0
TO AND -
ARRAY l

Output Macro Cell Configuration
Signetics unique Output Macro Cell design
represents a significant advancement in the
configurability of multi-function Programmable
Logic Devices.

The PLC42VA12has 10 programmable Output
Macro Cells. Each can be individually pro-
grammed in any of 5 basic configurations:

¢ Dedicated I/O (combinatorial) with feed-
back to AND array

® Dedicated Input

o Combinatorial I/O with feedback and
Buried Register with feedback (register
bypass)

® Registered Input )
@ Registered Output with feedback
Each of the registered options can be further

customized as J-K type or D-type, with either
aninternally derived clock (from the AND array)

January 1989

or clocked from an external source. With these
additional programmable options, it is possible
to program each Output Macro Cell in any one
of 20 different configurations.

These 20 configurations, combined with the
fully programmable OR array, make the
PLC42VA12 the most versatile and silicon effi-
cient of all the Output Macrocell-type PLDs.

The most significant Output Macro Cell (OMC)
featureis the implementation of the register by-
pass function. Any of the 10 J-K/D registers
can be individually bypassed, thus creating a
combinatorial I/O path from the AND array to
the output pin. Unlike other Output Macrocell~
type devices, the register in the OMC is fully
functional as a buried register. Furthermore,
both the combinatorial I/O and the buried regis-
ter have separate input paths (from the AND
array) and separate feedback paths (to the
ANDarray). This feature provides the capability
to operate the buried register independently
from the combinatorial 1/0.

264

The PLC42VA12 is ideally suited for both syn-
chronous and asynchronous logic functions.
Eleven clock sources — 10 driven from the AND
array and one from an external source — make
it possible to design synchronous state ma-
chine functions, event-driven state machine
functions and combinatorial (asynchronous)
functions all on the same chip.

Sophisticated control functions support individ-
ual OE control and Reset functions from the
AND array. OE controlis also available from the
1/OE pin. Register Preset and Load functions
are controlledin 2 banks of 4 for OMCs M1 —Mg.
Output Macro Cells Mg and Mg have individual
Preset and Load Control terms.

Qutput Polarity for the combinatorial /0 paths
is configurable via 12 programmable EX-OR
gates. The output of each register can be confi-
guredas inverting (active Low) or non—inverting
(active High) via manipulation of the logic equa-
tions.
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OUTPUT MACRO CELL PROGRAMMABLE OPTIONS OMC Programmable Options

For purposes of programming, the Output
Macro Ceii shouid be considered o be parti-
tioned in to five separate blocks. As shown in
P e B the drawing titled *Output Macro Cell Program-
OUTPUT MACRO CELL mable Options”, the programmable blocks are:

|

REGISTER : Register Select Options, Polarity Options,
| Clock Options, OMC Configuration Options
|
|
|

OPTIONS
and Output Enable Control Options.

omc outeuT EnaLe| | OUTPUT There is one programmable location asso-
conriaunaTION (— ~ controL 1] ciated with each block except the Output
I | Enable Control block which has two program-

|

|

1

|

|

|

mable fuse locations per OMC.

POLARITY

OPTIONS The following drawings detail the options

associated with each programmable block.
The associated programming codes are also
included. The table titled “Output Macro Cell
Configurations” lists all the possible combina-
tions of the five programmable options.

ARCHITECTURAL OPTIONS

REGISTER SELECT OPTIONS Register Select Options

Each OMC Register can be configured either
as a D-type or a J—K flip—flop. The Flip—Flop

i i Control term, Fc, provides the option to control
each Register dynamically—switching from
D-type to J—K type based on the Fc control

P R

FROM cK

ook signal.
_‘i OPTIONS l .
OR ARRAY b Register Preset and Reset are controlled from

the AND array. Each OMC has an individual

omMc OUTPUT Reset Control term (RMn). The Register Pre-
Q ggx;lﬁs | conTRrOL set function is controlled in two banks of 4 for
opTions OMCs M; — Mg and M — Mg (via the control
AND ARR}?, terms PA and PB). OMCs My and Mg have
individual control terms (PMp and PMgrespec-
tively).
REGISTER MODE (D or JK) | CODE
D-TYPE A
Fc CONTROL P-TERM L

P R
P R CLOCK
> cK OPTIONS
« omc ouTPUT
>—] Q CONFIG. CONTROL

-]
OPTIONS OPTIONS
TO
AND ARRAY

REGISTER MODE (D or JK) CODE
JK-TYPE .
Fc CONTROL P-TERM H

FROM
OR ARRAY

Notes on page 270.
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ARCHITECTURAL OPTIONS (Continued)
REGISTER SELECT OPTIONS (Continued)

P R P R
ﬁ Q FC Q ¢
FROM P R CLOCK P R CLOCK
OR ARRAY /7|D cK l OPTIONS I > CK I OPTIONS |
FROM
OR ARRAY
omc ouTPUT omc OuUTPUT
a CONFIG. || conTROL >k Q CONFIG. || CONTROL
OPTIONS OPTIONS OPTIONS OPTIONS
TO TO
AND ARRAY . ® AND ARRAY
REGISTER MODE (D or JK) CODE
<ﬂ |—l_—> DYNAMICALLY CONTROLLABLE A
Fe LOW Fe HIGH Fc CONTROL P-TERM LorH
POLARITY OPTIONS (for Combinatorial I/O Configurations Only") Polarity Options
When an OMC is configured as a Combinato-
FROM i ith Buried Register, the polarity of the
OR ARRAY )D OMC CONFIG. OUTPUT SELECT | rial I/0 wit gister, the p
>—i——) OPTIONS PTIONS combinatorial path can be programmed as
— Active—High or Active-Low. A configurable
- POLARITY CODE EX-OR gate provides polarity control.
ACTIVE-HIGH (NON-INVERTING) | 14 If an OMC is configured as a Registered Out-
put, /Q is propagated to the output pin. Note
FROM that either Q or /Q can be fedback to the AND
IC CONFIG. h . ;
OR ARRAY D—" oo™ R AR L] S 7 array by manipulating the feedback logic equa-
tions. (TRUE or COMPLEMENT).
- POLARITY CODE
ACTIVE-LOW (INVERTING) 4
CLOCK OPTIONS Clock Options
In the unprogrammed state, all Output Macro
| REGISTER SELECT OPTIONS I CLK OPTIONS CODE Cell clock sources are connected to the Exter-
EXTERNAL CLOCK A nal Clock pin (lo/CLK pin 1). Each OMC can be
(FROMPIN 1) individually programmed such that its P—term
Clock (CKp) is enabled, thus disabling it from
>1p ©OR ) ck [Jow the External Clock and providing event-driven
FROM clocking capability.
OR ARRAY omMe SUTPUT This feature supports multiple state machines,
>4k abet>] conric. | conTroL clocked at several different rates, all on one
OPTIONS OPTIONS chip, or the ability to collect large amounts of
TO — random logic, including 10 separately clocked
AND ARRAY —- flip-flops.
oK CLK OPTIONS CODE
P-TERM CLOCK .
>1o (©©R ) ck
FROM
OR ARRAY
omc OUTPUT
>4 alet>| CconFic. || conTrOL
OPTIONS OPTIONS
To
AND ARRAY — |
Notes on page 270.
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OUTPUT MACRO CELL CONFIGURATION OPTIONS

bEGlSTEH SELECT OPTIONS_]
rREGISTER SELECT OPTIONS]
>+p (©OR ) ckF— CLock
I OPTIONS I
FROM
OR ARRAY
FROM | cLock I
OR ARRAY 2110 (OR ¥) CKG— OPTIONS )--AJ(K) aQ
T0 —
OUTPUT AND ARRAY —|
T0
T 1K) Q el SELECT —>| M
AND ARRAY S O
— COMBINATORIAL OPTIONS
FROM ouTPUT
I &
ARR CONTROL M
A OPTIONS
OMC CONFIGURATION CODE
OMC CONFIGURATION CODE
COMBINATORIAL OUTPUT
REGISTERED OUTPUT 7 WITH BURIED REGISTER o7
(D or JK) A (D or JK)

I CLOCK I
D CKs OPTIONS
OUTPUT
a CONTROL
OPTIONS
TO AND
ARRAY
OMC CONFIGURATION CODE
REGISTERED INPUT Aor ®5

LOAD CONTROL P-TERM H®

Notes on page 270.
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OMC Configuration Options

Each OMC can be configured as a Registered
Output with feedback, a Registered Input or a
Combinatorial I/O with Buried Register. Dedi-
cated Inputand dedicated /O configurations are
also possible.

When the Combinatorial I/O option is selected,
(the Register Bypass option), the Buried Regis-
ter remains 100% functional, with its own inputs
from the AND array and a separate feedback
path. This unique feature is ideal for designing
any type of state machine; synchronous Mealy—
types that require both Buried and Output
Registers, or asynchronous Mealy-types that
require buried registers and combinatorial out-
put functions. Both synchronous and asynchro-
nous Moore—type state machines can also be
easily accomodated with the flexible OMC
structure.
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Note that an OMC can be configured as either
a Combinatorial I/O (with Buried Register) ora
Registered Output with feedback and itcan still
be used as a Registered Input. By disabling the
outputs via any OE control function, the M pin
can be used as an input. When the Load
Control P-term is asserted HIGH, the register
is preloaded from the M pin(s). When the L¢
P-term is Active—Low and the output is
enabled, the OMC will again function as confi-
gured (either a combinatorial /O or a regis-
tered output with feedback). This feature is
suited for synchronizing input signals prior to
commencing a state sequence.
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OUTPUT CONTROL OPTIONS Output Enable Control Options

Similar to the Clock Options, the Output En-
able Control for each OMC can be connected
either to an external source (Ig/OE, pin 13) or
oMC controlled from the AND array (P—terms DMy).

CONAG. M Each Output can also be permanently en-
OPTIONS abled.

Rl

Output Enable control for the two bi—directional
1/0 (B pins 10 and 11) is from the AND array

TO
AND ARRAY only (P-terms DBO and DB1 respectively).

OE CONTROL FUSE | CODE E,, FUSE CODE
FROM OE PIN* A FROM OE PIN .

CONFIG. ]
OPTIONS

TO
AND ARRAY

TO
AND ARRAY

OE FUSE CODE Ep, FUSE CODE OE CONTROL FUSE CODE Ep FUSE CODE
FROM P-TERM CONTROL” . FROM P-TERM CONTROL Aore® ALWAYS ENABLED’ A ALWAYS ENABLED A

COMPLEMENT ARRAY DETAIL Complement Array Detail

The complement array is a special sequencer
feature that is often used for detecting illegal
Ps3 P2 Psireeee P1 Po  Fc CONTROL P-TERMS states. Itis alsoideal for generating IF-THEN—
ELSE logic statements with a minimum num-
ber of product terms.

8|

The concept is deceptively simple. If you
subscribe to the theory that the expressions
[Aj [a [Dj [ XX X [j [j Ej eee [j [] (/A*/B*/C)and (A+ B+ C)areequivalent,you
will begin to see the value of this single term

NOR array.

co The complementarray is a single OR gate with

inputs from the AND array. The output of the

complement array is inverted and fedback to

the AND array (NOR function). The output of

I\ J ) the array will be LOW if any one or more of the

Y Y AND terms connected to it are active (HIGH).

TO OR ARRAY TO OMCs AND BIDIRECTIONAL I/0 If, however, all the connected terms are inac-

tive (LOW), which is a classic unknown state,

the output of the complement array will be
HIGH.

Consider the productterms A, Band D thatrep-
resentdefined states. They are also connected
to the input of the complement array. When the
condition (not A and not Band not D) exists, the
Complement Array will detect this and propa-
gate an Active-High signal to the AND array.
This signal can be connected to product term
E, which could be used in turn to reset the state
machine to known state. Without the comple-
ment array, one would have to generate prod-
uct terms for all unknown or illegal states. With

Notes on page 270. very complex state machines, this approach
can be prohibitive, both in terms of time and
wasted resources.
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LOGIC PROGRAMMING

PLCA2VA12 logic designs can be generated
using Signetics AMAZE PLD design software
or one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted. Schematic capture entry is also sup-
ported via FutureNet and OrCAD Schematic
Entry Packages.

PLC42VA12 logic designs can also be gener-
ated using the program table entry format de-
tailed on the following pages. This program
table entry formatis supported by the Signetics
AMAZE PLD design software (PTE module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable trom iogic equations
(1, B, O, P, etc.) is assigned a symbol. The sym-
bols for TRUE, COMPLEMENT, INACTIVE,
PRESET, etc., are defined below. Symbols for
OMC configuration have been previously de-
fined in the Architectural Options section.

LOGIC IMPLEMENTATION
“AND” ARRAY — (1), (B), (Qp)
b— 1,B,Q b— 1,8,Q —1B,Q —1,B8,Q
$— 1B, Q +—1,8,Q »—1.B,Q I —18,Q
(LFC, LRR D)y (LFC,LPR, Din (T,Fc, LR R, D)y (T, Fc, LP,R, D)y
STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE! o L,B,Q H 1B,Q L DON'T CARE -
“COMPLEMENT” ARRAY - (C)
c c c c
c c c c
(T F) (Tn, Fo) (T, Fe) (T FO)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVE": 3 o GENERATE A PROPAGATE . TRANSPARENT -
“OR” ARRAY - (J - K Type)
Tn Tn Tn
—4 J — a — J f—a| — J |—a — a
M = DISABLED M = DISABLED M = DISABLED
— K — K — K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE o SET H RESET L HOLD -
“OR” ARRAY “OR” ARRAY - (D - Type)
Tn Tn
Tn Tn — J —a | — J — a
PR L PRL M = ENABLED M = ENABLED!
(OR'B) (ORB)
— K — K
Tn STATUS CODE Tn STATUS CODE Tp STATUS CODE Tn STATUS CODE
ACTIVE! A INACTIVE . ACTIVE (SET)! A INACTIVE (RESET) .
Notes on page 270.
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LOGIC IMPLEMENTAT