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Preface

The 1992 Philips Semiconductors—Signetics PLD Data Handbook is loaded with
information 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. Featured in 1992 are the ultra high-speed BiCMOS devices
designed to be pin, function, and fusemap identical to existing industry standard
parts. 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. If
that’s not fast enough, check out the 10H20EVS at 4.5 nanoseconds!

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
emerging standard protocols.

At last, the logical power of dual programmable arrays comes forth in the PLUS153
and PLUS173 devices—at 10 nanosecond propagation delays.

The PLC18V8Z is the only zero power 20-pin device which can replace 16V8's!

For maximum density in a truly compact system, the Programmable Macro Logic
family now boasts three members—the PML2552, the PML2852, and the original
PLHS501. The PML2552 is the PLD industry’s first dense device to implement
SCAN test.

To complement the devices, SLICE 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
continues to answer your technical questions on PLD designs and our free
computer Bulletin Board, with 24-hour service, is at (800)451-6644.
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INTERNAL
ARCHITECTURE TOTAL PRODUCT STATE
SIGNETICS (Inputs x Terms* INPUTS | TERMSPER | REGISTERS OUTPUTS
PART NUMBER x Outputs) PACKAGE | (¥Dedicated) | ORGATE | (#Dedicated) | C,VO,R,RUO |tpp(Max) | fuax lec (Max)

PAL DEVICES
10H20EV8—4/
10020EV8—4 20x90x8 24-Pin 20(12) 8to 12 0 8 varied 4.5ns | 208MHz | -250mA
PHD16N8-5 16x16x8 20-Pin 16 (10) 1e 0 2C,610 Sns 180mA
PHD48N22-7 48 x 73 x 22 68-Pin 48 (36) 7t0 12 0 10C, 1210 7.5ns 420mA
PLUS16L8-7 16 x64 x8 20-Pin 16 (10) 7 0 2C,610 7.5ns 180mA
PLUS16R4-7 16 x64 x8 20-Pin 16 (8) 7t08 4(0) 410,4R 7.5ns 74MHz 180mA
PLUS16R6-7 16 x64 x8 20-Pin 16 (8) 7t08 6(0) 2V0,6R 7.5ns | 74MHz 180mA
PLUS16R8-7 16 x64 x8 20-Pin 16 (8) 8 8(0) 8R 74MHz 180mA
PLUS16L8D 16 x64 x8 20-Pin 16 (10) 7 0 2C, 610 10ns 180mA
PLUS16R4D 16 x64 x8 20-Pin 16 (8) 7t08 4(0) 410,4R 10ns 60MHz 180mA
PLUS16R6D 16 x64 x8 20-Pin 16 (8) 7t08 6(0) 210, 6R 10ns 60MHz 180mA
PLUS16R8D 16 x64x8 20-Pin 16 (8) 8 8(0) 8R 60MHz 180mA
PLUS20L8-7 20x64 x8 24-Pin 20 (14) 7 0 2C, 610 7.5ns 210mA
PLUS20R4-7 20 x64 x8 24-Pin 20(12) 7t08 4(0) 4V0,4R 7.5ns | 74MHz 210mA
PLUS20R6~7 20x64 x8 24-Pin 20(12) 7t08 6(0) 2V0,6R 7.5ns | 74MHz 210mA
PLUS20R8-7 20 x64 x8 24-Pin 20(12) 8 8(0) 8R 74MHz 210mA
PLUS20L8D 20 x64 x8 24-Pin 20 (14) 7 0 2C,610 10ns 210mA
PLUS20R4D 20x64 x8 24-Pin 20(12) 7t08 4(0) 410,4R 10ns 60MHz 210mA
PLUS20R6D 20 x64 x8 24-Pin 20(12) 7t08 6(0) 2V0,6R 10ns 60MHz 210mA
PLUS20RSD 20 x64 x8 24-Pin 20(12) 8 8(0) 8R 60MHz | 210mA
PLQ16L8-5 16 x64 x8 20-Pin 16 (10) 7 0 2C,610 5ns 180mA
PLQ16R4-5 16 x64 x 8 20-Pin 16 (8) 7t08 4(0) 410,4R Sns 118MHz | 180mA
PLQ16R6-5 16 x64 x8 20-Pin 16 (8) 7t08 6 (0) 2V0,6R Sns 118MHz 180mA
PLQ16R8-5 16 x64 x 8 20-Pin 16 (8) 8 8(0) 8R 118MHz 180mA
PLQ20L8D 20 x64 x8 24-Pin 20 (14) 7 0 2C,610 Sns 210mA
PLQ20R4D 20 x64 x 8 24-Pin 20(12) 7108 4(0) 410, 4R 5ns | 118MHz | 210mA
PLQ20R6D 20x64 x8 24-Pin 20(12) 7t08 6(0) 20,6R Sns 118MHz | 210mA
PLQ20R8D 20 x64 x8 24-Pin 20(12) 8 8(0) 8R 118MHz | 210mA
PLQ22V10-7 22x130x 10 24-Pin 22 (12) -~ 8to 16 10(0) 10 varied 7.5ns | 87MHz 180mA

110mA,
PL22V10-15/115 | 22x130x 10 24-Pin 22(12) 8to 16 10 (0) 10 varied 15ns 53MHz | 0.5mA/MHz

110mA,
PL22V10-12 22x130x 10 24-Pin 22(12) 810 16 10 (0) 10 varied 12ns | 67MHz | 0.5mAMHz

110mA,
PL22V10-10 22x130x 10 24-Pin 22(12) 8to 16 10 (0) 10 varied 10ns 77MHz | 0.5mA/MHz
PLC18V8Z35 1001A,
PLC18V8ZI 18 x74x8 20-Pin 18 (8) 8 8(0) 8 varied 35,40ns | 21MHz | 1.5mAMHz
PLC18V8Z25 100pA,
PLC18V8ZAI 18x74 %8 20-Pin 18 (8) 8 8(0) 8 varied 25ns | 30MHz | 1.5mAMHz
PLA
PLS100/101 16 x48 x 8 28-Pin 16 (16) Up to 48 0 8C 50ns 170mA
PLS153 18 x42 x 10 20-Pin 18 (8) Up to 32 0 10110 40ns 155mA
PLS153A 18 x42x 10 20-Pin 18(8) Up to 32 0 10110 30ns 155mA
PLUS153B 18 x42x 10 20-Pin 18(8) Up to 32 0 1010 15ns 200mA
PLUS153D 18 x 42 x 10 20-Pin 18 (8) Up to 32 0 1010 12ns 200mA
PLUS153-10 18 x 42 x 10 20-Pin 18(8) Upto 32 0 1010 10ns 200mA
PLS173 22 x42 x 10 24-Pin 22(12) Upto 32 0 1010 30ns 170mA
PLUS173B 22 x 42 x 10 24-Pin 22(12) Up to 32 0 1010 15ns 200mA
PLUS173D 22x42x 10 24-Pin 22(12) Up to 32 0 1010 12ns 200mA
PLUS173-10 22 x 42 x 10 24-Pin 22 (12) Up to 32 0 1010 10ns 210mA
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SIGNETICS ARCHITECTURE | PACKAGE TOTAL PRODUCT IN;E:.PEAL OUTPUTS tep(Max) | fuax lec (Max)
PART NUMBER (Inputs x Terms* INPUTS TERMSPER | REGISTERS | C,VO,R,RIO
x Outputs) (#Dedicated) | ORGATE | (#Dedicated)

PLS
PLS105 22x48 x8 28-Pin 22(16) Upto 48 6(6) 8R 14MHz 180mA
PLS105A 22x48x8 28-Pin 22(16) Upto 48 6(6) 8R 20MHz 180mA
PLUS105-45 22x48 x8 28-Pin 22 (16) Upto 48 6(6) 8R 45MHz 200mA
PLUS105-65 22 x48x8 28-Pin 22 (16) Upto 48 6(6) 8R 55MHz | 200mA
PLUS405-37 24 x64 x8 28-Pin 24 (16) Up to 64 8(8) 8R 37MHz | 225mA
PLUS405-45 24 x64 x8 28-Pin 24 (16) Upto 64 8(8) 8R 45MHz | 225mA
PLUS405-55 24 x 64 x 8 28-Pin 24 (16) Upto 64 8(8) 8R 55MHz | 225mA
PLS155 16 x45x 12 20-Pin 16 (4) Up to 32 4(0) 810,4RIV0 50ns 14MHz 190mA
PLS157 16 x45x 12 20-Pin 16 (4) Up to 32 6(0) 610,6RI0 50ns 14MHz 190mA
PLS159A 16 x 45 x 12 20-Pin 16 (4) Up to 32 8(0) 410,8RI0 35ns 18MHz 190mA
PLS167 22x48x6 24-Pin 22(14) Upto 48 8(6) 6R 14MHz 180mA
PLS167A 22 x48 x6 24-Pin 22(14) Upto 48 8(6) 6R 20MHz 180mA
PLS168 22x48x8 24-Pin 22(12) Upto 48 10 (6) 8R 14MHz 180mA
PLS168A 22 x48x8 24-Pin 22(12) Upto 48 10 (6) 8R 20MHz 180mA
PLS179 20x45x 12 24-Pin 20 (8) Upto 32 8(0) 410,8RI0 35ns 18MHz 210mA
PLC42VA1211 42x 105 x 12 24-Pin 42(10) Upto 64 10 (0) 10 I/OZTIrOR Vo, 35ns | 25MHz 135mA
PLC415-16 25x68 x8 28-Pin 25(17) Upto 64 8(8) 8R 16MHz | 100pA/
80mA

PML
PLHS501 104 x 116 x24 | 52-Pin 32 (24) Up to 1364 0 16C, 810 22ns 295mA
PML2552-35 205 x210x24 | 68-Pin 53 (29) Up to 2584 36 (20) 81/0,16R VO 35ns | 50MHz :gg\AA

m
PML2552-50 205 x 210 x 24 68-Pin 53 (29) Up to 258 36 (20) 810,16R VO 50ns 35MHz ;Ig(r)nAll\
m
PML2852-35 205 x210x40 | 84-Pin 53 (29) Up to 2584 36 (20) 16C, 8 10, 35ns | 50MHz 10mA/
16RO 100mA
PML2852-50 205x210x40 | 84-Pin 53 (29) Up to 258+ 36 (20) 16C, 810, 50ns | 35MHz 10mA/
16RO 100mA
PAL Device = Programmable Array Logic OUTPUTS: NOTES:

(Fixed OR Array)-Type

PHD = Programmable High-Speed Decoder
PLA = Programmable Logic Array
PLS = Programmable Logic Sequencer
PML = Programmable Macro Logic

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

fuax = 1/(tis + tcko) worst case
* Includes control product terms

# Product terms per NAND gate

PAL is a registered trademark of AMD.

PML is a trademark of Signetics.

All packages refer to DIP configurations except PHD48N22, PML2552 and PML2852, which are offered in PLCC only.
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Example:

Ll
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15¢

|
|

<
<

QP

j Package Code

F = 20-, 24-, 28-Pin Ceramic Dual In-Line

N = 20-, 24-, 28-Pin Plastic Dual In-Line

A = 20-, 28-, 52-, 68-lead Plastic Leaded Chip Carrier (PLCC)
FA = 20-, 24-Pin Ceramic Dual In-Line with Quartz Window
KA = CerQuad (window)

Performance indicator
2Z = Zero standby power devices
blank, A, B, D, -35, -7, etc. = propagation delay (ns)
-37, -45, -55, etc. = operating frequency (MHz)
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 -EPROMcells

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)

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

Operating temperature range = 0 to +70°C
EXCEPT: PLC18V8ZI= -40 to +85°C
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Programmable logic

Introduction

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

architecture allowed the custom
implementations-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.

Figure 1 shows the architecture of a high
performance sequencer combining a PLA
architecture with JK flip-flops. The Selection
Guide shown on pages 4 and 5 of this data
handbook shows the current spectrum of

Philips Semiconductors—Signetics PLDs.
Parts for every need are available in nearly
every architecture and across at least three
technologies. The PLUS and PLHS prefixes
describe bipolar parts, the PLC prefix
describes EPLD (CMOS) parts and the PLQ
prefix refers to the new Signetics QUBIC
BiCMOS process. Figure 2 shows a
shorthand image of the PLUS153
programmable logic array (PLA), which was
derived from the original PLS100.

“COMPLEMENT"
ARRAY

\

PR
K Qap

()

STATE

IR
INPUTSM o

48 AND GATES

REGISTER

5 ¢

A

Tn
OR GATES ‘

CLK

(P/E)

A4
CK

OUTPUT
REGISTER

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

J Qf
PR

PR/OE

OUTPUTS

[

Figure 1. High Speed Sequencer

A
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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. Each
term in each equation simply becomes a
direct entry into the Logic Program Table.
The following example illustrates this
straightforward concept:
Xo=AB+TD +BD
X, =AB +TD + EFG
AND | _polamTy_ |
- . I W S )
[N [ N A L. I ——
I .. S N I QUTPUT F
P-Terms 1514|1812 n[w0] 9] 8] 7] 6] 5]a[3]2] 1] 0 7] 6| 5] 4] 3] 2] 1] 0
Po = AB [ I I e e S I S S T T O e e o | A
Py=CD NN EEEENNEEE Al A
P, =BD 2 |-l -1-1-1-1-1-1-1-1-1w{-fJu]-1-]- | A
P; =AB 3 | -1 - -1 - Llwl - =T =1 = Al .
Ps=EFG | 4 | -| - -1 -1 - -t-1-1- HI H Af e
L ]
L]
L
44
45
Xo=Po+Py+ P, 46
Xy=Pg+Py+ Py [—iL
No. | | 21| 22| 23| 24| 25| 26] 27| 2{ 3| 4|5]|6|7 8|9 10| 11| 12| 13| 15[ 16| 17| 18
ﬂw AlB|c|D|E|F|G Xq| Xo
@
g=
E<
ez
>
Figure 3. Field Programmable Logic Array
A A
B B
¢ % N X
D D
Xo = AB + TD + BD E Xy =AB +TD + EFG
0 14

Figure 4. Equivalent Fixed Logic Diagram
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In the previous example, the two Boolean Step 1
Logic equations were broken into Product Select which input pins I - I;5 will
terms. Each P-term was then programmed correspond to the input variables. In this
into the P-term section of the PLA Program case A — G are the input variable names. g
Table. This was accomplished in the following  through I, were selected to accept inputs
manner: A - G respectively.
T AND | _powamty |
L v 4 FI=CILIJaTH
- 1 N SO .. Iy ———
Ml el I OUTPUT F 7
151413121110?876543210 71 6] 5| 41 3[2|1(0
[}
+
2
3
4
L]
[ ]
L]
44
45
46
a7
:‘g 20| 21(22| 23| 24| 25| 26| 27| 23| 4| 5]|6| 7|8 |9 10| 11| 12| 13| 15| 16| 17| 18
w
Hw A|B|C|D|E|F|G
a=
=<
Tz
>
Figure 5.
Step 2 This P-term translates to the Program Table This term is defined by selecting C = lg =L
Transfer the Boolean Terms to the PLA by selecting A=1lg =H and B =15 = H and and D = I3 = H, and entering the data into the
Program Table. This is done simply by entering the information in the appropriate Program Table. Continue this operation until
defining each term and entering it on the column. all P-terms are entered into the Program
Table.
Program Table. P,=CTD
e.g., Po=AB -
T AND POLARITY
E Pr——————— e e ]
R INPUT (lpm)
[ 5] 1a] 3] 12l [ 0] o] 8] 7] 6] 5] 4[] 2
o f |-} _1- -l H{H| -]
1 e el N A B I e I e N
2 f-f-]-]-]-1-T-J-V-J-IH]-Ju]-
I e e e e I S [0 T S O S I
4 |-]-|- -l -1 -] - - -l -1T-THulu[Hn
L[]
L]
L4
44
45
46
a7
:'gzoz1zzzazdszsnzaass7ao 10 11| 12/ 13} 15/ 16|17 18
w
=M AlB|c|DlE|F|G
<=
=<
oz
>
Figure 6.
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Step 3

Select which output pins correspond to
each output function. In this case Fo =
Pin 18 = X, and F4 = Pin 17 = X;.

AND | ___poammy |
4 IR ol S e
R Nt e—_————_ e pu—
M INPUT (lr) UTPUT Fy
I — R ————
15[ 1a) 3] 12 [0 9[8[ 7] 6] 5] 4[] 2] 1] 0 7] 6[5] 4] 3] 2] 1] 0

o |- -f-1-]-]- NN NN
PR S S -l -1-luolm| -] -]
2 | -1 -1-]-]- -l -{-twl-Juef-1-1-
3 Jol ol -y-tot-pf-Jeluwl-]-]-1-
a |-l - T-T-1-T-T-T-I-1T-T-T-1-Tululmw

L]

[ ]

LJ
44
as
46
a7
wmzrnm24x2527za4ss7ao 10| 11| 12/ 13| 15[ 16|17 | 18
§m AlBlc|lo|E|F|a X | %o
<=
=<
=z
>

Figure 7.
Step 4 this equation. Therefore, it is only necessary be expressed as Xy by placing an (L) in the

to place an (H) in the Active Level box above Active Level box above Output Function 1,

Select the Output Active Level desired for
Output Function 0, (Fo). Conversely, X, can (Fy).

each Output Function. For X the active
level is high for a positive logic expression of

' AND | _powamTy |
o . | F1zcriIoars
R
INPUT (i) —————— e ]
L S —_———r—y e — ] QUTPUT Fp,
15[ 18] 3] 12] 11[ 0] 9 7] 6] 5[ 4[3[2]1]0 6 5] 4] 3] 2] 1] 0
[ S S | -l H{H] -] -] -] -
1=l -t -l -1 -1 -l -]l-1-]1-1c]lw -] -
2 |- -[-1T-1T-T-T-T-1-T-Tw L -1 - -
3 |-l =l -l -1l -=t-=1-=luiml-]-]==
a |- 11 -1-1- LT -T-T - -Twululn
L]
L]
L]
44
45
46
47
5'5‘ 20| 21| 22| 23| 24| 25| 26| 27| 2| 3| a|5]|6| 7|8 9 10| 11| 12/ 13]15]| 16| 17| 18
w A|lB|c|D|E|F|G Xq | Xo
ow
q=
E<
z
<
>
Figure 8.

April 1992 13



Philips Semiconductors—Signetics Programmable Logic Devices

Programmable logic

Introduction

Step 5

Select the P-Terms you wish to make
active for each Output Function. In this
case Xg = Pg + Py + P2, so an A has been
placed in the intersection box for Py and Xo,

Terms which are not active for a given output
are made inactive by placing a () in the box

under that P-term. Leave all unused P-terms
unprogrammed.

Continue this operation until all outputs have

Step 6

Enter the data into a Signetics approved
programmer. The input format is identical to
the Signetics Program Table. You specify the
P-terms, Output Active Level, and which

P4 and X and P, and X,. been defined in the Program Table. P~tems are active for each output exactly the
way it appears on the Program Table.
POLARITY
AND b~ — — — =
O . e s 1
R [
M _ INPUT (lm) ] QUTPUT F
15 14| 13[ 12| 11| 0] 9] 8] 7] 6] 5 3/ 2[{1]0 716/ s/ af3[2]1]0
(] = =l -] -} =1 =] -] -1-= H - - o | A
1 - -] = =1 -1-1-1- H -] - Al A
2 |- -l-}-]-l=-l-}-}-|-|H L -] -] - e | A
3 |-t -t-T-T-T-T-T-1T-1Tulm =1 -1 - Al .
s | -1 -IT-1T-1-1T-T-1-1-1-1- —lnluin Al .
L
L ]
0
a4
45
xo=Po+P|+Pz 46
X;=P3+ P+ Py P‘l:l
No. | 20| 21| 22| 23] 24| 25| 26| 27] 2| 3| 4 6|7|8|9 10| 11| 12{ 13| 15| 16| 17| 18
w Al B D|E|F|G
Fuw X1| Xo
<=
=<
gz
>
Figure 9.
April 1992 14



Philips Semiconductors-Signetics Programmable Logic Devices

Programmabile logic

Introduction

PLD LOGIC SYNTHESIS

(Continued)

When fewer inputs and outputs are required
in a logic design and low cost is most
important, the Signetics 20-pin PLD should
be considered first choice. The PLUS153 is a

PLA with 8 inputs, 10 I/O pins, and 42
product terms. The user can configure the
device by defining the direction of the I/O
pins. This is easily accomplished by using the
direction control terms Dg — Dg to establish

the direction of pins Bg — Bg. The D-terms
control the 3-State buffers found on the
outputs of the Ex-OR gates. Figures 10 and
11 show how the D-term configures each Bx

pin.

Q___

CONTROL|

o | outeur
By

3-STATE
- BUFFER ACTIVE

a. Dy Active Makes By Appear as an Output
with Feedback

Figure 11.

Al IKY GATES
59 \" T I 7 D ——ro B,
| o 3STATE |
| BUFFER |
| |
% : o,
%o 3-STATE
BUFFER
Figure 10. PLUS153 Functional Diagram
Py Po Dy P31 Po Dy

oo {2
wols

Q(JO) INPUT
By

3-STATE
- BUFFER INACTIVE
(OPEN)

b. Dy Inactive Makes By Appear as an Input
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To control each D-term, it is necessary to ways. A HIGH can be forced on all control Programming the fuse permanently places a
understand that each control gate is a gate input nodes, or fuses can be HIGH (1) on the input to the control gate. The
36-input AND gate. To make the 3-State programmed. When a fuse is programmed, input pin no longer has any effect on that
buffer active (By pin an output), the output of that control gate input node is internally state.
the control gate must be at logic HIGH (1). pulled up to HIGH (1). See Figure 12 and
This can be accomplished in one of two Figure 13.

VecO WA ruse nTact VecoMA o
L
H
L
1 P
1= HIGH (1) O—— 1=LOW (0) O——
H H L
L
CONTROL GATE CONTROL GATE
TO AND L yoanp
ARRAY ARRAY
OR- -
ARRAY pe e By = OUTPUT AF?F"‘"D———-{'}TS;[ATE—Q By = INPUT
BUFFER BUFFER

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

VecO MW buse prOGRAMMED
‘.
Iﬂl
|
1 = HIGH (1) O———
H H
LtﬁJ CONTROL GATE
TO AND
ARRAY
OR- o t>_I_Q -
ARRAY 3-STATE Bx = OUTPUT
BUFFER

Figure 13. Effect on Control Gate if Fuse is Programmed
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DEDICATING By PIN DIRECTION Write-Only-Memory (WOM), most Gates are HIGH (1), the output is HIGH (1)
Since each input to the D-terms is true and applications require at least one output. and the 3-State buffers for By and By are

complement buffered (see Figure 11), when Clearly, the first task is to determine which of  active. This permanently enables By and By
the device is shipped with all fuses intact, all the By pins are to be outputs. The next step as outputs. Note that even though By and B4

control gates have half of the 36 input lines at 1S to condition the control gate to make the are outputs, the output data is available to the
logic low (0). The result of this is all Control 3-State buffer for those gates active. To AND array via the internal feedback (see
Gate outputs are low (0) and the 3-State dedicate Bg and By as outputs, itis necessary  Figure 11a).
buffers are inactive. This results in all By pins 10 program all fuses to the inputs to Gontrol ¢ o yhic data. the PLUS153 Program
being in the input condition. the resultant Gates Do and Dy. This internally pulls all ; -
9 b X . Table is used as shown in Figure 14.
device is, therefore, an 18-input, 0-output inputs to those gates to HIGH (1)
FPLA. While useful as a bit bucket or permanently. since all inputs to the Control
POLARITY
. v T AND ] OR
- - i B0 50
. ] M f7ls[s]afa]2][1]o]oefa]|7[6]s[afa[2][1]0 ofsf7]s[s]a]3]2]1]0
el [0 | ] T I |
0 w T
s |w|E| E ! : : : : :
gl :15/2:8:8|3| |2 | H H H H
R ERRHE } | | } {
el Co | | l l ]
4
y e [ | | | | |
2| .
HIE g .
cl & .
g =
£ : o|lx|all 30 T T !
g g [ ! ! !
:g s moooo:naooooloooo}oooo > |
S s D8 foJofofojofofofofofoyo[0]0[0jof0]0]0
<l oflo g
! Z| |- 07 Jofofojojofofo[ofofojo[o[ofojojofo]o
N D6 Jofe[ofojo[ofofofofojo[o]ofojofo]0]0
D5 [o]lofo[ofo|o[o[ofo[ofo[ofofofo[o]o]0e
> Noooo!oooooo!uooo!oooo
(T8 2 03 Jo[ofofolofofo[o]ofoTo[o]ofolofof0]0
Eiﬂ =T § D2 |o|ofojolo|ojo|ojo|ojo|ojojolo]ofo]o
S8, Eo 2 } } 1
B I CIEEEEOEEEREEEEE N
HHR 1 I EEEENEEEREEEEEREEE
§§§.§§33 PIN |8|7]|6|s]|a]|3]|2|1]19]18]17{18]15[1a[13]12]|11 ]9 1918 |17] 1615 |14]13[12]11 |9
% 2333 E
£8 S E ¥
e §8x ‘§~ 4 w
g‘ 53 5 g H Fw
Tes® > g =
L] § g g 3 2
w22%5 25 2 <z
F2W% D€ O >
g-—' o o«
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
Complement fuses are programmed on each
Control Gate, thus permanently dedicating
the Bp and B, 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 controlied
in this manner.

ACTIVE DIRECTION CONTROL
Sometimes it is necessary to be able to
actively change the direction of the By pins
without permanently 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 respond to one or more input
pins. Itis only necessary to select which Ix
and By pins will control the pin directions and
the active level HIGH (H) or LOW (L) that will
be used. The PLUS153 Program Table in
Figure 15 shows the method of controlling

Bo — Bg with I7. When I7is LOW (L), pins
Bo — Bg are outputs; when |7 is HIGH (H),
pins Bg — Bg are inputs. Note that by
programming all other Ix and By pins as
DON'T CARE (—), they are permanently
disconnected from control of By pin direction.

POLARITY

AND

TITTTTTTT

B(0)

B()

B(0)

]
>
©
~
-
°
©
©

7]e[s]a]a]z2]1]0

. Rl

OR

PROGRAM TABLE ENTRIES

AND

INACTIVE| ®

0

INACTIVE
I, B

DON'T CARE | —

sl ~lo|lZBom-
~

T

.

NOTES:

d of entries

to states of virgin links exists in the table,

shown BLANK for clarity.
2. Unused | and B bits in the AND array are

1. The FPLA is shipped with all links intact.
Thus a

normally programmed Don't Care (—).
3. Unused product terms can be left blank.

olr|r|r|rrlrrlrfr|r~

18 16{15 13 12

VARIABLE
NAME

Figure 15. Active Control of By - B, Using |; Active Low (L)
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The previous 28-pin logic synthesis example
could be done on the PLUS153 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

appear on Bg and B;. B, 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
design implementation, more closely
resembling a gate array methodology. Both of
these products are described in more depth
at a later point in this handbook.

POLARITY
cimfofuf [T 11
. v T AND OR
' s ' § 1 B()) B(0)
DE L j
' SRR~ M J7]els[afa]2[1]o]ofs]7]e[s]a]a]2]1]0 olsj7]s[s]a]3]2]1]0
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:".g.z L] HH__I_.._._..__!____I____. elaleln
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8 |ul2| & V== == === [alalala I
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Figure 16. PLUS153 Example

April 1992

19



Philips Semiconductors—Signetics Programmable Logic Devices

Programmable logic

Introduction

SEQUENTIAL LOGIC
CONSIDERATIONS

The PLUS405, PLUS105 and PLC42VA12
represent significant increases in complexity
when compared to the combinatorial logic
devices previously discussed. By combining
the AND/OR combinatorial logic with clock
output flip-flops and appropriate feedback,
Signetics has created the first family of totally
flexible sequential logic machines.

The PLUS405 (Programmable Logic
Sequencer) is an example of a high-order
machine whose applications are many.
Application areas for this device include
VRAM, DRAM, Bus and LAN control. The
PLUS405 is fully capable of performing fast
sequential operations in relatively high-speed

processor systems. By placing repetitive
sequential operations on the PLUS405,
processor overhead is reduced.

The following pages summarize the
PLUSA405 architecture and features.

Sequencer Architecture

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

With the PLUS405, a user can program any
logic sequence expressed as a series of
jumps between stable states, triggered by a
valid input condition (l) at clock time (t). All
stable states are stored in the State Register.
The logic output of the machine is also

programmable, and is stored in the Output
Register. The PLUS105 is a subset of the
PLUS405.

Clocked Sequence

A synchronous logic sequence can be
represented as a group 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 represent 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 complexity of the
desired algorithm.

cLock
l © =meur

STATE

REGISTER
L o

P N
COMBIN.
LoGIC . \'4
OUTPUT
" REGISTER [~ OF

Low

Figure 17. Basic Architecture of PLS105 FPLS. |, P, N, and F are Multi-line
Paths Denoting Groups of Binary Variables Programmed by the User.

(P) =PRESENT STATE
(@ =NEXTSTATE

(® =NextoutPUT

o
:{> Th=t-1.P

|1~ 3 are jump conditions which must be satisfied before any
transitions take place.

F are changes in output triggered by |, and stored in the
output register.

State transitions a — b and ¢ — d involve no output change.

Figure 18. Typical State Diagram.

The arrow connecting the two states gives rise to a transition
term T,. | is the jump condition.

Figure 19. Typical State Transition
Between Any Two States of Figure 18.
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State Jumps

The state from which a jump originates is
referred 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” Tp. These are logical AND functions of
the clock (t), the Present state (P), and a
valid input (l). Since the clock is actually
applied to the State Register, T, = leP. When
Tn is “true”, a control signal is generated and
used at clock time (1) to force the contents of
the State Register from (P) to (N), and to
change the contents of the Output Register (if
necessary). The simple state jump in

Figure 20, involving 2 inputs, 1 state bit, and
1 output bit, illustrates the equivalence of
discrete and programmable logic
implementations.

Sequencer Logic Structure

The Sequencer consists of programmable
AND and OR gate arrays which control the
Set and Reset inputs of a State Register, as
well as monitor its output via an internal
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 involving no output
changes. If desired, any number of bits of the
Output Register can be used to extend the
width of the State Register, via external
feedback.

April 1992
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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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Figure 21. Simplified Logic Diagram of PLUS105
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_—
Rl
o
—d
—ye
—y
—
-‘
-
B

o b UNK Py Po
PAIR

Figure 22, Typical AND Gate Coupled to (I) and (P) Inputs.
If at Least One Link Pair Remains Intact, T, is Unconditionally Forced Low.

fo o o

—Do —D D

Figure 23. Choice of Input Polarity Coupling to a Typical
AND Gate. With Both Links Open, (l) is Logically Don’t Care.

Input Buffers

16 external inputs (Iy) and 6 internal inputs

" o_% (Ps), fed back from the State Register, are
combined in the AND array through two sets

of True/Complement (T/C) buffers. There are

. w a total of 22 T/C buffers, all connected to
B multi-input AND gates via fusible links which
are initially intact.

P2 o—§ Selective fusing of these links allows coupling
either True, Complement, or Don't Care

values of (I) and (Ps).

“AND” Array

State jumps and output changes are triggered
. _ at clock time by valid transition terms Tp,.
blaP2  lols  loP2 These are logical AND functions of the
present state (P) and the present input (I).

Figure 24. Typical Transition Terms The PLUS 105 AND Array contains a total of
Involving Arbitrary Inputs and State 48 AND gates. Each gate has 45 inputs —
Variables. All Remaining Gate Inputs 44 connected to 22 T/C input buffers, and
Are Programmed Don’t Care. Note 1 dedicated to the Complement Array. The
That T, Output is State Independent. 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
determined by the complexity of the desired
algorithm. All state and output changes in the
state diagram imply changes in the contents
of State and Output Registers.

Thus, each fiip-flop in both registers may
need to be conditionally set or reset several
times with T,, commands. This is

plished 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/R inputs 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 PLUSA405 contains 16 pairs of OR gates
controlling state transitions and output stages
and two additional NOR gates for dual
complement arrays.

April 1992
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Figure 25. Typical OR Array Gating of Transition Terms T, 5 3 Controlling
Arbitrary State and Output Register Stages.
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w1000 00U |

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
r————== al
TRANSITION TERMS
L _=— a
Ty =PoX COMPLEMENT ARRAY
DIRECT
T2=Po¥ T3 = PoiPoX+ PgY)
T3 = Po[Po(X + )i
T3=PolPg + (X + V)]
COMPLEMENT{ Ta=Po(X - ¥) = Po(Ty + T2) T3=0+PoX+V)
3=Po(X-Y)=Po(Tq + T2 Ta= PolX- ¥)
a. Typical State Sequence b. Complement Jump

Figure 27.

a. X and Y Specify the Conditional Logic for Direct Jump Transition Terms T
and T,. The Complement Jump Term T3 is True Only When Both T; and T, are
False.

b. Note that the Complementary Logic Expression for T3, Ty + T, Corresponds
Exactly to the Logic Structure of the Complement Array.

Complement Array As indicated in Figure 28, the single

The COMPLEMENT Array provides an Complement Array gate may be used for
asynchronous feedback path from the OR many states of the state diagram. This

Array back to the AND Array. happens because all transition terms linked to

. the OR gate include the present state as a
This structure enables the sequencer to

perform both direct and complement
sequential state jumps with a minimum of

“ function of that state are enabled; all other
transition (AND) terms,

Typically direct jumps, such as Ty and T in and do not influence the output of the
Figure 27 require only a single AND gate Complement Array. As a general rule of
each. thumb, the Complement Array can be used

. as many times as there are states.
But a complement jump such as T3 generally

requires many AND gates if implemented as
a direct jump. However, by using the
Complement 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 split into separate machines

(2 clocks), the PLUS405 incorporates two
COMPLEMENT Arrays.
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Ta1=lol1 Po
Ta2=12 Pg
Tea=(Td1+Td2) Po=(oT1 +12) Po

Taa=12P3
Tae=loh1Po_
Tes=(Tda + Tde) P3=(lg 11 +12) P3

Ten = COMPLEMENT STATE TRANSITION TERM
Tdn = DIRECT STATE TRANSITION TERM
Pg = PRESENT STATE

a. State Diagram b. Logic Definition
o o—— o o—3
|| °“—l> ' || °-_D
Ro—2 o2
—12 —i
—1 —1
) 1
00000000 ssee U000 00 e
J J
o s oo sSHCT
R L( } R
0 S ¢ } —Q S —G
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Q; S Qy S ‘< }
AFCE | =R
Tdt Td2 Tea  Tde Tde  Tes Tdr Td2 Te3 Td4 Tde Tes
8 TRANSITION TERMS USED 6 TRANSITION TERMS USED
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 C | t Jumps T¢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 depending
on a specific part. In particular, the
PLC42VA12 has everything mentioned here,
and more. More details on PLAs, PAL
devices and Sequencers can be found in the
application section later in the manual.

Programmable Macro Logic, Signetics very
high density logic is fully described in detail in
its own section.
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SUMMARY

The Signetics Company was founded in
September, 1961 by a group of scientists and
engineers who were among the pioneers in
the development of integrated circuits.
Signetics, acquired by Philips in 1975, was
the first company in the world to be
established for the sole purpose of designing,
developing, manufacturing, and marketing
ICs. Philips celebrated its 100th anniversary
in 1991. On 1st January 1991, the Integrated
Circuits and Discrete Semiconductor
Business Units, formerly part of Philips
Components, were merged into an
autonomous product division (PD)—Philips
Semiconductors as part of a major
reorganization to focus Philips’
semiconductor activities and to strengthen its
standing in selected strategic markets. At the
heart of this reorganization comes quality.

The Signetics approach to Quality
Management has evolved with each
evolution building upon the foundation laid.
The emphasis in the 1960s and 1970s was
quality by policy, documentation, and
inspection. The emphasis in the 1980s was
quality by employee involvement and process
control. In the 1990s quality is achieved by
emphasizing process and product Design For
Manufacturability (DFM) and to customer
requirements. (See Figure 1.) To ensure
transformation, a formal Design Development
Process (DDP) exists which requires the
utilization of Cross-Functional Teams (CFTs)
to assure that the customer Dimensions of
Performance are met.

The modern Signetics Quality Journey (see
Table 1) began in 1980. During the ensuing
decade it achieved a 90-fold improvement in
product electrical quality, 30-fold

improvement in product visual and
mechanical quality and a 20-fold
improvement in product reliability. The great
reduction in defect levels and a continued
commitment to our customers made possible
the following industry firsts:

o Ship-To-Stock Program

¢ Self-Qualification Program

e Zero Defects Warranty Policy

The Journey never ends—Signetics

continues to strive for EXCELLENCE in all

aspects of our business through company

focus and initiatives aimed at achieving three

performance level goals in 1994:

¢ Industry Leader in Customer Satisfaction

» With Products of Six Sigma Quality and
Reliability

e And World Class Responsiveness to
Customer Needs and Wants.

Quality by policy, documentation, inspection

Quality by employee involvement, information
systems, barrier removal, process control

Quality by process and product design for
manufacturability and to customer requirements

1975

Figure 1. Evolution of Signetics Quality Management

1980

1985 1990 1995

March 1992
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SIGNETICS’ QUALITY

IMPROVEMENT PROCESS

In 1979, Signetics recognized that quality
was bécoming a major competitive issue, not
only in the semiconductor business but also
in other industries. Increases in the volume of
products imported from the Far East (steel,
automobiles, and consumer products) sent
strong signals that new competitive forces
were at work.

An investigation into a variety of quality
programs was started. The company realized
that quality improvement would require a
contribution from all employees. Management
commitment and participation, however, was
recognized as the primary prerequisite for this
program to work successfully. Resources
required for the resolution of defects were
under management control.

The “Signetics Quality Journey” from 1980
into the decade of the '90s is summarized in
Table 1. In 1980 a program was developed
which focused on quality management.
Rearranging previous quality control
philosophies, we developed a decentralized,
distributed quality organization and
simultaneously installed a Quality
Improvement Process (QIP) based on the
14-Step improvement program advocated by
Phil Crosby. The process was formally begun
company-wide in 1981. Since then
substantial progress has been made in every
aspect of our operations. From incoming raw
material conformance to improvements in
clerical errors — every department and
individual is involved and striving for Zero
Defects. Zero Accept sampling plans and
Zero Defects warranties are evidence of our
ongoing commitment to and progress in
quality. The Crosby 14 steps evolved into 9
elements as the foundation of the QIP. The
QIP continued to expand, including more
processes and disciplines as Signetics' vision
cleared.

Today the Total Quality Management (TQM)
model is applied to the QIP, as illustrated in
Figure 2, having a far-reaching impact on all
aspects of our business. The customer is at
the start (driver) and end (goal) of the TQM
model which requires a driver, system,
measures and goal. The customer is the
primary driver. Leadership is provided by
Quality Improvement Teams (QITs) which
ensure that customer interaction occurs and
that the organization supports the mission, QI

March 1992

policy and customer direction. TQM requires
a clear set of management principles which
mandate systems and measurements
consistent with stated objectives. TQM
endorses and utilizes the seven major
examination categories of the U.S.A. Malcolm
Baldrige National Quality Award. Together,
the examination categories address all major
components of an integrated, prevention
based system built around continuous
improvement and customer satisfaction.

ZERO DEFECTS WARRANTY

In the "80s, American industry demanded
increased product quality of its IC suppliers in
order to meet growing international
competitive pressure. As a result of this
quality focus, it became clear that what once
was thought to be unattainable— Zero
Defects— is, in fact, achievable.

Signetics offers a Zero Defects Warranty
which states that we will take back an entire
lot if a single defective part is found. This
precedent setting warranty implemented in
1985 effectively ended the IC industry’s “war
of the AQLs" (Acceptable Quality Levels).
The ongoing efforts of IC suppliers to reduce
PPM (Parts Per Million) defect levels is now a
competitive customer service measure. This
intense commitment to quality provides an
advantage to today's electronics OEM. That
advantage can be summed up in four words:
Reduced Cost of Ownership.

As IC customers look beyond purchase price
to the total cost of doing business with a
supplier, itis apparent that a
quality-conscious supplier represents a viable
cost reduction resource. Consistent
high-quality circuits reduce requirements for
expensive test equipment and personnel, and
allow for smaller inventories, less rework, and
fewer field failures. Programs such as Self
Qualification and Ship-To-Stock implemented
in 1984 and Cycle Time Management (CTM)
implemented in 1989 help reduce cost of
ownership.

STATISTICAL PROCESS
CONTROL (SPC)

Although application of statistics in our
process development and manufacturing
activities goes back to the early 1970's, the
corporate-wide emphasis on Statistical
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Process Control (SPC) did not come until
mid-1984.

A natural evolution of our quality
improvement process made introduction of
SPC and other related programs an inevitable
event. SPC was, therefore, introduced under
the QIP umbrella. The Crosby definition of
Quality, “Conformance To Requirements
(Specification)” was expanded to include
“Conformance To Specified Targets”. The
measurement definition of “continuous
improvement” was expanded to include
“Continuous Reduction of Variability Around
the Specified Target".

The objective of SPC is to institutionalize a
systematic and scientific approach to
business and manufacturing activities. This
approach utilizes sound statistical theory.
Managers are expected to be able to turn
data into information and to make decisions
solely on data (not perception).

The most critical and challenging aspect of
implementing SPC is the establishment of a
discipline within the operating areas so that
decision making is fundamentally based on
verifiable data and so that actions are
documented. The other is the realization that
statistical tools merely point out the problems
but are not themselves solutions. The burden
of action on the process is still on the
shoulders of the person that implemented it.
In order to implement SPC effectively, three
steps are continually followed:

1. Documenting and understanding the
process and using process flow charts
and component diagrams.

2. Establishing data collection systems and
using SPC tools to identify process prob-
lems and opportunities for improvement.

3. Acting on the process and establishing
guidelines to monitor and maintain
process control.

Repeating steps 1-3 again.

These fundamentals are the basis of
establishing specifications and operating
philosophy with respect to SPC. The
management of SPC, be it policy, function
deployment or ongoing continuous
improvement is accomplished in a systematic
way by following the four step Plan, Do,
Check, Act — PDCA/Shewart/Deming Cycles
of Learning.
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Table 1.  Signetics Quality Journey
: e Cross Functional Customer Driven
F . gﬁ‘;’lya‘e“al . o Customer Operation T i
o y . ’S::ﬁpherhi Partnerships « Botter ¢ Design Quality
i nerships
c ¢ Product Quality P' « In-process Quality Management o Involve Everyone
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| Signetics QIP

Information/Analysis

e Customer Survey
« Employee Survey
e Benchmarking
] ¢ Baldrige Assessment |~
e CTM Barriers
e SO 9001 Audits
* TQE Assessment
Quality Planning
¢ Planning Process
e Measures
Customer Leadership e Goals Results
* Mission . Plans & Accountability — e Cycle Time
e Needs e Quality Reduced Customer
Improvement - * Quality/Reliability Satisfaction
« Expectations Policy | Quality Assurance.of || Improved - &
« QIT Structure & Products and Services e Cost Reduced Market Success
« Requirements Responsibilities » SPC, DOE, Problem « Better Work
* Personal Sol\{vng Environment
Involvement - g:e;é(gegsDevelopment | o . sUppIiey
Partnering
o Make/Market Process « Complaints/
e Steps to 6 Sigma Returns Reduced
* Supplier Management
e Audits
Employee Involvement
e Teams
— PATs/MCTs
— CATs
Lel -—CFTs -
e Improvement Ideas
e Training
¢ Recognition
Driver System Measures of Goal
yste Progress 0
Figure 2. Total Quality Management Model
CYCLE TIME MANAGEMENT Design-Development focuses on getting the barrier identification at the root cause level

(CTM™)

Cycle Time Management efforts are focused
on Design-Development Process and
Make-Market Process Responsiveness. Both
are aimed at reducing the cycle time of tasks
from current performance (Baseline) to
entitlement (Using Existing Resources) then
to improved entitlement and theoretical limit.

March 1992

right products and processes to production

within the market window interval.

Make-Market concentrates on getting product
into the customers hands within Customer
Lead Time Requirements. Cycle time
management directly links to quality
improvement in its requirement for task

and removal of those barriers (e.g.
eliminating causes of rejects thereby
eliminating rework or product sort). Also, the
acceleration of results from reducing cycle
time increases the frequency of events
thereby increasing the cycles of leaming
required for quality improvement.
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DESIGN FOR
MANUFACTURABILITY (DFM)
AND SIX SIGMA

A by-product of CTM application to the
Design-Development Process (DDP) is the
Signetics proprietary DDP manual introduced
in January 1991 followed by Cross Functional
Team (CFT) training. The DDP applies to all
product, package and technology groups in
Signetics. CFT's are used to drive the project
from planning phase until all objectives of the
new product contract are met. The
requirements for SPC, DFM and meeting Six
Sigma objectives are contained in the DDP
manual. The CFTs are responsible for
assuring that DFM occurs with an objective of
Six Sigma. A Six Sigma design means that
any desired characteristic of a part has a
yield of 99.9997% or a defect rate of 3.4PPM
(Cp of 2 or Cp of 1.5)

QUALITY PERFORMANCE

Our Quality Improvement Process has
influenced our entire production cycle - from
the purchases of raw materials to the
shipment of finished product. The
involvement of all areas of the company has
resulted in impressive quality improvements.
A traditional quality gauge is final electrical
and visual/mechanical product defect levels
as measured upon first submittal results at
outgoing Quality Assurance gates; Estimated
Process Quality (EPQ). This is the PPM
Level at our outgoing inspection for all
accepted and rejected lots. (See Figures 3
and 4.) Current product shipments routinely
record below 20PPM (Parts Per Million)
electrical defect levels and 150PPM
visual/mechanical defect levels. Since we
utilize zero accept sampling on all finished
product inspection, any lot with one or more
rejects is rejected and 100 percent inspected.

The most meaningful measure of our quality
is how we measure up to our customer's
expectations. Many customers routinely send
us incoming inspection data or ratings on our
products and services. In 1991, Signetics
also implemented a formal annual customer
survey to solicit inputs on Signetics
performance to the Dimension of
Performance deemed relevant by the
customer. Signetics is very appreciative of
the recognition given by customers. Since
1986, Signetics has received over 70 formal
commendation plaques from customers in
recognition of Quality, Delivery and Service.
Due to this type of performance, a number of
our customers have eliminated expensive
incoming inspection testing and have
subscribed to the Ship-to-Stock Program.
(See Figure 5.)

PPM 8000
700
600
500-|
400
300
200
100-|
0 37 2 17 34(6Sigma)
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992Jan. 1994 projection
YEAR
Figure 3. Electrical Product Quality Based on First Time Q.A. Submission Resuilts
3900 1238
PPM
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992Jan. 1994 projection
YEAR
Figure 4. Visual/Mechanical Product Quality Based on First Time Q.A. Submission Results
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CUSTOMERS
127
100-{
504
27
14 y
6 /
ol 772 /
1984 1985 1986 1991 1992 Jan.
YEAR
1984 | 1985| 1986 | 1987 | 1988 | 1989 | 1990 | 1991| Jan. 1992
Asia Customers 4 4 4
Euro Customers 8 19 | 35 | 42 | 45 45
% U.S. Customers 6 14 27 36 56 68 73 78 79
/]
Figure 5. Signetics Ship-To-Stock Customer Growth
SHIP-TO-STOCK PROGRAM several major manufacturers after they had RELIABILITY ASSURANCE
Ship-to-Stock is a formal program developed ~ Worked with us and had a chance to PROGRAMS

at the request of our customers to help them
reduce their costs by eliminating incoming
test and inspection. Through close work with
these customers in our quality improvement
program, they became confident that our
defect rates were so low that the redundancy
of incoming inspections and testing was not
only expensive, but unnecessary. They also
saw that added component handling
increased the potential of causing defects.

Ship-to-Stock is a joint program between
Signetics and a customer which formally
certifies specific parts to go directly into the
customer's assembly line or inventory. This
program was developed at the request of
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experience the data exchange and joint
corrective action occurring as part of our
quality improvement program.

Manufacturers using large volumes of ICs,
those who are evaluating Just-in-Time
delivery programs, or those who want to
reduce or avoid high-cost incoming inspection
are strongly encouraged to participate in this
worthwhile program. Contact your local sales
representative for further assistance and
information on how to participate in this
program.
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Focus on Product Reliability

From 1981 to 1984, continuing improvements
in process and material quality had a
significantimpact on product reliability.

Since 1984, the company has intensified its
effort to markedly improve product reliability.
Corporate Reliability Engineering, Group and
Plant Reliability Units and Manufacturing
Engineering work jointly on numerous
improvement activities. These focused
activities enhance the reliability of future
products by providing improved methods for -
reliability assessment, increased
understanding of failure physics, advanced
analytical techniques, and aid in the
development of material and processes.
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1986 1987

1988 1989 1990
YEAR

1994 Projection

Figure 6. Signetics Early Failure Rate (EFR) Levels

EARLY FAILURE RATE (EFR)
FOCUS

In 1986 Signetics intensified the focus on
Early Life Reliability because of the
significantimpact EFR failures have on end
system reliability performance. This program,
which has now become a standard element in
our reliability monitoring activities, provides
quality engineering with statistically
significant definition of low level process

Table 2.

related defects. From these data, focused
failure mechanism corrective actions can be
developed. Average EFR levels on a broad

cross section of processes, have been

reduced from 720FPM to less than 100FPM
since the corrective action effort was initiated
in 1986 (reference Figure 6). Details of that

activity are available upon request.

Reliability Assurance Programs

RELIABILITY MEASUREMENT
PROGRAMS

Comprehensive product and process
qualification programs have been developed
to assure that our customers are receiving
highly reliable products for their critical
applications. Additionally, ongoing reliability
monitoring programs, SURE Il and Product
Monitor, sample standard production on a
regularly established basis (see Table 2).

RELIABILITY FUNCTION

TYPICAL STRESS

FREQUENCY

New Process Qualification

High Temperature Operating Life
Temperature-Humidity, Biased, Static
High Temperature Storage Life
Pressure Pot

Temperature Cycle

Each new wafer fab process (and facility)
Each new assembly process (and facility)

New Product Qualification

High Temperature Operating Life
Temperature-Humidity, Biased, Static
High Temperature Storage Life
Pressure Pot

Temperature Cycle

Electrostatic Discharge Characterization

Each new product family

High Temperature Operating Life
Temperature-Humidity, Biased, Static

SURE IHl Pressure Pot Each fab process family, every four weeks
Temperature Cycle
. Each plastic package type and technology
Product Monitor Pressure Pot family at each assembly plant, every week
March 1992 32
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DESCRIPTION OF STRESSES

High Temperature Operating Life
Static High Temperature Life (SHTL)
stressing applies static DC bias to the device.
This has specific merit in detecting ionic
contamination problems which require
continuous uninterrupted bias to drive
contaminants to the silicon surface. The
voltage bias must be maintained until the
devices are cooled down to room
temperature from the elevated life test
temperature. Dynamic High Temperature Life
(DHTL) stressing is not as effective in
detecting such problems because the bias
continuously changes, intermittently
generating and healing the problem. For this
reason, SHTL has typically been used as the
accelerated life stress for Logic products.
DHTL is useful for products such as memory
and micro-processor/controller where a large
portion of the area can only be accessed by
dynamic means.

HTSL-High Temperature Storage
Life

This stress exposes the parts to elevated
temperatures (150°C-175°C) with no applied
bias. For plastic packages, 175°C is the high
end of its safe temperature region without
accelerating untypical failure mechanisms.
This test is intended to accelerate potential
mechanical package-related failure
mechanisms such as Gold-Aluminum bond
integrity and other process instabilities.

THBS-Temperature-Humidity,
Biased, Static

The accelerated temperature and humidity
bias is performed at 85°C and 85% relative
humidity (85°C/ 85% RH). In general, the
worst case bias condition is the one which
minimizes the device power dissipations and
maximizes the applied voltages. Higher
power dissipations tend to lower the humidity
level at the chip surface and lessen the
corrosion susceptibility.

TMCL-Temperature-Cycling, Air
to Air

The device is cycled between the specified
upper and lower temperature without power
in an air or Nitrogen environment. Normal
temperature extremes are -65°C and +150°C
with a minimum 10 minute dwell and 5 minute
transition per MIL-STD-883C, Method
1010.5, Condition C. This is a good test to
measure the overall package to die

March 1992

mechanical compatibility, because the
thermal expansion coefficients of the plastic
are normally very much higher than those of
the die and leadframe. However, for large die
the stress may be too severe and induce
failures that would not be expected in a real
application.

PPOT-Pressure Pot

This stress exposes the devices to saturated
steam at elevated temperature and pressure.
The standard condition is 20 PSIG which
occurs at a temperature of 127°C and 100%
RH. The stress is used to test the moisture
resistance of plastic encapsulated devices.
The plastic encapsulant is not a moisture
barrier and will saturate with moisture within
72 hours. Since the chip is not powered up
the chip temperature and relative humidity will
be the same as the autoclave once
equilibrium is reached. Because the steam
environment has an unlimited supply of
moisture and ample temperature to catalyze
thermally activated events, it is effective at
detecting corrosion problems, contamination
induced leakage problems, and general
glassivation stability and integrity. It is also a
good test for both package integrity (cracks in
the package), and for die cracks (the
moisture swells the plastic enough to stress
the die; also the moisture causes leakage
paths in the crack itself).

PRODUCT AND PROCESS
QUALIFICATION PROGRAMS
Qualification activity is centered around new
products and processes and changes in
products and processes. The goal is to
assure that the products can meet the
qualification requirements prior to general
release, and on an ongoing basis to
demonstrate conformance to those
requirements. The nature and extent of
reliability stressing required depends on the
type of change and the amount of applicable
reliability data available.

A full qualification may include Early Failure
Rate (EFR), Intrinsic Failure Rate (IFR), and
Environmental Endurance Stressing. Such
stress plans are reserved for introductions or
changes that involve new or untested
material or processes and, as such should be
subjected to the maximum reliability
interrogation. This normally entails a full
range of biased and unbiased temperature
and humidity stresses along with
thermo-mechanical stresses.
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For changes that are of limited scope, the full
range of qualification stressing may not be
warranted. In these instances, the nature and
extent of the change is examined and only
those stresses which provide a valuable
measure of the change, or those which will
detect potential weakness, are performed.

SELF-QUAL PROGRAM (SQP)
Self-Qual, initiated in 1984, is a joint program
between Signetics and a customer that
formally communicates the qualification
activities for a new or changed product,
process, or material. The Self Qual process
provides our customer's engineering groups
an opportunity to participate in the
development of the qualification plan. During
the qualification process, customers may
audit the project, and can receive interim
updates of qualification progress. Upon
completion, formal detailed engineering
reports are provided.

The major impact to the customer comes
from the reduced workload on the component
engineering and qualification groups. These
engineering resources generally divide their
time between routine qualification activity and
problem resolution on critical components. By
eliminating the need to perform qualification
for one of the basic supplier changes the
customer component engineer can spend
more of his time resolving the critical product
issues. In addition, the total amount of stress
hardware needed to perform qualification life
tests and other environmental evaluations
can be reduced, saving the customer facility
costs and reducing operating expense.

Self-Qual is a no-risk proposition for the
customer. Each Self-Qual proposal provides
a detailed description of what we are
changing and why. Itincludes a detailed plan
of what we intend to do to establish the
reliability of the products affected. If the
customer wishes to have product added to
the plan or select some additional stresses,
or prefers alternative stress conditions,
Signetics will do everything possible to
accommodate those requests. After that, if
the customer is still uncomfortable with the
recommended change, they are under no
obligation to accept our data, and they may
also perform their own qualification program.
Customers who are interested in participating
in this program should contact their local
sales representative or the Corporate
Reliability Engineering department directly.
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SURE Il RELIABILITY
MONITORING PROGRAM

In order to implement an improvement
program, a standard measure of performance
was needed. The results from the SURE I
Reliability Monitoring Program are used as
basic ongoing measures of product reliability
performance. This program samples all
generic families of products manufactured
and utilizes standardized stress methods and
test procedures. A measurement philosophy
was adopted based on the premise of
continual improvement toward our
performance standard of zero defects. We
also increased our standard Pressure Pot
stress conditions from 15 PSIG/121°C to

20 PSIG/127°C. This reduced stress duration
from 168 hours to 72 hours, and increased

high volume sampling, which increased
sensitivity to low defect levels. Our standard
monitoring program, SURE I, includes the
stress conditions as described in Table 3. The
continuous improvement results are shown in
Figure 7 Signetics Reliability Index as Failure
Per Million (FPM). The FPM value includes
all rejects from all accelerated stresses
divided by total units submitted to all
stresses. This is a relative number used to
manage continuous reliability improvement. It
should not be interpreted as an expected
failure rate. Figure 8 shows the continuous
improvement in the SURE 11 1000 Hour
High-Temperature (T, > 150°C) Operating
Life Test FPM (includes early and intrinsic
failure rates) for all technologies combined.

The 428 FPM for 1991 derates to 1 FIT at
45°C ambient temperature when
assumptions of 0.7eV, 60% UCL and an 8°C
junction rise above ambient are used.
Admittedly the 1 FIT calculation for 1991
includes all technologies and unsubstantiated
assumptions, but is a plausible number.
Detailed FIT calculations by family do exist.
Failure rate information is provided in the
Signetics Product Reliability Summary Report
available to all customers. In addition, the
Signetics Reliability Handbook and the
Signetics Process Technology and
Manufacturing Facility Roadmap publications
further define the rationale for methods used
and the formation of process, product and
package families.

1985

“1AT@0.7eV, Tamb =

FPM  20000—— 19517
ALL SURE Ill STRESSES
15000
10000
5000-]
o : B
1986 1987 1988 1989 1990 1991 1992 Jan. 1994 Projection
YEAR
* Failures during product lifetime at customer less than 3.4PPM (6 Sigma)
Figure 7. Signetics Reliability Index
FPM 10000
SURE Il MONITOR, 1000 HOURS, ALL TECHNOLOGIES
w00 T, > 150°C

1987 1988 1989 1990

YEAR
45°C, 60% UCL

Figure 8. High-Temperature Operating Life Test FPM

86
1994
Projection

1991 1992 Jan.

March 1992

34



Philips Semiconductors—Signetics Programmable Logic Devices

Quality and reliability

Table 3. SURE Il Reliability Monitoring Program
RELIABILITY FUNCTION STRESS CONDITIONS #UNITS
Tj2> 150°C, Tamp = 125°C to 150°C,
Static High Temperature Biased condition = Static,
Operating Life (SHTL) Ve = MAX, 135/150 Monthly
Duration = 1000 hours
Tamp = 85°C £ 3°C,
- Humidity = 85% RH + 5%
Temperature-Humidity, h > o
Biased, Static (THBS) Slased l“:Xndmon = Static, 100 Monthly
cc = MAX,
Duration = 1000 hours
Tamb = -65°C ( +0°C -10°C) to +150°C ( +10°C -0°C), Air-to-Air,
Temperature Cycling Dwell time = 10 minutes minimum each extreme, 100 Monthly
(TMCL) Biased condition = None,
Duration = 1000 cycles for plastic package, 300 cycles for ceramic package
Tamb = 127°C £ 2°C, 20 PSIG 0.5 PSIG (PPOT).
100% saturated steam,
Pressure Pot Biased condition = None, 100 Weekly
Duration = 72 hours
435/450 per Family

NOTE: V¢ = MAX is generally equal to Ve = MAX as specified in data handbook

PRODUCT MONITOR

In addition to the SURE Il program, each
assembly plant performs Pressure Pot
(20PSIG, 127°C, 72hours) reliability monitors
on a weekly basis for each molded package
type by pin count. The purpose of this
program is to monitor the consistency of the
assembly operations for such attributes as
molding quality and die attach and wire bond
integrity. This data is reported back to
manufacturing operations and corporate and
group reliability and quality assurance
departments by electronic mail each week.

RELIABILITY EVALUATION

In addition to the product performance
monitors encompassed in the SURE IlI
program, Corporate and Group Reliability
Engineering departments sustain a broad
range of evaluation and qualification
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.

® Devices or generic group failure rate
studies.

® Advanced environmental stress
development.

® Failure mechanism characterization and
corrective action/prevention reporting.

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

STRESS FACILITY QUALITY
Quality improvement has reached all
functional areas of the company, and the
reliability stress laboratories are no exception.
Corporate Reliability Laboratory (CRL) is one
of the many areas where the benefits of the
quality improvement process pays repeated
dividends. ~

CRL utilizes stress which accelerate failure
rates hundreds to thousands of times,
requiring precision and control to make
reliability data meaningful. Stress loading
schedules are maintained with absolute
regularity and chambers are never off-line
beyond scheduled loading plans. Board
currents are recorded prior to and at each
interval on biased stresses, and monitoring of
in-oven currents is conducted daily.

Thermal modeling of the Temperature Cycling
systems has been accomplished and all
loads are carefully weighed to ensure that
thermal ramps are consistent.

Pressure Pot and Biased Pressure Pot
systems utilize microprocessor controllers,
and are accurate to within 0.1 degree
centigrade. Saturation is guaranteed via
automatic timing circuits, and a host of
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fail-safe controls ensure that test groups are
never damaged.

Electrostatic discharge (ESD) handling
precautions are standard procedures in the
laboratories, and the occurrences of devices
lost, zapped, or overstressed have become
almost non-existent.

MANUFACTURING FACILITIES
Signetics, as part of a multinational
corporation, utilize manufacturing facilities for
wafer fabrication, package assembly, and test
in three states and six overseas countries as
shown in Table 4. Wafer fabrication is
performed in fabs which report to the Product
Groups. Assembly operations in Korea and
Thailand report to Assembly Manufacturing
Operations (AMO). Assembly subcontractors
are scheduled and controlled through the
AMO organization. Assembly subcontractors
process all product to Signetics’
specifications and materials. We have on-site
quality assurance personnel at each
subcontractor site to audit assembly
processes and procedures.

TYPICAL IC MANUFACTURING
FLOW

The manufacturing process for integrated
circuits begins with wafer fabrication. The
wafers are then electrically sorted,
assembled, and tested prior to customer
shipment. Quality assurance inspections are
utilized throughout the manufacturing
process, with manufacturing being
responsible for the process/product quality.
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Table 4.  Product Manufacturing
FACILITIES DESIGNATION LOCATION PROCESS OR PACKAGE FAMILIES
Fab 01 Sunnyvale, California, USA Bipolar, Linear, Junction Isolated and Quality Assurance
Wafor Fab 21 Orem, Utah, USA gige(;lli?yr gzl:ra?‘gged, Schottky, Oxide Isolated, ECL, PLD and
Fabrication Fab 22 Albuguerque, New Mexico, USA | NMOS, CMOS, ACMOS, BiCMOS, EPROM and Quality Assurance
Fab 23 Albuquerque, New Mexico, USA | CMOS EPROM, Flash EPROM, BiCMOS, and Quality Assurance
MOS #2 Nijmegen, The Netherlands HC(T) CMOS Logic and Quality Assurance
Alphatec (R) Bangkok, Thailand Ceramic DIP and Quality Assurance
Anam (L) Seoul, Korea Plastic DIP, SO, PLCC, Metal Can and Quality Assurance
ASAT (C) Hong Kong Plastic QFP, SO, and Quality Assurance
HANA (M) Bangkok, Thailand Plastic DIP and Quality Assurance
Assembly Hyundai (W) Ichon, Kyungki, Korea Plastic DIP, SO, PLCC, Ceramic DIP and Quality Assurance
MEC (T) Osaka, Japan Plastic SO EIAJ, QFP and Quality Assurance
Orem (P) Orem, Utah, USA Ceramic DIP, Flat Pack, QFP, PGA and Quality Assurance
Pebei (B) Kaosiung, Taiwan Plastic DIP, SO, SSOP, PLCC, and Quality Assurance
SigKor (K) Seoul, Korea Plastic DIP, SO, PLCC, and Quality Assurance
Sig Thai (V) Bangkok, Thailand Plastic DIP, SO, and Quality Assurance
Rohm (G) Kyoto, Japan Plastic QF P and Quality Assurance
TAOS Sunnyvale, California, USA Wafer Sort, Final Test and Quality Assurance
SigKor Seoul, Korea Final Test and Quality Assurance
Test SigThai Bangkok, Thailand Final Test and Quality Assurance
Albuquerque Albuquerque, New Mexico, USA | Wafer Test and Quality Assurance
Orem Orem, Utah, USA Wafer Test, Military Final Test and Quality Assurance
Table 5. Package Construction
ITEMS PLASTIC DIP SO AND PLCC CERAMIC DIP(CERDIP) CERAMIC FLAT PACK
Lead Frame Copper, 194 Alloy Copper, 194 or PMC102 Alloy-42 Alloy-42
Lead Finish Tin/Lead Solder Dip (60/40) Z'r"é';‘,’jgr?,‘,’;dg(ggzg‘” “0) | Tin/Lead Solder Dip (60/40) | Tin/Lead Solder Dip (60/40)
Bond Area Finish | Silver Spot Silver Spot Silver Spot Silver Spot
Die Attach ?ﬂﬁ;ﬂﬂg‘ig’f"’ mide or Thormopiaate ™98 " | Silver Filed Glass Silver Filled Glass
Bond Wire Gpld, 1.0-1.3 mils in Gold, 1.0-1.3 mils in Aluminum, 1.0-1.3 mils in Aluminum, 1.0-1.3 mils in
Diameter Diameter Diameter Diameter
Wire Bonding Thermosonic Thermosonic Ultrasonic Ultrasonic
Die Ball Ball Stitch Stitch
Lead Frame Stitch Stitch Stitch Stitch
Package Material | Novolac Epoxy Novolac Epoxy Ceramic Ceramic
SPECIAL PROCESSING minimum of 21 hours at junction temperature submitted to a second burn-in. All “SUPR i

SUPR I LEVEL B -

For our customers who require an infant
mortality rate level less than that normally
provided for our standard products (typically
less than 1000PPM), we offer our Signetics

Upgraded Product Reliability (SUPR)

program.

between 155°C to 175°C. For a 1.0eV
activation energy, 21 hours at 155°C is
equivalent to 168 hours at 125°C.

Following burn-in, all devices are cooled
down under bias and tested within 96 hours.
All devices are tested before and after

burn-in, yield calculated and compared to

Devices are burned-in per Signetics
specification 850-227 schematics for a

March 1992

Percent Defective Allowed (PDA). If a lot fails
PDA, itis investigated and good units

B devices carry a “B" marking.

The SUPR program was introduced in 1972
to improve quality and reliability and was
expanded in 1975 to SUPR |l A which
included the burn-in option, SUPR Il B. With
the implementation of the Signetics Quality
Improvement Process in 1980, standard
product quality levels and guarantees caught
up and passed SUPR |I. All processing,
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except for burn-in, is now standard. The
Signetics standard warranty is Zero Defects.

“Evaluation of Early Failure Levels and The
Effectiveness of Burn-In” is available upon
request through your local sales office. This
brochure is an aid for those users and
purchasers of integrated circuits who need to
make a decision regarding burn-in.

PUBLICATIONS

Signetics routinely publishes documents
supporting the Quality and Reliability
Improvement Process. The following
significant documents are currently available.

IC Quality Series

Quality and Reliability Policy Manual
(850-8000)

This manual is the starting point for
understanding the policies of Signetics
pursuant to constantly improving the high
standards of quality and reliability in the
manufacture of monolithic integrated circuits.
Responsibilities and authority of
organizations are defined along with
governing specifications and operator
instruction documents.

Signetics QIP Total Quality
Management

This booklet describes the TQM model,
patterned after the U.S.A. Malcom Baldrige
National Quality Award criteria and how the
model is applied to the Signetics Quality
Improvement Process.

Supplier Partnership Guide

This booklet defines Signetics philosophy,
policy and requirements for establishing
strategic partnerships with raw material
suppliers.

Product Symbol Formats

This publication provides a guide for
determining standard product symbol format
and content for decoding inventory and
product in field usage since 1980. Since date
code 8717, Signetics has symbolized the
assembly start computer Lot ID on
commercial products providing full traceability
back to start of wafer fabrication.

Quality Attributes EDI System

This manual defines system requirements for
Electronic Data Interchange (EDI) of Quality
Attributes (pass/fail) Data.

Monthly Product Outgoing Quality
Summary Reports

Estimated Process Quality (EPQ) in PPM for
electrical, visual/ mechanical and hermeticity
by part number or by family.
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Statistical Process Control

This booklet introduces the Signetics SPC
system including terminologies, philosophy,
organization, training and implementation
strategy and status.

Ship-To-Stock Program

This booklet defines the “joint program”
requirements of Signetics and the customer
to formally certify specific products to go
directly into the assembly line or inventory
with reduced or no incoming inspection
thereby reducing cost of ownership.

Customer Return Immediate Service
Program (CRISP)

This booklet defines the joint responsibilities
of Signetics and the customer to assure that
correlation samples are investigated and
results reported per the Signetics 1-4-5 cycle
time commitments.

IC Reliability Series

Signetics Reliability Handbook

This handbook is a detailed guide to -
Signetics Reliability Qualification and
Monitoring activities. Itincludes reference
sections that deal with the application and
statistics of integrated circuit reliability issues.

Product Reliability Summary

Yearly, SURE Ill monitoring data is
summarized and published for all product
families in a Product Reliability Summary.
Summaries like this one provide a detailed
overview of product family performance and
estimates the reliability of those products in
use conditions.

Quarterly Reliability Update

Detailed results, by part number, package
type, date code, assembly location, and by
stress and test interval are routinely
published in the Signetics Quarterly
Reliability Update. The “Update” is available
at the end of each quarter, and contains the
results of reliability monitors which completed
during the previous quarter, plus
approximately 3 years of history for each
product family.

SMD Reliability (The Reliability and
Durability of Surface Mount
Packages)

In support of Signetics' leadership in Surface
Mount Device (SMD) technology, we have
published in-depth studies and evaluations on
the reliability and durability of SMD packages.
The Surface Mount Reliability report covers
evaluation of products after exposure to the
unique environments created by various SMD
soldering and cleaning processes.
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Process Technology and
Manufacturing Facility Roadmap

This document defines the various process
technologies in production in Signetics
manufacturing facilities, and defines in detail,
the fab and assembly processes and
locations qualified to produce all released
products.

Thermal Characteristics of Integrated
Circuit Packages

This is a comprehensive collection of thermal
characterization data for all packages
manufactured by Signetics. Thermal
resistance data to Case, and to Ambient are
provided. Details on airflow effects and die
size are included.

SSQP - Signetics Self-Qual
Program-Reports

In addition to the regular publications of
reliability monitor results, a special program
for the publication of qualification proposals
and final engineering reports has been in
place since January of 1984. Self-Qual
Reports are available on all major process
changes and introductions, thereby reducing
customer cost of ownership.

Evaluation of Early Failure Levels
and the Effectiveness of Burn-In

This report provides results of the Signetics
Early Failure Rate (EFR) program
implemented in 1986 to identify and eliminate
root causes of infant mortality and to aid
users of IC components faced with a decision
regarding Burn-In of purchased integrated
circuits.

DATA AVAILABILITY

The previously referenced documents are
available to all our customers. Many are
available in your local sales office, or from:

Corporate Quality System Group
Mail Stop #35

811 East Arques Avenue

P. O. Box 3409

Sunnyvale, CA 94088-3409, USA

where you can be placed on a standard
mailing list for all documentation which meet
your requirement(s).
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PLD PRODUCT QUALITY AND
RELIABILITY

Bipolar Programmable Products
Programmable Logic Devices (PLDs) have
also undergone the "Signetics Quality
Joumney" described earlier. More monitoring
in addition to those previously described is
done on bipolar PLDs because they cannot
be fully tested by Signetics. These products
are not complete until the selected fusible
elements (metallic fuse links of NiCr or TiW,
or vertical diodes) are programmed by our
customers.

Our goal is 100% programming yields. To
meed this goal, we begin with correct product
and process design to ensure sufficient
current is delivered to the selected fuses
without programming any de-selected fuses.
Confirmation of proper design is done
through the performance of fusibility testing
and post-fuse functional testing hot (PFTH)
during the qualification of new products and
processes. PFTH includes functional, DC and
AC testing.

Monitoring of fusibility continues on all PLDs
in production with electrical testing of fuse
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resistance on Process Control Monitor die
present on the same wafers as the product
die. Product is also screened for fusibility at
wafer electrical probing (Esort) where a test
row and test column are programmed on
each die. Die that cannot successfully
program the test row and column are
rejected. Samples of selected representative
products continue to routinely undergo
fusibility and PFTH monitors to ensure
maintenance of high programming yields.

On occasion, our internal monitors or
customer feedback may indicate certain
products do not meet our customers’
expectations in regard to programming. In
that event, management commits the
necessary resources to identify and
implement corrective actions. This is usually
accomplished in a Cross Functional Team as
it may not be clear is improved design,
process, testing, or some combination, is
required. The success of such team efforts is
exemplified in the release of new revisions of
the PLUS153/173, PLUS16XX, and
10H20EV8/10020EV8 products. These
products were converted to the new RD2
process that was developed to improve

fusibility. Some of these products underwent
design improvements as well.

CMOS Programmable Products
Our goal for CMOS EPLD programming
yields is also 100%. In addition, data
retention is to be better than 10 years at
45°C. Our efforts towards these goals also
begin with proper product and process design
and continue with SPC in manufacturing.

In contrast to bipolar PLDs, EPLDs are
completely tested by programming all cells at
Esort. Defective die that cannot be fully
programmed are rejected. Product is also
screened for data retention (charge loss) by
voltage and thermally accelerated testing.
The former is accomplished by an elevated
voltage drain stress test at Esort. The latter is
done by means of a 250°C bake between
programming at Esort1 and verification at
Esort2.

As for all products, ongoing verification of
product quality and reliability is accomplished
with PA sampling after final electrical test,
SURE Il reliability testing, and EFR
monitoring.
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PAL Device Data Sheets

Series 20
PHD16N8-5
PLC18V8Z351
PLC18V8Z25/1A
PLUS16R8D/-7

PLQ16R8-5

Series 24
PLUS20R8D/-7

PLQ20R8-5

PL22V10-10/-12/-15,
PL22V10115
PLQ22V10-7

10H20EV8/10020EV8

Series 68
PHD48N22-7
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Programmable high-speed decoder logic

(16 x 16 x 8)

PHD16N8-5

DESCRIPTION

The PHD16N8-5 is an ultra fast
Programmable High-speed Decoder featuring
a 5ns maximum propagation delay. The
architecture has been optimized using Philips
Semiconductors—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. Individual
3-State control of all outputs is also provided.

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

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

Order codes are listed below.

FEATURES
® |deal for high speed system decoding

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

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

® Security fuse to prevent duplication of
proprietary designs.

© |ndividual 3-State control of all outputs

® Field-programmable on industry standard
programmers

® Available in 20-pin Plastic Dual In-Line 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
o [T_-j 20] vee
n [z 9] o7
2 3 ) 8
13 [4] 17] BS
“ 5] e] o4
15 6] 15] B3
6 [7] 1) B2
7 [3] 13) B1
18 [9] [12] oo
GND 1] 10

N = Plastic Dual In-Line Package (300mil-wide)

A Package

12 11 0 vec 07

=& 6= E
g 2geSR

18 GND 19 00 Bt

A = Plastic Leaded Chip Carrier

ORDERING INFORMATION
DESCRIPTION ORDER CODE
20-Pin Plastic Dual In Line Package; (300mil-wide) - PHD16N8-5N
20-Pin Plastic Leaded Chip Carrier; (350mil square) PHD16N8-5A
March 27, 1990 41
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(16 X 16 x 8) PHD16N8-5

LOGIC DIAGRAM

NOTES:
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PHD16N8-5
(16 x 16 x 8)
FUNCTIONAL DIAGRAM
.
w18
> {")c-r B1-B6
{>o {] o0.07
ABSOLUTE MAXIMUM RATINGS? THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER Min Max UNIT Maximum junction 150°C
Vee Supply voltage 05 W7 Voo Maximum ambient 75°C
Allowable thermal rise
Vin Input voltage -05 +55 Voc ambient to junction 75°C
Vout Output voltage +5.5 Voc
IN Input currents -30 +30 mA
lout Output currents +100 mA
Tamo Operating temperature range (] +75 °C
Tsig 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.

OPERATING RANGES

RATINGS
SYMBOL | PARAMETER Min Max UNIT
Vee Supply voltage +4.75 +5.25 Ve
Tamb Operating free-air temperature 0 +75 °C

March 27, 1990 43
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(16 x 16 x 8)

DC ELECTRICAL CHARACTERISTICS

0°C < Tymp < +75°C, 4.75 < Vo £ 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP? J MAX UNIT
Input voltage?
Vi Low Vee =MIN 08 '
Vi High Vee = MAX 20 \"
Vic Clamp Vece = MIN, Iy =—18mA -08 -15 v
Output voltage
Veg =MIN, Viy =Viyor Vi

VoL Low loL = +24mA 0.5 Vv
Vou High lon = —3.2mA 24 \"
Input current

Vee = MAX
" Low Vi = +0.40V -20 —250 pA
In High Vin = +2.7V 25 pA
N High Vin = Vee = Voo MAX 100 WA
Output current

Vee = MAX
lozu Output leakage® Vour = +2.7V 100 pA
lozL Output leakage? Vour = +0.40V -100 pA
los Short circuit? Vout = 0V -30 -90 mA
lcc Vce supply current Vee = MAX 115 180 mA
Capacitance®

Vcc = +5V
Cin Input ViN=20V@f=1MHz 8 pF
Cout /O (B) Vour =20V @ f= 1MHz 8 pF

NOTES:

1. Typical limits are at Vg = 5.0V and Tamp = +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 Ij_and oz, 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.
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AC ELECTRICAL CHARACTERISTICS

0°C < Tamp < +75°C, 4.75 < Ve < 5.25V, R, = 2000, R, = 390Q

TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITIONS MIN MAX UNIT
tpp' Propagation delay (LBt Output + C =50pF 5 ns
toe? Output Enable (,B)+ Output enable CL = 50pF 10 ns
top? Output Disable (L, Bt Input disable C_ = 5pF 10 ns
NOTES:
1. tpp is tested with switch Sy 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 output

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 S, closed.

VIRGIN STATE

A factory shipped virgin device contains all

fusible links open, such that: ? 6 py *
1. All outputs are disabled. 3 s d
2. All p-terms are disabled in the AND array. § .
o
s
TIMING DEFINITIONS g
-3
SYMBOL PARAMETER *
Input to output propagation
trD delay. © 1 2 3 4 5 6 7 8
Input to Output Disable TEST CONDITIONS: Tamp = 75°C;
Ve =4.75V; C_ = 50pF;
ton (3-State) delay (Output z i
Disable). R = 2000; R - 3900
Input to Output Enable Worst-Case Propagation Delay vs.
toe delay (Output Enable). Number of Switching
TIMING DIAGRAM
0V
INPUTS, 110 15V
ov
tp| top—* ‘oe-l
Vou
VoL
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE; CHANGING,
MUST BE WILL BE i d
S m MG e
CENTER
M DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE
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Programmable high-speed decoder logic

PHD16N8-5

(16 x 16 x 8)
AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
Vee T +5V Sy
[ —l- l [ SR
1 | . 1
= [ | R3S [
INPUTS o9 DUT | 1 l
T—"|8w | ]
| |
B a0 2 outPUTS == 25ns 250
_L MEASUREMENTS:
- All circuit delays are measured at the +1.5V level of
inputs and outputs, unless otherwise specified.
NOTE:
C1 and C3 are to bypass Vc to GND. Input Pulses
LOGIC PROGRAMMING PHD16N8-5 logic designs can also be PROGRAMMING/SOFTWARE

The PHD16N8-5 is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics’ SLICE and
SNAP design software packages. ABEL™
CUPL™ and PALASM® 90 design software
packages also support the PHD16N8-5
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

“AND” ARRAY - (I, B)

generated using the program table entry
format, which is detailed on the following
page. This program table entry format is
supported by SLICE only. The SLICE design
package is available, free of charge, to
qualified users.

SUPPORT

Refer to Section 8 (Development Software)
and Section 9 (Third-Party Programmer/
Software Support) of this data handbook for
additional information.

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 B 1B LB
18 LB LB L8
LB LB LB LB
PD P,0 D RD
[ STATE [ cooe [ STATE [ cooe ] [ STATE [ cooe | [ STATE [ cooe ]
L_mnacve!' | o ] l TRUE w1 | compement | L | | oonteare | - |

NOTE:
1. This is the initial state.

ABEL is atrademark of Data /O Cormp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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(16 x 16 x 8) PHD16N8-5

PROGRAM TABLE
' AND OR (FIXED)
' a|< T
) E INPUT (1) INPUTS (B) OUTPUTS (B, 0)
'
R
§: 5 M onl'/csala 2| 1]0 ss4|3 2] 1 7 ss4|s 2(1]o0
HEE o [ [} H | .
HHHE IR .
HEE ! I | | A |
‘e s T |
5132 : s | |
i 3 | | : A |
b T T i °
- 4
' g + } {
' = s I | | '
: ol =] 4] | 6 ! l | D I
2 7 I | : f
, |3 I I
|5 8 | D
. H 3 } } t |
X 6 % ° | | 1 | A
‘ g/ 212 8 10 I I | )
' i il
. " ; i j| | A
12 I ] | D
+ 4 f
13 | | | A
N ! | -
Py T T T
% " | | | | A
x| Wl en ju stalr]e|sials]2]1]ef17]6l1s]1a]1s 19 |18 |17 |16 I1s 14 |13 |12
ol < 4 - + 1
a | | | |
| | | |
w
l 2w | | : |
e < = I | |
x| 3
g £ 3 [ | ! |
g > | | | |
o | | ! |
g | | | |
=32, ~
] ﬁ 3] 2 2 4| Notes:
<zt g B a w 2 1. The PHD16N8-5 is shipped with all links intact.
Q o g 2. Unused | and B bits in the AND array exist as INACTIVE in the virgin state.
c w x = > IS | ‘ Y !
w o 8 w S = 3. All p-terms are inactive until programmed otherwise.
5 5 E 5 3 E‘ 4. Data cannot be entered into the OR array field due to the fixed nature of the device architecture.
b & 2 = 8
25885 ¢
O a » O F o
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(16 X 16 x 8) PHD16N8-5

DECODING 1/2 MEG STATIC MEMORY

AH3—]
L]
+ | HD1sNs et
° m—— SRAM
AL16—
AH31
° I
o | PHDt6Ns
. _.__
AL16 R
L]
L ]
AH31 [
° L
o | PHD16Ns
s _
AL16
AH31
° L
: PHD16N8
L]
AL16
16K x4
SRAM
SNAP RESOURCE SUMMARY DESIGNATIONS
lnmu -
o D. E,inmx_lr;
D’ &: INPAL?:
® !LlNPAL[:
< DINPALT:
 NINPAL7.
P r)c B1-B6
NOUTPALT
F)Cf E] 00,07
“NOUTPALZ.

March 27, 1990 48



Philips Semiconductors—Signetics Programmable Logic Devices

Product specification

Zero standby power

CMOS versatile PAL devices

PLC18V8Z35/PLC18V8ZI

DESCRIPTION

The PLC18V8235 and PLC18V8Z! are
universal PAL® devices featuring high
performance 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 HCT logic, the PLC18V8ZI can
also replace HC logic over the V¢ range of
451t055V.

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
dedicated input, a combinatorial output, or a
registered output with internal feedback. As a
result, the PLC18V8Z is capable of emulating
all common 20-pin PAL devices to reduce
documentation, inventory, and manufacturing
costs.

A power-up reset function and a Register
Preload function have been incorporated in
the PLC18V8Z architecture to facilitate state
machine design and testing.

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

The PLC18V8Z is also processed to
industrial requirements for operation over an
extended temperature range of -40°C to

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

® Synchronous Preset/Asynchronous Reset

® Security fuse to prevent duplication of
proprietary designs
® Design support provided using SLICE

software development package and other
CAD tools for PLDs

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

PIN CONFIGURATIONS

1/CLK |j \J |:zo|
1 [2] E]

2 ] 6]

13 [4] 7]
w(E 77N [@

1s [6] \\ ,) 5]

s [ [14]

i (8] [13]

1 [] 2]
GND q ;ﬂ

N = Plastic DIP (300mil-wide)

A Package

lo/
o 1y CLKVcc Fr

N and FA Packages

FA = Ceramic DIP with Quartz Window (300mil-wide)

18] Fs
[17] Fs
18] Fy
[15] F3

g GND Iy Fg Fq
OE

A = Plastic Leaded Chip Carrier

[14]

PIN LABEL DESCRIPTIONS

+85°C and supply voltage of 4.5V to 5.5V. APPLICATIONS ! Dedicated input
Ordering information can be found below. ® Battery powered instruments B Bidirectional input/output
(o} Dedicated output
® Laptop and pocket computers -
D Registered output
® |ndustrial control (D-type flip-flop)
© Medical Instruments F Macrocell Input/Output
@ Portable communications equipment CLK Clock input
OE Output Enable
Vee Supply voltage
GND Ground
ORDERING INFORMATION
OPERATING
DESCRIPTION CONDITIONS ORDER CODE
20-Pin Plastic Dual In-Line Package 300mil-wide (tpp = 35ns) Commercial PLC18V8Z35N
20-Pin Ceramic Dual In-Line Package 300mil-wide with quartz window (tpp = 35ns) Temperature Range PLC18V8Z35FA
20-Pin Plastic Leaded Chip Carrier 350mil square (tpp = 35ns) + 5% Power Supplies PLC18V8Z35A
20-Pin Plastic Dual In-Line Package 300mil-wide (tpp = 40ns) Industrial PLC18V8ZIN
20-Pin Ceramic Dual In-Line Package 300mil-wide with quartz window (tpp = 40ns) Temperature Range PLC18V8ZIFA
20-Pin Plastic Leaded Chip Carrier 350mil square (tpp = 40ns) + 10% Power Supplies PLC18V8ZIA
®PAL is a registered trademark of Advanced Micro Devices, Inc.
September 1, 1989 49 853-1396 97550
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LOGIC DIAGRAM
) 4 8 12 16 20 % 28 32 35
lo/CLK D‘ > f t ;._D___..CLK
DIR

-
.
-
.
«
d
(23
e

N
i AL A
L_g_T B B

J

i imE et REe e 3 g:xc‘
it e b + ac2

CLK|

SP

g:t;-_ AC1
AC2

CLK|

v = i

o

" i;;;nm
@ AC2

0
T—CJ

o

m

&
"

&
> >
82 [
|{‘

Fa

F3

(2]
JELE
%

Sl s o

F2

16 7=

DIR cuﬁ
?_tAm
AC2

CLK

Fq

o
m

SP

B

Fo

L?J
%.
Iﬁ—‘

O
=
o
m

5
5

DN SN AN IIIT AR08 NN SS90 002 iy
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 cells (OMC) are configured as bidirectional /O, with the outputs disabled via the
All AND gate locations are pulled to a logic “0" (Low). direction term.
Output polarity is inverting. Denotes a programmable cell location.
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION FUNCTIONAL DIAGRAM
CROSS REFERENCE
16L8 cg o 1 cgosaﬂa
PIN | PLC | 16H8 | 16Ra | 16Re | 16Rs | 1612 | 14L4 | 1208 | 10L3
NO. 18V8Z :grp'g 16RP4 | 16RP6 | 16RP8 16P2 | 14Pa | 12p6 | 10P8 9
2 - Fr
1 1o/CLK 1 CLK CLK CLK ! | 1 |
: >
19 F7 B B B D | | | (¢] E 9 N
18 Fé B B D D | | (o] o <2
w123 [
17 F5 B D D D | o (o] (e} . =3 .
o~
16 F4 | B D D D o o o o : %5 i :
E3
15 F3 B D D D o (o] (¢] o W _E L
14 F2 B D D D I o [¢) [6) 38
13 F1 B B D D [ 1 o o *
12 FO B B B D I I [ 0 18 {3
1 1o/OE | OE OE OE [ | 1 |
The Signetics state-of-the-art Floating-Gate to the customer. Additionally, this allows
CMOS EPROM process yields bipolar Signetics to extensively stress test, as well as L
equivalent performance at less than ensure the threshold voltage of each
one-quarter the power consumption. The individual EPROM cell. 100% programming
erasable nature of the EPROM process yield is subsequently guaranteed.
enables Signetics to functionally test the
devices prior to shipment
OUTPUT MACRO CELL (OMC) THE OUTPUT MACRO CELL
(OMC)
The PLC18V8Z series devices have 8
FROM AND individually programmable Output Macro
ARRAY A TO ALL OMCs Cells. The 72 AND inputs (or product terms)
fe———————— J N _é ______ . from the programmable AND array are
| H | connected to the 8 OMCs in groups of 9.
| DIRECTION CONTROL TERM P | Eight of the AND terms are dedicated to logic
| 01 OE | functions; the ninth is for asynchronous
| 00 MUX | direction control, which enables/disables the
| 10 | respective bidirectional I/O pin. Two product
| | terms are dedicated for the Synchronous
| : Preset and Asynchronous Reset functions.
01 | Each OMC can be independently
10 0UT _E programmed via 16 architecture control bits,
o l', | AC1, and AC2,, (one pair per macro cell).
| = POLARITY H{cLK T | Similarly, each OMC has a programmable
| actk CONTROL - | output polarity control bit (Xn). By configuring
| | R | the pair of architecture control bits according
| Ac2q T | to the configuration cell table, 4 different
| = oo [ | configurations may be implemented. Note that
:ﬁ | M F 10 }_L__A the configuration cell is automatically
| 1 H MUX 43 | programmed based on the OMC
: oo o1 1 : configuration.
P S T S =)
vVoy DESIGN SECURITY
TO ALL OMCs The PLC18V8Z series devices have a
oE programmable security fuse that controls the
NOTE: access to the data programmed in the device.
# Denotes a programmable cell location. By using this programmable feature,
proprietary designs implemented in the device
cannot be copied or retrieved.
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CONFIGURATION CELL

A single configuration cell controls the
functions of Pins 1 and 11. Refer to
Functional Diagram. When the configuration
cell is programmed, Pin 1 is a dedicated
clock and Pin 11 is dedicated for output
enable. When the configuration cell is
unprogrammed, Pins 1 and 11 are both
dedicated inputs. Note that the output enable

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

If any one OMC is configured as registered,
the configuration cell will be automatically
configured (via the design software) to ensure
that the clock and output enable functions are

enabled 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
Pin 1 and Pin 11 = Input

CONTROL CELL CONFIGURATIONS
FUNCTION AC1, AC2y CONFIG. CELL COMMENTS
Registered mode Programmed Programmed Programmed g?ﬁﬁ;%?siﬁkgﬁgspég; gf ﬁogrt‘l;cy;F
Bidirectional /O mode’ Unprogrammed Unprogrammed Unprogrammed g_igia}eaggn::oﬁrizeziﬁzd"gf g:?ly
Fixed input mode Unprogrammed Programmed Unprogrammed Pins 1 and 11 are dedicated inputs.
Fixed output mode Programmed Unprogrammed Unprogrammed f;ggl:aizigkiﬁad::rs‘?: (;?s‘;‘gfedme
NOTE:

1. This is the virgin state as shipped from the factory.

ARCHITECTURE CONTROL—AC1 and AC2

oE
S$—1 ol D), F(D)
AR ——
s F(B), F (B) F(0), F (0)
2 o L.
L T CLK
OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE
REGISTERED (D-TYPE) D B(?(‘)’LE;H%;];@‘ B FIXED OUTPUT )
=
NP ek o
Do ronem el
= Fo) AR—
ne—| €
- |
OMC CONFIGURATION | CODE CONFIGURATION CELL | CODE CONFIGURATION CELL | CODE
PIN 1= CLK PIN 1= INPUT
FIXED INPUT ! PIN 11 = OF L PIN 11 = INPUT H

NOTE:

A factory shipped unprogrammed device is configured such that:
1. This is the initial unprogrammed state. All cells are in a conductive state.

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

onnswON

. Pins 1 and 11 are configured as inputs 0 and 9. The clock and OF functions are disabled.
. All Qutput Macro Cells (OMCs) are configured as bidirectional I/O, with the outputs disabled via the direction term.
. 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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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage . -0.51t0 +7 Ve Maximum junction 150°C
. X .5 (Industrial i i 75°
Voo | Oporatngsuply votago casiass oo | vy, | [ Mexinum ambien =0
Allowable thermal rise - 75°C
ViN Input voltage ~0.51t0 Ve +0.5 Voc ambient to junction
Vout Output voltage -0.5t0 Ve +0.5 Voc
[ Input currents —10to +10 mA
lout Output currents +24 mA
. —40 to +85 (Industrial o
Tamo Operating temperature range Oto +75 (Cf)nmerzii:]z) C
Teyg Storage temperature range —65 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
indicated in the operational and programming specification of the device is not implied.

AC TEST CONDITIONS VOLTAGE WAVEFORMS

BNV ————

Vee T +5V Sy

| 'LT_I_'I' & JLM Js..l.f

1o By

I
| | s +3.0V
| | Ry & CL 90%
INPUTS o 1y but | <
T —™|Bw | 4 10%
| | ov
o—l—o B: B; —-l—> — l-_ —-I
X e Z OUTPUTS == ne Sne
= MEASUREMENTS:
_L All circuit delays are measured at the +1.5V level of
= - inputs and outputs, unless otherwise specified.
NOTE:
C1 and C2 are to bypass V¢ to GND. Input Pulses
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CMOS versatile PAL devices
DC ELECTRICAL CHARACTERISTICS
Commercial = 0°C < Ty, < +75°C, 4.75V < Vg <5.25V;
Industrial = —40°C < Tamy < +85°C, 4.5V < Voo < 5.5V
LIMITS
SYMBOL PARAMETER TEST CONDITION MIN TYP? MAX UNIT
Input voltage
Vi Low Vec=MIN -0.3 0.8 v
Vi High Ve = MAX 20 Vee +0.3 v
Output voltage?
Vee = MIN, o = 20pA 0.100 v
Vo Low Vee = MIN, log = 24mA 0.500 v
- Vee = MIN, oy = —3.2mA 24 \
Vo High Vi = MIN, fog; = ~20pA Voo —0.1V v
Input current
I Low? Viy = GND -10 A
iy ngh ViNn = Vee 10 ].IA
Output current
. V =V, 10
lo(orF) Hi-Z state V:JJTT - Gﬁ% -10 m
los Short-circuit® Vout = GND -130 mA
lcc Vcc supply current (Standby) Vce = MAX, Viy =0 or Ve 100 HA
leo/f Ve supply current (Active)* Vce = MAX (CMOS inputs)5:8 15 mA/MHz
Capacitance
¢ Input \Xﬁi e 12 pF
Cg l{e] Vg =2.0V 15 pF
NOTES:

1. All typical values are at Vgg = 5V, Tamp, = +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. Alcc/TTLinput = 2mA.
6. Alcc vs frequency (registered configuration) = 2mA/MHz.
7. Iy for Pin 1 (I/CLK) is + 10uA with V}y = 0.4V.
8. Vyyincludes CLK and DE if applicable.
15 6
5
/ s
10
E I 3 //
3 / g2
3 P
s / < A
/ ) v
/|
100 A
[ -2
[} 2 4 6 8 10 0 20 40 60 80 100 120 140 160 180 200
f{MHz) OUTPUT CAPACITANCE LOADING (pF)
Figure 1. Icc vs Frequency Figure 2. Atpp vs Output
(Worst Case) Capacitance Loading (Typical)
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CMOS versatile PAL devices
AC ELECTRICAL CHARACTERISTICS
Commercial = 0°C < Ty < +75°C, 4.75V < Vg £5.25V;
Industrial = -40°C < Tamp < +85°C, 4.5V < V¢ <5.5V; Ry = 390Q
PLC18V8Z35 PLC18V8ZI
TEST CONDITION' (Commercial) (Industrial)
SYMBOL PARAMETER FROM TO Ry (@) CL MmN | max | min | max UNIT
! (PF)
Pulse width
Clock period
tckp (Minimum CLK + CLK + 200 50 47 57 ns
tis + tcko)
tckH Clock width High CLK + CLK - 200 50 20 25 ns
tekL Clock width Low CLK - CLK + 200 50 20 25 ns
Async reset -
taRw puise width 1+, F+ 1%, F¥ 35 40 ns
Hold time
th Input of foedback CLK + input 200 50 | o 0 ns
Setup time
Input or feedback
tis data setup time I+ Ft CLK + 200 50 25 30 ns
Propagation delay
Delay from input
teo to active output I+ Ft Ft 200 50 35 40 | ns
Clock High to
teko output valid CLK + F+ 200 50 22 27 ns
access Time
Product term . .
3 . Active-High R = 1.5k
toet gfr}able to outputs 14, F+ F+ Active-Low R = 550 50 35 40 ns
Product term
2 | disable to output I+, Ft Ft From Vou R = e« 5 35 40
loor™ | o uiputs From VoL R = 200 ns
Pin 11 output
: N From Voy R =
topz? disable High to OE - F+ O™ 5 25 30 ns
outputs off From Vg R =200
Pin 11 output . :
3 : Active-High R = 1.5k
toe2’ gg:)t:}k: to active OE + F+ Active-Low R = 550 50 25 30 ns
tarD Async reset delay 1+, F+ F+ 35 40 ns
Async reset
taRR recovery time I+ Ft CLK + 25 30 ns
Sync preset
tsPR recovery time 1+ F+ CLK + 25 30 ns
tepR Power-up reset Vee + F+ 35 40 ns
Frequency of operation
fmax Maximum frequency I/(tis + tcko) r 200 I 50 l 214[ 18 | MHz
NOTES:
1. Refer also to AC Test Conditions. (Test Load Circuit)

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 output

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 S closed.
. Resistor values of 1.5k and 550Q provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level.
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POWER-UP RESET

In order to facilitate state machine design and
testing, a power-up reset function has been
incorporated in the PLC18V8Z. All internal
registers will reset to Active-Low (logical *0")
after a specified period of time (tppR).

TIMING DIAGRAMS

Therefore, any OMC that has been
configured as a registered output will always
produce an Active-High on the associated
output pin because of the inverted 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
VO, REG.
FEEDBACK

CLK

PIN 11 OE

F VALID INPUT

VALID INPUT

X72222222222.

[— 4 —+e— 1ty

-

Y A

m

toD2

REGISTERED
OUTPUTS

‘—mk

ANY INPUT
PROGRAMMED FOR
DIRECTION CONTROL

‘COMBINATORIAL
OUTPUTS

E 7/
(OUTPUTS) /

tcke

o2

3-STATE

ton1

=

Switching Waveforms

Vee

NOTE:
Diagram presupposes that the outputs (F) are enabled. The reset occurs rega

/(4.5v <
]
ov
‘PPR
- — -————- Vo
7 {st 1.5V
VoL
[*tcko
- Y
ov
—tokL—t— tn 4 —
g f—' 3V
CLK m 7{1.sv 1.5V 15V
+— oV
[*—— % —>r*—tCKH KL —*
tekp
of the output (enabled or di

Power-Up Reset
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TIMING DIAGRAMS (Continued)

- —
tARW
ASYNCHRONOUS
RESET INPUT
]
tARD

REGISTERED
OUTPUT

* tARR
cLocK

Asynchronous Reset

%s Y } SPR
SYNCHRONOUS
PRESET INPUT
o N\ /
tCKO'
REGISTERED
OuUTPUT

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

To read the data out, Pins 11 and 6 must be

returned to normal TTL levels. The outputs,
Fo-7, must be enabled in order to read data

REGISTER PRELOAD (DIAGNOSTIC MODE)

out. The Q outputs of the registers will reflect
data in as input via Fq_ 7 during preload.
Subsequently, the register Q output via the
feedback path will reflect the data in as input
via Fg-7.

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

120V 12.0v
16/OE
(PIN11)
50V 5.0V
oLy tPL tpL tpL | tPL ip)
h2.0 I ™ Li Oetvou
Is |
(PIN 6) |
7 sov |
—
! /oK
l/cLK - _‘* /
(PIN1) | N /|
|
o e-tor oo
X
Fo.-,—_]: PRELOAD DATAIN [—( PRELOAD DATA OUT DATA OUT Fo7
s — Y4
468 hsaes

September 1, 1989



Philips Semiconductors-Signetics Programmable Logic Devices

Product specification

Zero standby power

CMOS versatile PAL devices

PLC18Vv8Z35/ PLC18V8ZI

LOGIC PROGRAMMING

The PLC18V8Z series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics SLICE and
SNAP design software packages. ABEL™
CUPL™ and PALASM® 90 design software
packages also support the PLC18V8Z
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

OUTPUT POLARITY - (O, B)

PLC18V8Z logic designs can also be
generated using the program table entry
format, which is detailed on the following
pages. This program table entry format is
supported by SLICE only. The SLICE design
package is available, free of charge, to
qualified users.

With Logic programming, the AND/OR/Ex-OR
gate input connections necessary to
implement the desired logic function are
coded directly from logic equations using the

e

| AcnvereveL [ cooe |

inverTiNg! | L

[ acmverever | cooe |
[ NoNaNvERTING | W ]

“AND” ARRAY - (I, B)

Program Table. Similarly, various OMC
configurations are implemented by
programming the Architecture Control bits
AC1 and AC2. Note that the configuration cell
is automatically programmed based on the
OMC configuration.

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

LB 18 N} LB
9] LB LB 9]
LB LB 144 LB
P P P P
| STATE | cooe ] | STATE [ cooe ] [ STATE [ cooe ] [ STATE [ cooe |
| pontcare | - ] | _macnve T o ] [ 1,B 1 W ] { 1.8 v ]
NOTE:

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

ERASURE CHARACTERISTICS
(For Quartz 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
sunlight and certain types of fluorescent
lighting could erase a typical PLC18V8Z in
approximately three years, while it would take
approximately one week to cause erasure
when exposed to direct sunlight. If the
PLC18V8Z is to be exposed to these types of
lighting conditions for extended periods of
time, opaque labels should be placed over
the window to prevent unintentional erasure.

ABEL is a trademark of Data IO Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.

September 1, 1989

The recommended erasure procedure for the
PLC18V8Z is exposure to shortwave
ultraviolet fight which has a wavelength of
2537 Angstroms (A). The integrated dose
(i.e., UV intensity x exposure time) for
erasure should be a minimum of
15Wsec/cm?. The erasure time with this

_dosage is approximatety 30 1o 35 minutes

using an ultraviolet lamp with a
12,000uW/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
exposed to without damage is
7258Wsec/cm?). Exposure of these CMOS
EPLDs to high intensity UV light for longer
periods may cause permanent damage.

59

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

PROGRAMMING/SOFTWARE
SUPPORT

Refer to Section 8 (Development Software)
and Section 9 (Third-Party Programmer/
Software Support) of this data handbook for
additional information.
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* THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE.
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**FOR SP, AR: "~=" IS NOT ALLOWED.
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SNAP RESOURCE SUMMARY DESIGNATIONS

LK
lo/Cl s CONAG.

CELL

[ <

onc Ef_ e

|,—E

ﬁz

36 ROWS X 72 COLUMNS

v i3]

PROGRAMMABLE AND ARRAY

XORREG:

™~ XORINV:
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PLC18V8225/PLC18V8ZIA

DESCRIPTION FEATURES PIN CONFIGURATIONS
The PLC18V8Z is a universal PAL® device ° 20~pin Universal Programmable Array Nand FA Packages
featuring high performance and virtually Logic
zero-standby power for power sensitive ) ok [1] ~ Izo] Vee
applications. They are reliable, ® Virtually Zero-Standby-power " & .
user-configurable substitutes for discrete ® Functional replacement for Series 20
TTLCMOS logic. While compatible with TTL — 1,'% > P 12 [3] 18] F
and HCT logic, the PLC18V8Z can also ) 4mA 13 (3] [17] F5
replace HC logic over the Vcc range of 4.5 to = loL = 24m. wiE] 77N [@w
5.5V. ® High-performance CMOS EPROM cell 5 2] \\ /) 71 F3
The PLC18VSZ is a two-level logic element technology 6 [7] 1 R2
comprised of 10 inputs, 74 AND gates - Erasable i ) #
(product terms) and 8 output Macro cells. — Reconfigurable (]

83 2] Fo
Each output features an “Output Macro Cell” = 100% testable G] )
which can be individually configured as a ® 25ns Max propagation delay (comm) GNo [ig 11] 19/0E

dedicated input, a combinatorial output, or a
registered output with internal feedback. As a
result, the PLC18V8Z is capable of emulating
all common 20-pin PAL devices to reduce
documentation, inventory, and manufacturing
costs.

A power-up reset function and a Register
Preload function have been incorporated in
the PLC18V8Z architecture to facilitate state
machine design and testing.

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

The PLC18V8Z is also processed to
industrial requirements for operation over an

| Dedicated input
extended temperature range of -40°C to —— .
+85°C and supply voltage of 4.5V to 5.5V. APPLICATIONS B Bidirectional inputioutput
Ordering informat be found bel ® Battery powered instruments [¢) Dedicated output
r nformation can be foun ow. .
® | aptop and pocket computers 0 ::[‘)e?y'?::s oﬂ::;ut
® Industrial control F Macrocell Input/Output

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

® Programmable output polarity

® Power-up reset on all registers

® Register Preload capability

® Synchronous Preset/Asynchronous Reset

® Security fuse to prevent duplication of
proprietary designs

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

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

® Medical Instruments

® Portable communications equipment

N = Plastic DIP (300mil-wide)
FA = Ceramic DIP with Quartz Window (300mil-wide)

A Package

0/
12 It ClKvee F7
bol 9

[20]

18] F6
[17] Fs
16] Fa
[15) F3
13] F2

I8GNDIY/ PO F1
OE

A = Plastic Leaded Chip Carrier

PIN LABEL DESCRIPTIONS

CLK Clock Input
OE Output Enable
Vee Supply Voltage

GND Ground
ORDERING INFORMATION

DESCRIPTION OPERATING CONDITIONS ORDER CODE
20-Pin Plastic Dual In-Line Package 300mil-wide (tpp = 25ns) Commercial PLC18V8Z25N
20-Pin Ceramic Dual In-Line Package
300mil-wide with quartz window (tep = 25ns) Temperature Range PLC18V8Z25FA
20-Pin Plastic Leaded Chip Carrier 350mil square (tpp = 25ns) + 5% Power Supplies PLC18V8Z25A
20-Pin Plastic Dual In-Line Package 300mil-wide (tpp = 25ns) Industrial PLC18V8ZIAN
20-Pin Ceramic Dual In-Line Package
300mil-wide with quartz window (tpp = 25ns) Temperature Range PLC18VBZIAFA
20-Pin Plastic Leaded Chip Carrier 350mil square (tpp = 25ns) + 10% Power Supplies PLC18V8ZIAA

®PAL is a registered trademark of Advanced Micro Devices, Inc.

January 27, 1992
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LOGIC DIAGRAM
] 4 8 12 16 20 24 28 32 35
wcLk [1H-—H cLK
= —
DiR
Vsp
¢ = b F7
b Q:tmi (]
AC2
ni2
CLK OE
DIR
SP
~+{18] rs
3 IAC2
2[3
CLK OE
DIR l
SP
P F5
ZF‘;‘C‘
IAC2
134 Al
CLK| OE
DIR
SP
t1{16] Fa
AC1
& IAC2
u|5
CLK OE
DiIR
sP
T F3
g;tACI
3 AC2
30
CL} OE
on T
SP
. F2
KAO‘
AC2
6|7
CLK O
DIR
sP
Pk F1
fi:: AC1
AC2
7|8
CLK|  [oE
DIR
SP
* F
it AC1
AC2
8|9 L_AR |
sP T — - - cu OE
AR - -
>
—{11] woe
Rallrin bR K R R G E R R I T Yo Kot Rl K To Ko KoL K connc
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.
Al 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 pulled to a logic *0" (Low). direction term.
Output polarity is inverting. ~ Denotes a programmable cell location.
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION FUNCTIONAL DIAGRAM
CROSS REFERENCE o
16L8 O — P ey
PN | PLC | 16H8 | 16Ra | 16Rs | 1ems | 16L2 | 14L4 | 126 | 10L8 ‘
NO. |18V8Z | 16P8 | 16RP4 | 16RP6 | 16RP8 16P2 | 1aPa | 12Ps | 10Ps
16P8
n 3]
1 lo/CLK I CLK CLK CLK | | I |
19 F7 B B B D I I | o 3 g
-9
18 F6 B B D D 1 | o o 1 {3] 55
17 F5 B D D D I o o o : P
16 Fa B D D D o o o o .| E i
i2
15 F3 B D D D o o o o v 1F58
14 F2 B D D D | o o o g &
13 F1 B B D D I 1 o (o]
12 FO B B B D I I | o o {3
" 1o/OE | OE OE OE | | | |
The Signetics state-of-the-art Floating-Gate devices prior to shipment to the customer. L
CMOS EPROM process yields bipolar Additionally, this allows Signetics to
equivalent performance at less than extensively stress test, as well as ensure the
one-quarter the power consumption. The threshold voltage of each individual EPROM
erasable nature of the EPROM process cell. 100% programming yield is subsequently
enables Signetics to functionally test the guaranteed.
OUTPUT MACRO CELL (OMC) THE OUTPUT MACRO CELL
(OMC)

NOTE:
¥ Denotes a programmable cell location.

|
I
|
|
|
l
|
|
|
|
I
F10
;:3'
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The PLC18V8Z series devices have 8
individually programmable Output Macro
Cells. The 72 AND inputs (or product terms)
from the programmable 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 I/0 pin. Two product
terms are dedicated for the Synchronous
Preset and Asynchronous Reset functions.

Each OMC can be independently
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 implemented. Note
that the configuration cell is automatically
programmed based on the OMC
configuration.

DESIGN SECURITY

The PLC18V8Z series devices have a
programmable 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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CONFIGURATION CELL for all registered OMCs is common—from Pin  enabled on Pins 1 and 11, respectively. If
A single configuration cell controls the 11 only. Output enable control of the none of the OMCs are registered, the
functions of Pins 1 and 11. Refer to bidirectional I/O OMCs is provided from the configuration cell will be programmed such
Functional Diagram. When the configuration AND array via the direction product term. that Pins 1 and 11 are dedicated inputs. The
cellis programmed, Pin 1 is a dedicated If any one OMC is configured as registered, programming codes are as follows:
clock and Pin 11 is dedicated for output the configuration cell will be automatically Pin 1 = CLK, Pin 11 = OE L
enable. When the configuration cell is configured (via the design software) to ensure Pi P11
unprogrammed, Pins 1 and 11 are both that the clock and output enable functions are in 1 and Pin 11 = Input
dedicated inputs. Note that the output enable
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.
Bidirectional /O mode! Unprogrammed Unprogrammed Unprogrammed ;Jg;lea:gnpoﬂ;:}:'rﬁte;:; g:f‘ly
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 FMIUX) is di s‘;bl od.
NOTE:

1. This is the virgin state as shipped from the factory.

ARCHITECTURE CONTROL—AC1 and AC2

OE
$$—1 o T D), F 0)
AR — s
S r— F(B),F(B) w FO), F(0)
. L.
L T =
OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE
REGISTERED (D-TYPE) D B‘gﬁxfro‘;m' B FIXED OUTPUT o
L__(COMBINATORI/

~
C—— CH=

|
o) NPox of
sp—] €Ka FOLF (D) sp—]

:m ) AR — :2:05
= @ | ¥ ]

OMC CONFIGURATION | CODE CONFAGURATION CELL | CODE CONFIGURATION CELL | CODE
PIN1=CLK PIN 1 = INPUT
RAXED INPUT ] PIN 11 = O L PIN 11 =INPUT W

NOTE:

A 1actory shipped unprogrammed device is configured such that:

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

All AND gates are pulied to a logic “0" (Low).

Output polarity is inverting.

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/O, with the outputs disabled via the direction term.
This configuration cannot be used if any OMCs are configured as registered (Code = D).

oNnhON =
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage -05to+7 Ve Maximum junction 150°C
. 4.5 10 5.5 (Industrial Maximum ambient 75°C
Vee Operating supply voltage 475105.25 ((Commerc)ial) Voc
Allowable thermal rise 75°C
ViN Input voltage -051t0Vec +05 Vpc ambient to junction :
Vout Output voltage -0.5t0 Ve +0.5 Ve
™ Input currents -10to +10 mA
lout Output currents +24 mA
. —40 to +85 (Industrial
Tamb Operating temperature range 010 +75 (Cgmmerciaz) °C
Tag Storage temperature range —65to +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 indicated in the operational and programming specification of the device is not

VOLTAGE WAVEFORMS

implied.
AC TEST CONDITIONS
Vee! T+5V Sy
ok Lo $n,
L5 A e &
r — 11
| | R 3
INPUTS o9 DUT | <
oT—*{Bw | )
| |
Bx bz OUTPUTS J:‘

NOTE:
C and Cp are to bypass Vg to GND.

e g

10%
MEASUREMENTS:

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

Input Pulses

January 27, 1992
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DC ELECTRICAL CHARACTERISTICS
Commercial = 0°<C < Ty, S +75°C, 4.75V < Ve <5.25V;

Industrial = —40°C < Tamp < +85°C, 4.5V < Voo <5.5V

LIMITS .
SYMBOL ) PARAMETER TEST CONDITION MIN TYP! MAX UNIT
Input voltage
Vi Low Vee =MIN -0.3 08 v
Viu High Veeo = MAX 20 Vec +0.3 v
Output voltage?
Vee = MIN, lo = 20pA 0.100 v
Vo Low Vee = MIN, I = 24mA 0.500 v
H Vcc =MIN, lon = -3.2mA 24 \
Vo High Voo = MIN, foys = ~20pA Voo 0.1V v
Input current
I Low? Vin = GND —10 pA
[ High ViN =Vee 10 HA
Output current
" V, =V 10
lo(orF) Hi-Z state V:JJ.: - Gﬁ% -10 m
“los Short-circuit? . Vour = GND -130 mA
lec Ve supply current (Standby) Vee = MAX, Viy =0 or V8 100 A
leo/f Ve supply current (Active)* Vce = MAX (CMOS inputs)® 6 15 mA/MHz
Capacitance
c Input Ve 2oV 12 oF
Cg l{e] Vg =2.0V 15 pF
NOTES:

1. All typical values are at Vg = 5V, Tamp = +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. Alcc/TTLinput = 2mA.
6. Alcc vs frequency (registered conﬁguratlon) 2mA/MHz.
7. Iy forPin 1 (I/CLK) is + 10pA with Vi = 0.4V.
8. Vi includes CLK and OE if applicable.
15 6
H
v / .
10
g V 3 /’
H /| -
a pa
s // <, A
o 7
/ LA
100pA
% 2 4 6 8 10 _zo 20 40 60 80 100 120 140 160 180 200
K MHz) OUTPUT CAPACITANCE LOADING (pF)
Figure 1. lcc vs Frequency Figure 2. Atpp vs Output Capacitance
(Worst Case) Loading (Typical)
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AC ELECTRICAL CHARACTERISTICS
Commercial = 0°C < Ty, < +75°C, 4.75V < Vg < 5.25V;

Industrial = —40°C < Ty < +85°C, 4.5V < Vg < 5.5V; Ry = 390Q

PLC18V8Z25 PLC18VSZIA
1
TEST CONDITION (Commercial) (Industrial)
SYMBOL PARAMETER FROM TO R (Q) (g’;:_) MIN Max | wmiN MAX UNIT
Pulse width
texp ?&?:Lfn"":; o) ClK+ | CLK+ 200 50 | a3 33 ns
tckH Clock width High CLK + CLK- 200 50 15 15 ns
tokL Clock width Low CLK - CLK + 200 50 15 15 ns
tARw Async reset pulse width 1+, F+ I+ F¥ 25 25 ns
Hold time
th aput of foedback CLK+ | Inputt 200 0 | o 0 ns
Setup time
ts :‘,‘ap;‘;'n';egx‘* 1+,Ft | CLK+ 200 s0 | 18 18 ns
Propagation delay
tep ge;ac’;f:;"u'tgﬂ‘t" I+ Ft Ft 200 50 25 25 ns
teko gx’;:ﬁgf outputvalid | ), Ft 200 50 15 15 ns
Product term enable to Active-High R = 1.5k
3
toet outputs off I+ Ft Ft Active-LowR =550 | 0 25 % ns
Product term disable to From Vo R =
2 OH
toor” | outputs off I Fs | Pt | Eomvg R=200 | 5 > %5 | ns
Pin 11 output disable High From Voy R = o
2 pu g OH
topz to outputs off OE - Ft From Vg R = 200 5 2 2 ns
Pin 11 output enable to Active-High R = 1.5k
3
toe2 active output OF + Fx Active-Low R=550 | 30 2 2 ns
tARD Async reset delay |+, F+ F+ 30 30 ns
tARR Async reset recovery time |+ F+ CLK + 20 20 ns
tsPr Sync preset recovery time 1+ F+ CLK + 20 20 ns
tePR Power-up reset Vee + F+ 25 25 ns
Frequency of operation
fmax l Maximum frequency I I/(tis + tcko) l 200 l 50 l I 30 L ] 30 l MHz
NOTES:
1. Refer also to AC Test Conditions. (Test Load Circuit)

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 output
voltage of V1 = (Vi — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with S, closed.

3. Resistor values of 1.5k and 550Q provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level.

4. Leave all the cells on unused product terms intact (unprogrammed) for all patterns.
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POWER-UP RESET

In order to facilitate state machine design and
testing, a power-up reset function has been
incorporated in the PLC18V8Z. All internal
registers will reset to Active-Low (logical “0")
after a specified period of time (tppp).

TIMING DIAGRAMS

Therefore, any OMC that has been
configured as a registered output will always
produce an Active-High on the associated
output pin because of the inverted 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
/0, REG.
FEEDBACK

CLK

PIN 11 OE

VAUD INPUT

(

VALID INPUT

X722

fe— 5 —

L/

fe— WH

5\

/L

<+ ek

D2

REGISTERED
OUTPUTS

X

3-STATE

ANY INPUT
PROGRAMMED FOR
DIRECTION CONTROL

COMBINATORIAL
OUTPUTS

NOTE:

£ 7
(OUTPUTS) /

M 1t%p

Vee

tckp

toE2

1001

)

Switching Waveforms

Diagram presupposes that the outputs (F) are enabled. The reset occurs

Power-Up Reset

/{ASV il
/
- ov
"]
VoH
// 1.5V 1.5V
VoL
[*tcko
.8 v
(INPUTS) 1.5V 1.5V
ov
fe—tekL—F— 45—
' [ 3V
CLK /42?/ \ ;[1.sv 1.5V 1.5V
6 ov
[*— 45 —>1*— tCKH cKL —*
tckp
G of the output (enabled or di

January 27, 1992



Philips Semiconductors—Signetics Programmable Logic Devices Product specification

Zero standby power
CMOS versatile PAL devices

PLC18V8Z25/PLC18V8ZIA

TIMING DIAGRAMS (Continued)

tARw

ASYNCHRONOUS
RESET INPUT

tARD

REGISTERED
ouTPUT

Asynchronous Reset

s LT t —'SPR
SYNCHRONOUS
PRESET INPUT
- N\ /
tcKo
REGISTERED
OUTPUT

Synchronous Preset
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REGISTER PRELOAD FUNCTION
(DIAGNOSTIC MODE ONLY)
In order to facilitate the testing of state

hine/ ller 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 pred d states while
a super voltage is applied to Pins 11 and 6
(19/OE and I5). (See diagram for timing and
sequence.)

To read the data out, Pins 11 and 6 must be

returned to normal TTL levels. The outputs,
FO — F7, must be enabled in order to read

REGISTER PRELOAD (DIAGNOSTIC MODE)

data out. The Q outputs of the registers will
reflect data in as input via FO — F7 during
preload. Subsequently, the register Q output
via the feedback path will reflect the data in
as input via FO - F7.

Refer to the voltage waveform for timing and
voltage references. tp_ = 10pusec.

20V 120¢
1€
(PIN 1)
sov 5.0V
w
gy e e w | TRy —
|
Is |
®INg) |
sov i
—
' - W/CLK
0CLK ™ + /
(PIN1) | N /
|
5 -tox—fetox
Fo-7 —-———] PRELOAD DATA IN E—.——( PRELOAD DATA OUT DATA OUT R-7
§s — WH
11-4,6-8 1-4,6-8
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LOGIC PROGRAMMING

The PLC18V8Z series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics SLICE and
SNAP design software packages. ABEL™
CUPL™ and PALASM® 90 design software
packages also support the PLC18V8Z
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

OUTPUT POLARITY - (O, B)

PLC18V8Z logic designs can also be
generated using the program table entry
format, which is detailed on the following
pages. This program table entry format is
supported by SLICE only. The SLICE design
package is available, free of charge, to
qualified users.

With Logic programming, the AND/OR/Ex-OR
gate input connections necessary to
implement the desired logic function are
coded directly from logic equations using the

| AcmvereveL [ cope |

[ acnverever | cooe |

Program Table. Similarly, various OMC
configurations are implemented by
programming the Architecture Control bits
AC1 and AC2. Note that the configuration cell
is automatically programmed based on the
OMC configuration.

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

[nvertna® | L | [ NondnverTng | W ]
“AND” ARRAY - (I, B)
LB LB 1,8 1B
LB LB 1B LB
LB LB LB 194
P P P P
[ STATE [ cooe ] [ STATE [ cope | [ STATE [ cooe ] STATE [ cooe |
|_ponTcare | - ] L macve™ T 0 ] ( LB | w1 [ LB v ]
NOTE:

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

ERASURE CHARACTERISTICS
(For Quartz 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
sunlight and certain types of fluorescent
lighting could erase a typical PLC18V8Z in
approximately three years, while it would take
approximately one week to cause erasure
when exposed to direct sunlight. If the
PLC18V8Z is to be exposed to these types of
lighting conditions for extended periods of
time, opaque labels should be placed over
the window to prevent unintentional erasure.

ABEL is a trademark of Data /O Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.

January 27, 1992

The recommended erasure procedure for the
PLC18V8Z is exposure to shortwave
ultraviolet light which has a wavelength of
2537 Angstroms (A). The integrated dose
(i.e., UV intensity 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
12,000pW/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
exposed to without damage is
7258Wsec/cm?). Exposure of these CMOS
EPLDs to high intensity UV light for longer
periods may cause permanent damage.

72

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

PROGRAMMING/SOFTWARE
SUPPORT

Refer to Section 8 (Development Software)
and Section 9 (Third-Party Programmer/
Software Support) of this data handbook for
additional information.



Product specification

Philips Semiconductors—Signetics Programmable Logic Devices

PLC18V8Z25/PLC18V8ZIA

CMOS versatile PAL devices

Zero standby power

PROGRAM TABLE

CONFIGURATION CELL (CLK/OE CONTROL) [ |
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A3 # 3718VL WWHOOHd

S1Hvd 40 H38WNN Tv1OL

(XXXX)40

# 1HVYd A3ZITO8WAS HIWOLSNO
# 301A30 SOILINDIS

# Y3040 3svHOUNd

INVN HIWOLsNO

* THE CONFIGURATION CELL IS AUTOMATICALLY PROGRAMMED BASED ON THE OMC ARCHITECTURE.

**FOR SP, AR: “=" IS NOT ALLOWED.
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Zero standby power
CMOS versatile PAL devices

PLC18V8Z25/PLC18V8ZIA

SNAP RESOURCE SUMMARY DESIGNATIONS

lg/CLK - - CONFG.
DINVE: 0 OELL
NINVS:
:
v [
a0 [ —SH
> 9
£o H
2 —{F 53
=<
. anr~
EH ’
v 12 &3
-9 g
;
o 3]
Ssp —
""ConAG.
AR |5l el |k igE
| VR
— T
FROM AND
ARRAY
A ToALLOMCs
P m e S
H
DIRECTION CONTROL TERM 1
} Vee

XORREG:

SP

AR

|||—I
8

> D |
& JL_ S 1
OUTPUT Q 1
= POLARITY |—]cik L
CONTROL \

| SXORINW:

r———g———————
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PAL devices

16L8, 16R8, 16R6, 16R4

Product specification

PLUS16R8D/-7 SERIES

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
PAL®ICs

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

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

® Field-programmable on industry standard
programmers

® Security fuse
® |ndividual 3-State control of all outputs

DESCRIPTION

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

The PLUS16XX family is 100% functional
and pin-compatible with the 16L8, 16R8,
16R6, and 16R4 Series devices.

The sum of products (AND-OR) architecture
is comprised of 64 programmable AND gates
and 8 fixed OR gates. Muitiple 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 reset all
internal registers to Active-Low after a
specific period of time.

The Signetics State-of-the-Art oxide isolation
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 programmers.

The SLICE 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 devices.

Order codes are listed in the Ordering
Information table.

DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED
INPUTS OUTPUTS OUTPUTS
PLUS16L8 10 8 (6 1/0) 0
PLUS16R8 8 0 8
PLUS16R6 21/0 [
PLUS16R4 8 41/0 4

ORDERING INFORMATION

DESCRIPTION

ORDER CODE

20-Pin Plastic Dual-In-Line
300mil-wide

PLUS16R8DN
PLUS16R6DN
PLUS16R4DN
PLUS16L8DN
PLUS16R8-7N
PLUS16R6-7N
PLUS16R4-7N
PLUS16L8-7N

20-Pin Plastic Leaded Chip Carrier (PLCC)

PLUS16R8DA
PLUS16R6DA
PLUS16R4DA
PLUS16L8DA
PLUS16R8-7A
PLUS16R6-7A
PLUS16R4-7A
PLUS16L8-7A

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.

®PAL is a registered trademark of Advanced Micro Devices, Inc.

March 16, 1992
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Product specification

PAL devices

16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

PIN CONFIGURATIONS

PLUS16L8

o
1o
10
3o

s [e]
o[
v o]
o[2]

GND | 10

u[sH

-\

— 20

, F
[

R
ARRAY

PLUS16L8

o7

Bg

{7
wo [P

op
mp
o
o
e,

PLUS16R8
Ny
CK| 1 f—P—
|2 H H
WH
|e H H

I E;—

AND
Ol
ARRAY

GEE R

T

GND 10|

PLUS16R8

Iy g CLKvce Q7

[ il
0| D] i

l7 GND OE Qp 0O

] vee
[T o
Bt ] 06
Bt o
B ] o
Do{ 5] 0
Do) 02
Bt 0
ot 12] 0
L] oe

2] o
mEs

OUTPUTS |—116| Qg
v o]

Eop

4] 2

SYMBOL  DESCRIPTION SYMBOL DESCRIPTION
| Dedicated Input | Dedicated Input
o] Dedicated combinatorial Output o] Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Clock input CLK Clock input
OE Output Enable OFE Output Enable
Vee Supply Voltage Vee Supply Voltage
GND Ground GND Ground
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PAL devices ,
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

PIN CONFIGURATIONS
PLUS16R6 PLUS16R4
U U/
cLK[Z—D— 20 | Vee CLKE——D— EVoc
oo Hed—Ime | | W[ iV
I E— —$o— 18| Qg I E- :30—1—— 18| Bg
"E’" —-$o— 17| as |4 L -:Bo- 17| Qs
"‘E’ AND ":._“$°' 6] 04 B{5H aw ‘:!I‘$°‘ 16] Q4
AI?:AV E :30_ AI?:AV E 3"—
w[eh - 1] o3 u[¢ H - 15] 03
Is E— —$o— 4]0 ISE— %o— 14| ap
IQE— :Bo- 13| 0y 6|8 H TI 13| By
|-,E— j:] 12| By wle H :?=] 12| By
GND | 10 L1 |oE GND | 10 <P |oE
PLUS16R6 PLUS16R4
Iy lg CLKVvce By Iy lg CLK Vcc By
3][2][1][20][19 3|[2][1]]20][1e
I |4 v .—E Qg L4 A —El Bg
13 [s —17] o5 (s L 117] a5
s "R outputs |—{16 6 "R outputs |16} @
ARRAY % b ARRAY N
15[7 | —{15] o3 5 [7 —-E Q3
168 1] o 6[s 4] @2
9 {[10f[11]]|12][13 9|01 |[12]|]13

Iz GND OE By Qg

SYMBOL  DESCRIPTION

| Dedicated Input

(o] Dedicated combinatorial Output
Q Registered output

B Bidirectional (input/output)

CLK Clock input

TE Output Enable

Vee Supply Voltage

GND Ground

SYMBOL

Iz GND OE By B,

DESCRIPTION
Dedicated Input

Dedicated combinatorial Output

Registered output
Bidirectional (input/output)
Clock input

Output Enable

Supply Voltage

Ground
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PAL devices
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES

LOGIC DIAGRAM PLUS16L8

o[

9] o

§
E
&
-]
v
o
2
8
3
Y

o INPUTS (0-31) 3

programmed or virgin “AND" gate locations are pulled to logic "0".
Programmable connections.

March 16, 1992 78



Product specification
PLUS16R8
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PLUS16R8D/-7 SERIES

16L8, 16R8, 16R6, 16R4

PAL devices

Philips Semiconductors—Signetics Programmable Logic Devices

LOGIC DIAGRAM
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PAL devices
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES

LOGIC DIAGRAM PLUS16R6

PRODUCT TERMS (0-83)

° INPUTS (0-31) 3
NOTES:
1. All unprogrammed or virgin *AND" gate locations are pulled to logic *0".
. Programmable connections.
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PLUS16R4

PLUS16R8D/-7 SERIES

16L8, 16R8, 16R6, 16R4

PAL devices

Philips Semiconductors—Signetics Programmable Logic Devices

LOGIC DIAGRAM
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Product specification

PAL devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

FUNCTIONAL DESCRIPTIONS

The PLUS16XX series utilizes the familiar
sum-of-products implementation 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|
integrated circuits to reduce package count
and board area occupancy, consequently
improving reliability and design cycle over
Standard Cell or gate array options. By
programming the security fuse, proprietary
designs can be protected from duplication.

The PLUS16XX 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
PLUS16L8 is a combinatorial part with 8 user
configurable outputs (6 bidirectional), 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 output buffers on each output pin
which can be programmed for individual
control of all outputs. The registered outputs

AND ARRAY - (I, B)

(Qn) are controlled by an external input
(/OE), and the combinatorial outputs (On, Bn)
use a product term to control the enable
function.

Programmable Bidirectional Pins
The PLUS16XX products feature variable
Inpu/Output ratios. In addition to 8 dedicated
inputs, each combinatorial output pin of the
registered devices can be individually
programmed as an input or output. The
PLUS16L8 provides 10 dedicated inputs and
6 Bidirectional I/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 machines.

Power-up Reset
By resetting all flip-flops to a logic Low, as the
power is turned on, the PLUS16R8, R6, R4

enhance state machine design and
initialization capability.

Software Support

Like other Programmable Logic Devices from
Signetics, the PLUS16XX series are
supported by SLICE, the PC-based software
development tool from Signetics. The
PLUS16XX family of devices are also
supported by standard CAD tools for PAL
devices, including ABEL and CUPL.

SLICE is available free of charge to qualified
users.

Logic Programming

The PLUS16XX series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics SLICE and
SNAP design software packages. ABEL™
CUPL™ and PALASM® 90 design software
packages also support the PLUS16XX
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

— 18 — 1B — LB — 1B
— B — 1,8 — 18 — 18
IP.D PD RD IP.D

[ STATE ] copeE | [ STATE ] conE | [ smiE [ copE | [ statE T coDE |

Cvacnve™z [ o | s [ is r [oowtoare | - |

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.

ABEL is atrademark of Data /O Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.

March 16, 1992
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PAL devices
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vee Supply voltage 0.5 +7 Voc Maximum ambient 75°C
ViN Input voltage -1.2 +8.0 Voe Allowable thermal rise
Vour Output voltage 05 | Veo+05V | Voo ambient to junction e
IN Input currents -30 +30 mA
lout Output currents +100 mA
Tayg 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
indicated 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
Tamb Operating free—air temperature 0 +75 °C
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PAL devices
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES

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

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP? MAX UNIT
Input voltage?
ViL Low Vee = MIN 08 \
Vi High Ve = MAX 20 v
Vic Clamp Ve = MIN, Iy = -18mA -08 -15 v
Output voltage
Vee = MIN, Viy = Vi or Vi

VoL Low loL = 24mA 05 v
Vou High lon =—3.2 mA 24 v
Input current

Vee = MAX
I Low?3 Vin = 0.40V -250 HA
™ High? Viy =27V 25 HA
I Maximum input current Vin = Vee = Veeomax 100 HA
Output current

Vee = MAX
lozn Output leakage Vour =2.7V 100 HA
lozL Output leakage Vout = 0.4V -100 HA
los Short circuit 4.5 Vour =0V -30 -90 mA
lec Vcc supply current Vee = MAX 160 180 mA
Capacitance®
CiN Input Ve =5V

Vour =2.0V 8 pF
Cs 10 (B) Vout =2V, t = IMHz 8 pF

NOTES:

. Al typical values are at Vg = 5V, Tamp = +25°C.

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

Leakage current for bidirectional pins is the worst case of I_and loz; or Iy and lozn.
. Test one at a time.

. Duration of short circuit should not exceed 1 second.

These parameters are not 100% tested but periodically sampled.

L2 NE XY U
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PAL devices

16L8, 16R8, 16R6, 16R4 PLUS16R8D/-Z SERIES
AC ELECTRICAL CHARACTERISTICS
Ry = 200Q, Ry = 3900, 0°C < Tomy < +75°C, 4.75 < Vo < 5.25V
LIMITS
SYMBOL PARAMETER FROM TO . -7 D UNIT
MIN? l TYP I MAX MIN? MAX
Pulse Width '
tcKH 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
ts Input npator CK+ 7 9 ns
i Input CK+ pavor 0 0 ns
Propagation delay .
tcko Clock CKt Qt 3 6.5 3 75 ns
tekr Clock® CK+ Q 3 : 6.5 ns
tep Output (16L8, R6, R4)? B Output 3 75 3 10 ns
toe1 Output enable* OE Output enable 3 8 3 10 ns
toe2 Output enable45 | 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 Vee+ Q+ ) 10 10 ns
Frequency (16R8, R6, R4)
No feedback 1/ (toxi. + tokn)® 100 714 MHz
fmax Internal feedback 1/ (tig + tckr)® - 90 64.5 MHz
External feedback 1/ (tis + tcko)® 74 60.6 MHz
NO'T’%rS t:jeﬁnitions of the terms, please refer to the Timing/Frequency Definitions tables.

1. CL = OpF while measuring minimum output delays.

2. tpp test conditions: CL = 50pF (with jig and scope capaditance), Vg = 3V, Vg =0V, Voiy = Vo = 1.5V.

3. tckr was calculated from measured Internal fyax.

4. For 3-State output; output enable times are tested with C_ = 50pF 1o 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, _ SpF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with Sy open, and Low-to-High impedance tests are made 1o the V1 = (Vo + 0.5V) level with S, closed.

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

6. Not 100% tested, but calculated at initial characterization and at any time a modification in design takes place which may affect the

frequency.

[4,)
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PAL devices
16L8, 16R8, 16R6, 16R4 PLUS16R8D/-7 SERIES
TEST LOAD CIRCUIT
Vee T.sv sy
. o«
& l l Ca :t Ry
R D
l but ""’: - Rz 11—‘" &
INPUTS ! _r—’ r
n 1.
o0——| CLK je——o0 DOE =
GND

H

NOTE:
C and C; are to bypass Vg to GND.

OUTPUT REGISTER SKEW

v
Qn
(REGISTERED OUTPUT) ? 1.5V o
tskw
v
Qp
(REGISTERED OUTPUT) 1.5V

CLOCK TO FEEDBACK PATH

%s

cKF
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PAL devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

TIMING DIAGRAMS: 2

TIMING DEFINITIONS

43V
ﬂmu#;}.sv 15V
ov

Y L5
[_— +3V
1.5V

CLK I.SV’ 1.5V
—r__ ~—

Q

Flip-Flop Outputs

+3V

LB
aneuts) 15V

ov

D {
0.8 r { VoH
(COMBINATORIAL 1.5V vr
OUTPUTS) A ]
082

VoL

L8 +3V
(OUTPUT +1.5V +15V
ENABLE)

ov

Gate Outputs

Vee

f asv
Vce J

[ tppi

ov

Q VoH
(REGISTERED 1.5V 1.5V
OUTPUTS)

Vor
™ K

8 43V
‘m,,u#s, >(1.sv 15V

ov

[_. v
CLK ] 15V 1.5V 15V

ov

s ki ek
SsitekF 1

Power-Up Reset

SYMBOL

PARAMETER

fckH

Width of input clock pulse.

tekL

Interval between clock pulses.

tckp

Clock period.

ts

Required delay between
beginning of valid input and
positive transition of clock.

ty

Required delay between
positive transition of clock and
end of valid input data.

tekr

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

tcko

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

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.

tobz

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

Delay between V¢ (after
power-on) and when flip-flop
outputs become presetat “1”
(internal Q outputs at “07).

trp

Propagation delay between
combinational inputs and
outputs.

FREQUENCY DEFINITIONS

fmax

No feedback: Determined by
the minimum clock period,
1/(teke + toxn)-

Internal feedback:
Determined by the intemal
delay from fiip-flop outputs
through the internal feedback
and array to the flip-flop
inputs, 1/(ts + tcxF)-
External feedback:
Determined 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.
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PLUS16R8D/-7 SERIES

PROGRAMMING/SOFTWARE
Refer to Section 8 (Development Software) and Section 9 ( Third-Party Programmer/Software Support) of this data handbook for additional
information.

SNAP RESOURCE SUMMARY DESIGNATIONS

0-19
10

“DINPALT: NINPALT:

PROGRAMMABLE AND ARRAY
EEANDE
1 8 1 DINPALT:
ANINPALY:
HNQUTPALTESS ) —
HNQUTPALT:
00,07 B1-B6
PLUS16L8
CLK 0-17 OE
8
CKPALY: B
“DINPALY: | | “NINPALY:
PROGRAMMABLE AND ARRAY
NINPALZ: 8
DINPALZ|
HORE:
v D |:::DFFPALT: D |:
_ e o o 0 0
[ Q Q
SNOUTPALT: ENOUTPALZ:
e o o 0 0
Qo a7

PLUS16R8
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PLUS16R8D/-7 SERIES

SNAP RESOURCE SUMMARY DESIGNATIONS (Continued)

PROGRAMMABLE AND ARRAY

PLUS16R6

PROGRAMMABLE AND ARRAY

Bo, B1, B6, B?

PLUS16R4
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16L8, 16R8, 16R6, 16R4

PLQ16R8-5 SERIES

FEATURES
® Ultra high-speed
— top =5ns and fyax = 118MHz

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

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

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

® Field-programmable on industry standard
programmers

® Security fuse

® Individual 3-State control of all outputs
® Register Preload for testability

©® Power-up 3-State

® 20-Pin DIP and 20-Pin PLCC

DESCRIPTION

The Signetics PLQ16XX family consists of
ultra high-speed 5ns versions of Series 20
PAL devices.

The PLQ16XX family is 100% functional and
pin-compatible with the 16L8, 16R8, 16R6,
and 16R4 Series devices.

The sum of products (AND-OR) architecture
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 PLQ16R8, 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 reset all
internal registers to active-Low after a
specific period of time.

The Signetics State-of-the-Art BICMOS
process, known as QUBIC, has been

employed to achieve higher levels of
operating performance for the PLQ16XX
family of PLDs. The QUBIC transistors have
been optimized to provide two-thirds more
speed at less than half the power consumed
from products using our last generation of
bipolar technology. QUBIC reduces on-chip
delays and provides high output drive
currents while consuming power at very low
levels.

The PLQ16XX family of devices are field
programmable, enabling the user to quickly
generate custom patterns using standard
programming equipment. See the
programmer section for qualified
programmers.

The SLICE software package from Signetics
supports easy design entry for the PLQ16XX
series as well as other PLD devices from
Signetics. The PLQ16XX series are also
supported by other standard CAD tools for
PAL-type devices.

Order codes are listed in the Ordering
Information table.

NOTE:

The PLQ16XX 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 Handbook.

®PAL is a registered trademark of Advanced Micro Devices, Inc.
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DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED
INPUTS OUTPUTS OUTPUTS
PLQ16LS 10 8 (61/0) 0
PLQ16R8 8 0 8
PLQI6R6 8 2100 6
PLQ16R4 8 4100 4
ORDERING INFORMATION
DESCRIPTION ORDER CODE
PLQ16R8-5N
20-Pin Plastic Dual-In-Line PLQ16R6-5N
300mil-wide PLQ16R4-5N
PLQ16L8-5N
PLQ16R8-5A
20-Pin Plastic Leaded Chip Carrier (PLCC) P Q1eRe oA
PLQ16L8-5A
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16L8, 16R8, 16R6, 16R4

PLQ16R8-5 SERIES

PIN CONFIGURATIONS
PLQ16LS PLQ16R8
U \J
= 0 i iy P gl P
hl:z:— 3»———-907 o2 H -3::-1901
r|3H %—wa; |,E— Hp o $o—wos
: T
Bla4H h—nas |2E- - $o-1105
Wi5H an %—w By I3fs AND -3»— 16| Q4
i anray 1B
go-mm"ﬁ—:saﬂ u|s H —.:I- :Bo—aso,
6|7 H %—u B2 |5E— -$o— 14| Q
s H h— 13| 8y |5E— -$o— 130y
oo H l——vzo‘, wie H $o—1zoo
GND | 10 L 1l GNDE L n|oE
PLQ16L8 PLQ16R8

Il ClKvce Q7
3|l2][1]][20][10

2] e o T el
17] Bs uls 7] o5
AND
16] B4 u[s or | outruts [—16] o
ARRAY
15] B3 s [7 —{15] a3
] & 0 1] o2
‘ 9 |l10f|nn|]12]]|13
Ig GND Ig Op By I GNDDE Qg 0Oy
SYMBOL  DESCRIPTION SYMBOL DESCRIPTION
1 Dedicated Input I Dedicated Input
o Dedicated combinatorial Output (o] Dedicated combinasiorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/outputy
CLK Clock input CLK Clock input
TE Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Volage
GND Ground GND Ground
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16L8, 16R8, 16R6, 16R4 PLQ16R8-5 SERIES

PIN CONFIGURATIONS
PLQ16R6 PLQ16R4
U \J
okl 1 —P— Evcc k| 1 —P—— 20 | vee

¥ ?i
g
L 7
X

5
>~
I
T

Y
;

s} e wo fIf

Mry! ARRAY 1 $°- ] o ! ARRAY i 30-‘ ] o
Is Ey— H $‘>— 14| Q Is (Z—- 30—' 14| Q2
sl 8 H H

SRR
:
A
BRI
:

5
e

l-,E— j: 12 | By |-,E.q 12| By
T ]
GND | 10 L<}>- 11 | OE GND | 10 L<p{n|OE

PLQ16R6 PLQ16R4
h o ClKvee By lh_lo CLKvcc By
31121]1]]20]]19
o3 — ] o
I3]5 17| as 17| Qg
o 7] 7]
1 [s oR | outputs —El Q4 OR | outputs 16| Q4
ARRAY Y
15 [7 —-—E] Qs 15| 3
o H o
9 {|10]|11|]12]]13
h GNDOE By O Iz GND OE Bg B4
SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
| Dedicated Input | Dedicated Input
[o] Dedicated combinatorial Output [o] Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Clock input CLK Clock input
[0, Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Vottage
GND Ground GND Ground
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Tgte??g%%s, 16R6, 16R4 PLQ16R8-5 SERIES
LOGIC DIAGRAM PLQ16L8

iSHERSETE @
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o
: e
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e
g 5] s
g‘!_
4] &2
g‘l—
By
Co
e (1 )
° INPUTS (0-31) 3
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PLQ16R8-5 SERIES

LOGIC DIAGRAM PLQ16R8

: | >o19] o
SRR 3R (R B KRR, 83 3 (R BRRRRRER 2 B | 5
H
s
: | >oie] o
H

Do (3] o

COCOO )
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PRODUCT TERMS (0-63)

M%

5 (5 16 (6 (5 6 (5 (5

M%

lvosvsses)

OO D

OO )

o

31

INPUTS (0-31)

NOTES:

1 unprogrammed or virgin “AND" gate locations are pulled to logic "0".
Programmable connections.
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PLQ16R8-5 SERIES

LOGIC DIAGRAM PLQ16R6

l
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oo (3] o

IR REE

o] o

EARAEARAE:

5 163

383 32 SESRRRER X1 3¢ BY ISKRERAR B8 It 8% S5RRARA% 88 18 3 BRARNEL 8: 63 33 BINLRRR 431 B 83 12088028 23 (31 85 S8STLLE: 63 33 % MM
33 1% 2 28323239 £9 38 12 82242203 185 BR 3 RRRANNN 19! 85 8 IWRRRARRARR 1 25 220085985 23 3% S RARRR0RN 2% 29 12 8102201 121 28 28 NN
R0 B RN B R R CERRRAR R K 25 AIRR000 78 2 18 RARRSAS 08 R KR AR08 2R 1RRAAROIN IR 1 R RS R o Y IR
5 B3 33 SSSSEERE 31 83 B3 ISTRRERT 38 150 5% XRE0SS! 5928 9% BERGSELR X5 K3 IR SULRLARY I8! £ I8 IRRGRIAL 08 181 B3 BHLLLRR3 83 39 %1 NN Q
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55 8% B8 % RRRRRAE 1% 85 €8 1RRERRRR 28 [ 25 SRNARARA: 88 I3 (3 SRRRRRRR) 5 & 1R SRRRSKLS (8! 26 38 :RRWERRRE 28 1 £5 EREKLANK: 8 1 2 MU

—<p{] =

INPUTS (0-31)

inprogrammed or virgin *"AND" gate locations are pulled to logic "0".
Programmable connections.
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PLQ16R8-5 SERIES

LOGIC DIAGRAM PLQ16R4

ax[1]
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Do ] o

AR

PRODUCT TERMS (0-63)

o]

RN

o] o

‘i?

ixs] 8y

T

12| By

—<p] =

T

INPUTS (0-31)

nprogrammed or virgin "AND" gate locations are pulled to logic “0".
Programmable connections.
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PLQ16R8-5 SERIES

FUNCTIONAL DESCRIPTIONS

The PLQ16XX series utilizes the familiar
sum-of-products implementation 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
integrated circuits to reduce package count
and board area occupancy, consequently
improving reliability and design cycle over
Standard Cell or gate array options. By
programming the security fuse, proprietary
designs can be protected from duplication.

The PLQ16XX 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
PLQ16L8 is a combinatorial part with 8 user
configurable outputs (6 bidirectional), while
the other three devices, PLQ16R8,
PLQ16R6, PLQ16R4, have respectively 8, 6,
and 4 output registers.

3-State Outputs

The PLQ16XX series devices also feature
3-State output buffers on each output pin
which can be programmed for individual
control of all outputs. The registered outputs
(Qn) are controlled by an external input
(/OE), and the combinatorial outputs (On, Bn)
use a product term to control the enable
function.

AND ARRAY - (I, B)

Programmable Bidirectional Pins
The PLQ16XX products feature variable
Input/Output ratios. In addition to 8 dedicated
inputs, each combinatorial output pin of the
registered devices can be individually
programmed as an input or output. The
PLQ16L8 provides 10 dedicated inputs and 6
Bidirectional 1/O lines that can be individually
configured as inputs or outputs.

Output Registers

The PLQ16R8 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 machines.

Power-up Reset

By resetting all flip-flops to a logic Low, as the
power is turned on, the PLQ16R8, R6, R4
enhance state machine design and
initialization capability.

Register Preload

Preload function allows the register to be
loaded from the output pins. This feature
allows functional testing of sequential
patterns by loading output states.

Power-up 3-State

All outputs will be disabled when V¢ is
3.0V £ 20% (25°C). This special feature
keeps outputs 3-Stated during power-up.
Only when V¢ reaches its normal operating
range will device function normally.

Software Support

Like other Programmable Logic Devices from
Signetics, the PLQ16XX series are supported
by SLICE, the PC-based software
development tool from Signetics. The
PLQ16XX family of devices are also
supported by standard CAD tools for PAL
devices, including ABEL and CUPL.

SLICE is available free of charge to'qualiﬁed
users.

Logic Programming

The PLQ16XX series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics SLICE and
SNAP design software packages. ABEL™
CUPL™ and PALASM® 90 design software
packages also support the PLQ16XX
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

w1
v,

%

it

|P.D

[ STATE ] cope | [ statE [ cope | [ STATE ] copE | [ STATE ] cooE |
[_mactve®2 | o ] [ 1,B [ v iB | | [ ponTcare | - |
VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that:
1. All P, terms are disabled.

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

ABEL is atrademark of Data /O Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Cormp.
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16L8, 16R8, 16R6, 16R4 PLQ16R8-5 SERIES
ABSOLUTE MAXIMUM RATINGS! : THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vec Supply voltage -0.5 +7.0 Voc Maximum ambient 75°C
Vin Input voitage -1.2 +7.0 Voc Allowable thermal rise
bient to junction 75°C
Vour Output voltage +55 Ve
In Input currents -30 +30 mA
lout Output currents +100 mA
Tayg 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 indicated 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
Tamb Operating free-air temperature 0 +75 °c
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DC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75V < Vg <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN | TYPt | maAX UNIT
Input voltage?
Vi Low Vee = MIN 0.8 v
Vi High Vee = MAX 20 v
Vic Clamp Vee = MIN, Iy = -18mA -0.8 -1.5 v
Output voltage
Vee = MIN, Viy = Vi or Vi

VoL Low loL = 24mA 0.5 v
Von High loy =—3.2mA 24 v
Input current

Vee = MAX
e Low? V)N =0.40V —250 MA
M High? Viy =27V 25 pA
Iy Maximum input current Vin = 5.5V, Vg = MAX 100 HA
Output current

 Vee = MAX
lozn Output leakage Vour =27V 100 HA
lozL Output leakage Vour = 0.4V -100 HA
los Short circuit 4 5 Vout = 0.5V -30 -130 mA
lec Vce supply current Vee = MAX 160 180 mA
Capacitance®
Cin Input Vee =5V

Vout = 2.0V 8 pF
Cg I/0 (B) Vour =2V, t = 1IMHz 8 pF

NOTES:

. Al typical values are at Vg = 5V, Tamp = +25°C.

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

Leakage current for bidirectional pins is the worst case of I;_and lgz_ or Iy and loz.
. Testone ata time.

. Duration of short circuit should not exceed 1 second.

These parameters are not 100% tested but periodically sampled.

o AON =
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AC ELECTRICAL CHARACTERISTICS
R; =200Q, Ry = 390Q, 0°C S Tamp S +75°C, 4.75V < Voo < 5.25V

LIMITS
SYMBOL PARAMETER FROM TO MIN! MAX UNIT

Pulse Width
tokH Clock High CLK+ CLK- 3.0 ns
tekL Clock Low CLK- CLK+ 3.0 ns
texp Period CLK+ CLK+ 6.0 ns
Setup & Hold time
tis Input Input or feedback CLK+ 4.0 ns
i Input CLK+ Input or feedback 0 ns
Propagation delay
tcko Clock CLK+ Qt 45 ns
tekF Clock3 CLK+ Q 25 ns
tep Output (16L8, R6, R4)? B Output 5.0 ns
toe1 Output enable? OE Output enable 6.0 ns
toe2 Output enablet:5 1 Output enable 8.0 ns
top1 Output disable* OE Output disable 6.0 ns
top2 Output disable45 | Output disable 8.0 ns
tsw Output Q Q 1.0 ns
trPR Power-Up Reset Vee+ Q+ 8.0 ns
Frequency (16R8, R6, R4)

No feedback 1/ (tcx + tokn)® 167 MHz
fmax Internal feedback 1/ (tis + tokr)® 154 MHz

External feedback 1/ (tis + tcko)® 118 MHz

NO"I:'ErS t?eﬁnitions of the terms, please refer to the Tlming/Freqt{ency Definitions tables.

1. CL = OpF while measuring minimum output delays.

2. tpp testconditions: C = 50pF (with jig and scope capacitance), Vi = 3V, V) = OV, Vou = VoL = 1.5V.

3. tckr was calculated from measured Internal fyax.

4. 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 V1 = (Vou — 0.5V) with S open, and Low-to-High impedance tests are made to the V = (VoL + 0.5V) level with Sy closed.

g, Same function as togs and topy, 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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TEST LOAD CIRCUIT
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OUTPUT REGISTER SKEW

; W
cLK _/

v
Qn
(REGISTERED OUTPUT) *"‘“’ : o
skw .
v
Qny1 15V
(REGISTERED OUTPUT) '

CLOCK TO FEEDBACK PATH

CLK

4s

-

CKF
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PLQ16R8-5 SERIES

TIMING DIAGRAMS?: 2

TIMING DEFINITIONS

CLK

LB >
(INPUTS) (1.sv

+3v

1.5V

fe—— 4g——=

Q
(REGISTERED OUTNTS)m

—

ov

[— 43V
15V

Flip-Flop Outputs

LB
(INPUTS) bdd

I

0,8
(COMBINATORIAL
OUTPUTS)

I,B
(OuUTPUT
ENABLE)

i +1.5V

; +1.5V

Gate Outputs

fasv
Vee /

™ PR

Q
(REGISTERED
OUTPUTS)

{1 .5V

™ ek

1.5V

1,B
(INPUTS)

7

v

CLK

1.5V

4

s

1.5V

s

K

ek

Ys4tCKF

Power-Up Reset

+3V

ov

VoH

VoL

+3V

ov

Vee

ov
VoH
VoL
+3V
ov

[_—- +3V
1.5V

ov

SYMBOL

PARAMETER

fekH

Width of input clock pulse.

fckL

Interval between clock pulses.

fckp

Clock period.

tis

Required delay between
beginning of valid input and
positive transition of clock.

ti

Required delay between
positive transition of clock and
end of valid input data.

tekF

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

tcko

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

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.

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

ton2

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

Delay between V¢ (after
power-on) and when flip-flop
outputs become preset at “1”
(internal Q outputs at “0").

Propagation delay between
combinational inputs and
outputs.

to

Delay between each input
change.

FREQUE

NCY DEFINITIONS

fmax

No feedback: Determined by
the minimum clock period,
1/(teke + texn)-

Internal feedback:
Determined by the internal
delay from flip-flop outputs
through the internal feedback
and array to the flip-flop
inputs, 1/(tis + tckr).
External feedback:
Determined 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 2.0ns typical.
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16L8, 16R8, 16R6, 16R4

'PLQ16R8-5 SERIES

TIMING DIAGRAMS (Continued)

le— tp

=/

REGISTERED

OUTPUT

CLK

(FORCED Dyy)

/ T\

+3V
ov
+10V
ov
H Vou

(O
L Vo

tp = 100ns

Output Register Preload

PROGRAMMING/SOFTWARE
Refer to Section 8 (Development Software)
and Section 9 (Third-Party Programmer/
Software Support) of this data handbook for

additional information.
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PLQ16R8-5 SERIES

SNAP RESOURCE SUMMARY DESIGNATIONS
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PROGRAMMABLE AND ARRAY
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8
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PLQ16R8-5 SERIES

SNAP RESOURCE SUMMARY DESIGNATIONS (Continued)

PROGRAMMABLE AND ARRAY

Bo, B7

PLQ16R6

PROGRAMMABLE AND ARRAY

B0, B1, B6, B?

PLQ16R4
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PAL devices
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES

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 SLICE and
other CAD tools for Series 24 PAL devices

® Field-programmable on industry standard
programmers

@ Security fuse
® |ndividual 3-State control of all outputs

DESCRIPTION

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

The PLUS20XX family is 100% functional
and pin-compatible with the 2018, 20R8,
20R6, and 20R4 Series devices.

The sum of products (AND-OR) architecture
is comprised of 64 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 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 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.

The Signetics State-of-the-Art oxide isolation
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 SLICE 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.

DEDICATED COMBINATORIAL REGISTERED
DEVICE NUMBER INPUTS OUTPUTS OUTPUTS
PLUS20L8 14 8 (6 1/0) 0
PLUS20R8 12 0 8
PLUS20R6 12 2110 6
PLUS20R4 12 41/0 4
ORDERING INFORMATION
DESCRIPTION “ORDER CODE
PLUS20R8DN
PLUS20R6DN
PLUS20R4DN
24-Pin Plastic Dual-In-Line PLUS20L8DN

300mil-wide

PLUS20R8-7N
PLUS20R6-7N
PLUS20R4-7N
PLUS20L8-7N

28-Pin Plastic Leaded Chip Carrier (PLCC)

PLUS20R8DA
PLUS20R6DA
PLUS20R4DA
PLUS20L8DA
PLUS20R8-7A
PLUS20R6-7A
PLUS20R4-7A
PLUS20L8-7A

®PAL is a registered trademark of Advanced Micro Devices, Inc.
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PAL

20L8, 20R8, 20R6, 20R4

devices

PLUS20R8D/-7 SERIES

PIN CONFIGURATIONS
PLUS20L8 PLUS20R8
\/ N

oG
n[2]
|2E
5[4
5
5[e
N
i []
T

GND | 12

m Elm
= —
H =
— s EI LY
— 5
===
H =
S =—np
= — S Y

1 14| ly2

1
AND/OR ARRAY

13 | gy

PLUS20L8

i lo NCVcchs O7
'IITIHTIM

=l

lg 110GNDNC I4q 142 Og

CLK| 1

w[e]
2] 4
I3| 5§
lg| 6
15 [7 ]
lg| 8
v o]
ig| 10
19 [

GND | 12

24|Vcc

AND/OR ARRAY

E'ﬂ
2 )07
21| Qg
20 | as
19| 0
18|03
17| Q;
16| 0

15| ag

TIYYYYYYYY

14 |y

13 | OE

PLUS20R8

1 lg CLKNCVcclyy Q7
[27] [2¢]

Ig lp GNDNC OE 159 Qo

SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
1 Dedicated Input I Dedicated input
o Dedicated combinatorial Output [o] Dedicated combinatorial Output
Q Registered output Q Registered output
8 Bidirectional (input/output) B8 Bidirectional (input/output)
CLK Clock input CLK Clock input
OE Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Voltage
GND Ground GND Ground
NC No Connection NC No Connection
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PAL devices

20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

PIN CONFIGURATIONS
PLUS20R6 PLUS20R4
/ Ay
CLKE‘——-D— 24 | Voo CK| 1 |—PD— EVCC
'oE— E'n |2 E'n
by E—— :3»~1—- 22 | By |3 H :3,_1_ 22 | By
&E— :Bn— 21| ag L[a | :37—1— 21| Bg
w3 H x 3%3»—20 as s[5 H % -E&—E%
g N g H
wH § o] u[s - ‘—E%—wo‘
§ |t § |
Is E— g -E&— 18| 5[ 7 H g -3»— 18|03
"E_ :E:ﬁo— 17| 0y 16| 8 | :E&- 17{ 0,
”E_ : N pra e | H - 6] e
ig | 10 f 1 15 | Bg 15| 10 H j: T 15 | By
|,E— 14 |1y Ig E~ 141y
GND | 12 L<p—] 13 | OE GND | 12 L<}p— 13| OE
PLUS20R6 PLUS20R4

Iy lg CLKNCVcclyy By

Ig g GNDNC OE 1yg Bg

Iy lo CLKNCVcchy By

25) B¢
2] a5
23 o4
2] NC
1] 03
20 0,
5.

Ig lp GNDNC OE 139 By

SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
I Dedicated Input I Dedicated Input
o] Dedicated combinatorial Output o] Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Clock input CLK Clock input
OE Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Voltage
GND Ground GND Ground
NC No Connection NC No Connection
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PAL devices
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES

LOGIC DIAGRAM PLUS20L8
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INPUTS (0-39)
NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic *0".
2. Programmable connections.
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PAL devices
20L8, 20R8. 20R6, 20R4 PLUS20R8D/-7 SERIES

LOGIC DIAGRAM PLUS20R6
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PRODUCT TERMS (0-63)
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INPUTS (0-39) < @ TE
NOTES:

;mpmgrammed or virgin "AND" gate locations are pulled to logic *0".
Programmable connections.
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PLUS20R8D/-7 SERIES

20L8, 20R8, 20R6, 20R4

PAL devices

Philips Semiconductors—Signetics Programmable Logic Devices

LOGIC DIAGRAM
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Product specification

PAL devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

FUNCTIONAL DESCRIPTIONS

The PLUS20XX series utilizes the familiar
sum-of-products implementation 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|
integrated circuits to reduce package count
and board area occupancy, consequently
improving reliability and design cycle over
Standard Cell or gate array options. By
programming the security fuse, proprietary
designs can be protected 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 combinatorial part with 8 user
configurable outputs (6 bidirectional), while
the other threé devices, PLUS20R8,
PLUS20R6, PLUS20R4, have respectively 8,
6, and 4 output registers.

3-State Outputs

The PLUS20XX series devices also feature
3-State output buffers on each output pin
which can be programmed for individual
control of all outputs. The registered outputs
(Qn) are controlled by an external input
(/OE), and the combinatorial 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 programmed as an input or
output. The PLUS20L8 provides 14 dedicated
inputs and 6 Bidirectional I/O lines that can
be individually configured as inputs or
outputs.

Output Registers

The PLUS20RS has 8 output registers, the
20R6 has 6, and the 20R4 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 machines.

Power-up Reset

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

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

supported by SLICE, the PC-based software
development tool from Signetics. The
PLUS20XX family of devices are also
supported by standard CAD tools for PAL
devices, including ABEL and CUPL.

SLICE is available free of charge to qualified
users.

Logic Programming

The PLUS20XX series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics SLICE and
SNAP design software packages. ABEL™
CUPL™ and PALASM® 90 design software
packages also support the PLUS20XX
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

PROGRAMMING/SOFTWARE
SUPPORT

Refer to Section 8 (Development Software)
and Section 9 (Third-Party Programmer/
Software Support) of the PLD data handbook
for additional information.

PD d
s Tcooe] [sme  Toome] s Tcooe | s Jcooe]
Cmsenve™ | o | IR s [t ] [ oowteare | - |

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.

ABEL is a trademark of Data /O Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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PAL devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vee Supply voltage -05 +7 Vo Maximum ambient 75°C
VN Input voltage i -1.2 +8.0 Voc Allowable thermal rise
bient to junction 75°C
Vour Output voltage -05 Ve + 0.5V Voc
In Input currents -30 +30 mA
lout Output currents +100 mA
Tag Storage temperature range -85 +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
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +4.75 +5.25 Voc
Tamb Operating free—air temperature (o] +75 °C
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PAL devices
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES

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

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MmN | TPt | MAX UNIT .
Input voltage?
Vi Low ) Vec = MIN 08 Y
Vi High Vee = MAX 20 v
Vic ‘Clamp Vec = MIN, Iy = —18mA 08 -15 v
Output voltage ' '
Ve = MIN, Vi = Vi or V.

VoL Low loL = 24mA 05 v
Vou High _ lon =—3.2mA 24 Y
Input current

Vee = MAX
I Low3 Vi = 0.40V -250 pA
I High3 Viy =27V 25 pA
h Maximum input current Vn =Vee = Veomax 100 HA
Output current

Vee = MAX
lozn Output leakage Vour =27V 100 A
loz Output leakage Vour = 0.4V -100 pA
los Short circuit 4.5 Vour =0V -30 -90 mA
lcc Vcc supply current Vee = MAX 150 210 mA
Capacitance®
Cn Input Voo =5V

Vour = 2.0V 8 pF
Ca 10 (B) Vour =2V, f= 1MHz 8 pF

NOTES:

1. Al typical values are at Vg = 5V, Tanp = +25°C.

2. Allvoltage values are with respect to network ground terminal.

3. Leakage current for bidirectional pins is the worst case of Iy and loz, or Iy and lozn.
4. Testone ata time.
5
6.

. Duration of short circuit should not exceed 1 second.
. These parameters are not 100% tested but periodically sampiled.
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PAL devices

20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES
AC ELECTRICAL CHARACTERISTICS
R; = 200Q, Ry = 3909, 0°C < Tamp < +75°C, 4.75 < Ve < 5.25V
LIMITS
SYMBOL PARAMETER FROM TO -7 D UNIT
MN' | TYP | mMAX | MIN' [ max

Pulse Width
tckH Clock High CK+ CK- 5 7 ns
oKL Clock Low CK- CK+ 5 7 ns
tckp Period CK+ CK+ 10 14 ns
Setup & Hold time
ts Input por CKe+ 7 9 ns
tH Input CK+ fler;%"g:;k 0 0 ns
Propagation delay
tcko Clock CK+ Q+ 3 6.5 3 75 ns
tekr Clock3 CK+ [e] 3 6.5 ns
trD Output (20L8, R6, R4)? B Output 3 75 3 10 ns
toe1 Output enable? OFE | Output enable 3 8 3 10 ns
toe2 Output enable45 | Output enable «3 10 3 10 ns
tops Output disable4 OE Output disable 3 8 3 10 ns
topz Output disable*® | 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/ (tgy + tokn)® 100 71.4 MHz
fuax Internal feedback 1/ (tis + tokr)® - 90 645 MHz

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

NO‘II:'ErS c;ieﬁnitions of the terms, please refer to the Timing/Frequency Definitions tables.

1. CL = OpF while measuring minimum output delays.

2. tpp test conditions: CL = 50pF (with jig and scope capacitance), Vyy = 3V, Vy_ =0V, Vo = Vo = 1.5V.

3. tckr was calculated from measured Internal fyax.

4. 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 V1 = (Vo — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with Sy closed.

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

6. 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 devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

TEST LOAD CIRCUIT
Vee 48V s
, ™ >
[ -L l c 3Ry
T—™b 80/Op |—
I . 1
= : ByOn o Rz EE cL
| DuT T. l
euts | | 9
In | | .
© X anp e =
=

NOTE: -
C1 and C3 are to bypass Vcc to GND.

OUTPUT REGISTER SKEW

. S 3V
cLK ./
___________________ o

3v
Qp ; (
(REGISTERED OUTPUT) 1.5V
ov
tskw
3v
Qn 41 5V
(REGISTERED OUTPUT) g K

ov

CLOCK TO FEEDBACK PATH

1S 1 I

CKF
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PAL devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

TIMING DIAGRAMS1, 2 TIMING DEFINITIONS
SYMBOL | PARAMETER
av
(INPU!I"SB)}Q;V 1.5V " tokH Width of input clock pulse.
ov
ek Interval between clock pulses.
*— w5 -
/_ 3V texp Clock period.
CLK 1.5V7 1.5V 1.5V Required delay between
o — tis beginning of valid input and

positive transition of clock.

Required delay between
tn positive transition of clock and
end of valid input data.

Delay between positive
transition of clock and when
tekr internal Q output of flip-flop
becomes valid.

" Delay between positive

Flip-Flop Outputs transition of clock and when

fcko outputs become valid (with
OE Low).

+3V

,B . Delay between beginning of
(INPUTS) 5V toet Output Enable Low and when
ov outputs become valid.

| Delay between beginning of

tpp
0,8 ;= [ VoH too1 Output Enable High and when
(COMBINATORIAL 1.5V v outputs are in the Off-State.
OUTPUTS) ;5 ]
VoL Delay between predefined
oE2 top2 " Output Enable High, and
e log2 when combinational outputs

B "
(OUTPUT +1.5V 15V become valid.

ENABLE)

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

- Delay between V¢ (after
t power-on) and when flip-flop
Vee PR outputs become preset at “1”

f asv 4
vee ? (internal Q outputs at *07).

o Propagation delay between
| trp combinational inputs and
‘PPR ] outputs.

Q VoH
(REGISTERED [1.5v 1.5V
WTPUTS)W FREQUENCY DEFINITIONS

VoL
[ ek fmax No feedback: Determined by
L8 ) (1 ” hadd the minimum clock period,
(INPUTS) -

15V 1/(texL + tokH)-
ov Internal feedback:
Determined by the internal
a3V delay from flip-flop outputs
!,_sv through the internal feedback
ov and array to the flip-flop
inputs, 1/(tis + tckr)-
External feedback:
Determined by clock-to-output
delay and input setup time,
Power-Up Reset 1/(tis + tcko)-

CLK

4s

YS41CKF

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

March 16, 1992 118



Philips Semiconductors—Signetics Programmable Logic Devices
PAL devices

Product specification

SNAP RESOURCE SUMMARY DESIGNATIONS

0-i13
"

ENINPALE:

PROGRAMMABLE AND ARRAY

PLUS20L8

SOINPALY: | |MINPALZ:

PROGRAMMABLE AND ARRAY

PLUS20R8
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PAL devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

SNAP RESOURCE SUMMARY DESIGNATIONS (Continued)

o-I1

12

DINPALT: NINPALZ:

PROGRAMMABLE AND ARRAY#

PLUS20R6

-

“DINPALE: NINPALY:

PROGRAMMABLE AND ARRAY

“DINPALT: 8

B0, B1, B6, B7

PLUS20R4
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PAL devices

20L8, 20R8, 20R6, 20R4

PLQ20R8-5 SERIES

FEATURES
® Ultra high-speed
- tpp = 5ns and fyax = 118MHz

©® 100% functionally and pin-for-pin
compatible with industry standard 24-pin
PALICs

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

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

® Field-programmable on industry standard
programmers

® Security fuse

© |ndividual 3-State control of all outputs
® Register preload for testability

©® Power-up 3-State

® 24-Pin DIP and 28-Pin PLCC

DESCRIPTION

The Signetics PLQ20XX family consists of
ultra high-speed 5ns versions of Series 24
PAL devices.

The PLQ20XX family is 100% functional and
pin-compatible with the 20L8, 20R8, 20RS6,
and 20R4 Series devices.

The sum of products (AND-OR) architecture
is comprised of 64 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 PLQ20RS, 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 reset all
internal registers to active-Low after a
specific period of time.

The Signetics State-of-the-Art BICMOS
process, known as QUBIC, has been

employed to achieve higher levels of
operating performance for the PLQ20XX
family of PLDs. The QUBIC transistors have
been optimized to provide two-thirds more
speed at less than half the power consumed
from products using our last generation of
bipolar technology. QUBIC reduces on-chip
delays and provides high output drive
currents while consuming power at very low
levels.

The PLQ20XX 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 SLICE software package from Signetics
supports easy design entry for the PLQ20XX
series as well as other PLD devices from
Signetics. The PLQ20XX series are also
supported by other standard CAD tools for
PAL-type devices.

Order codes are listed in the Ordering
Information table.

DEVICE NUMBER DEDICATED COMBINATORIAL REGISTERED
INPUTS OUTPUTS OUTPUTS
PLQ20LS 14 8 (6 110) 0
PLQ20R8 12 0 8
PLQ20R6 12 210 6
PLQ20R4 12 - 410 4
ORDERING INFORMATION
DESCRIPTION ORDER CODE
PLQ20R8-5N
24-Pin Plastic Duak-In-Line PLO20R6-5N
300mil-wide PLQ20R4-5N
PLQ20LB-5N
PLQ20RB-5A
28-Pin Plastic Leaded Chip Carrier (PLCC) PLQzone—oA
PLQ20LB-5A

NOTE:

The PLQ20XX 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 Handbook.

@PAL s a registered trademark of Advanced Micro Devices, Inc.
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PAL devices

20L8, 20R8, 20R6, 20R4

PLQ20R8-5 SERIES

PIN CONFIGURATIONS
PLQ20LS PLQ20R8
U/ /
o[ — 24| Voo ek |1 ——>—‘ [24] vec
'lE_ Ehs o[ 2 E'n
H F—==e | | «GH 3o or
|3E— 5,—21 Bg {44 , S vy PN
W[z H H Bo{z] 85 n[ZH % B ] o5
iH § = | | «EH | e
oH § =3 | | «EH | e
T E=efmw | | oG 31
IgE-— EI’ 16 | By {s H B 16 ] o
19| 10 | A— . Py 1g | 10 | o, Wl vy PN
lyo | 11 14 ]2 Ig | 11 14 |y
GND | 12 '—El“ GND | 12 L<p—{ 13| OE
PLQ20L8 PLQ20R8

l9 110GNDNC 141 112 Og

15 g CLKNCVcelyy

Ig. lg GNDNC OE Iy Qg

SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
! Dedicated Input i Dedicated Input
[o] Dedicated combinatorial Output [o] Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Clock input CLK Clock input
OE Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Voltage
GND Ground GND Ground
NC No Connection NC No Connection
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PAL devices

20L8, 20R8, 20R6, 20R4

PLQ20R8-5 SERIES

PIN CONFIGURATIONS
PLQ20R6 PLQ20R4
U N\
cix E—pﬁ E Ve ax[1 —p— 24| vee
o E—* = E 1 b2 E'u
n[=H 3»—_1—:@ 8 w[s - .1 s,
sCH P H o]
O g R | | oEH g e
u[*H S g o, S pry P w[s H g-%—wo.
|;E— % ::Bv—~ 18] 0y lsz— El 53 1, gy PN
[ - o) o, Wl ey P 6] 8 H o) B 177] 0,
hE—- % 3>—|soi 2] 9 H —_-b—r 1 16 | By
ig | 10 | j& T 15 | Bg IBE—- j: T 15 | By
= 1149 19| 1 1|1
GND | 12 Lp— 13| OE GND | 12 Lp—] 13| OE
PLQ20R6 PLQ20R4
1y lg CLKNCVcclyy By 1yl CLKNCVcclyy By
[41[31[2][1] 28] ]o7] [26] 4][3][2][7] [28] [27] [26]
L1 —= T 1 F
I 25] og 1[5 \4 T }25] 8
REG 0
I3 REG|—24] Q5 13 [6 REG|—24] Q5
I REGI—23] Q4 w7 REG[—23] Q4
NC e |ourets | 172) Ne[&] | R outeuts |72 Ne
Is REG|—21] a3 15 [0 REGI—21] Q3
s 20] o, 16 i o o
b 9] o, w [ S s,
BIEIZIEIGIEIE
13 lg GNDNC OE 139 Bg 1g lg GNDNC OE Iy By
SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
] Dedicated Input I Dedicated Input
o] Dedicated combinatorial Output o] Dedicated combinatorial Output
Q Registered output Q Registered output
B Bidirectional (input/output) B Bidirectional (input/output)
CLK Clock input CLK Clock input
OE Output Enable OE Output Enable
Vee Supply Voltage Vee Supply Vohtage
GND Ground GND Ground
NC No Connection NC No Connection
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PLQ20R8-5 SERIES

20L8, 20R8, 20R6, 20R4

PLQ20L8

LOGIC DIAGRAM

o [}

2 & & & a & & & &§ =& =
& [ & & (2] £} E 6] #
M
.I
= 2
- L
i e
1] i
s e
N Ll
51 b
&1 0
N 3
PRs =5
- Fid
. —t—t R B
P EH
: it
:H I
- FLE
= B8E
== FHE
® FiE
g BEE
Qeooooo Recoeeed A
5 i
K F - K 3 .W

(£9-0) SWH3L 19NA0Hd

427 8¢ 431 R 3 360 430

=19 20+ 23 24

0++3 47 Boo11 12015 160

INPUTS (0-39)

anvogramned or virgin "AND" gate locations are pulled to logic *0".

i Programmable connections.
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PAL devices
20L8, 20R8,

20Re6, 20R4

PLQ20R8-5 SERIES

LOGIC DIAGRAM

PLQ20R8
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g
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NOTES:
1Al
2,

03 4227 811 12015 16+ +19 20+ +23 24 +27 28+ +31 32+ <35 36+ +39
INPUTS (0-39)

nprogrammed or virgin "AND" gate locations are pulied 1o logic *0".
Programmable connections.

i

i T
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20L8, 20R8, 20R6, 20R4

PAL devices

PLQ20R6

LOGIC DIAGRAM

= & & i d 8§ &
T S S G G
_ ﬁ i i i
oo [« <} [« -} o B o P
S A S A S A ° A N
| | ] | |
2 . o o 5 ’
*H 8
& H 38
3 8
& 8
mmm m
8 8
mnn m

L o ]
o~ m

Revossef MN:....M M&....:Q MQ..:.."

-~

E 4 -

(£9-0) SWH31 10nAOHd

&

»

INPUTS (0-39)

Programmable connections.

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

NOTES:
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20L8, 20R8, 20R6, 20R4

PAL devices

Philips Semiconductors—Signetics Programmable Logic Devices

LOGIC DIAGRAM

A m_... m_?..; M_a ..... 1 m_» ...... : m.s M_s_ ! Mum

K -~ o - k4 k4 E )

W [

| unprogrammed or virgin *AND" gate locations are pulled to logic *0".

: Programmable connections.

(£9-0) SWH3L 1ONAOYd

NOTES:
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PAL devices

20L8, 20R8, 20R6, 20R4

PLQ20R8-5 SERIES

FUNCTIONAL DESCRIPTIONS

The PLQ20XX series utilizes the familiar
sum-of-products implementation 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
integrated circuits to reduce package count
and board area occupancy, consequently
improving reliability and design cycle over
Standard Cell or gate array options. By
programming the security fuse, proprietary
designs can be protected from duplication.

The PLQ20XX 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
PLQ20L8 is a combinatorial part with 8 user
configurable outputs (6 bidirectional), while
the other three devices, PLQ20RS,
PLQ20R6, PLQ20R4, have respectively 8, 6,
and 4 output registers.

3-State Outputs

The PLQ20XX series devices also feature
3-State output buffers on each output pin
which can be programmed for individual
control of all outputs. The registered outputs
(Qn) are controlled by an external input
(/OE), and the combinatorial outputs (On, Bn)
use a product term to control the enable
function.

AND ARRAY - (1, B)

Programmable Bidirectional Pins
The PLQ20XX products feature variable
Input/Output ratios. In addition to 12
dedicated inputs, each combinatorial output
pin of the registered devices can be
individually programmed as an input or
output. The PLQ20L8 provides 14 dedicated
inputs and 6 Bidirectional I/O lines that can
be individually configured as inputs or
outputs.

Output Registers

The PLQ20RS has 8 output registers, the
20R6 has 6, and the 20R4 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 machines.

Power-up Reset

By resetting all flip-flops to a logic Low, as the
power is turned on, the PLQ20RS, R6, R4
enhance state machine design and
initialization capability.

Register Preload

Preload function allows the register to be
loaded from the output pins. This feature
allows functional testing of sequential
patterns by loading output states.

Power-up 3-State

All outputs will be disabled when V¢ is 3.0V
+ 20% (25°C). This special feature keeps
outputs 3-Stated during power-up. Only when
Ve reaches its normal operating range will
device function normally.

Software Support

Like other Programmable Logic Devices from
Signetics, the PLQ20XX series are supported
by SLICE, the PC-based software
development tool from Signetics. The
PLQ20XX family of devices are also
supported by standard CAD tools for PAL
devices, including ABEL and CUPL.

SLICE is available free of charge to qualified
users.

Logic Programming

The PLQ20XX series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics SLICE and
SNAP design software packages. ABEL™
CUPL™ and PALASM® 90 design software
packages also support the PLQ20XX
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

:

PD
[ STATE [ copE | [ STATE [ conE | [ STATE | copk | [ statE ] cooE |
[_macnve®2 | o | [ LB [ v ] [ iB [ ] [ DONTcARE [ - |
VIRGIN STATE

A factory shipped virgin device contains all
fusible links intact, such that:
1. All P, terms are disabled.

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

ABEL is atrademark of Data /O Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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PAL devices
20L8, 20R8, 20R6, 20R4 PLQ20R8-5 SERIES
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vee Supply voltage -05 +7.0 Voc Maximum ambient . 75°C
Vin Input voltage -1.2 +7.0 Voc Allowable thermal rise
ambient to junction 75°C
Voutr Output voltage +55 Voc
In Input currents -30 +30 mA
lout Output currents +100 mA
Teyg 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
indicated 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
Tamb Operating free-air temperature 0 +75 °C
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PAL devices PLQ20R8-5 SERIES
20L8, 20R8, 20R6, 20R4
DC ELECTRICAL CHARACTERISTICS
0°C < Tamp S +75°C, 4.75 < Vg < 5.25V
LIMITS
SYMBOL : PARAMETER TEST CONDITIONS MIN | TYP! I MAX UNIT
Input voltage?
ViL Low Vee =MIN 0.8 \'
ViH High Vee = MAX 2.0
Vic Clamp Vee =MIN, iy =-18mA -0.8 -1.5 \'
Output voltage
Vee = MIN, Vi =V or Vi
VoL Low loL = 24mA 05 v
Vou High lon =-3.2mA 24 v
Input current
Vee = MAX
I Low? Vi = 0.40V —250 pA
M High? Vin =27V 25 pA
I Maximum input current Vin = 5.5V, Vg = MAX 100 MA
Output current
Vee = MAX
lozn Output leakage Vour=2.7V 100 HA
lozL Output leakage Vour = 0.4V -100 uA
los Short circuith 5 Vour = 0.5V -30 -130 mA
lcc Vcc supply current Vee = MAX 150 210 mA
Capacitance®
Cin Input Vee =5V
Vour = 2.0V 8 pF
Ca 110 (B) Vour = 2V, f = 1MHz 8 oF
NOTES:

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

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

Leakage current for bidirectional pins is the worst case of I and loz or iy and lozn.
. Test one at a time.

. Duration of short circuit should not exceed 1 second.

These parameters are not 100% tested but periodically sampled.

ONA LN
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PAL devices
20L8, 20R8, 20R6, 20R4 PLQ20R8-5 SERIES

AC ELECTRICAL CHARACTERISTICS
R; = 2000, Ry = 3909, 0°C < Tom, < +75°C, 4.75 < Vg < 5.25V

LIMITS
SYMBOL PARAMETER FROM TO0 MIN' MAX UNIT

Pulse Width
tckH Clock High CLK+ CLK~ 3.0 ns
tekL Clock Low CK- CLK+ 3.0 ns
texp Period CLK+ CLK+ 6.0 ns
Setup & Hold time
tis Input Input or feedback CLK+ 40 ns
ty Input CLK+ Input or feedback 1] ns
Propagation delay
tcko Clock CLKt Qt 45 ns
tekF Clock3® CLK+ Q 25 ns
tep Output (20L8, R6, R4)2 B Output 50 ns
toer Output enable? OE Output enable 6.0 ns
tog2 Output enable*5 | Output enable 8.0 ns
top1 Output disable* OE Output disable 6.0 ns
top2 Output disable4® 1 Output disable 8.0 ns
tskw Output Q Q 1.0 ns
tepR Power-Up Reset Vee+ Q+ 8.0 ns
Frequency (20R8, R6, R4)

No feedback 1/ {tcky + tokn)® 167 MHz
fmax Internal feedback 1/ (tis + tcke)® 154 MHz

External feedback 1/ (tis + tcko)® ] 118 MHz

'Noigé c:Jefinitions of the terms, please refer to the Tlming/Frequ?ncy Definitions tables.

. C = OpF while measuring minimum output delays.

. tep test conditions: C; = 50pF (with jig and scope capacitance), Vi = 3V, V). = 0V, Vo = Vg = 1.5V.

. tckr was calculated from measured Internal fyyax.

. 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 V1 = (Vi — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with S closed.

. Same function as togq and top4, 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.

P NAN S

o un
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PAL devices
20L8, 20R8, 20R6, 20R4

PLQ20R8-5 SERIES

TEST LOAD CIRCUIT
Vee 5V s
. ™ >
c 4 1 2 g
w o—l——- o Bo/Op T
I . 1
- : Byon L= Ry EE cL
| out Qo 1 |
neuts | | I
oy —
" L
o—efox o [«—o° OE =
=

NOTE:
C1 and C3 are to bypass Vg to GND.

OUTPUT REGISTER SKEW

v
Gn 15V
(REGISTERED OUTPUT)
ov
tskw
3V
Qn, 1 1.5V
(REGISTERED OUTPUT)
ov

CLOCK TO FEEDBACK PATH

CLK

.

s

q4—

CKF
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PAL devices
20L8, 20R8, 20R6, 20R4 PLQ20R8-5 SERIES

TIMING DIAGRAMS; 2 TIMING DEFINITIONS
SYMBOL | PARAMETER
(INPU%’ ss):> 1.5V 1.5V = texkH Width of input clock pulse.
ov okt Interval between clock pulses.

tckp Clock period.

44 s
[__ 43V
1.5V

CLK 1.5V 1.5V Required delay between
_} tis beginning of valid input and
positive transition of clock.
Required delay between
tn positive transition of clock and

end of valid input data.

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

tekr

Delay between positive
transition of clock and when
Flip-Flop Outputs teko outputs become valid (with
OE Low).

v Delay between beginning of
toe1 Output Enable Low and when
1.5V outputs become valid.

LB
(INPUTS)

o Delay between beginning of

| too1 Output Enable High and when

5 [ VoH outputs are in the Off-State.
‘°°mgﬁ;gﬁ!r“s'; \\\ 15V vr Delay between predefined
Output Enable High, and

VoL
loe2 when combinational outputs
become valid.
.8 +3V
(OUTPUT .5V +15V Delay between predefined
ENABLE) Output Enable Low and when

o tooz combinational outputs are in
the Off-State.

Delay between V¢ (after
power-on) and when flip-flop
outputs become preset at “1”
(internal Q outputs at “0").

Gate Outputs

v

fasv cc Propagation delay between
Vee trp combinational inputs and
outputs.

I~ tppr—] Delay between each input
a Von o change
(REGISTERED E§§§§§>lﬂv 15V
OUTPUTS)
VoL FREQUENCY DEFINITIONS
oNPUIfSB) )QW

faax No feedback: Determined by
the minimum clock period,
CLK 7
% —*

V(e + toad)-
Internal feedback:
Determined by the intemal
delay from flip-flop outputs
through the intemal feedback
and array to the flip-flop
inputs, 1/(tis + tckr).
External feedback:
UsvioKF Determined by clock-to-output
delay and input setup time,
Power-Up Reset 1/(tis + tcko)-

NOTES:
1. Input pulse amplitude is OV to 3V.
2 Inputrise and fall times are 2.0ns typical.
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PAL devices
20L8, 20R8, 20R6, 20R4

PLQ20R8-5 SERIES

TIMING DIAGRAMS (Continued)

o L L] L

*V
TE
_VY N
/ +10V
: / \ ov
H VoH
REGISTERED (FORCED Dipy) A (O v
oL
CLK / \
tp = 100ns
Output Register Preload
PROGRAMMING/SOFTWARE
SUPPORT

Refer to Section 8 (Development Software)
and Section 9 (Third-Party Programmer/
Software Support) for additional information.
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20L8, 20R8, 20R6, 20R4 PLQ20R8-5 SERIES
SNAP RESOURCE SUMMARY DESIGNATIONS
SDINPALY: | | SNINPALZ:
DINPALT:

00, 07
PLQ20L8
CLK -1
12
HCKPAL?:
INNPALZ: ENINPALT:
PROGRAMMABLE AND ARRAY
[ MINPALT:
DINPALY: 8 8
OR: OR
v D DFFPA v D | OFFPALY:
e o o o o
a Q a Q
“NOUTPALZ: MOUTPALY:
® o 0 0 0
Qo a7
PLQ20R8
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PAL devices
20L8, 20R8, 20R6, 20R4

PLQ20R8-5 SERIES

SNAP RESOURCE SUMMARY DESIGNATIONS (Continued)

0-1

12

SDINPALZ: | | SNINPALT:

PROGRAMMABLE AND ARRAY

“MINPALZ: | ¢
DINPALT:
[ OR:
[
a
PLQ20R6
-1 OE
12
NOEPALY:
DINPALT: | |NINPALT:
PROGRAMMABLE AND ARRAY
SEETANDEE
SNINPALY: | o
“DINPALY.
—
D HDFFPALEE
Q

iNQUTPALZ:

B0, B1, B, B7 Q2-Q5
PLQ20R4
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Programmable Logic Devices

CMOS programmable electrically erasable

logic device

FEATURES
® Advanced CMOS EEPROM technology

® Ultra high performance

- 10ns, 12ns, 15ns (tpp) commercial
versions

= 15ns (tpp) industrial version
— fuax as fast as 83.3MHz
® Low power consumption
- 110mA + 0.5mA/MHz max
® EE reprogrammability
~ Low-risk reprogrammable inventory
~ Superior programming and functional
yield
~ 100% testable
~ Erases and programs in seconds
~ 100 guaranteed erase cycles
® Development and programming support
— Third-party software and programmers
- SLICE development software

® Architectural flexibility

DESCRIPTION

The Signetics PL22V10-10, PL22V10-12 and
PL22V10-15 are CMOS programmable
electrically erasable logic devices that provide
a high-performance, low-power,
reprogrammable, and architecturally
enhanced alternative to early generation
programmable logic devices (PLDs).
Designed in advanced CMOS EEPROM
technology, the PL22V10 rivals speed
parameters of comparable bipolar PLDs while
providing a dramatic improvement in active
power consumption. The EE
reprogrammability of the PL22V10 allows
cost effective plastic packaging, low risk
inventory, reduced development and retrofit
costs, and enhanced testability to ensure
100% field programmability and function. The
PL22V10's flexible architecture offers
complete function and JEDEC-file
compatibility with the bipolar AmPAL22V 10
and the CMOS PALC22V10. Applications for
the PL22V10 include: replacement of random
SSI/MSI logic circuitry and user customized
sequential and combinatorial functions such

Product specification

PL22V10-10/-12/-15,
PL22V10115

PIN CONFIGURATIONS

N Package

N = Plastic Dual In-Line Package (300mil-wide)

. . . A Package
. as counters, shift registers, state machines,
- 182 prodt'lct term x 44 input AND array address decoders, multiplexers, etc. oL/
= Up to 22 inputs and 10 outputs Development and programming support for 2 1 B NCvcc Fo Fe
~ Variable product term distribution (8 to the PL22V10 is provided by Signetics and ,m [3][2] [¥] fos] fo7) e
16 per output) for greater logic flexibility third-party manufacturers. 3 [5] * 25] F7
- Independenfiy programmable 14 [¢] 24] Fe
4-configuration /O macrocells PIN LABEL DESCRIPTIONS s 7] =) Fs
- Synch
ynchronous preset, asynchronous clear n—m Dedicated Input ne 2] 5] ne
- Independently programmable output .
enables NC Not Connected el 21] F4
)
® Application versatility FO-F9 Macro Cell input/Output :: E g F
1 F2
- Pin-for-pin and JEDEC-file compatible CLK/I0 Clock Input/Dedicated Input
with the bipolar AMPAL22V10, CMOS SO TP EREJTYENE T
PALC22V10 and PEEL22CV10A Vee Supply Voltage 1o HOGNDNC I Fo F1
GND Ground A = Plastic Leaded Chip Carrier
ORDERING INFORMATION
DESCRIPTION ORDER CODE
PL22V10-10N
24-Pin Plastic Dual-In-Line PL22V10-12N
300mil-wide PL22V10-15N
PL22V10l15N
PL22V10-10A
28-Pin Plastic Leaded Chip Carrier (PLCC) prazvio-ien
PL22V10115A

March 16, 1992
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CMOS programmable electrically erasable PL22V10-10/-12/-15,
logic device PL22V10I15

LOGIC DIAGRAM

CLKo El\'oc
0 34 78 1112 1516 1920 2324 2728 3132 3536 3040 43

65
uls
66
82 :
56
83
97
6 [7
98 _
10
w
m
121
8 [s ]
122
130
19
1o E—‘?}‘

Gunlgj 0 3 4 78 112 1516 1920 2324 2728 3132 3536 3940 &3

NOTE:
~ Programmable connection.
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CMOS programmable electrically erasable

logic device

PL22V10-10/-12/-15,
PL22V10I15

cLKio

-

PROGRAMMABLE
AND ARRAY
\V4 (44 x 132)
%6 %% | %& Q% g% Q% %% %% s
RESET | QUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPU
MACRO MACRO {H—1>MACRO |—H—>MACRO }H—1>MACRO MACRO |H—>MACRO |—+1>MACRO }+1>MACRO |-H{>MACRO
CELL cett | | Focew | If ceel || et ||} cein || [ cew | 1] ceu ceL | | [ cEw
PRESET .
\/ \/ \/ \/ \/
[Fo] [Fs] [Fe] [Fe]
Figure 1. Functional Diagram
FUNCTION DESCRIPTION AND/OR LOGIC ARRAY product term which is connected to both the

The PL22V10 implements logic functions as
sum-of-products expressions in a’
programmable-AND/fixed-OR logic array.
User-defined functions are created by
programming the connections of input signals
into the array. User-configurable output
structures in the form of I/O macrocells
further increase logic flexibility.

ARCHITECTURE OVERVIEW

The PL22V10 architecture is illustrated in the
Figure 1. Twelve dedicated inputs and 10
VOs provide up to 22 inputs and 10 outputs
for creation of logic functions. At the core of
the device is a programmable
electrically-erasable AND array which drives
a fixed OR array. With this structure, the
PL22V10 can implement up to 10
sum-of-products logic expressions.

Associated with each of the 10 OR functions
is an I/O macro cell which can be
independently programmed to one of 4
different configurations. The programmable
macro cells allow each I/O to create
sequential or combinatorial logic functions
with either Active-High or Active-Low polarity.

March 16, 1992

The programmable AND array of the
PL22V10 (shown in the Logic Diagram) is
formed by input lines intersecting product
terms. The input lines and product terms are
used as follows:

44 input lines:

24 input lines carry the True and
Complement of the signals applied to the
12inputpins

20 additional lines carry the True and
Complement values of feedback or input
signals from the 10 I/Os

132 product terms:

120 product terms (arranged in 2 groups
of 8, 10, 12, 14, and 16) used to form
logical sums

10 output enable terms (one for each 1/0)
1 global synchronous preset term
1 global asynchronous clear term

At each input-line/product-term intersection
there is an EEPROM memory cell which
determines whether or not there is a logical
connection at that intersection. Each product
term is essentially a 44-input AND gate. A

139

True and Complement of an input signal will
always be FALSE, and thus will not effect the
OR function that it drives. When all the
connections on a product term are opened, a
Don't Care state exists and that term will
always be TRUE.

When programming the PL22V10, the device
programmer first performs a bulk erase to
instantly remove the previous pattern. The
erase cycle opens every logical connection in
the array. The device is then configured to
perform the user-defined function by
programming selected connections in the
AND array. (Note that EEPROM device
programmers automatically program the
connections on unused product terms so that
they will have no effect on the output
function.)

VARIABLE PRODUCT TERM
DISTRIBUTION

The PL22V10 provides 120 product terms to
drive the 10 OR functions. These product
terms are distributed among the outputs in
groups of 8, 10, 12, 14, and 16 to form logical
sums (see Logic Diagram). This distribution
allows optimum use of device resources.



Philips Semiconductors—Signetics Programmable Logic Devices Product specification

CMOS programmable electrically erasable PL22V10-10/-12/-15,
logic device PL22V10115
D S S; | OUTPUT CONFIGURATION
ve ) 0 | Registered/Active-LOW
AR I—DO—- L 0 1 Registered/Active-HIGH
: b a o o 1 0 | Combinatorial/Active-LOW
LK —] 3 o 1 1 1 Combinatorial/Active-HIGH
S 02 P
[ *=
< ,

Figure 2. Output Macro Cell Logic Diagram

Sg=0 Sg=0
D $1=0 Sy=1
::n
. .
: > o> : 10
CLK—] al— ’
T
—— — g
a. Registered/Active-LOW c. Combinatorial/Active-LOW
' Sg=1 =1
- S1=0 Sy=1

I

b. Registered/Active-HIGH d. Combinatorial/Active-HIGH

Figure 3.

March 16, 1992 140



Philips Semicoriductors—Signetics Programmable Logic Devices

Product specification

CMOS programmable electrically erasable

PL22V10-10/-12/-15,

logic device PL22V10115
PROGRAMMABLE I/0 OUTPUT ENABLE DESIGN SECURITY
MACROCELL The output of each 1/0 macrocell can be The PL22V10 provides a special EEPROM

The output macrocell provides complete
control over the architecture of each output.
The ability to configure each output
independently permits users to tailor the
configuration of the PL22V10 to the precise
requirements of their designs.

MACROCELL ARCHITECTURE
Each I/O macrocell, as shown in Figure 2,
consists of a D-type flip-flop and two
signal-select multiplexers. The configuration
of each macrocell of the PL22V10 is
determined by the two EEPROM bits
controlling these multiplexers. These bits
determine output polarity, and output type
(registered or non-registered). Equivalent
circuits for the macrocell configurations are
illustrated in Figure 3.

OUTPUT TYPE

The signal from the OR array can be fed
directly to the output pin (combinatorial
function) or latched in the D-type flip-flop
(registered function). The D-type fiip-flop
latches data on the rising edge of the clock
and is controlled by the global preset and
dear terms. When the synchronous preset
term is satisfied, the Q output of the register
will be set HIGH at the next rising edge of the
dock input. Satisfying the asynchronous clear
erm will set Q LOW, regardless of the clock
state. If both terms are satisfied
simultaneously, the clear will override the
preset.

PROGRAM/ERASE CYCLES
The PL22V10 is 100% testable,
erases/programs in seconds, and has 100
guaranteed erase cycles.

OUTPUT POLARITY

Each macrocell can be configured to
mplement Active-High or Active-Low logic.
Programmable polarity eliminates the need
for external inverters.

ASZL s atrademark of Data I/O Cormp.
SUPL is a trademark of Logical Devices, Inc.
& ASM is a registered trademark of AMD Cormp.
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enabled or disabled under the control of its
associated programmable output enable
product term. When the logical conditions
programmed on the output enable term are
satisfied, the output signal is propagated to
the 1/0 pin. Otherwise, the output buffer is
driven into the high-impedance state.

Under the control of the output enable term,

the 1/0 pin can function as a dedicated input,

a dedicated output, or a bi-directional I/0.
Opening every connection on the output
enable term will permanently enable the
output buffer and yield a dedicated output.
Conversely, if every connection is intact, the
enable term will always be logically FALSE

and the I/0 will function as a dedicated input.

REGISTER FEEDBACK SELECT
When the I/O macrocell is configured to
implement a registered function (S1=0)
(Figures 3.a or 3.b), the feedback signal to
the AND array is taken from the Q output.

BI-DIRECTIONAL I/O SELECT
When configuring an 1/0 macrocell to
implement a combinatorial function (S1=1)
(Figures 3.c or 3.d), the feedback signal is
taken from the I/O pin. In this case, the pin
can be used as a dedicated input, a
dedicated output, or a bi-directional I/O.

POWER-ON RESET

To ease system initialization, all flip-flops will
power-up to a reset condition and the Q
output will be low. The actual output of the
PL22V10 will depend on the programmed
output polarity. The Vg rise must be
monotonic and the reset delay time is Sps
maximum.
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security bit that prevents unauthorized
reading or copying of designs programmed
into the device. The security bit is set by the
PLD programmer, either at the conclusion of
the programming cycle or as a separate step,
after the device has been programmed. Once
the security bit is set it is impossible to verify
(read) or program the PL22V10 until the
entire device has first been erased with the
bulk-erase function.

PROGRAM AND ERASE

The PL22V10 can be programmed on
standard logic programmers. If a device
needs to be reprogrammed, simply place
back into the programmer, at which point it
will be automatically erased, then
repatterened.

Approved programmers are listed in the
Signetics Programmer Reference Guide.

SOFTWARE SUPPORT

The PL22V10 is fully supported by industry
standard (JEDEC compatible) PLD CAD
tools, including Signetics’ SLICE and SNAP
design software packages. ABEL™, CUPL™,
and PALASM® 90 design software packages
also support the PL22V10 architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

PL22V10 logic designs can also be
generated using the program table entry
format, which is detailed on the following
pages. This program table entry format is
supported by SLICE only. The SLICE design
package is available, free of charge, to
qualified users.
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ABSOLUTE MAXIMUM RATINGS?

RATINGS
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Vee Supply voltage Relative to GND -05 +7.0 \%
Vi, Vour |  Voltage applied to any pin3 Relative to GND? -1.2 Vcc +0.5 Vpc
lout Output current Per pin (lo, lon) +25 mA
Tsg : Storage temperature range -65 +125 °C
Tor Lead temperature Saldering 10 seconds +300 °C
NOTES:

1. Stressesabove 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.

2. Minimum DC input is —0.5V, however inputs may undershoot to —2.0V for periods less than 20ns.
3. Vinand Voyr are not specified for program/verify operation.

OPERATING RANGES
RATINGS
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Vee Supply voltage Commercial! +4.75 +5.25 Voc
Industrial +4.5 +5.5 Voc
Tamo Ambient temperature Commercial! 0 +70 °C
Industrial —40 +85 °C
tr Clock Rise Time See note 2 250 ns
e Clock Fall Time See note 2 250 ns
tavce Vce Rise Time See note 2 250 ms
NOTES:

1. Voltage applied to input or output must not exceed V¢g +0.3V.

2. Test points for Clock and Vg in tg, tr, ter, ton, and treser are referenced at 10% and 90% levels.
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DC ELECTRICAL CHARACTERISTICS
Commercial = 0°C < Tamp, S +75°C, 4.75V < Vo <5.25V;
Industrial = —40°C < Tamb < +85°C, 4.5V < Voc < 5.5V

LIMITS
SYMBOL PARAMETER CONDITIONS MIN l TYP* MAX UNIT
Input voltage
Vi Low -03 0.8 v
Vi High 20 Vce +0.3
Output voltage
VoL Low — TTL Vee = MIN, Io, = 16mA 0.5 v
Voic Low — CMOS Vee = MIN, lo = 10pA 0.1 v
Vou High—TTL Vec = MIN, loy = —4.0mA 24 v
Vore High — CMOS Vee = MIN, loy = ~10pA Vec—0.1 v
Input current
hw J Input leakage current Vee = MAX, GND < Viy € Ve J 1 +10 | HA
Output current
loz Output leakage /0 = Hi-Z, GND < Vg < Vee 2 +10 HA
Isc3 Short circuit Vee = 5V, Vour =0.5V! -30 -130 mA
oo e margan o CMOS Vin = Vg or GND?3 osmAMHz | osmAMHz | ™A
Xr?guiiﬂ’lﬁ current, CMOS Vin = Vec or GND22 0.SmAMHz osmAMHz | ™A
&cna':tgg;;ment, e Vin = Vi or Vi3 0 SmAMHz sz | ™A
nguﬁ;:; current, TTL Vin = Vi or Vi3 0 SmAHz 0 SAMHz mA

NOTES:

1. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second.
2. /O pins open (no load). .

3. Igc for a typical application: This parameter is tested with the device programmed as a 10-bit Counter.

4. Typical values are at V¢ = 5V. Typical values are guaranteed by design.

5. Room temperature only.
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AC ELECTRICAL CHARACTERISTICS
Commercial = 0°C < Tymp < +75°C, 4.75V < Vg £5.25V12;
Industrial = —40°C < Tomp < +85°C, 4.5V < Vg < 5.5V

PL22V10-15
TEST PL22V10-10 | PL22V10-12 | PL22V10115
SYMBOL PARAMETER CONDITIONS MIN | MAX | MIN | MAX | MIN | MAX | UNIT
tp Input? to non-registered output 50pF 10 12 15 ns
tea Inputd to Output Enable? 50pF 10 12 15 ns
teR Input® to Output Disable* 5pF 10 12 15 ns
tco Clock to output 50pF 8 9 10 ns
tcoz Eelglc:: el::a (;c;r‘;\:;g:;t&rial output delay via internal 50pF 14 16 19 ns
ts Input® or feedback setup to clock 50pF 7 8 10 ns
tse Internal feedback® 50pF 5 6 9 ns
tH Input? hold after clock 50pF 0 0 0 ns
tw, twn | Clock width — clock low time, clock high timeS 50pF 6 7 8 ns
tcp MIN clock period External (ts + tco) 50pF 15 17 20 ns
MAX operating fr%quency; 1
fuax1 Internal feedback (m) 50pF 76.9 66.7 526 MHz
fmaxz MAX operating frequency; External (1/tcp) 50pF 66.6 58.8 50.0 MHz
s | N ociack frequency: (m) 50pF 833 71.4 625 MHz
tarw Asynchronous Reset pulse width 50pF 10 12 15 ns
tar Input? to Asynchronous Reset 50pF 12 15 18 ns
tARR Asynchronous Reset recovery time 50pF 12 15 18 ns
tspR Synchronous Preset recovery time 50pF 12 15 18 ns
tRESET Power-on reset time for registers in clear state5 50pF 5 5 5 Hs
Capacitance®
Cin Input Capacitance’ Tc’; : 25008 ’ 6 6 6 pF
Cour Output Capacitance” @ f=1MHz 12 12 12 pF
NOTES:

1. Test conditions assume: signal transition times of 2.5ns or less from the 10% and 90% points, timing reference levels of 1.5V (unless otherwise
specified).

. Device test loads are specified at the end of this section.

. “Input” refers to an Input pin signal.

toe is measured from input transition to Vger + 0.1V, top is measured from input transition to Vo — 0.1V or Vo + 0.1V,

Test points for Clock and Vg in tg, tr, toL, toH, and treset are referenced at 10% and 90% levels.

. Parameters are not 100% tested. Specifications are based on initial characterization and are tested after any design or process modification
which may affect operational frequency.

. Capacitances are tested on a sample basis.

N onsrwN

March 16, 1992 144



Philips Semiconductors—Signetics Programmable Logic Devices Product specification

CMOS progfammable electrically erasable PL22V1 0-10/-12/-15,
logic device PL22V10115

TEST LOAD CIRCUIT
A [ I 45V -5/1
Cq ‘L l C2 i: Ry
l I lo Fo T
. | | L _l_
= I | R23 CL
{ out Il
INPUTS 1
oL .
o—- ek o '-‘E-'
L
NOTES: =
C1 and C2 are to bypass Ve to GND.
Ry =235Q, Rp = 159Q, C|_ = 50pF.
THEVENIN EQUIVALENT ‘ VOLTAGE WAVEFORM
Vi =2.02v
985Q

DUT OUTPUT

i
g

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

Input Pulses
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SWITCHING WAVEFORMS
NPUT OR INPUT OR
FEEDBACK vr FEEDBACK vr
L] s Ll
COMBINATORIAL vr cLock vr
tco
REGISTERED
Combinatorial Output ouTPUT vr
Registered Output
cLK
| CLK
A" |
\"4
REGISTER —
[} REGISTER
———
oLk
| [
Vv
REGISTER OUTPUT Loaic _—D—“D

1
fmaxs ; Internal Feedback (m)

tWH
cLocK vr
twr
Clock Width
tARW—|
INPUT ASSERTING
ASYNCHRONOUS vr )<
RESET
AR
REGISTERED
OuTPUT vr
S
tARR
cLock vr

Asynchronous Reset
NOTES:
1. Vr=15V.
2. Input pulse amplitude OV to 3.0V.
3. Input rise and fall times 2.5ns max.

OUTPUT

Clock to Combinatorial Output (tcoz)

INPUT vr

vou-osv /77,

OUTPUT vr
VoL +0.5V

Input to Output Disable/Enable

INPUT ASSERTING
SYNCHRONOUS vr
PRESET

CLOCK

REGISTERED
OUTPUT vr

Synchronous Preset
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PL22V10I115

“AND” ARRAY - (I, B)

B LB B 9]
1,8 L8 ] L8
LB LB LE LB
RD PD PD RD
[ STATE | copE | [ STATE [ cope | [ state [ cooe ] [ STATE | cope |
L_macove! | o | | TRUE [ w1 [Ccomptement | | [ oontcare | - |

NOTE:

1. This is the initial state.

POWER-UP

RESET

The power-up reset feature ensures that all
fiip-flops will be reset to LOW after the device
has been powered up. The output state will
depend on the programmed pattern. This

parameter table are shown below. Due to the
synchronous operation of the power-up reset
and the wide range of ways V¢c can rise to

its steady state, two conditions are required
to ensure a valid power-up reset. These

1.
2.

The V¢ rise must be monotonic.

Following reset, the clock input must not
be driven from LOW to HIGH until all
applicable input and feedback setup times
are met.

feature is valuable in simplifying state conditions are:
machine initialization. A timing diagram and
LIMITS
SYMBOL PARAMETER MIN MAX UNIT
PR Power-up Reset Time 1 Hs
ts. tsF Input or Feedback Setup Time See AC Electrical
twi Clock Width LOW Characteristics
Vee
POWER v
R
REGISTERED // 4
ACTIVE-LOW -
OUTPUT /] L
s
cxock N
—
Power-Up Reset Waveform
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PRELOAD TEST CONDITION
LIMITS
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
tre Valid data out 100 ns
toz Output 3-State delay time after assertion of Preload 100 ns
(Pin 2 = Vi)
toH Hold time of all preload inputs with respect to Clock 15 ns
rising edge
tesu Setup time ‘of all preload inputs with respect to Clock 100 ns
rising edge
toLH Hold time for Preconditioning input 50 ns
VuH Preload enable voltage 14.50 14.75 15.0 Vv
PRELOAD WAVEFORM

Viy 30v
CLK V
PIN1

Vi ov

/—_— ——————————————— VHH 1475V
PIN2 ‘
[*— PLH ViL oV

Viy 30V

ALL OTHER INPUTS

Vi ov

tpz [Ltesu | ten |t
— Vi 3.0V
1/0 PINS PRELOAD VALID DATA-OUT

} Vi, ov
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1
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1

F(O)

D'
Al
Al
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IST|
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CONTROL WORD
I

El)

4

PROGRAM TABLE

019181716
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1

3

6154132

7
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1

Al

Al
Al

1A

| A

F(O)

5141312

F(l

4

AND

019181716

1

2
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PROGRAM TABLE (Continued)

INVYN
FEECRREEE 5 58 o558 ol5|8 2|5 85/ 8 2|zl o]eixl el fxi=l=le 5 ol 5l wlelalE] e
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SNAP RESOURCE SUMMARY DESIGNATIONS

-

1,

SDANVAD: SNINVAG:

PROGRAMMABLE
AND ARRAY
(44 x 132)

7] OUTPUT OUTPUT OUTPUT
MACRO MACRO MACRO

| cewr CELL CELL

OUTPUT

S OUTPUT
ES
RESE MACRO

MACRO
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DESCRIPTION

The PLQ22V10 is a versatile PAL device
fabricated through the use of our BICMOS
process known as QUBIC. This is an
excellent device where fast propagation
delays are required.

The PLQ22V10 uses the familiar AND/OR
logic array structure, which allows direct
implementation of sum-of-product equations.
This device has a programmable AND array
driving a fixed OR array. This AND array is
programmed to create custom product terms
while the fixed OR array sums selected terms
at the output.

The OR sum of the products feeds the
“Output Macro Cell” (OMC) which can be
individually configured as a dedicated input, a
combinatorial output, or a registered output
with internal feedback. In other words, the
architecture provides maximum design
flexibility by allowing the Output Macro Cell to
be configured by the user.

This device is pin and JEDEC file compatible
with industry standard 22V10 and can be
used in all standard applications where speed
is to be maximized.

Order codes can be found in the Ordering
Information table.

FEATURES
® Ultra fast 7.5ns tpp and 6ns tcko

® Pin and JEDEC file compatible to industry
standard 22V10

® 24-Pin Versatile Programmable Array Logic

® 10 input/output macro cells for architectural
flexibility

® Varied product term distribution with up to
16 product terms per output for complex
functions

® Programmable output polarity
® Power-up reset on all registers
® Synchronous Preset/Asynchronous Reset

® Programmable on standard PAL-type
device programmers

® Design support provided using SNAP or
SLICE software development packages
and other CAD tools for PLDs

® Available in 300mil-wide 24-Pin Plastic DIP
and 28-Pin PLCC

APPLICATIONS
® DMA control

® State machine implementation

® High speed graphics processing

® Counters/shift registers

® SSI/MSI random logic replacement

® High speed memory decoder

PIN LABEL DESCRIPTIONS
-

Dedicated Input

NC Not Connected

FO-F9 Macro Cell Input/Output
CLK/IO Clock Input/Dedicated Input
Vee Supply Voltage

GND Ground

Preliminary specification

PLQ22V10-7

PIN CONFIGURATIONS

F and N Packages

cikro [T] 23] vee
n 2] (23] Fo
12 [3] 2] F8
13 [4] [21] F7
u 5] 20] F6
15 5] 9] Fs
o 1] ) Fe
v 8] ] Fo
18 [9] 6] F2
19 [io| [15] F1
1o [11] 1] Fo
Gno [12) B

N = Plastic DIP (300mil-wide)
F = Ceramic DIP (300mil-wide)

A Package

oW
12 11 1 NCvgc Fo F8

[4] [=] [2] [¥] Ps] 7} foe]

n@, ° [25] F7
M[E 2] F6
15 [7] 23] Fs
Ne 8] 22] NC
16 (9] 21] Fa
17 [19] [20] F3
18 [17] [19] F2
[ T 1] 19 [ (] [

19 HOGNDNC 111 FO F1

A = Plastic Leaded Chip Carrier

ORDERING INFORMATION
DESCRIPTION ORDER CODE
24-Pin Plastic Dual-In-Line
300mil-wide PLQ22V10-7N
24-Pin Ceramic Dual-In-Line
300mil-wide PLQ22V10-7F
28-Pin Plastic Leaded Chip Carrier (PLCC) PLQ22V10-7A

®PAL is a registered trademark of Advanced Micro Devicss, Inc.
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PLQ22V10-7

LOGIC DIAGRAM
cLKAo [24] vee
] 3 4 7 8 1112 1516 1920 2324 27 28 3132 3536 3940 43
[) -H—HAHAHHHH 4 1. AR
1 il BEEEE LR iR T
9

[

65
uls

6

82
0

8

97
6 [7

%

110
v [a}=

m

121
m B

122

130
:

131

0 3 4 7 8 112 1516 1920 2324 2728 3132 3536 39 40 43

9O

NOTE:
:)z Programmable connection.

November 1990 153



Philips Semiconductors—Signetics Programmable Logic Devices

Preliminary specification

BiCMOS versatile PLD device

PLQ22V10-7

FUNCTIONAL DESCRIPTION

The PLQ22V10 allows the systems engineer
to implement the design on-chip, by opening
fuse links to configure AND and OR gates
within the device, according to the desired
logic function.

Product terms with all fuses opened assume
the logical HIGH state; product terms
connected to both True and Complement of
any single input assume the logical LOW
state.

The PLQ22V10 has 12 inputs and 10 I/O
Macro Cells (Figure 1). The Macro Cell
allows one of four potential output
configurations, registered output or
combinatorial 1/0, Active-HIGH or

Active-LOW (see Figure 2). The configuration
choice is made according to the user’s design
specification and corresponding programming
of the configuration bits Sp — S1. Multiplexer
controls are connected to ground (0) through
a programmable fuse link, selecting the “0”
path through the multiplexer. Programming
the fuse disconnects the control line from
GND and it floats to Vcc (1), selecting the “1”
path.

The device is produced with a fuse link at
each input to the AND gate array, and
connections may be selectively removed by
applying appropriate voltages to the circuit.
Utilizing an easily-implemented programming
algorithm, these products can be rapidly
programmed to any customized pattern.

Information on approved programmers can
be found in the Programmer Reference
Guide. Extra test fuses are pre-programmed
during manufacturing to ensure extremely
high field programming yields, and provide
extra test paths to achieve excellent
parametric correlation.

Variable Input/Output Pin Ratio

The PLQ22V10 has twelve dedicated input
lines, and each Macro Cell output can be an
1/0 pin. Buffers for device inputs have
complementary outputs to provide
user-programmable input signal polarity.
Unused input pins should be tied to V¢ or
GND.

-

PROGRAMMABLE
AND ARRAY
(44 x132)

str: I 1% % wE 10 ! eE
RESET | QUTPUT OUTPUT OUTPUT OUTPUT] OUTPUT OUTPUT
MACRO |- MACRO |-{—>MACRO |H—1>MACRO |--bMACRO H-1>MACRO| 11> MACRO

CelL | | | cELL CELL | | | CELL CELL | | | cELL

PRESET

\/ \/ \/

! o !

[Fo] F2 [Fe] [Fs]

Figure 1. Functional Diagram
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OUTPUT MACRO CELL
S, Sy OUTPUT CONFIGURATION
e 0 Registered/Active-LOW
AR LD"—' L 1 Registered/Active-HIGH
. b a o o 1 0 | CombinatorialiActive-LOW
ax—b @ o 1 1 1 Combinatorial/Active-HIGH
1 0=U ed fu
sP Sy ——-l-j_ 1= pgffn:a:erg fusese
o
0
: 1

Figure 2. Output Macro Cell Logic Diagram

4
)

a. Registered/Active-LOW c. Combinatorial/Active-LOW

Sg=1 So=1
-5 S1=0 Sy=1

=

b. Registered/Active-HIGH d. Combinatorial/Active-HIGH

Figure 3.

Registered Output Configuration Combinatorial /O Configuration
Each Macro Cell of the PLQ22V10includesa  Any Macro Cell can be configured as

D-type flip-flop for data storage and combinatorial by selecting the multiplexer
synchronization. The flip-flop is loaded on the  path that bypasses the flip-flop (S = 1). In
LOW-to-HIGH transition of the clock input. In  the combinatorial configuration, the feedback
te registered configuration (S¢ = 0), the is from the pin.

array feedback is from Q of the flip-flop.
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vee Supply voltage -0.5 +7.0 Voc Maximum ambient 75°C
Vin Input voltage -1.2 Vec +0.5 Voc Allowable thermal rise
Vour Output voltage 05 Voc + 05 Vo ambient to junction 75°C
IN Input currents -30 +30 mA
lout Output currents +100 mA
Tsig 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
indicated 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
Tamb Operating free-air temperature [o] +75 °c

DC ELECTRICAL CHARACTERISTICS Over commercial operating range unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS! MIN l MAX UNIT
Input voltage
Vi Low Ve = MIN 08 v
Vi High Vce = MAX 20 v
Vi Clamp Vee = MIN, Iy =—18mA -1.2 v
Output voltage
Vee = MIN, Viy = Vi or Vi
VoL Low loL = 16mA 05 \"
Vou High lon=-3.2mA 24 v
Input current
Vee = MAX
(ex"';p' pint) | Low Vi = 0.40V -100 pA
I (Pin 1) Low VN = 0.40V -150 HA
I High Viy =27V 25 pA
Iy Maximum input current Vin=55V 1.0 mA
Output current
Vce = MAX

lozH Output leakage? Vin =V or Vi, Vour = 2.7V 100 HA
lozL Output leakage® VN = Vi or Vi, Vout = 0.4V -100 pA
Isc Short circuit2 Vour = 0.5V -30 -130 mA
lec Vcc supply current Ve = MAX 210 mA

NOTES:

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

2. No more than one output should be tested at a time. Duration of the short-circuit test should not exceed one second. Voyr = 0.5V has been
chosen to avoid test problems caused by tester ground degradation.

3. /O pin leakage is the worst case of lozx or Ijx (where X = Hor L).

November 1990 156




Philips Semiconductors—Signetics Programmable Logic Devices Preliminary specification

BiCMOS versatile PLD device PLQ22V10-7

AC ELECTRICAL CHARACTERISTICS Over commercial operating range unless otherwise specified.

TEST LIMITS?
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT

tp Input or feedback to non-registered output? Active-LOW 75

Active-HIGH 75 ns
ts Setup time from input, feedback or SP to Clock 55 ns
17 Hold time 0 ns
tco Clock to output 6.0 ns
tcr Clock to feedback? 25 ns
tar Asynchronous Reset to registered output 10.0 ns
tARW Asynchronous Reset width 75 ns
tARR Asynchronous Reset recovery time 55 ns
tsPR Synchronous Preset recovery time 55 ns
twi Width of Clock LOW 40 ns
twH Width of Clock HIGH 40 ns

Maximum frequency;
fmax External feedback 1/(ts + tco)* 87 MHz

Maximum frequency;

Internal feedback 1/(ts + tcr)* 125 MHz
tea Input to Output Enable’ ) 9.0 ns
R Input to Output Disable® 9.0 ns
Capacitance®
Cin Input Capacitance (Pin 1) VN =20V Vee =5.0V 6 pF

Input Capacitance (Others) V=20V Tamb = 25°C 6 pF
Cout Output Capacitance Vout =2.0V f=1MHz 8 pF

NOTES:

1. Commercial Test Conditions: Ry = 300, R, = 390Q (see Test Load Circuit).

2. tpp is tested with switch S, closed and C, = 50pF (including jig capacitance). Vi = 3V, V) =0V, Vy = 1.5V.

3. Calculated from measured fyax internal.

4. These parameters are not 100% tested, but are calculated at injtial characterization and at any time the design is modified where frequency
may be affected.

5. 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 V1 = (Vou — 0.5V) with S, open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with S, closed.

6. These parameters are not 100% tested, but are evaluated at initial characterization and at any time the design is modifed where capacitance
may be affected.

TEST LOAD CIRCUIT VOLTAGE WAVEFORM
Vee T +5V Sy
« 3.0V————
+3.4
[ -J- -L cy EE Ry
. o Fo I ov.
= ! I _|_
= : | R3S 1
| DUT : ) 25ns 2.5ns
neuTs | | 9
n Fo L MEASUREMENTS:
A4 Al circuit delays are measured at the +1.5V level of
K oNp OE je—o0 = inputs and outputs, unless otherwise specified.
NOTE: L
C1 and C; are 1o bypass VoG to GND. = Input Pulses
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SWITCHING WAVEFORMS
INPUT OR INPUT OR v
FEEDBACK vr FEEDBACK T
D s
COMBINATORIAL
OUTPUT v cLoCK vy
co
REGISTERED v
Combinatorial Output OUTPUT T

s +tcF

Clock to Feedback (fyax Internal)
(See Path at Right)

tWH
CLOCK vr
twr -
Clock Width
tARW—
INPUT ASSERTING
ASYNCHRONOUS v
RESET
%R
REGISTERED
OUTPUT vr
'ARR
CLOCK v

Asynchronous Reset

NOTES:

1. Vr=15V.

2. Input pulse amplitude OV to 3.0V.
3. Input rise and fall times 2.5ns max.

Registered Output

cLK
r = _——"
| \va |
| |
| oaic | 's,] ReastER |
| |
| 1
| ‘cr |
L J

INPUT vr

g tEA

WS Vou-osv /77
ouTPUT > vr
LI VoL +05v \\N

Input to Output Disable/Enable

INPUT ASSERTING
SYNCHRONOUS vr
PRESET

CLOCK

REGISTERED
OUTPUT vr

Synchronous Preset
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Programmable 3-State Outputs
Each output has a 3-State output buffer with
3-State control. A product term controls the
buffer, allowing enable and disable to be a
function of any product of device inputs or
output feedback. The combinatorial output
provides a bidirectional I/O pin, and may be
configured as a dedicated input if the buffer is
always disabled.

Programmable Output Polarity
The polarity of each macro cell output can be
Active-HIGH or Active-LOW, either to match
output signal needs or to reduce product
terms. Programmable polarity allows Boolean
expressions to be written in their most
compact form (true or inverted), and the
output can still be of the desired polarity. It
can also save “DeMorganizing"” efforts.

Selection is controlled by programmable bit
Sp in the Output Macro Cell, and affects both
registered and combinatorial outputs.
Selection is automatic, based on the design
specification and pin definitions. If the pin
definition and output equation have the same
polarity, the output is programmed to be
Active-HIGH (Sp = 1).

Preset/Reset

For initialization, the PLQ22V10 has
additional Preset and Reset product terms.
These terms are connected to all registered
outputs. When the Synchronous Preset (SP)
product term is asserted high, the output
registers will be loaded with a HIGH on the
next LOW-to-HIGH clock transition. When the
Asynchronous Reset (AR) product term is
asserted high, the output registers will be
immediately loaded with a LOW independent
of the clock.

Note that Preset and Reset control the
flip-flop, not the output pin. The output level is
determined by the output polarity selected.

ABEL is atrademark of Data /O Comp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.
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Power-Up Reset

All flip-flops power-up to a logic LOW for
predictable system initialization. Outputs of
the PLQ22V10 will depend on the
programmed output polarity. The V¢ rise
must be monotonic and the reset delay time
is 1-10ps maximum.

Register Preload

The register on the PLQ22V10 can be
preloaded from the output pins to facilitate
functional testing of complex state machine
designs. This feature allows direct loading of
arbitrary states, making it unnecessary to
cycle through long test vector sequences to
reach a desired state. In addition, transitions
from illegal states can be verified by loading
illegal states and observing proper recovery.

Security Fuse

After programming and verification, a
PLQ22V10 design can be secured by
programming the security fuse link. Once
programmed, this fuse defeats readback of
the internal programmed pattern by a device
programmer, securing proprietary designs
from competitors. When the security fuse is
programmed, the array will read as if every
fuse is programmed.

Quality and Testability

The PLQ22V10 offers a very high level of
built-in quality. Extra programmable fuses
provide a means of verifying performance of
all AC and DC parameters. In addition, this
verifies programmability and functionality of
the device to provide the highest
programming and post-programming
functional yields.
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Technology

The BiICMOS PLQ22V10 is fabricated with
the Philips Semiconductors—Signetics
process known as QUBIC. QUBIC combines
an advanced, state-of-the-art 1.0um (drawn
feature size) CMOS process with an ultra fast
bipolar process to achieve superior speed
and drive capabilities. QUBIC incorporates
three layers of Al/Cu interconnects for
reduced chip size, and our proven Ti-W fuse
technology ensures highest programming
yields.

Programming

The PLQ22V10-7 is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics' SLICE and
SNAP design software packages. ABEL™
CUPL™ and PALASM® 90 design software
packages also support the PLQ22V10-7
architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

PLQ22V10-7 logic designs can also be
generated using the program table entry
format, which is detailed on the following
pages. This program table entry formatis
supported by SLICE only. The SLICE design
package is available, free of charge, to
qualified users.

PROGRAMMING/SOFTWARE
SUPPORT

Refer to Section 8 (Development Software)
and Section 9 (Third-Party Programming
Support) of this data handbook for additional
information.
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OUTPUT REGISTER PRELOAD
The preload function allows the registers to
be loaded from the output pins. This feature
aids functional testing of sequential designs
by allowing direct setting of output states.
The procedure for preloading follows:

3. Apply the desired value (Vi p/Vyp) to all
registered output pins. Leave
combinatorial output pins floating.

4. Clock Pin 1 from Vy.p to Viup.

5. Remove V) p/Vyp from all registered

. Lower Pin2or 3 to Vp.

. Enable the output registers according to

the programmed pattern.

. Verify VoL/Vou at all registered output

pins. Note that the output pin signal will

1. Raise Vcg to 5.0V +0.25V. output pins. depend on the output polarity.
2. Set Pin 2 or 3 to Vyy to disable outputs
and enable preload.
LIMITS
SYMBOL PARAMETER MIN REC MAX UNIT

Vuu Super-level input voltage 95 10 105 \"
Ve Low-level input voltage 0 0 0.5 \%
Vinp High-level input voltage 24 50 55 \"
to Delay time 100 200 1000 ns
tvo /O valid after Pin 2 or 3 drops from Vi to Vi p 100 ns

——————— VHH

- \
ViLp
wo

——l———— Vi

REGISTERED DATA IN m DATA OUT :gr

i i (T

L)
___________ Vinp
cLock
tp ViLe
Output Register Preload Waveform
November 1990
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“AND” ARRAY - (|, B)

LB LB LB LB
LB LB 1B LB
LB LB LB LB
RD D P,D PD
| smmwE | cobE | [ STATE [ cooe | [ smiE | cooe | [ STATE [ cooe |
L_macnve! | o ] | TRUE I W Lcompement | o | | oontcare | - |

NOTE:

1. This is the initial state.

POWER-UP

RESET

The power-up reset feature ensures that all
fip-flops will be reset to LOW after the device
has been powered up. The output state will

parameter table are shown below. Due to the
synchronous operation of the power-up reset
and the wide range of ways V¢ can rise to
its steady state, two conditions are required

1.

The V¢ rise must be monotonic.

2. Following reset, the clock input must not

be driven from LOW to HIGH until all
applicable input and feedback setup times

&pend‘on the programmed pattern. This to ensure a valid power-up reset. These are met.
feature is valuable in simplifying state conditions are:
machine initialization. A timing diagram and
LIMITS
SYMBOL PARAMETER MIN MAX UNIT
tpR Power-up Reset Time 1 Hs
ts Input or Feedback Setup Time See AC Electrical
twi Clock Width LOW Characteristics
Vee
POWER av
- \Pa——j
REGISTERED // 7
ACTIVE-LOW
OUTPUT /
le—
étook N
———
Power-Up Reset Waveform
November 1990 161



Preliminary specification
PLQ22V10-7

1

F(O)
514|312

POLARITY

Ta
| A
1A
1A

A

98716

al "l

0

1

F(
514312

CONTROL WORD

2322 21]20]19 18 [17 |16 |15 |14

ojolsl|7]6

1

AND

1

2

3

615141312

71615 |4

10/9)8

1

-}

njwjieis |z

bd

BiCMOS versatile PLD device

T

E

R

]
10
1
12
13
14
17
18
19
21
24
3
32
37
a
42
43
48
55
57

Philips Semiconductors—Signetics Programmable Logic Devices

PROGRAM TABLE

2z
&

3WVYN

FIGVIHVA

162

November 1990



Preliminary specification

PLQ22V10-7

BiCMOS versatile PLD device

Philips Semiconductors—Signetics Programmable Logic Devices

PROGRAM TABLE (Continued)
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SNAP RESOURCE SUMMARY DESIGNATIONS

h-In

SNINVIO:

PROGRAMMABLE
SANDS AND ARRAY
' (44 x132)

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUY OUTPUT OUTPUT OUTPUT OUTPUT|
MACRO MACRO MACRO MACRO MACRO |H-}PMACRO MACRO }+4{>MACRO
cetl | [ eer || F e | [ cer || el [ [ cere [ |1 cew | ] cew

v

CLK—]

| I

Output Macro Cell
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DESCRIPTION

The 10H20EV8/10020EV8 is an ultra
high-speed universal ECL PAL® device.
Combining versatile output macrocells 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
optimum speed in any design. The SNAP
design software package from Signetics
simplifies design entry based upon Boolean
or state equations.

The 10H20EV8/10020EV8 is a two-level logic
element 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 a registered 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 standard PAL device.
Asynchronous Preset and Reset product
terms 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 registered outputs.

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
- top = 4.5ns (max)
— tis = 2.6ns (max)
— tcko = 2.3ns (max)
— fuax = 208MHz
® 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 Reset capability
® 10KH and 100K options

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

® Design support provided via SNAP and
other CAD tools

® Security fuse for preventing design
duplication

@ Available in 24-Pin 300mil-wide DIP and
28-Pin PLCC.

PIN CONFIGURATIONS
F Package
n [0 [24] vee
12 (2] 23] 114
CLKAy2 3] [22] 1o
Fy [4] 21] Fg
F, (5] 20] Fy
veor [€] 78] veoz
Fs [7] 18] Fe
Fs (2] [17] Fs
13 [] [16] 19
14 [10 15] g
15 [0} 1] 17
VEE [13] 16

F = Ceramic DIP (300mil-wide)

A Package

CLKAy2 Iz 1y NCVcc hy ho

[a] [51 2] [v] Pos] o7} o] _

F2 [6] [24] F7
veos [7] 23] Veo2
ne [8] 22] NC
F3 [9] 21] Fe
F4 [19] 2] Fs
I3 [19] 19

A = Plastic Leaded Chip Carrier

ORDERING INFORMATION
DESCRIPTION ORDER CODE
24-Pin Ceramic Dual In-Line 10H20EV8-4F
(300mil-wide) 10020EV8—4F
28-Pin Plastic Leaded Chip Carrier 11%585\\;3:::

®PAL is a regi d trademark of

November 15, 1991

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

INPUT LINES

~Nessse@O

OuTPUT
MACRO

OUTPUT

CELL

outrut| 4 o
MACRO
CELL

i
L

V

A

ASYNCHRONOUS RESET
PRESET

NOTES:

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

3. Pinout for F Package
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FUNCTIONAL DIAGRAM

cLx1

PROGRAMMABLE AND ARRAY
(90 x 40)
12 8 8 8 8 u $ 12
RESET] OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT

LOGIC LOGIC > LOGIC > LOGIC LOGIC b LOGIC LOGIC PRE
MACROCELL| MACROCELL] | I macrocELL] || macroceLL} | | macrocELY | | MACROCELL} | MACROCE
F F F F F F
FUNCTIONAL DESCRIPTION As can be seen in the Logic Diagram, the The device also features 90 product terms.

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

user’s custom logic.

array.

device is a two-level logic element with a
programmable AND array. The 20EV8 can
have up to 20 inputs and 8 outputs. Each
output has a versatile Macrocell whereby the
output can either be configured as a
dedicated input, a dedicated combinatorial
output with polarity control, a bidirectional VO,
or as a registered output that has both output
polarity control and feedback into the AND

Noro

AP T—Do— e
L OUTPUT

D a SELECT

MUX
— a * s,
cLK - Q 1 So Yoo

AR

FEEDBACK|
MUX
$

Figure 1. Output Logic Macrocell
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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 outputs. Four of the
outputs have eight product terms, while the
other four have 12. This arrangement allows
the utmost in flexibility when implementing
user pattems.

Output Logic Macrocell

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

As seen in 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 o select
between the various cells. Sy controls
whether the output will be either registered
with internal feedback or combinatorial LO.
Sy controls the polarity of the output (Active-
HIGH or Active-LOW). This allows the user to
achieve the following configurations:
Registered Active-HIGH output, Registered
Active-LOW output, Combinatorial Active-
HIGH output, and Combinatorial Active-LOW
output. With the output enable product term,
this list can be extended by adding the
configurations of a Combinatorial /O with
Polarity or another input.
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ABSOLUTE MAXIMUM RATINGS?

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage -8.0 \
ViN Input voltage (Vy should never-be more negative than Vgg) Oto Vge v
lo Output source current -50 mA
Ts Operating Temperature range -55to +150 °C
T, Storage Temperature range Ceramic Package +165 °C

Plastic Package +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.

DC OPERATING CONDITIONS 10H20EV8

TEST LIMITS
SYMBOL PARAMETER CONDITIONS MIN NOM MAX UNIT
Vee, Veot, Veoz Circuit ground 0 0 0 "
Vee Supply voltage (negative) -5.2 \
Tamp =0°C -1170 -840 mV
Viu High level input voltage Tamb = +25°C -1130 -810 mV
Tamb = +75°C -1070 -735 mvV
Tamp =0°C -1950 -1480 mV
Vi Low level input voltage Tamp = +25°C -1950 -1480 mV
Tamp = +75°C -1980 —1450 mV
Tamo Operating ambient temperature range 0 +25 +75 °C
NOTE:

When operating at other than the specified Ve voltage (=5.2V), the DC and AC Electrical Characteristics will vary slightly from specified values.

DC OPERATING CONDITIONS 10020EV8

TEST LIMITS
SYMBOL PARAMETER CONDITIONS MIN NOM MAX UNIT
Vee: Veors Veoz Circuit ground 0 0 0 \
Vee Supply voltage -4.8 —45 -4.2 \"
Vee Supply voltage when opetating with the 10K -5.7 \"
or 10KH ECL family

Vee=—-4.2V -1150
ViH High level input voltage Vge = 4.5V -1165 —880 mV

Veg =-4.8V -1165

Vgg =—4.2V —-1475 mV
ViL Low level input voltage Veg =-4.5V -1810 —1475 mV

Vege =48V —1490 mV
Tamb Operating ambient temperature range 0 +25 +85 °C

NOTE:

When operating at other than the specified Vge voltages (—4.2V, —4.5V, —4.8V), the DC and AC Electrical Characteristics will vary slightly from

their specified values.
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Registered Active-HIGH

/4

Combinatorial Active-HIGH

Figure 2. Output Macro Cell Configurations

Registered Active-LOW

Combinatorial Active-LOW

OUTPUT MACRO CELL
CONFIGURATION

Shown in Figure 2 are the four possible
configurations of the output macrocell using
fuses Sp and Sy. As seen, the output can
either be registered Active-HIGH/LOW with
feedback or combinatorial Active-HIGH/LOW
with feedback. If the registered mode is
chosen, the feedback from the Q output to
the AND array enables one to make state
machines or shift registers without having to
tie the output to one of the inputs. If a
combinatorial output is chosen, the feedback
gate is enabled from the pin and allows one
to create permanent outputs, permanent
inputs, or /0 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
enable. The use of the D product term
(direction control) allows the user three
possible configurations of the outputs. They
are: always enabled, always disabled, and

November 15, 1991

controlled by a programmed pattern. A HIGH
on the D term enables the output, while a
LOW performs the disable function. Output
enable control can be achieved by
programming a pattern on the D term.

The output enable control can also be used to
expand a designer's possibilities once a
combinatorial output has been chosen. If the
D term is always HIGH, the pin becomes a
permanent 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
separate product term for asynchronous
Preset and asynchronous Reset. These lines
are common 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

169

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 Q output of all flip-flops
would go HIGH. A Reset signal would force
the opposite conditions.

PRELOAD

To simplify testing, the 10H20EV8/10020EV8
has also included PRELOAD circuitry. This
allows a user to load any particular data
desired into the registers regardless of the
programmed pattern. 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.

It can also be used by a designer to help
debug a circuit. This could be important if a
state machine was implemented in the
10H20EV&/ 10020EV8. The PRELOAD
would allow the entry of any state in the
sequence desired and start clocking from that
particular point. Any or all transitions could be
verified.
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DC ELECTRICAL CHARACTERISTICS 10H20EVS
0°C < Tamp < +75°C, Ve = —5.2V + 5%, Ve = Vor = Vooz = GND

LIMITS?
SYMBOL PARAMETER! TEST CONDITIONS? Tamb MIN MAX | UNITS
Vo High level output voltage ViN = Vi MIN or Vy MAX 0°C -1020 -840
+25°C -980 -810 mV
+75°C -920 ~735
VoL Low level output voltage Vin = Vig MIN or V. MAX 0°C -1950 | -1630
+25°C -1950 | -1630 mV
+75°C -1950 | -1600
[ High level input current ViN = ViH MAX 0°C
+75°C 220 HA
e Low level input current Vin=ViL MIN 0°C
Except I/O Pins +75°C 03 pA
~lee Supply current Vee = MAX 0°C to +75°C
Allinputs = V)y MAX 250 mA
DC ELECTRICAL CHARACTERISTICS 10020EV8
0°C < Tamp < +85°C, —4.8V < Vg £—4.2V, Vo = Voot = Veoz = GND
LIMITS*
SYMBOL PARAMETER! TEST CONDITIONS? MIN TYP | MAX | UNITS
Vgg =—4.2V | 1020 -870 mV
Vou High level output voltage Vin =Viy MAXor Vi MIN | Vgg =—4.5V | —1025 | —955 | —880 mV
Vegg =—4.8V | -1035 -880 mV
Outputs | Apply Viumin of Viemax to | Veg =—4.2V | —1030 mV
VoHT High level output threshold voltage | Loaded | one input at a time, other | Vge =—4.5V | —1035 mV
with 50Q | inuts at Vigmax or ViLmin. Vee =—4.8V | -1045 mV
to—2.0V | Apply Viumin or Viimax to Veg =-4.2V -1595 mV
Vour Low level output threshold voltage | +0.010V | one input at a time, other | Vgg = —4.5V -1610 | mV
inuts at Vigmax or ViMIN. Vgg =-4.8V -1610 mV
Vege =—4.2V | -1810 -1605 | mV
Vou Low level output voltage Inuts at Vigmax or ViLmin. Vgg =—4.5V | —1810 | -1705 | —1620 mV
Vege =—4.8V | -1830 -1620 mV
ln High level input current One input under test at Viymax. Other inputs at Vi yn. 220 HA
I Low level input current One input under test at V) . Other inputs at Viymax. 0.5 HA
—ee Vee supply current Allinputs at Vjymax- 230 mA
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.

Thermal equilibrium is established ty applying power for at least 2 minutes, while maintaining transverse airflow of 2.5 meters/sec (500 linear

feet/min.) over the device, mounted either in a test socket or on a printed circuit board. Test voltage values are given in the DC operating

conditions table. Conditions for testing shown in the tables are not necessarily worst case. For worst case testing guidelines, refer to

DC Testing, Chapter 1, Section 3, of the Signetics 10/100K ECL Data Handbook.

Terminals not specifically referenced can be left electrically open. Open inputs assume a logic LOW state. Any unused pins can be

terminated to —-2V. If tied to Vg, it must be through a resistor > 10K. It is recommended that pins that have been programmed as RESET,

PRESET, or CLOCK inputs not be left open due to the possibility of false triggering from internally and externally generated switching

transients.

. The specified limits represent the worst case values for the parameter. Since these worst case values normally occur at the supply voltage
and temperature extremes, additional noise immunity can be achieved by decreasing the allowable operating condition ranges.

w

IS
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AC ELECTRICAL CHARACTERISTICS (for Ceramic Dual In-Line Package)
10H20EV8: 0°C < Tomp, < +75°C, Vgg = 5.2V £ 5%, Ve = Veor = Veoz = GND
10020EV8: 0°C < Tamp < +85°C, —4.8V < Vg < —4.2V, Ve = Veor = Veoz = GND

LIMITS!
SYMBOL PARAMETER FROM TO 0°C +25°C +75°C/+85°C UNIT
miNz [ Tvpe [maxe | mine [ Tves [maxz | mine | Tvpe [max:
Pulse Width
tekH Clock High CLK + CLK- 20 0.6 20 0.6 20 06 ns
ek Clock Low CLK - CLK + 20 0.9 20 09 20 09 ns
tckp Clock Period CLK + CLK + 4.0 4.0 4.0 ns
teRH Preset/Reset Pulse | (I,1/0)t | (I, /10) 45 — 45 — 45 — ns
Setup and Hold Time
tis Input (,I0) £ CLK + 26 1.0 26 1.1 27 14 ns
t Input CLK+ | (bLvoyx | 01 | <o 01 | <o 01 | <o ns
ters Clock Resume after | (1,1/0)+ | CLK+ 46 1.0 46 0.9 46 08 ns
Preset/Reset
Propagation Delay
tep Input (I, 1/0) £ 110+ 2.85 4.7 295 4.7 3.35 47 ns
tcko Clock CLK + 110+ 1.65 24 1.7 24 20 25 ns
toe Output Enable (L1o)+ l[e] 20 4.2 21 42 22 4.2 ns
top Output Disable (L1o)t /o] 20 42 21 42 2.2 42 ns
tPRO Preset/Reset (L,1o)+ /0 + 28 47 3.0 47 35 4.7 ns
tepr . | Power-on Reset Vee l/e] — 10 — 10 — 10 ns
fmax 208 300 208 300 208 300 MHz
NOTES:

1. Refe'f to AC Test Circuit and Voltage Wafeforms diagrams.
2. Maximum loading conditions: 89 fuses intact per row.
3. Typical loading conditions: 15 fuses intact per row. (All “inactive” fuses, except those necessary for correct functionality, are removed.)
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AC ELECTRICAL CHARACTERISTICS (for Plastic Leaded Chip Carrier)

10H20EV8: 0°C < Tamp < +75°C, Vgg = —5.2V + 5%, Ve = Voot = Veoz = GND

10020EV8: 0°C < Tymp < +85°C, —4.8V < Vg < 4.2V, Ve = Voot = Veoz = GND

LIMITS?
SYMBOL PARAMETER FROM TO 0°C +25°C +75°C/+85°C UNIT
MN [Tvpe [maxe | min [ Tvee [maxz | miN | Ty [max2
Pulse Width
tekH Clock High CLK + CLK- 2.0 0.6 20 0.6 2.0 0.6 ns
kL Clock Low CLK - CLK + 20 0.9 20 09 20 0.9 ns
tckp Clock Period CLK + CLK + 40 40 4.0 ns
tPRH Preset/ResetPulse | (I,1/0)+ | (,/O)t | 4.5 — 45 — 4.5 — ns
Setup and Hold Time
tis Input Loyt | CLK+ | 25 | 1.0 25 | 14 26 | 14 ns
ti Input CLK + (I, /0) 0 <0 0 <0 0 <0 ns
tPRs Clock Resume after | (1, 1/0)+ | CLK+ 45 1.0 45 0.9 45 0.8 ns
Preset/Reset

Propagation Delay
tep Input Lvoyt | wvot 285 | 45 295 | 45 335 | 45 ns
tcko Clock CLK + 110+ 165 | 2.2 1.7 2.2 20 23 ns
toe Output Enable [(Me)F3 110 20 4.0 21 4.0 2.2 40 ns
top Output Disable (I, 110) £ I} 20 4.0 21 4.0 2.2 4.0 ns
trrO Preset/Reset (I, 1/0) £ /10 + 28 45 3.0 45 35 45 ns
tePR Power-on Reset VEe 110 —_ 10 — 10 —_ 10 ns
fmax 208 300 208 300 208 300 MHz

NOTES:

1. Refer to AC Test Circuit and Voltage Wafeforms diagrams.

2. Maximum loading conditions: 89 fuses intact per row.
3. Typical loading conditions: 15 fuses intact per row. (All “inactive” fuses, except those necessary for correct functionality, are removed.)
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AC TEST CIRCUIT
+2.0V £0.010V
25uF I—E L 0.1pF
fe— 1,y ‘l= Ls Vcor Vec Vcoz Ly >
P -~ = a
GENERATOR = e Fx [ o —_ SCoPe
-; I il = IcL iRT
oL 1 but | = L
SCOPE . :”) O—* CLKAy2 Fy
iﬂr ;— | Fu
= o]

-2.5V 4+0.010V FOR 10020EV8
-3.2V 4+ 0.010V FOR 10H20EV8

NOTES:

1. Use decoupling capacitors of 0.1uF and 25puF from GND to Vg, and 0.01uF and 25pF from GND to Vgg (0.01 and 0.1pF 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 '/, inch (6mm).

All unused inputs should be connected to either HIGH or LOW state consistent with the LOGIC function required.

All unused outputs are loaded with 50Q to GND.

Ly and L, are equal length 50Q impedance lines. L, the distance from the DUT pin to the junction of the cable from the Pulse

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

Rr = 50Q terminator internal to Scope.

The unmatched wire stub between coaxial cable and pins under test must be less than '/, 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 /4 inch (6mm) in length (refer to section on AC setup procedure).

9. All 50Q 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.

@NOGO AWOD
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10H20EV8/10020EVS8

VOLTAGE WAVEFORMS

i

1

<t
NEGATIVE 80%
PULSE 50%
20%

LM

20%

T

twiL)

80%
50%
T

POSITIVE 80%
PULSE 50%
20%
< tTH

80%.
THL ™

50%
20%

|-

INPUT PULSE REQUIREMENTS
Vee = Voot = Veo2 = 42,0V 30.010V, VEE = -3.2V 4 0.010V, V = GND (0V)
FAMILY | AMPUTUDE | REP RATE | PULSE WIDTH tTLH tTHL
10KH ECL 800mVp_p 1MHz 500ns. 1.3+ 0.2ns 13+0.2ns
INPUT PULSE REQUIREMENTS
Vee = Veo1 = VC02 = +2.0V 40.010V, VEE = =2.5V 4 0.010V, V1 = GND (0V)
FAMILY | AMPUTUDE | REP RATE | PULSE WIDTH LH tTHL
100K ECL | 740mVp_p 1MHz 500ns 0.7+ 0.1ns | 0.7+0.1ns
Input Pulse Definition

+1110mV (10H20EVS)
+1050mV (10020EV8)

+310mV

+1110mV (10H20EV8)
+1050mV (10020EV8)

+310mV
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TIMING DIAGRAMS

1,0 ‘
(ANPUT) > 50%. 50%

)
(REGISTERED 50%
OUTPUT)

U]
(COMBINATORIAL 50%
OUTPUT)

Flip-Flop and Gate Outputs

ov

VEE = ~4.94 10H20EV8
VEE = -4.2 10020EV8

VEE

< tppR

REGISTERED
ACTIVE-LOW
OUTPUT

1,10
(INPUT) 50%

[+— tcLk—]

N =\

Power-On Reset
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TIMING DIAGRAMS (Continued)
quﬁ’% 50% 50%.
top < e
<ouer’?, 50% 50%
Output Enable/Disable
50%
CLK
<——1pRs —|
repcmonos Fo N
tPRH
< tero
(outeUT) s

Asynchronous Preset/Reset
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REGISTER PRELOAD

The 10H20EV8/10020EV8 has included
circuitry that allows a user to load data into
the output registers. Register PRELOAD can
be done at any time and is not dependent on
any particular 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
perform the register PRELOAD are shown
below.

VIH

wa \
—/ N

VOH ViH
—_—
OUTPUTS
VoL ViL

PIN3

DISABLE OUTPUTS APPLY EXTERNAL DATA PRELOADED REMOVE EXTERNAL
ENABLE PRELOAD INPUTS TO BE AND PRELOAD INPUTS
PRELOADED DISABLED
LIMITS
SYMBOL PARAMETER MIN | TYP | MAX | UNIT
Input HIGH level during
Vin PRELOAD and Verify -1 ] 08 [ 07 v
Input LOW level during
Vi PRELOAD and Verify -185 | -185 | 145 v
Vep :;‘fitg';o[:"ab'e voltage 145 | 16 | 175 v
NOTE:
1. Unused inputs should be handled as follows:
- SetatVyorVy

- Terminated to -2V
— Tied to Vg through a resistor > 10K
- Open
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10H20EV8/10020EV8

LOGIC PROGRAMMING

The 10H20EV8/10020EV8 is fully supported
by industry standard (JEDEC compatible)
PLD CAD tools, including Signetics SLICE
and SNAP design software packages.
ABEL™ and CUPL™ design software
packages also support the
10H20EV8/10020EV8.

capture format.

“AND” ARRAY - (1), (F), (Q

~

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic

10H20EV8/10020EV8 logic designs can also
be generated using the program table entry
format detailed on the following page. This
program table entry format is supported by

SLICE only. SLICE is available, free of
charge, to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic
equations (I, F, Q, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT,
INACTIVE; PRESET, etc., are defined below.

_ — LFQ _ —LF,Q B —1,F,Q _ — LR Q
— LFQ — 1LFa — ,FQ — LFa
l ] | | \
P,D, AP, AR P,D, AP, AR P,D, AP, AR P,D, AP, AR
STATE | cooE | [ STATE | cooe | [ sate [ CODE | [ state ] cooE]
[ _mactve2 | o | LFQ [ v ] [ ifa [ L | [ _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 |, F or Q link pairs is left intact.

OUTPUT MACROCELL CONFIGURATIONS

OUTPUT MACROCELL CONFIGURATION | CONTROLWORD | oo, ppiTy Fuse
Registered Output, Active-HIGH D H
Registered Output, Active-LOW D! L
Combinatorial /0, Active-HIGH H
Combinatorial I/O, Acitve-LOW L

NOTE:
1. This is the initial (unprogrammed) state of the device.

PROGRAMMING AND
SOFTWARE SUPPORT

Refer to Section 8 (Development Software)
and Section 9 (Third-party Programmer/
Software Support) of this data handbook for
additional information.

ABEL is atrademark of Data VO Corp.
CUPL is a trademark of Logical Devices, Inc.

November 15, 1991 178



Product specification

Philips Semiconductors—Signetics Programmable Logic Devices

10H20EV8/10020EVS8

ECL programmable array logic

PROGRAM TABLE

POLARITY

1

OR (FIXED)

1

s[7[6[5[af3][2

CONTROL WORD

F()

21{20(18]17{8 {7 |54

AND

1

[2[11]10]9]8]7]6]5]4]3]2]1]8]7]6]5]4]3]12]"

T
E
R

PN |3 123{22{16[15{14[13[11[10{98 |2
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10H20EV8/10020EV8

SNAP

Features
® Schematic entry using DASH™ 4.0 or
above or OrCAD™ SDT Il

© State Equation Entry
® Boolean Equation Entry

® Allows design entry in any combination of
above formats

© Simulator
- Logic and fault simulation
- Timing model generation for device
timing simulation
~ Synthetic logic analyzer format

® Macro library for standard TTL and user
defined functions

® Device independent netlist generation

® JEDEC fuse map generated from netlist

SNAP (Synthesis, Netlist, Analysis and
Program) is a versatile development tool that
speeds the design and testing of PML. SNAP
combines a user-friendly environment and
powerful modules that make designing with
PML simple. The SNAP environment gives

the user the freedom to design independent
of the device architecture.

The flexibility in the variations of design entry
methodologies allows design entry in the
most appropriate terms. SNAP merges the
inputs, regardless of the type, into a high-
level netlist for simulation or compilation into
a JEDEC fuse map. The JEDEC fuse map
can then be transferred from the host
computer to the device programer.

SNAP's simulator uses a synthetic logic
analyzer format to display and set the nodes
of the design. The SNAP simulator provides
complete timing information, setup and
hold-time checking, plus toggle and fault
grading analysis.

SNAP operates on an IBM® PC/XT, PC/AT,
PS/2, or any compatible system with DOS
2.1 or higher. A minimum of 640K bytes of
RAM is required together with a hard disk.

SLICE

SLICE, which supports Signetics PLD line, is
easy to understand and simple to use. Select
a PLD, assign input and output pins and
enter the desired equations in either Boolean
or state form. SLICE then checks the

DASHis a of Data VO C:
OrCAD is a trademark of OrCAD, inc.
1BM is a registered of C
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equations for errors. It automatically
generates a JEDEC-format fuse map for
downloading to a PLD programmer.

Fully menu driven, SLICE incorporates a fuse
table editor for making quick modifications to
the design and a test vector editor for input of
test vectors.

A built-in Boolean equation extractor allows
existing PLDs to be used as the basis for a
new design. the extractor reads JEDEC
information from a PLD and creates a file
containing the corresponding Boolean
equations. The result can then be used to
consolidate several PLD designs into a
single, denser part.

And SLICE is upward compatible with
Signetics extensive design suite, SNAP.

DESIGN SECURITY

The 10H20EV8/10020EV8 has a
programmable 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.



Philips Semiconductors—Signetics Programmable Logic Devices : Product specification

ECL programmable array logic ' 10H20EV8/10020EV8

SNAP RESOURCE SUMMARY DESIGNATIONS

PROGRAMMABLE AND ARRAY -
(90 x 40) SAND:

OUTPUT OUTPUT OUTPUT
X LOGIC > LOGIC P P LoGIC
i | MACROCELL] MACROCELL) MACROCELL] MACROCELL|
OUTEVS: FOUTEVS: SOUTEVS: HOUTEVS:
F F F F F

1 F..
-0
AP
. I r" | — - OLMDIR:
: b a 7
] | ourtpur
OLMREG SELECT
_ MUX
CcLk—p Q ’ Sy
T
AR SN—ouMINY:
FEEDBACK
S.
Vee L
Output Logic Macrocell
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PHD48N22-7
(48 x 73 x 22)
DESCRIPTION FEATURES PIN CONFIGURATION
The PHD48N22-7 is an ultra fast @ |deal for high s, system decodi
Programmable High-speed Decoder featuring high sped sy "9 A Package
a 7.5ns maximum propagation delay. The ® Super high speed at 7.5ns tpp [ ol 3
architecture has been optimized using ® 36 dedicated inputs o] Py
Signetics state-of-the-art bipolar oxide
isolation process coupled with ©® 22 outputs
titanium-tungsten fuses to achieve superior — 12 bidirectional /O
speed in any design. - 10 dedicated outputs
The PHD48N22-7 is a two level logic ° . o
element comprised of 36 fixed inputs, Schgams:et; pl::vem duplication of
73 AND gates, 10 outputs, and 12 proprietary gns.
bidirectional I/Os. This gives the device the ® |ndividual 3-State control of all outputs 3
ability to have as many as 48 inputs. . .
Individual 3-State control of all outputs is also ® Field-programmable on industry standard
provided. programmers A = Plastic Leaded Chip Carrier
The device is field-programmable, enabling o Avai!able in 66-Pin Plastic Leaded Chip Pin  Function Pin  Function
the user to quickly generate custom patterns Carrier (PLCC) 10 3% 129
using standard programming equipment. 2 n 3% 10
Proprietary designs can be protected by e 7 3
programming the security fuse. APPLICATIONS : I‘;CC3 »: Vnga
The SLICE and SNAP software packages ® High speed memory decoders 6 U 40 13
from Philips Components—Signetics support ® High d code detecto! 75 41 134
easy design entry for the PHD48N22-7 as 07 speed co ectors 8 6 42 135
well as other PLD devices. ® Random logic - et
Order codes are listed below. ® Peripheral selectors nmw 45 B2
12 10 46 B3
® Machine state decoders 13 I 47 B4
14 GND5 48 GND6
15 GND1 49 GND2
16 112 50 B85
17 13 51 B6
18 114 52 B?7
19 1§ 53 00
20 16 54 O1
21 veez % veer
2 17 56 02
23 18 57 03
24 119 58 04
25 120 59 05
2 121 60 06
27 122 61 07
28 123 62 08
29 124 63 09
30 125 64 ORO
31 12 65 ORI
32 GND3 66 GND4
33 127 67 OR2
34 128 68 OR3
ORDERING INFORMATION
DESCRIPTION ORDER CODE
68-Pin Plastic Leaded Chip Carrier PHD48N22-7A -
December 18, 1991 182 853-1588 05059
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Programmable high-speed decoder logic
(48 x 73 x 22)

PHD48N22-7

LOGIC DIAGRAM
INPUTS (0- 85)
- OR3
o1
7] OR2
h|2
OR1
2|3
= —E ore
=
BIS
- : - o
i T : - 08
Hi
g — - = 4 1] 07
e - & o b
»n - - - 05
g i / &SI =
& i i i
] = - — 7] 03
=] i S o 2 & |- o &
g o : pt
a 2
BB S S - b —H- o1
e HiE o
s = & - - f P 87
30
T - o 5 11 1] B6
517
- o BS
6|8
T i & & 7] B4
79
i T Z B3
. |10
= = = = B2
L2 (]
— = i G 685 68 : Bt
1o |12
T i s T o = &5 B0
m E—D
n2 —R]s
"3 E—D o———E <}
14 L4 E 3
s —p]
16 o] —tx —F1] ™
w 2}z +—Ff o
T
he E—D n—@ 12
[}
e E——D ; £ E g
120 E'—D a—@ 44
i
21 E——D <) E 126
12 f}—z +—F] =
1z E}—D G—E -}
NOTES:
1. All unprogrammed or virgin *AND" gate locations are pulled 1o logic *0*
2.:  Programmable connections
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Programmable high-speed decoder logic

) PHD48N22-7
(48 x 73 x 22)
FUNCTIONAL DIAGRAM
o —I3
ws O—2
Ko
"
—
BO - B7
Y
> {1 c0-09
o> 0 ow
—D—-[}c ‘ > or1-ors
ABSOLUTE MAXIMUM RATINGS? THERMAL RATINGS
RATINGS TEMPERATURE
SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vee Supply voltage -05 +7 Voc Maximum ambient 75°C
Aliowable thermal rise
ViN Input voltage 05 +55 Voc ambient to junction 75°C
Vour Output voltage +5.5 Voc
N Input currents » -30 +30 mA
lout Output currents +100 mA
Tamb Operating temperature range 0 +75 °C
T 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.
OPERATING RANGES
RATINGS
SYMBOL PARAMETER MIN MAX UNIT
Vee Supply voltage +4.75 +5.25 Voc
Tamb Operating free-air temperature 0 +75 °C
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Programmable high-speed decoder logic - -
(48 X 73 x 22) PHD48N22—7

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

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN _I TYP! T MAX UNIT
Input voltage? .
Vi Low Vee =MIN 08 v
V|H High Vcc = MAX 2.0 v
Vic Clamp Vec =MIN, Iy =-18mA -0.8 -1.5 v
Output voltage
VCC = MIN, V|N = V[H or V||_

VoL Low loL = +24mA 05 V'
VOH High loy =-3.2mA 24 \
Input current

Vee = MAX
I Low V|N =+0.40V -20 -250 ]J.A
Iy High Vin=+27V 25 HA
I High Vin = Vee = Voo max 100 HA
Output current

Vee = MAX
lozn Output leakage 3 Vout = +2.7V 100 HA
lozL 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 =45V
Cin Input Vn=20V@f=1MHz 8 pF
CQUT [[{e] VOUT =20V@ f=1MHz 8 pF

NOTES:

. Typical limits are at V¢ = 5.0V and Tamp = +25°C.

. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
Leakage current for bidirectional pins is the worst case of Iy_and lgz_or Iy and loz,..

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second.
. These parameters are not 100% tested, but are periodically sampled.

oawn =
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Programmable high-speed decoder logic
PHD48N22-7
(48 x 73 x 22)
AC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Ve < 5.25V, R, = 2000, R, = 390Q
Operating temerature at 200 CFM Minimum air flow.
| TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITIONS MIN MIN UNIT
Propagation delay - ‘
tpp1! through B/O outputs (,B,OR) Output + CL = 50pF 75 ns
Propagation delay _
tpp2! through OR outputs (I, B,OR) Output + Cy = 50pF 8.0 ns
tog? Output Enable (I, B,OR) + | Outputenable C = 50pF 10 ns
top? Output Disable (I,B,OR)+ | Outputdisable C_ =5pF 10 ns
NOTES:

1. tppy, 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 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 V1 = (Vo — 0.5V) with S; open, and Low-to-High impedance tests are made to the Vy = (Vo + 0.5V) level with S, closed.

VIRGIN STATE TIMING DEFINITIONS
A factory shipped virgin device contains all
fusible links intact, such that: SYMBOL PARAMETER
1. All outputs are disabled. trD1 Input to output propagation
del h ts).
2. All p-terms are disabled in the AND array. ay (through B/O outputs)
trD2 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
30V
INPUTS, 1/0 b — 1.5V
ov
top—* 'o:"l
Vor
VoL
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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Programmable high-speed decoder logic
(48 x 73 x 22)

PHD48N22—7

-
©

PROPAGATION DELAY ~ ns

N WA e N ® ©

-

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
NOTE: o =OR Outputs TEST CONDITIONS: Tamp = 75°C;
e =B/ Outputs Vee = 4.75V; C|_ = 50pF;
Ry = 200Q; Ry = 390Q

Worst-Case Propagation Delay vs. Number of Outputs Switching

AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS

43V = ———

| o 0%
[ ] 3™ — .
R ¥
° "o By 2508 25ns
- | L _l_ +3.0V
| RS CL
<

I
|
| 90%
mpurs: o lg DUt |
T|Bw : ) 10% L
| oV———
N oy N o —
25ns

OUTPUTS = 25ns

vee +5V sy

ol Lo

AA

i g

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

Input Pulses

NOTE: B
C1 and C3 are to bypass Vg to GND.
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Programmable high-speed decoder logi
9 gh-sp der logic PHD48N22-7
(48 x 73 x 22)
LOGIC PROGRAMMING PHD48N22-7 logic designs can also be PROGRAMMING/SOFTWARE

The PHD48N22-7 is fully supported by

generated using the program table entry

industry standard (JEDEC compatible) PLD format, which is detailed on the following

CAD tools, including Signetics SLICE and pages. This program table entry format s
SNAP design software packages. ABEL™ supported by SLICE. The SLICE design
CUPL™ and PALASM® 90 design software package is available, free of charge, to
packages also support the architecture. qualified users.

All packages allow Boolean and state

To implement the desired logic functions,

equation entry formats. SNAP, ABEL and each logic variable (I, B, P and D) from the

CUPL also accept, as input, schematic

capture format.

“AND” ARRAY - (I, B)

logic equations is assigned a symbol. TRUE
(High), COMPLEMENT (Low), DON'T CARE
and INACTIVE symbols are defined below.

SUPPORT

Refer to Section 8 (Development Software)
and Section 9 (Third-Party Programmer/
Software Support) of this data handbook for
additional information.

LB LB L8 LB
LB LB ] LB
1B LB LB LB
RD P,D P,D PD
[ STATE | cooe ] [ STATE [ cooe ] [ STATE CODE_| [ STATE | cooe |
_macnve! | o [ TRUE | w | | compiement | L | [ oontcare | - |
NOTE:

1. This is the initial state.

ABEL is a trademark of Data V'O Corp.
CUPL is a trademark of Logical Devices, Inc.
PALASM is a registered trademark of AMD Corp.

December 18, 1991
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Programmable high-speed decoder logic

(48 % 73 x 22) PHD48N22-7

PROGRAM TABLE

INPUTS

31(30/20/ml27]26]26[M[2]2]21]2019/18[17}16][15]14[13/12]11 ool t7/6ls51al3 211017 :615141312/1/043121110

|~ °I EDm=-
g
d
S

!J:‘388‘!‘48&23%28832&&!E£3$£ﬂ“26$a~_638888385—5&833328&!2‘8‘"""‘“TS:‘

8177176 [13 12 |11 (10198 17 [6 15 13 12 |1 52 5150 |47 |46 |45 |44 [43 |68 |67 |65 |64

B
5
3
B

47 41140 |30 |37 |36 | 35]34 |33 |31 |30 | 20 |28 |27 |26 [25 |24 |

VARABLE
NAME
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Programmable high-speed decoder logic
(48 x 73 x 22)

PHD48N22-7

PROGRAM TABLE (Continued)
OUTPUTS

0 B OR
slel7]e]sJafa]o1 o7 6]5]al3]2]1]0 2110

o] Eom—

>(>

2|22 f2n |2

» |0

sl]s(slsa]el]sle (el ss]x x|~z ]z x2]a ] ]z |2

>0

> (o)

»|o

>0

>|o

»|o

»(c

>

»c

»o

> o)

>o

»|o

315|228 (2(s]0 |8 (2|80 ]2 |2 8]8]c |0 50 |s|s]o 2|58 ]5 ] ]5]2]5
e di=d

Bl|»|o

63 162 161 |60 [50 |58 [57 |56 [54 |53 |52 [51[50 |47 |46 45 |44

VARIABLE
NAME
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Product specification

Programmable high-speed decoder logic
(48 x 73 x 22)

PHD48N22—-7

TYPICAL SYSTEM APPLICATION

DATA

INTRN

VO INTERFACE

Fomomar T T T T T T === A
| |
I i CACHE i
CLOCK TAG
SENERATOR ! (> s |
| |
| |
—a CACHE :
PHD48N22| j
m } CONTROL '
RESET CLK2 I > l
| CACHE |
DATA |
SRAM |
appress| (| |1l] ¢Y—e—m————e—e—e—e—eeeee—e—— e —_—_——————— Jd
80386
cPU
DRAM
11 DRAM
r——‘ CONTROL :>

(> wumausio

ADVANCED
DMA

LOCAL
BUS
CONTROL

L[

1
fxgsil;

U

ooy

FLOPPY FIXED DISK

LAN CABLE

FLOPPY FIXED
INTERRUPT TIMER/ LAN SERIAL GRAPHICS
L DISK DISK EPROM
CONTROLLER COUNTER CONTROL CONTROL CONTROL PORTS ICOPROCESSOR|
EXTERNAL —
INTERRUPTS
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Programmable high-speed decoder logic

(48 % 73 x 22) PHD48N22-7

SNAP RESOURCE SUMMARY DESIGNATIONS
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Philips Semiconductors—Signetics Programmable Logic Devices
L.___________________________________________________________________________________ ]}

Programmable logic arrays

(18 x 42 x 10)

Product specification

PLS153/A

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 I/O polarity and direction.

All AND gates are linked to 8 inputs (1) and
10 bidirectional I/0 lines (B). These yield
variable /O gate configurations via 10
direction control gates (D), ranging from 18
inputs to 10 outputs.

On-chip T/C buffers couple either True (I, B)
or Complement (I, B) input polarities to all
AND gates, whose outputs can be optionally
linked to all OR gates. Their output polarity, in
turn, is individually programmable 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.

FEATURES

® Field-Programmable (Ni-Cr links)
® 8 inputs

® 42 AND gates

® 10 OR gates

® 10 bidirectional I/O 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: 650mA (typ)
© 3-State outputs

©® TTL compatible

APPLICATIONS
® Random logic

® Code converters

® Fault detectors

® Function generators

PIN CONFIGURATIONS

N Package

|BE1E]818]
PEPIE

Bo GND By B, B3

® Address mappin,
apping A = Plastic Leaded Chip Carrier
® Multiplexing
ORDERING INFORMATION LOGIC FUNCTION
DESCRIPTION ORDER CODE TYPICAL PRODUCT TERM:
20-Pin Plastic Dual In-Line, 300mil-wide PLS153N, PLS153AN Pn=A-8:C-D-...
TYPICAL LOGIC FUNCTION:
20-Pin Plastic Leaded Chip Carrier PLS153A, PLS153AA AT OUTPUT POLARITY < H
Z=PO+P14+P2...
AT OUTPUT POLARITY = L
Z=-FO+Pi+P2 +...
Z=-FO-P1-PZ-...
NOTES:

October 18, 1990
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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).
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Programmable logic arrays
(18 x42x 10)

PLS153/A

LOGIC DIAGRAM
B———————— (LOGICTERMS-P) ———————— @  @— (CONTROL TERMS) —@
{ |
b1 P
1wl2
==
i2]3
3]s
s
3
7 g
Ils
Bo -
8, 1
B2
B3
B =
Bs
Bg
By
Bg
By
OOOUUUU0) X
DgPPg D7 (Dg D5 D4 D3 (D2(Dy( Do
e : F_;] By
: ] &
S
t 17| By
16| Bg
S
3 15| Bs
S
3 14| By
% 12| By
s
11| By
9| Bo

3100000242300 e0ei6150000008 7e0000e 0

NOTES:

1. All programmed 'AND' gate locations are pulled to logic *1".
2. Al programmed ‘OR" gate locations are pulled to logic *0".
3. :% Programmable connection.
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Product specification

Programmable logic arrays

PLS153/A
(18 x 42 x 10) ,
FUNCTIONAL DIAGRAM
P34y Po Do Do
|
|
| b L]
|
| 1
I o—L—J‘:g 1’
By g.__
o ] U
L N A\
Sy T I % D. _ro By
| |
' |
"t U
Xo
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 +5.5 Ve ambient to junction
hn Input currents —30 +30 mA The PLS153/A devices are also processed to
lout Output currents +100 mA military requirements for operation over the
- military temperature range. For specifications
Tamo Operating temperature range 0 +75 °c and ordering information consult the Signetics
Tayg Storage temperature range -65 +150 °C Military Data Handbook.
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.

October 18, 1990
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Programmable logic arrays

(18 x 42 x 10)

PLS153/A

DC ELECTRICAL CHARACTERISTICS

0°C < Tamp S +75°C, 4.75V < Ve $5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN ] TYP! I MAX UNIT
Input voltage?
Vi Low Vee = MIN 08 Vv
ViH High Vee = MAX 20 v
Vic Clamp3 Ve = MIN, Iy =—12mA -0.38 -1.2
Output voltage?
Vee = MIN
VoL Low* log = 15mA 0.5 \'
Von High® low = —2mA 24 v
Input current?
Vce = MAX
e Low V= 0.45V -100 pA
M High Ve =55V 40 HA
Output current
Ve = MAX
lo(op;:) Hi-Z state® Vout = 5.5V 80 HA
Vout =0.45V -140
los Short circuit3 5.6 Vout =0V -15 -70 mA
lec Vcc supply current’” Vee = MAX 130 155 " mA
Capacitance
Vee =5V
CiN Input V=20V 8 pF
Cg Vo Vg =20V 15 pF
NOTES:
1. All typical values are at Vg = 5V, Tanp, = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone ata time.
4. Measured with +10V applied to |;.
5. Measured with +10V applied to lp_7. Output sink current is supplied through a resistor to V¢c.
6. Duration of short circuit should not exceed 1 second.
7. lcc is measured with lg, |y at OV, I — I; 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 (lp — I7).

October 18, 1990
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Programmable logic arrays
(18 x42x 10) PLS153/A

AC ELECTRICAL CHARACTERISTICS
0°C < Tamy S +75°C, 4.75V < Vg < 5.25V, Ry = 3000, R, = 390Q

LIMITS
SYMBOL PARAMETER FROM TO TEST PLS153 PLS153A UNIT
CONDITION | MIN | TYP' | MAX | MIN | TYP'! | MAX
trp Propagation delay Input + Output + C_ = 30pF 30 40 20 30 ns
toe Output enable? Input + Output — Cy = 30pF 25 35 20 30 ns
too Output disable? Input + Output + CL = 5pF 25 35 20 30 ns
NOTES:

1. Al typical values are at Vg = 5V, Tamp = +25°C.

2. For 3-State output; output enable times are tested with C|_ = 30pF 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 V1 = (Vo — 0.5V) with S4 open, and Low-to-High impedance tests are made to the V1 = (Vg + 0.5V) level with Sy closed.

3. All propagation delays are measured and specified under worst case conditions.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT
+3.0
Vee T +5V Sy
P /
ov Cq "L C2 < Ry
-I:I_T T By [T _|_
= | |
| | R 3 oL
INPUTS | oy OUT | 1
|- 10% ° l' Bw : )
—_—] s“.l‘__ —45"' OJ_. By Bz —-l————>
GND OUTPUTS =
MEASUREMENTS: l
Al circuit delays are measured at the +1.5V level r—
of inputs and outputs, unless otherwise specified. . NOTE: -
Input Pulses C1 and C3 are to bypass VG to GND.
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER
43V

teD Propagation delay between LB }.5v X.sv anv

input and output. ov
top Delay between input change l

and when output is off (Hi-Z ——y,

or High). 8 X'.sv 7}47 ‘%tv o
toe Delay between input change _-! _.‘ L. Vor

and when output reflects

specified output level. = teo -too ‘oe
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Product specification

Programmable logic arrays

PLS153/A

(18 x 42 x 10)
LOGIC PROGRAMMING OUTPUT POLARITY - (B)
The PLS153/A is fully supported by industry
standard (JEDEC compatible) PLD CAD
tools, including Signetics SLICE and SNAP, S

D—a

Data I/0’'s ABEL™ and Logical Devices, Inc. X
CUPL™ design software packages.

All packages allow Boolean and state =
equation entry formats. SNAP ABEL and
CUPL also accept, as input, schematic
capture format.

PLS153/A logic designs can also be

ACTIVE LEVEL CODE

HIGH! H
(NON-INVERTING)

ACTIVE LEVEL CODE

Low
(INVERTING)

generated using the program table entry
format detailed on the following page. This
program table entry format is supported by
the Signetics SLICE and SNAP PLD design
software packages (PTP module). SLICE is
available free of charge to qualified users. b

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, INACTIVE, PRESET, etc.,
are defined below.

AND ARRAY - (I, B)

LB LB

LB LB

P D

B LB

L8 LB

P D

[ STATE [ cooe | [ STATE

[ cope ] [

[_macnvet2 | o [

STATE [ cooe |
[ ponTcare | - ]

OR ARRAY - (B)

| PnsTATUs | cooe | [

PaSTATUS [ cope |
L acmvel 1A ] |

INACTIVE [ o |

NOTES:

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

2. Any gate P, will be unconditioanlly inhibited if both the True and Complementof aninput (either
| or B) are left intact.

October 18, 1990 200

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.

CAUTION: PLS153A TEST
COLUMNS

The PLS153A incorporates two columns not
shown in the logic block diagram. These
columns are used for in-house testing of the
device in the unprogrammed state. These
columns must be disabled prior to using the
PLS153A in your application. If you are using
a Signetics-approved programmer, the
disabling is accomplished during the device
programming sequence. If these columns are
not disabled, abnormal operation is possible.

Furthermore, because of these test columns,
the PLS153A cannot be programmed using
the programmer algorithm for the PLS153.
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Programmabile logic arrays
(18 x 42 x 10) PLS153/A

SNAP RESOURCE SUMMARY DESIGNATIONS
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Programmable logic arrays
(18 x 42 x 10) PLUS153B/D

DESCRIPTION FEATURES : PIN CONFIGURATIONS
The PLUS153 PLDs are high speed, ® |/O propagation delays (worst case)

combinatorial Programmable Logic Arrays. PLUS153B — 15 N Package
The Signetics state-of-the-art Oxide Isolated - — ons max.

Bipolar fabrication process is employed to = PLUS153D - 12ns max.

produce propagation delays as short as 12ns. e Functional superset of 1618 and most other

The 20-pin PLUS153 devices have a 20-pin combinatorial PAL devices

programmable AND array and a

® ® Two programmable arrays
programmable OR array. Uniike PAL ~ Supports 32 input wide OR functions
devices, 100% product term sharing is Suppo P

supported. Any of the 32 logic product terms @ 8 inputs

can be connected to any or all of the 10 © 10 bi-direct

output OR gates. Most PAL ICs are limitedto 10 Fdirectional O
7 AND terms per OR function; the PLUS153 ® 42 AND gates

devices can support up to 32 input wide OR - 32logic product terms
functions.

The polarity of each output is ° X
user-programmable as either active-High or Progr.amm:.able outpl.ft polarity
active-Low, thus allowing AND-OR or = Active-High or Active-Low
AND-NOR logic implementation. This feature e Security fuse

adds an element of design flexibility,

- 10 direction control terms

particularly when impi g pl © 3-State outputs
decoding functions. ® Power dissipation: 750mW (typ.) A Package
The PLUS153 devices are ® TTL Compatible
user-programmable using one of several
commercially available, industry standard
PLD programmers. APPLICATIONS
® Random logic

® Code converters

® Fault detectors

® Function generators

B0 GND 81 B2 B3

©® Address mapping
©® Muttiplexing N A = Plastic Leaded Chip Carrier
DRDERING INFORMATION
DESCRIPTION tpp (MAX) ORDER CODE
20-Pin Plastic Dual-In-Line 300mil-wide 15ns PLUS153BN
20-Pin Plastic Dual-In-Line 300mil-wide 12ns PLUS153DN
20-Pin Plastic Leaded Chip Carrier 15ns PLUS153BA
20-Pin Plastic Leaded Chip Carrier 12ns PLUS153DA
WAL is a registered of thi ies, Inc., a wholly owned subsidiary of Advanced Micro Devices Corporation.

dctober 18, 1990 203 853-1285 00751
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Programmable logic arrays
(18 x42x 10)

PLUS153B/D

LOGIC DIAGRAM

B———————— (LOGIC TERMS-P) ————— @ B— (CONTROL TERMS) —@

3100000024230 cccccif15eccc0e8 70000000

NOTES:

1. All programmed ‘AND' gate locations are puled 1o logic *1°.
2. All programmed ‘OR' gate locations are pulled 10 logic *0".
3. % Programmable connection.
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Programmable logic arrays PLUS153B/D
(18 x 42 x 10)

FUNCTIONAL DIAGRAM

P3y Po Do Dy
0o %
|
|
I b — e ——— — — —
|
l
w O_J__Q 17
BO Q__.
B9 ]
S0 i T ; E > o Be
| %o I
| |
' |
[
* . Db—tow
Xo
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATING TEMPERATURE
SYMBOL PARAMETER MIN MAX UNIT Maximum junction 150°C
Vee Supply voltage +7 Ve Maximum ambient 75°C
Vin Input voltage +55 Voc Allowable thermal rise 75°C
Vourt Output voltage +55 Voc ambient to junction
™ Input currents -30 +30 mA
lout Output currents +100 mA
Tamb Operating free-air temperature range 0 +75 °C
Teyg 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.

October 18, 1990
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Product specificatiol

Programmable logic arrays

(18 x 42 x 10)

PLUS153B/D

DC ELECTRICAL CHARACTERISTICS

0°C < Tamp < +75°C, 4.75 < Vo < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN l TYP! | MAX UNIT
Input voltage?
Vi Low Vece = MIN 0.8 \"
Viy High Vee = MAX 20 \
Vic Clamp Vee = MIN, Iy =—12mA -0.8 -1.2 \
Output voltage?
Ve = MIN
Vou Low* lo, = 15mA 0.5 '
VoH High® low = —2mA 24 v
Input current?
Ve = MAX
|||_ Low Viny =045V -100 ].IA
M High Vi = VCC 40 )IA
Output current
Ve = MAX
lo(orF) Hi-Z state® Vour =2.7V 80 pA
Vour = 0.45V -140
los Short circuit® 5.€ Vour =0V -15 -70 mA
lec Vce supply current? Vee = MAX 150 200 mA
Capacitance
Vee =5V
CiN Input Vin=2.0V 8 pF
Cg /o] Vg =2.0V 15 pF
NOTES:
1. All typical values are at Vg = 5V, Tamp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Testone ata time.
4. Measured with inputs 10 — 12 = 0V, inputs I3 — I5 = 4.5V, inputs 17 = 4.5V and 16 = 10V. For outputs BO — B4 and for outputs B5 — B9 apply the
same conditions except 17 = OV.
5. Same conditions as Note 4 except 17 = +10V.
6. Duration of short circuit should not exceed 1 second.
7. lcc is measured with inputs 10 — 17 and BO — B9 = OV.
8. Leakage values are a combination of input and output leakage.
9. Iy and Iy, limits are for dedicated inputs only (10 —17).
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Programmabile logic arrays
(18 x 42 x 10) PLUS153B/D

AC ELECTRICAL CHARACTERISTICS
0°C < Tamp S +75°C, 4.75V < Ve £5.25V, R, = 300, R, = 3900

LIMITS
SYMBOL PARAMETER FROM TO TEST PLUS153B PLUS153D UNIT
CONDITION | MIN | TYP | MAX | MIN | TYP | MAX
tpp Propagation Delay? Input +/~ | Output+/—~ | Cp =30pF 11 15 10 12 ns
toe Output Enable’ Input +/— Output - Cp = 30pF 1 15 10 12 ns
too Output Disable! Input +/— Output + C_=5pF 1 15 10 12 ns

NOTES:

1. For 3-State output; output enable times are tested with C|_ = 30pF 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 V1 = (Vo — 0.5V) with S; open, and Low-to-High impedance tests are made to the V1 = (VoL + 0.5V) level with S, closed.

2. All propagation delays are measured and specified under worst case conditions.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT

3OV — e ——

Vee T +5V Sy

JWL.,, .Jf,.l.f fljl £

o—[—— 10 By T
+3.0v | | > _{_
0% | I R 3 cL
INPUTS y but | <
10% Bw I <
ov | |
|._ _.l ol Bz [-L——
—isne Sns B oo °Z ouTPUTS =
MEASUREMENTS: _L
All circuit delays are measured at the +1.5V level —
of inputs and outputs, unless otherwise specified. NOTE: -
Input Pulses C1 and C; are to bypass Vg to GND.
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER
43V
tep Propagation delay between LB x 15v Xuv Xy.sv
input and output. 1 ov
too Delay between input change I

and when output is off (Hi-Z
or High). : { Vou
B x 15v % vr 1.5V
toe Delay between input change _.l [‘_ VoL
and when output reflects W"I 100
specified output level. al ‘oe
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Product specification

Programmable logic arrays
(18 x42 x 10)

PLUS153B/D

LOGIC PROGRAMMING

OUTPUT POLARITY - (B)

The PLUS153B/D is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Signetics SLICE and
SNAP design software packages. ABEL™
and CUPL™ design software packages also
support the PLUS153B/D architecture.

All packages allow Boolean and state
equation entry formats. SNAP, ABEL and
CUPL also accept, as input, schematic
capture format.

ACTIVE LEVEL

CODE

HIGH!
(NON-INVERTING)

ACTIVE LEVEL CODE

LOW
(INVERTING)

PLUS153B/D logic designs can also be
generated using the program table entry
format, which is detailed on the following
page. This program table entry format is
supported by SNAP and SLICE only. The
SLICE design package 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, INACTIVE, PRESET, etc.,
are defined below.

AND ARRAY - (I, B)

LB

A

PD

[ STATE

STATE

]
[ wacnvet2 | o |

LB

[ STATE [ cooe |
|

| _ponTcare | -

OR ARRAY - (B)

VIRGIN STATE

[ Pastatus | copE |
L acmve® A ]

[ PasTATUS

[ cooe |

[ macmve ]

|

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.

NOTES:
1. This is the initial unprogrammed state of all inks.

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

| or B) are left intact.

ABEL is a trademark of Data 1O Corp.
CUPL is a trademark of Logical Devices, Inc.
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Philips Semiconductors—Signetics Programmable Logic Devices Product specification

Programmable logic arrays
(18 x 42 x 10) PLUS153B/D

SNAP RESOURCE SUMMARY DESIGNATIONS

Pa1 fo % *
DIN153:
o °—!_§:z!m¢m
|
L] L
i
o2
w0 NIS3 m
B9
TOUTIS:
] | “
: |
! !
|
% 0w
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e e

Programmable logic array
(18 x 42 x 10) PLUS153-10

DESCRIPTION FEATURES PIN CONFIGURATIONS
The PLUS153-10 PLD is a high speed, © |/O propagation delays (worst case)

combinatorial Programmable Logic Array. N Package
The Signetics state-of-the-art Oxide Isolated P -US153-10—10ns max.
Bipolar fabrication process is employed to ® Functional superset of 16L8 and most other o 1] ~ |2o} Vee
produce maximum propagation delays of 20-pin combinatorial PAL devices n [z} [19] BO
10ns or less.

® Two programmable arrays 12 3] 18] B8
The 20-pin PLUS153 device has a — Supports 32 input wide OR functions 1 [4] [i7) 87
programmable AND array and a . = Be
programmable OR array. Unlike PAL® © 8inputs “ ] o
devices, 100% product term sharing is ® 10 bi-directional I/O 15 [€] 5] B5
supported. Any of the 32 logic product terms 16 [7] 14] B4
can be connected to any or all of the 10 ® 42 AND gates " 5] 3] 8s
output OR gates. Most PAL ICs are limited to — 32 logic product terms 0[5 ) o2
7 AND terms per OR function; the — 10 direction control terms 0
PLUS153-10 can support up to 32 input wide . GND [0] [11] B1
OR functions. ® Programmable output polarity :

The polarity of each output is user- = Active-High or Active-Low

programmable as either Active-High or ® Security fuse
Active-Low, thus allowing AND-OR or

N = Plastic DIP (300mil-wide)

® 3-State outputs

AND-NOR logic implementation. This feature A Package
adds an element of design flexibility, ® Power dissipation: 825mW (typ.)
particularly when implementing complex .
decoding functions. ¢ TTL Compatible
The PLUS153-10 device is user- 18] B8
programmable using one of several APPLICATIONS 17] B7
commercially available, industry standard ® Random logic 76) B6
PLD programmers.
® Code converters 15] B5
® Fault detectors ':‘] B4

® Function generators

® Address mapping

© Multiplexing A = Plastic Leaded Chip Cartier
ORDERING INFORMATION
DESCRIPTION tpp (MAX) ORDER CODE
20-Pin Plastic Dual-In-Line 300mil-wide 10ns PLUS153—-10N
20-Pin Plastic Leaded Chip Carrier 10ns PLUS153—-10A

®PAL is a registered trademark of Advanced Micro Devices Corporation.

July 9, 1991 21 853-1508 03212
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Product specification

Programmable logic array
(18 x42x 10)

PLUS153-10

LOGIC DIAGRAM

]
-

g 2 %3 R B 2 B B

|

NOTES:

1. Al programmed "AND" gate locations are pulled to logic *1°.
2. Ali programmed ‘OR’ gate locations are pulled to logic “0".
3.2 Programmable connection.

e

{18] =

=17| B7

{i6] &

{15] us

{14] &

[13] &s

@az

[n] &
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Programmable logic array -
(18 x 42 x 10) PLUS153-10

FUNCTIONAL DIAGRAM
P31 Po Do Do
|
|
S i i
|
l, > o
” 1
BO Q_
B9 Cj
S} , D
N OB
| Xo |
‘ [
} |
y Db
% BO
ABSOLUTE MAXIMUM RATINGS? ‘ ) THERMAL RATINGS
) RATING 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
Vour Output voltage ) +5.5 Voo | ambient 1o function
IN Input currents -30 +30 mA
lout Output currents ) +100 mA
Tam> Operating free-air temperature range 0 +75 °C
Tsig 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.
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Product specification

Programmable logic array

(18 x 42 x 10)

PLUS153-10

DC ELECTRICAL CHARACTERISTICS

0°C < Tamp < +75°C, 4.75 < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MmN | TvPt | Max | uniT
Input voltage?

i VIL Low Vee = MIN 0.8 \
Vi High Vee = MAX 20 v
V|c Clamp Vcc =MIN, I = -12mA -08 -1.2 \
Output voltage?

Vee =MIN
VoL Low* loL = 15mA 0.4 0.5
VoH High® loy = —2mA 24 29 v
Input current®

Vee = MAX
|||_ Low VIN =045V -20 -100 PA
IIH ngh VlN = VCC 1 40 ].l.A
Output current

Veo = MAX
IO(OFF) Hi-Z state8 Vour =2.7V 0 80 HA

Vour = 0.45V -15 -140

los Short circuit3: 5.6 Vout =0V -15 -30 -70 mA
lee Ve supply current’ Vee = MAX 165 200 mA
Capacitance

Voo =5V
CiN Input Viy =20V 8 pF
Cg o Vg =2.0V 15 pF

NOTES:

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

2. All voltage values are with respect 1o network ground terminal.

3. Testone ata time.

4. Measured with inputs 10 — 12 = OV, inputs I3 - IS = 4.5V, inputs 17 = 4.5V and I6 = 10V. For outputs BO — B4 and for outputs BS — B9 apply the
same conditions except I7 = OV.

5. Same conditions as Note 4 except I7 = +10V.

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

7. lgc is measured with inputs 10 — 17 and BO - 89 = OV.

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

9. i and Iy limits are for dedicated inputs only (10 - 17).
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Programmable logic array

(18 x 42 x 10) PLUS153-10
AC ELECTRICAL CHARACTERISTICS
0°C < Tamp S +75°C, 4.75V < Vg <5.25V, Ry = 300Q, R, = 390Q
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. For 3-State output; output enable times are tested with C; = 30pF 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 Vy = (Von — 0.5V) with S1 open, and Low-to-High impedance tests are made to the V1 = (VgL + 0.5V) level with S, closed.

2. All propagation delays are measured and specified under worst case conditions.

VOLTAGE WAVEFORMS TEST LOAD CIRCUIT

BOV————

Vee T +5V Sy

07—’ 0 By T
+3.0v l I > ‘J_
| | Rz :: CL
INPUTS 7 DuT | 9
ox oT—{8w | J
oV———— |
|._ _.l ol Bz L ——
e sne % aw 2 ouTPUTS =
MEASUREMENTS: 1
Al circuit delays are measured at the +1.5V level —
of inputs and outputs, unless otherwise specified. NOTE: =
Input Pulses C1 and C; are to bypass Vg to GND.
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER )
3V
tep Propagation delay between LB 315\: X:.sv Xuv
input and output. , ov
too Delay between input change l

and when output is off (Hi-Z —_—
or High). X N& VOH
B 15V % vr 1.5V
toe Delay between input change VoL
and when output reflects
specified output level. "'PD"I o0 _-l ‘oe L-
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Programmable logic array .
(18 x 42 x 10) PLUS153-10

LOGIC PROGRAMMING OUTPUT POLARITY - (B)
The PLUS153-10 is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, inciuding Signetics SLICE and s ) > s E >

SNAP design software packages. ABEL™ X 8 X 8
and CUPL™ design software packages also
support the PLUS153-10 architecture.

All packages allow Boolean and state

equation entry formats. SNAP, ABEL and ACTIVE LEVEL | CODE ACTIVE LEVEL | CODE
CUPL also accept, as input, schematic eH! W Low L
capture format. (NONANVERTING) (INVERTING)

PLUS153-10 logic designs can also be
generated using the program table entry
format, which is detailed on the following
page. This program table entry format is
supported by SNAP and SLICE only. The
SLICE design package 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, INACTIVE, PRESET, etc.,
are defined below.

AND ARRAY - (I, B)

1,8 LB LB LB
L8 LB LB 8]
4] LB LB LB
RD PD PD RD
| STATE [ cooe ] [ smatE [ cooe | [ STATE [ cope | [ STATE [ cope |
[ mnacmvet2 | o I LB - w1} | LB | | [ 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 | cooe | [ Pastatus ] cope |

L__acmve® | A ] [ macve | o ]

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.

ABEL is a trademark of Data VO Corp.
CUPL is a trademark of Logical Devices, Inc.
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Philips Semiconductors—Signetics Programmable Logic Devices Product specification

Programmabile logic array
(18 x 42 x 10) PLUS153-10

SNAP RESOURCE SUMMARY DESIGNATIONS

” s3]

B9
SFOUTISS:
So : 7‘—/0 BY
I I
! [
% ' L op
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Philips Semicond Signetics Prog ble Logic Devices Product specification
Programmable logic array PLS173
(22 x42x10)

DESCRIPTION FEATURES PIN CONFIGURATIONS

The PLS173 is a two-level logic element ® /O propagation delay: 30ns (max.

consisting of 42 AND gates and 10 OR gates _p pag y (max) N Package

with fusible link connections for programming @ 12inputs 0 E 28] Voo

VO polarity and direction. ® 42 AND gates "z} B9

All AND gates are linked to 12 inputs (1) and ° 23 %) B8

10 bidirectional /0 lines (B). These yield 10OR gates ) G e o

variable I/O gate configurations via 10 ® 10 bidirectional I/O lines s E 21

direction control gates (D), ranging from 22 o “is 20] B6

inputs to 10 outputs. ® Active-High or -Low outputs 15 5] [75] 85

On-chip T/C buffers couple either True (1, By ~ ® 42 product terms: 16 [7] 18] B4

or Complement (1, B) input polarities to all — 32logic terms 17 8] [17) B3

AND gates, whose outputs can be optionally —~ 10 control terms 6 7] 5l 82

finked to all OR gates. Their output polarity, in o Ni inks :]

tum, is individually programmable through a Ni-Cr programmable 