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Programmabile Logic Devices

Preface

The 1994 Philips Semiconductors Programmable Logic Devices Data Handbook
contains all the information a designer needs to implement virtually any logic
design in a PLD.

Philips offers a variety of programmable logic devices which have been tailored to
implement a wide range of applications.

In addition to a full complement of industry standard PAL-type devices, Philips
offers several application specific devices.

For ultra high speed applications, the Philips PLAs are the right solution. The
logical power of two programmable arrays makes complex decoding easy. The
PLUS153 and the PLUS173 offer 32 input wide AND-OR decoding, with a worst
case Tpp of 10ns.

Designers using high performance DRAM, VRAM and graphics devices will
appreciate the variety of complex state machines which include the PLC42VA12,
PLC415, PLUS405 and the PLUS105. Check out the new 70 MHz PLUS105 in
Section 5.

The PLC18V8Z can replace virtually all 20 PALs and GALs. The zero standby
power of 20 micro amps is the lowest of any available PLD.

For maximum density in truly compact systems, the Programmable Macro Logic
family is the right choice. These field programmable gate arrays are ideal for bus
interface applications which require very wide gates.

The newest addition to the Philips PLD line is a family of low voltage devices (2.7
to 3.6 volts). Refer to Section 6 for details on the zero standby power P3C18V8Z
Universal PAL device and the 3 very high speed BiCMOS devices.

Designing and programming of Philips PLDs is easy; many third party software
and programmer vendors support the entire line of Philips devices. Section 10
details information on the approved software and programmer vendors, as well as
all the latest software and firmware revisions.

For ideas on how to implement your designs, take a look at all the application
notes in Section 11 of this manual.

Philips provides a high level of customer service via our 24-hour computer bulletin
board and our staff of applications engineers who are ready to answer all your
design and software related questions. The toll free bulletin board number (from
the USA only) is (800) 451-6644. It may also be reached at (408) 991-2406.
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Product Status

DEFINITIONS
Data Sheet i
Identification Product Status Definition
This data sheet contains the design target or goal sp for
Objective ificati " N product development. Specifications may change in any manner
jective Specil on | Formative or in Design without notice.
This data sheet contains y data, and Y
R N data will be published at a later date. Signetics reserves the right
Preliminary Specification| Preproduction Product to make changes at any time without notice in order to improve
design and supply the best possible product.
This data sheet contains Final Specffications. Signetics reserves
Product it Full Pr " the right to make changes at any time without notice, in order to

improve design and supply the best possible product.
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Selection guide

INTERNAL
PHILIPS ARCHITECTURE TOTAL PRODUCT STATE
SEMICONDUCTORS (Inputs x Terms* INPUTS TERMS PER | REGISTERS OUTPUTS
PART NUMBER x Outputs) PACKAGE | (#Dedicated) | ORGATE | (#Dedicated) | C,UO,R,RUVO |tpp(Max) | fuax lgc (Max)

PAL DEVICES
10H20EV8—4/
10020EV8—+4 20 x90 x 8 24-Pin 20(12) 8to 12 0 8 varied 4.5ns |208MHz | -250mA
PHD16N8-5 16x16 %8 20-Pin 16 (10) 1e 0 2C,610 Sns 180mA
PHD48N22-7 48 x 73 x22 68-Pin 48 (36) 7to 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 x 8 20-Pin 16 (8) 7108 4(0) 4V0,4R 7.5ns | 74MHz | 180mA
PLUS16R6—7 16 x64 x8 20-Pin 16 (8) 7t08 6(0) 210,6R 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 x 8 20-Pin 16 (8) 7108 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 x64 x8 20-Pin 16 (8) 8 8(0) 8R 60MHz 180mA
PLUS20L8-7 20 x64 x 8 24-Pin 20 (14) 7 0 2C,610 7.5ns 210mA
PLUS20R4-7 20 x64 x 8 24-Pin 20 (12) 7t08 4(0) 4V0,4R 75ns | 74MHz | 210mA
PLUS20R6-7 20 x64 x 8 24-Pin 20 (12) 7t08 6(0) 210,6R 75ns | 74MHz | 210mA
PLUS20R8-7 20 x64 x 8 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 20 x64 x8 24-Pin 20 (12) 7t08 4 (0) 410,4R 10ns 60MHz 210mA
PLUS20R6D 20x64 x8 24-Pin 20 (12) 7t08 6 (0) 2V0,6R 10ns 60MHz 210mA
PLUS20R8D 20 x64 x8 24-Pin 20(12) 8 8(0) 8R 60MHz | 210mA
ABT22V10-7 22x130x10 24-Pin 22 (12) 8to 16 10(0) 10 varied 7.5ns 87MHz 210mA

90mA,
PL22V10-15/115 22x130x 10 24-Pin 22(12) 8to 16 10(0) 10 varied 15ns 53MHz | 0.5mAMHz

90mA,
PL22V10-12 22x130x 10 24-Pin 22 (12) 8to 16 10 (0) 10 varied 12ns 67MHz | 0.5mA/MHz

110mA,
PL22V10-10 22x130x10 | 24-Pin | 22(12) 81016 10 (0) 10 varied 10ns | 77MHz | 0.5mAMHz
PLC18V8Z35 100pA,
PLC18V8ZI 18x74%x8 20-Pin 18 (8) 8 8(0) 8 varied 35,40ns | 21MHz | 1.5mA/MHz
PLC18V8Z25 100pA,
PLC18V8ZAL 18x74x8 20-Pin 18(8) 8 8(0) 8 varied 25ns | 30MHz | 1.5mAMHz
P3C18V8Z25 # 35ns 25MHz 60pA,
P3C18V8ZAI # 18x74 x8 20-Pin 18 (8) 8 8(0) 8varied " 40ns 20MHz | 0.8mAMHz
P3C16V8-7 + # 18 x64 x8 20-Pin 18 (10) 7 8(0) 8 varied 7.5ns | 100MHz 150mA
P3C20V8-7 + # 22x64x8 24-Pin 22 (14) 7 8(0) 8 varied 7.5ns | 100MHz 150mA
LVT22V10-7 + # 22x130x 10 28-Pin 22(12) 8to 16 10 (0) 10 varied 7.5ns | 100MHz 150mA
PLA
PLS100/101 16 x48 x8 28-Pin 16 (16) Upto 48 0 8C 50ns 170mA
PLS153 18 x42x 10 20-Pin 18 (8) Up to 32 0 1010 40ns 155mA
PLS153A 18 x42x10 20-Pin 18(8) Up to 32 0 1010 30ns 155mA
PLUS153B 18 x42x 10 20-Pin 18(8) Up to 32 0 1010 15ns 200mA
PLUS153D 18 x42x 10 20-Pin 18(8) Up to 32 0 1010 12ns 200mA
PLUS153-10 18 x42x 10 20-Pin 18(8) Up to 32 0 1010 10ns 200mA
PLS173 22x42x10 24-Pin 22 (12) Up to 32 0 1010 30ns 170mA
PLUS173B 22x42x10 24-Pin 22(12) Up to 32 0 1010 15ns 200mA
PLUS173D 22x42x10 24-Pin 22 (12) Up to 32 0 1010 12ns 200mA
PLUS173-10 22x42x10 24-Pin 22 (12) Up to 32 0 1010 10ns 210mA
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Selection guide

PHILIPS ARCHITECTURE | PACKAGE TOTAL PRODUCT mgz'l"‘EAL OUTPUTS top(Max) | fuax lec (Max)
SEMICONDUCTORS (Inputs x Terms* INPUTS TERMS PER | REGISTERS C,l0,R,RI0
PART NUMBER x Outputs) (#Dedicated) | ORGATE | (#Dedicated)

PLS
PLS105 22x48x8 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 22x48x8 28-Pin 22 (16) Uptods 6 (6) 8R 45MHz | 200mA
PLUS105-55 22x48x8 28-Pin 22(16) Upto 48 6(6) 8R §5MHz | 200mA
PLUS405-37 24 x64 x8 28-Pin 24 (16) Upto 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 x64 x8 28-Pin 24 (16) Up to 64 8(8) 8R 55MHz 225mA
PLS155 16 x45 x 12 20-Pin 16 (4) Upto 32 4 (0) 81/0,4RI10 50ns 14MHz 190mA
PLS157 16 x45 x 12 20-Pin 16 (4) Up to 32 6(0) 61/0,6 R0 50ns 14MHz 190mA
PLS159A 16 x45 x 12 20-Pin 16 (4) Upto 32 8(0) 41/0,8R10 35ns 18MHz 190mA
PLS167 22x48 x6 24-Pin 22 (14) Up to 48 8(6) 6R 14MHz 180mA
PLS167A 22 x48x6 24-Pin 22 (14) Upto 48 8(6) 6R 20MHz 180mA
PLS168 22x48 x8 24-Pin 22(12) Upto 48 10 (6) 8R 14MHz 180mA
PLS168A 22 x 48 x8 24-Pin 22(12) Upto 48 10 (6) 8R 20MHz 180mA
PLS179 20 x 45 x 12 24-Pin 20 (8) Up to 32 8(0) 4100,8R110 35ns 18MHz 210mA
PLC42VA1211 42x105x 12 24-Pin 42(10) Upto 64 10 (0) 10 I/OZ?/rOR 1o, 35ns 25MHz 135mA
PLC415-16 25x68x8 28-Pin 25(17) Upto 64 8(8) 8R 16MHz 100pA/
80mA

PML
PLHS501 104 x 116 x24 | 52-Pin 32 (24) Upto 136 0 16C,810 22ns 295mA
PML2552-35 205 x210x24 | 68-Pin 53 (29) Up to 258 36 (20) 81/0,16R VO 35ns | 50MHz :ganAl/\

m,

PML2552-50 205 x210x24 | 68-Pin 53 (29) Up to 258+ 36 (20) 81/0,16R VO 50ns | 35MHz 11 ggimAA
PML2852-35 205x210x40 | 84-Pin 53(29) |Upto258+ | 36(20) 16C, 810, 35ns | 50MHz | 10mA/
16RO 100mA
PML2852-50 205x210x40 | 84-Pin 53 (29) Up to 2584 36 (20) 16C, 810, 50ns | 35MHz 10mA/
16RVO 100mA

PAL Device = Programmable Array Logic

(Fixed OR Array)-Type

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

PLS = Programmable Logic Sequencer

PML = Programmable Macro Logic

OUTPUTS:

C = Combinatorial output

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

NOTES:

fuwax = 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 Philips

Semiconductors.
+ Under development
# 3 Volt devices

All packages refer to DIP configurations except PHD48N22, PML2552 and PML2852, which are offered in PLCC only.
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Philips Semiconductors Programmable Logic Products

Ordering Information

PLD PRODUCTS

Example:

P(L) XX YYYY Q P
P(L) XX YYYY

GAL is aregistered trademark of Lattice Corp.
PAL is a registered trademark of MMI, Corp., a wholly-owned subsidiary of Advanced Micro Devices (AMD), Inc.

Package Code
A = 20-, 28-, 52-, 68-, 84-lead Plastic Leaded Chip Carrier (PLCC)
D = 20-, 24-Pin Plastic SO-(300-mil)
F = 20-, 24-, 28-Pin Ceramic Dual In-Line
N = 20-, 24-, 28-Pin Plastic Dual In-Line
FA = 20-, 24-Pin Ceramic Dual In-Line with Quartz Window
KA = CerQuad (window)

Performance indicator
Z = 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 - EPROM cells

HS = High Speed Bipolar Oxide Isolated — Vertical Fuse
US = High Speed Bipolar Oxide Isolated — Lateral Fuse
HD = High Speed Decoder

ML = Macro Logic

(Blank for ECL devices)

Indicator for Philips Programmable Logic
(Can be either P, PL, P3, 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
PL22V10I15 = —40 to +85°C

December 1993
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Philips Semiconductors Programmable Logic

Devices

Programmable logic

Introduction

WHAT IS PROGRAMMABLE
LOGIC?

In 1975, Philips Semiconductors developed a
new product family by combining its expertise
in semi-custom gate array products and
fuse-link Programmable Read Only Memories
(PROMSs). Out of this marriage came Philips
Semiconductors Programmable Logic Family.
The PLS100 Field-Programmable Logic Array
(FPLA) was the first member of this family.
The FPLA was an important industry first in
two ways. First, the AND/OR/INVERT

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 12 and 13 of this data
handbook shows the current spectrum of

Philips Semiconductors 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 and P3C
prefix describes EPLD (CMOS) parts and the
PLQ and P3Q prefix refers to the new Philips
Semiconductors 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

©

%

P

5 5

U

48 AND GATES

OR GATES

(PE)

OUTPUT
REGISTER

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

QfF
PR

5 b

PR/OE

OUTPUTS

Figure 1. High Speed Sequencer

| —
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Programmable logic Introduction
oo {2
: ‘
|, = ————
: 0
bl
Bg g___
Er=r T =P oo
? [
' |
|
so | S
Xo

Figure 2. PLUS153 20-Pin Functional Diagram
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Programmable logic Introduction

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 +CTD + EFG

AND [ _potammy_ _ ]
L _ _I_EI:A;I:I_LDL
" INPUT () L
P-Terms 15[ 18] 13]12][ 1] 10] o] 8] 7] 6] 5] a3l 2] 1] 0] 7] 6] 5]a] 3] 2] 1] 0
Py =AB o | - N EEEEETTE e « | A
P,=CD mEEEEEEeE -1 - H| -| -| = Al A
P, =BD 2 |- -T-T-T-1-1T-T-1-1T-1Twl -l -1T-[- .| A
P; =AB 3 | -1 - =1 -1 -]-]-= -t -] -1 -I- Al -
Ps=EFG | a4 | -[ -] -[-1-1-]- | -T-1T-1-TululH Al .
L]
L
L)
44
45
Xo=Po+P,+P, | 46
47
Xi=P3+Py+ Py N
No, | 20| 21| 22| 23] 24| 25| 26| 27| 2| 3| a|s|6|7 |89 10 1) 12| 13| 15|16 [ 17| 18
w A|lBlc|Dp|lE|F|@ X;| %o
oW
<=
=<
gz
>

Figure 3. Field Programmable Logic Array

A A

B B

c c

Xo X1
D D
Xo = AB +TD + BD E Xy =AB +TD + EFG

F

D G

Figure 4. Equivalent Fixed Logic Diagram
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Programmable logic Introduction

In the previous example, the two Boolean Step 1
Logic equations were broken into Product Select which input pins lo — |45 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. lg
Table. T.hls was accomplished in the following  through I, were selected to accept inputs
manner: A - G respectively.
POLARITY
AND - — d =t
4 I - FITCITTOaIH
R
M __ INPUT m) [~ OUTPUT Fy —
s{1al13[12]nnf0]l eflsf 7] 6]5]af3[2[1]0 7] 6[5]a]3[2] 1] 0
[
1
2
3
4
L]
°
e
a4
a5
46
a7
P | 20| 21| 22| 23| 24| 25| 26| 27| 2| 3| 4| 5|6 | 7|8 |9 10| 11| 12| 13] 15[ 16| 17| 18
w AlB{c|D|E|[F|@G
aw
<=
E<
=
>
Figure 5.
Step 2 This P-term translates to the Program Table This term is defined by selecting C =14 =L
Transfer the Boolean Terms to the PLA by selecting A=lg =Hand B = lg = 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
Program Table. P,=TD Table.
eg., Po=AB
T AND | ___POLARITY |
L I LI L IO%Ts
R ./ R —
LI _ _____'_N_Pf_"’“) —_ _Jd L OUTPUT F; :
5] ial [ 2 [0 o] 8] 7] 6] 5] a[sl2] 1] 0 7] 6] sl al3[2]1] 0
0 |-l -] -] -] =l -] -l=-1lH|lH]-]-1-1=1-=
AN EEEEnnnTEEs
2 |-} -}-1-]1-1-1-1T-1-1-1w]l-Juefl-1-T-
3 J - -|-]-1-]-1-1-]- [ e e I
4 |- -|l-]-]-1-1T-1T-1-1T-1-1-1-1mn
L]
L]
®
4
a5
46
a7
PN | 20| 21| 22| 23] 24| 25| 26| 27| 2| 3| a|s|6| 7|8 ] s 10| 1| 12[13] 15|16 [ 17] 18
w
= AlB|c|D|E|F|aG
a=
E<
Tz
>
Figure 6.
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Programmable logic Introduction
Step 3
Select which output pins correspond to
each output function. In this case Fg =
Pin18=Xo,andF1=Pin17=X1.
AND o ___PotaRTY____ |
0 . I
R -
Mol AT d C OUTPUT F
s[4l 18] 2] m[10] 9| 8] 7] 6] 5] 4[] 2] 1]0 7/ 6[s[af3]2]1]0
o || |-t -1l -]-b-lmulu|-}_f_]_|-
NN EEEEEn ..
2 | -] -f-]-F-]-T-}-]-]-]H L -] -]~
3 |- -1 -l -1l -1-t-lvclwmi-1-t-1-l=
a J-|-J-1-]1-1-1T-F]-1- -l -1-1HlH|H
L]
L]
[ ]
44
45
46
47
m‘ 20| 21| 22| 23| 24| 25| 26) 27| 2| 3| a|5]6| 7|8 | 9 10| 1| 12|/ 13]15]16 [ 17| 18
w A{B|c|D|E|F|G X1 | Xo
oW
a=
E<
x=z
>
Figure 7.
Step 4 this equation. Therefore, it is only necessary be expressed as Xy by placing an (L) in the
Select the Output Active Level desired for  to place an (H) in the Active Level box above  Active Level box above Output Function 1,
each Output Function. For X the active Output Function 0, (Fo). Conversely, X can (F4).
level is high for a positive logic expression of
T AND | ____ ___poAmiTY |
e ] I S R )
R INPUT (i RN p——
M __________________(j"l______________ | __ ____ OUTPUTF ]
15| 14| 13 12] 11| 10 sl 7|e6[s5]al3l2]1]0 7/ 6/ 5[ 4] 3] 2] 1] 0
0 | -| -l=-]l-1-]-!-1-=}=1HIRB]-1-1=-=] =
1 =] -l -1l -] -l =l -1-l-1l-1=1lut]mn{-]-f-
2 - -|-]-]-l-1-f-}-f-In]-F0]-T-]-
3 |-t -t -] -t-]-]-]-Jelu|-}-1-{-1-
4 |-l -j-|-]-l-1-]-]-T-l-]-1-1H[H]|H
°
L]
L[]
a4
a5
a5
a7
Py 2021 22| 23 24| 25| 26| 27| 2| 3| 4| 5|6 |7]8] o 10| 1| 12| 1315 16|17 18
w Al Blc|D|E|F|G X1| Xo
oW
<=
n—:<
Tz
>
Figure 8.
21
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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 Pg and Xo,
P4 and Xp and P2 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
been defined in the Program Table.

Step 6

Enter the data into a Philips Semiconductors
approved programmer. The input format is
identical to the Philips Semiconductors
Program Table. You specify the P-terms,
Output Active Level, and which P-terms are
active for each output exactly the way it
appears on the Program Table.

; AND [ _poammy_ ____ |
o I S o e
H INPUT (i) - SUTROT
(s 18] 73[ 2] [0l 9] e[ 71 e[ 5] e[ 3] 2| 1]o] [7]6[ 5] 4]l 2]1]0
0 |l o]l -t o) o] -fH[H] -] ] ] -]~ o | A
1 )= = =) = =] =] =} =]l =] =l =lLIH] -] -]~ Al A
2 |-l -l -Tml-fel=1-1= A
s -1 -T-T-FT-T- Ll H I Al
4 -] -l-1-1-1=- -1 _Inln Al .
[ ]
[ ]
(]
44
45
xo=P°+P1+P2 46
Xi=P3+P;+P, ;:‘
NO. 201 21|22 23] 24| 25| 26} 27| 2| 3| 4|56 (7|89 10| 11} 12/ 13} 15|16 [ 17| 18
w
- alBlc|o[elFl|a X1 | %o
q=
E<
Ez
S
Figure 9.
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PLD LOGIC SYNTHESIS

(Continued)

When fewer inputs and outputs are required
in a logic design and low cost is most

important, the Philips Semiconductors 20-pin

PLD should be considered first choice. The

PLUS153 is a PLA with 8 inputs, 10 /O pins,  the direction of pins Bg — Bg. The D-terms
and 42 product terms. The user can configure  control the 3-State buffers found on the

the device by defining the direction of the /O outputs of the Ex-OR gates. Figures 10 and
pins. This is easily accomplished by usingthe 11 show how the D-term configures each Bx
direction control terms Do — Dg to establish pin.

Bg
[j EJ [J“é'ﬂi‘s*
s’ \ 7
T 2L %
3-STATE |
| BUFFER |
' |
I
* | OD—Los
% 3-STATE
BUFFER

Figure 10. PLUS153 Functional Diagram

o o

b oIS

a. Dy Active Makes By Appear as an Output

with Feedback

O |output © | INPUT
Bg By
3-STATE 3-STATE
BUFFER ACTIVE = BUFFER INACTIVE
(OPEN)

b. Dg Inactive Makes By Appear as an input

Figure 11.
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To control each D-term, it is necessary to
understand that each control gate is a
36-input AND gate. To make the 3-State.
buffer active (B, pin an output), the output of
the control gate must be at logic HIGH (1).
This can be accomplished in one of two

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

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

VeeO" WA cuse inTact
H

1
1= HIGH (1) O——— H

j—‘CONTROL GATE

TO AND
ARRAY

BUFFER

VeeO-WAVT ey,

OR- o [> —I-—-——-—o OR- =
ARRAY 3.STATE By = OUTPUT Anmwc’—l >_—L__03»STA e By = INPUT

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

L
L
L
I—tﬁ‘coumm. GATE
L 10anD

ARRAY

BUFFER

Voo O-MA

FUSE PROGRAMMED
p—0
/]
1
HIGH (1) O——— .
CONTROL GATE

TO AND
ARRAY

3-STATE
BUFFER

Figure 13. Effect on Control Gate if Fuse is Programmed

By = OUTPUT
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DEDICATING By PIN DIRECTION

Since each input to the D-terms is true and

complement buffered (see Figure 11), when
the device is shipped with all fuses intact, all
control gates have half of the 36 input lines at

logic low (0). The result of this is all Control
Gate outputs are low (0) and the 3-State

buffers are inactive. This results in all By pins

being in the input condition. the resultant
device is, therefore, an 18-input, 0-output
FPLA. While useful as a bit bucket or

Write-Only-Memory (WOM), most
applications require at least one output.
Clearly, the first task is to determine which of
the By pins are to be outputs. The next step

3-State buffer for those gates active. To

dedicate By and By as outputs, it is necessary
to program all fuses to the inputs to Control

is to condition the control gate to make the

Gates Do and D4. This internally pulls all

inputs to those gates to HIGH (1)
permanently. since all inputs to the Control

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

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

B(0)

OR

INACTIVE| ®

CONTROL

AND

B(I)

~

PROGRAM TABLE ENTRIES

AND

PO
ale|vl«lol Zom~

e el i B

0

-

L

INACTIVE

DON'T CARE | —

£ SpS TS .

i

NOTES:

1. The FPLA is shipped with all links intact.

of entries
1o states of virgin links exists in the table,

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

‘9

Thus a

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

o|o|o|ejo|e|eo]o
o|lolojolole|o]o
olo|lo|le|e|olole
o|lojlo|olele|o]e
o|o|lo|o|jo|o|o]e
o|ojojo|ole|elo
olojo|eo|o|ole]e
o|lo|o|oleo|ejeo|e
o|lo|eojele|oje|e
o|lo|o|e|eo|e|o]e
o|o|lo|lo|eo|e|o]e

o|lo|lo|leo|eofeo|o|e

Cofo|ojo|o|o|o|o

o|lo|ojo|o|o|o]o

olo|eo|eo|eo|e|e|e

olojo|lo|eole|eo]e

o|leo|leojo|e|eo|e]e

o|lolo|o|e|le|e]e

|
|
|
|
|
|
|
|
|
|
|
|

e e e e ed
T S S N

e e et et ot

.

®
~
o
]
-
©
~
-
-
©
-
©
-
S

16

14

-
«

n

18117}16]15|14|13 {1211 |9

©
-
©

VARIABLE
NAME

Figure 14.

Dedicating By and B, as Outputs and B, Through Bg 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 By and B, pins as outputs. By placing a
(0) in all input boxes for B, - Bg, 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 By - Bg pins are enabled as
inputs. All By pin directions can be controlled
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 Iy
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

Bg — Bg with I7. When |7 is LOW (L), pins

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

POLARITY

HEEEEEEN
OR

AND

| B()

B(0)

(POL)

-~
o

5

OR

CONTROL

INACTIVE]| ®

HIGH | H
tow | L

dlolpi=lolZam-~
~

S N

—.J—-d--—;‘
«
~
-
-

e L

PROGRAM TABLE ENTRIES

0
H
L

31

AND

D9

INACTIVE
DON'T CARE | —

D7

D6

Ds

D3

D1

Do

eolririr|lrlirlrlrlrire|r

of entries

9 19/18 16{15[14]13 119

g

to states of virgin links exists in the table,

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

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

VARIABLE
NAME

1. The FPLA s shipped with all links intact.
Thus a i

NOTES:

Figure 15. Active Control of By - By Using I; 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«;:KB +TD +EFG

Note that Bo 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;. B4 through Bs are not
used and therefore left unprogrammed.

Programmable Macro Logic users, Philips
Semiconductors 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.

Philips Semiconductors offers two packages
for user-friendly design assistance. The first
package, AMAZE, has evolved over 10 years
to support Philips Semiconductors
programmable products with logic equation,
state equation, and schematic entry. AMAZE
can compile designs quite well for Philips
Semiconductors lower density parts.
However, to satisfy the needs of

POLARITY
_ W T T T 1T
' " T AND OR
- - i 5 50
-
. vr9 M [7lefsfafa]2[1]{o]ofa]7]s]5]a]3]2]1]0 ofa[7]6]5]af3]2][1]0
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=Lt g 0 [HIH| ||V =T=-T—1=1=1 {-1al-]a T
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D4 JojoJofolofofo]o
- t
E%géi 03 foo[o[ololo]o]0
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g%‘g%%s aAlB|c|p|E|F|G X1{ Xo| X1 | X0
SE82x 28 8 |w
0
$§s3 58 ¢ 3w c| |cle
aag® 3z 3 |<«= |l |Hln
G a85 88 8 =<
30::,.935:1 <> A AlA
EEfes 5¢ 5 g N NiN

Figure 16. PLUS153 Example
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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,
Philips Semiconductors 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
PLUS405 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 (1) 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

J/ @ =mrur

STATE
REGISTER

T—PR

COMBIN.
LOGIC \4

F OUTPUT

REGISTER

| of

L—PR

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

transitions take place.

output register.

11~ 3 are jump conditions which must be satisfied before any
F, are changes in output triggered by Iy, and stored in the

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.

—_——{) Ta=t-1.P

November 1993
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Programmable logic Introduction

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

{3
causes a change in state, but may or may not B —E

cause a change in machine output (F). R ‘j{( a [

o>

>

State jumps can occur only via “transition
terms” T,. These are logical AND functions of S Qf=F ]
the clock (t), the Present state (P), and a
valid input (I). Since the clock is actually R %
applied to the State Register, T, = [eP. When
Tn is “true”, a control signal is generated and °
used at clock time (t) to force the contents of

the State Register from (P) to (N), and to
change the contents of the Output Register (if 0 ]
necessary). The simple state jump in T=ABO
Figure 20, involving 2 inputs, 1 state bit, and
1 output bit, illustrates the equivalence of
discrete and programmable logic
implementations.

Figure 20. Typical State Jump From State (0) to State (1),
if Inputs A = B = “1”. The Jump Also Forces F = “1”, as Required.

Sequencer Logic Structure
The Sequencer consists of programmable B——— LOGICTERMST ———
AND and OR gate arrays which controlthe | _ ____________._

Set and Reset inputs of a State Register, as
- —— PROE
P E

OPTIONS

ul—iﬁ

well as monitor its output via an internal

feedback path. The arrays also control an Iy —Ié

independent Output Register, added to store
output commands generated during state

I
transitions, and to hold the output constant b
during state sequences involving no output Pz g'L T
changes. If desired, any number of bits of the P f !
Output Register can be used to extend the 0
width of the State Register, via external I3
feedback. 00 0
c P
o—{s q-
7 DO—{R N
. 'p
= D—]s aq}+-
—{R H
P
D—s oH—D——F
- D>—R Mo
. » .
L D—]s H—b>——F
>o—{R Fe—<— cK

47 46 o

Figure 21. Simplified Logic Diagram of PLUS105
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,\
_—y
B
Vo
e
—
d
5

|
To o UNK Po Po
PAIR

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

4 L
D 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

b 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

Iy C [é a total of 22 T/C buffers, all connected to
muiti-input AND gates via fusible links which

are initially intact.

Py o—-é Selective fusing of these links allows coupling
either True, Complement, or Don't Care
values of (1) and (Ps).

“AND” Array

State jumps and output changes are triggered
i ~ at clock time by valid transition terms T),.
lol3P2  lols  loP2 These are logical AND functions of the
present state (P) and the present input (I).

Figure 24. Typical Transition Terms The PLUS105 AND Array contains a total of
Involving Arbitrary Inputs and State 48 AND gates. Each gate has 45 inputs —

Variables. All R ining Gate Input 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 Fy is a function of the inputs and the
present state. The PLUS405 contains 64
AND gates in its’ AND array.

November 1993 30
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Introduction

“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 flip-flop in both registers may
need to be conditionally set or reset several
times with T, commands. This is
accomplished by selectively ORing through a
programmable OR Array all AND gate
outputs T, necessary to activate the proper
flip-flop control inputs.

The PLUS105 OR Array consists of 14 pairs
of OR gates, controlling the S/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 PLUS405 contains 16 pairs of OR gates
controlling state transitions and output stages
and two additional NOR gates for dual
complement arrays.

November 1993

W am

REGISTER
S Qb—+>F

STATE r

REGISTER cK

R e

Figure 25. Typical OR Array Gating of Transition Terms T, , 3 Controlling
Arbitrary State and Output Register Stages.

| AND ARRAY Ve ql
. I ‘ I ® o @ l
| |
| |
COMPLEMENT } [J [J EJ :
ARRAY LOGIC
PATH Y Sl I R I
—_—t
1
}_ e
| . L :
I ®
| ¢ T~
| =
| OR ARRAY |

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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o n——
@ 0 T3 PoX PoY
r————== a
TRANSITION TERMS
{ Ty =PoX COMPLEMENT ARRAY
DIRECT
T2=Po¥ T = Po{FoX + Pg¥)
T3 = PolPo(X+ )
T3 =Pg[Pg + (X +Y)]
= Po(X - Y) = Pa(T1 + To) T3=04+Po{X+Y)
COMPLEMENT { T3 = Po(X - V) = Po(Ty + T2) oo Pk
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 + T2, Corresponds
Exactly to the Logic Structure of the Complement Array.

Complement Array

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

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

Typically direct jumps, such as Ty and Ty in
Figure 27 require only a single AND gate
each.

But a complement jump such as T3 generally
requires many AND gates if implemented as
a direct jump. However, by using the
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 splitinto separate machines

(2 clocks), the PLUS405 incorporates two
Complement Arrays.

November 1993

As indicated in Figure 28, the single
Complement Array gate may be used for
many states of the state diagram. This
happens because all transition terms linked to
the OR gate include the present state as a
part of their conditional logic. In any particular
state, only those transition terms which are a
function of that state are enabled; all other
terms coupled to different states are disabled
and do not influence the output of the
Complement Array. As a general rule of
thumb, the Complement Array can be used
as many times as there are states.
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a. State Diagram

[;U 000000 Djﬁz:::&m

Qy S

3

AOANA

Tdi Td2 Tca  Tda Tde  Tes
8 TRANSITION TERMS USED

c. State Logic without Using the Complement Array

Ta1=loli Po
Td2=12Pg
Tea=(Td1 + Td2) Po=(lo Ty +12) Po

da=R2P3
Tas=loh Po
Tes=(Tda + Tde) Pa=(lp l1 +12) P3

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

b. Logic Definition

:
[Z QUTUUL i

00

“—a; s

Q; S

OO

Ta1 Td2 Te3 Tda Tds Tes
6 TRANSITION TERMS USED

d. State Logic Using the Complement Array

Figure 28. Logic Reduction with the Complement Array. The Logic State Diagram in (a) Includes C. I t Jumps T¢; 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, Philips
Semiconductors very high density logic is
fully described in detail in its own section.
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PAL Devices

PHD16N8-5
PLC18V8z35/PLC18V8ZI
PLC18V8Z25/PLC18V8ZIA
PLUS16R8D/-7 Series
PLUS20R8D/-7 Series
PL22V10-10

PL22V10-12/-15, PL22V 10115
ABT22V10-7
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Programmable high-speed decoder logic

(16 x 16 x 8)

Product specification

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 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.

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

PIN CONFIGURATIONS
N Package
10 [1] \ - Vee
n [z [19) o7
12 3 [i8) B
B @ 7] 8
uE [16] B4
15 [6 [15] B3
6 [7 [14] B2
7 8 [13] B1
1B E [i2] oo
GND q [11] 19

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

A Package

2 10 vgc 07

The SLICE software package from Philips AP.PLICATlONS
Semiconductors supports easy designentry @ High speed memory decoders i8] B
for the PHD16N8-5 as well as other PLD ® High speed code detectors 17] BS
devices.
. i [16] B4
Order codes are listed below. Random logic 5] 83
® Peripheral selectors
[13] B2
® Machine state decoders
® Footprint compatible to 16L8 18 GND 19 00 B1
© Fuse/Footprint compatible to TIBPAD A = Plastic Loaded Chip Carrier
ORDERING INFORMATION
DESCRIPTION ORDER CODE DRAWING NUMBER
20-Pin Plastic Dual In Line Package; (300 mil-wide) PHD16N8-5N 0173D
20-Pin Plastic Leaded Chip Carrier; (350 mil square) PHD16N8-5A 0400E
October 22, 1993 37 853-1417 11164
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Programmable high-speed decoder logic
(16 x 16 % 8)

PHD16N8-5

LOGIC DIAGRAM

CH
L=
CHZ
=

LHZ

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

2.3 Programmable connections

October 22, 1993 38
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Programmable high-speed decoder logic )
(16 x 16 x 8) PHD16N8-5

FUNCTIONAL DIAGRAM

> B1-B6
[> —] o007
ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
RATINGS TEMPERATURE

SYMBOL PARAMETER Min Max UNIT Maximum junction 150°C
Veo Supply voltage 05 +7 Voc Maximum ambient 75°C
Vin Input voltage 05 | +55 Voc oo™ 75°C
Vout Output voltage +5.5 Voc

In Input currents -30 +30 mA

loutr Output currents +100 mA

Tamb Operating temperature range 0 +75 °C

Teyg 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.

OPERATING RANGES
RATINGS
SYMBOL | PARAMETER Min Max UNIT
Vee Supply voltage +4.75 +6.25 Vpe
Tamb Operating free-air temperature 0 +75 °C

October 22, 1993 39
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Programmable high-speed decoder logic PHD16N8-5
(16 x 16 x 8)

DC ELECTRICAL CHARACTERISTICS

0°C < Tamb S +75°C, 4.75 < Ve £ 5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MIN TYP! L MAX UNIT
Input voltage?
ViL Low Vee =MIN 0.8 \"
Viy High Vee = MAX 20 '
Vic Clamp Vcc =MIN, Iy =-18mA -0.8 -1.5 v
Output voltage
Voo =MIN, Vi =V or Vi

Vo Low |o|_ =+24mA 0.5 \
VOH High IOH =-3.2mA 2.4 v
Input current

Vee = MAX
I Low Viy = +0.40V -20 -250 pA
[ High Vin=+2.7V 25 HA
h High VN = Ve = Voo MAX 100 pPA
Output current

Vee = MAX
lozu Output leakage® Vour = +2.7V 100 HA
lozL Output leakage? Vour = +0.40V -100 pA
los Short cireuitt Vour =0V -30 -90 mA
lec Vce supply current Vee = MAX 115 180 mA
Capacitanc‘es

Vee = +5V
CiN Input ViN=20V@f=1MHz 8 pF
Cour 1/0 (B) Vour =2.0V@ f=1MHz 8 pF

NOTES:

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

L ENFTE

October 22, 1993
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. 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 loz_ or Iy and lozn.

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.
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Programmable high-speed decoder logic

(16 x 16  8) PHD16N8-5
AC ELECTRICAL CHARACTERISTICS
0°C S Tamp S +75°C, 4.75 < Voo < 5.25V, R, = 2000, R, = 390Q
TEST LIMITS
SYMBOL PARAMETER FROM TO CONDITIONS MIN MAX UNIT
tep'! Propagation delay (,B)+ Output + C =50pF 5 ns
tog? Output Enable (,B) Output enable Cy = 50pF 10 ns
top? Output Disable (,B)x Input disable CL = 5pF 10 ns
NOTES:

1. tpp s tested with switch S; closed and C| = S0pF.

2. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S, is open for high-impedance to High tests and
closed for high-impedance to Low tests. Output disable times are tested with C; . 5pF. High-to-High impedance tests are made to an output
voltage of V1 = (Vo — 0.5V) with S1 open, and Low-to-High impedance tests are made to the V1 = (Vo + 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. ug‘ .
o
£
<
TIMING DEFINITIONS § 2
SYMBOL PARAMETER *
Input to output propagation
tpp delay. © 1 2 3 4 5 6 7 8
Input to Output Disable TEST CONDITIONS: Taymp = 75°C;
3.5 i VCC = 4.75V; CL_ = 50pF;
top (Disazl:t:)). delay (Output Ry = 2009; R = 3900
o Input to Output Enable Worst-Case Propagation Delay vs.
E delay (Output Enable). Number of Outputs Switching
TIMING DIAGRAM
3.0V
INPUTS, 110 1.5V
ov
tp) top—> 'OE-|
VoH
OUTPUTS
VoL
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
DON'T CARE; CHANGING;
MUST BE WILL BE i :
ANY CHANGE STATE
STEADY STEADY m PERMITTED UNKNOWN
CENTER
M DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF” STATE

October 22, 1993

41



Philips Semiconductors Programmable Logic Devices

Product specification
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(16 x 16 x 8)

PHD16N8-5

AC TEST LOAD CIRCUIT VOLTAGE WAVEFORMS
430V —— ——
Vee? +5V
. o - L -
C1 "L l C2 SRy —.I Rt L—
Yo 1 mv—sk 7(_
= | | Ry :E cL
INPUTS > 19 but | 9 10%
oT—>lBy : )
|
o—l—n By Bz
OUTPUTS =

i g

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

NOTE:
C1 and C are to bypass V¢ 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 Philips Semiconductors’
SNAP design software package. 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 SNAP only.

To implement the desired logic functions,
each logic variable (1, 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.

SUPPORT

Refer to Section 9 (Development Software)
and Section 10 (Third-Party Programmer/
Software Support) of this data handbook for
additional information.

LB LB LB 1B
LB LB LB 9]
LB LB 13:) LB
RD PD RD RD
[ STATE | copE | | STATE [ cope | [ STATE [ cope | | STATE ] cope |
[ macve! | o | | TRUE | w1} Lcompement | o | [ pontecare | - |

NOTE:
1. This is the initial state.

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

October 22, 1993
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Programmable high-speed decoder logic )
(16 X 16 x 8) PHD16N8-5

PROGRAM TABLE
' AND OR (FIXED)
M o|<
¢ ; INPUT (1) INPUTS (B) OUTPUTS (B, 0)
! R
:“:;E 5 ] 98!76543210854[3 2|1 7554T32|o
£ z|5 a ° ! ! ! 0
g 1] 91 O w T T T
. § g3 ! | | | A |
' o=
(5] 8[® i 5 | °
- .:. .............. 3 | | | A |
. | I
. s 4 1 1 ' o
' a ¥ H T
, - 5 [ I ! ull VA
: ol T| <] | 6 { : | DT
[~} T T T T
3 7 | | | Al
. 4 I I
. w S 8 I | I I
| E 2 , i ; ' I x
Q z 1
' <| m|lo] G ] I
z - -
' zZ| == @ 10 ! L 1 D
. n | | i /|2
12 | ] | ]
1 } I
T T T
13 : | | A
|
o - 4 : b °
% 15
x | [ | | A
o3
x wl en Jufeolelz]s]|slalalz]1fw|]els|u]s 19 |18 |17 |16 115 |1a |13 |12
ey l&- } 1 I i
© a | | I |
I ! | | |
J 2al | | { ! !
e | 2|53 I | | I
o < =z
g J s ] | | |
Q E | | | |
u E l ] | l
3 ow w
[+
w
= 8 > 2 2 4l Nomws: o o
5 T Qo 3 u o 1. The PHD16N8-5 is shipped with all links intact.
= - 2. Unused | and B bits in the AND array exist as INACTIVE in the virgin state.
x w [ S : A
w o g w g 3 3. All p-terms are inactive until programmed otherwise.
g § o g 3 P 4. Data cannot be entered into the OR array field due to the fixed nature of the device architecture.
2 £ 3258
O o a O - a
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DECODING 1/2 MEG STATIC MEMORY

AH31
L]
o | PHoteNs——
. — San
ALIE——
Az —]
o I
S | pHDteNs
o I
ALt
L]
L]
A3t — .
o | PHD1GNS
. I
ALts ~
AH31
AHI1— |
o | PHDweNa
L]
AL1te——
16K x4
SRAM
SNAP RESOURCE SUMMARY DESIGNATIONS
: < DINPALT:
HINPALT:
B1-86
,l>° D 00,07
ENOUTPALT:
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Zero standby power

CMOS versatile PAL devices

Product specification

PLC18V8Z35/PLC18V8ZI

DESCRIPTION

The PLC18V8235 and PLC18V8ZI are
universal PAL®' devices featuring high
performance and virtually zero-standby power
for Opower sensitive applications. They are
reliable, user-configurable substitutes for
discrete TTL/CMOS logic. While compatible
with TTL and HCT logic, the PLC18V82ZI can
also replace HC logic over the V¢ range of
45105.5V.

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

Each output features an “Output Macro Cell”
which can be individually configured as a
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

FEATURES

@ 20-pin Universal Programmable Array
Logic

® Virtually Zero-Standby-power
— 20pA (typical)

® Available in 300mil-wide DIP with quartz

window, plastic DIP (OTP), PLCC (OTP),
and SOL (OTP)

® 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

PIN CONFIGURATIONS

D, N, and FA Packages

1o/oLK [T] I |2o| Ve

2] 1] F7
12 [3] 18] Fo
13 2] [17] Fs
wlE 77N [Ers
sE \ ! [@r
16 [7] 1] F
17 (8] 13 Fy
1g [9] 12] Fo
GND [T0) [T1] 19/0E

N = Plastic Dual In-Line Package (DIP) (300mil-wide)
FA = Ceramic DIP with Quartz Window (300mil-wide)
D = Plasitc Small Outline Large Package (300mil-wide)

A Package

lo/
I2 1§ CLKVge F7

8] Fo
7] F5
[16] Fs
18] Fa
14) Fa

Ig GND Iy Fg Fy
OE

A = Plastic Leaded Chip Carier
PIN LABEL DESCRIPTIONS

industrial requirements for operation over an CAD tools for PLDs | Dedicated input
extended temperature range of -40°C to B Bidirectional input/output
+85°C and supply voltage of 4.5V to 5.5V. APPLICATIONS O | Dedicated output
Ordering information can be found below. ® Battery powered instruments D | Registered output (D-type flip-flop)
© | aptop and pocket computers F Macrocell Input/Output
© Industrial control CLK | Clock input
® Medical Instruments OE | Output Enable
® Portable communications equipment Vec | Supply voltage
GND | Ground
ORDERING INFORMATION
DESCRIPTION OPERATING CON- | oRDER CODE | MmuEn
20-Pin (300mil-wide) Plastic Dual In-Line Package (tpp = 35ns) Commercial PLC18V8Z35N 0408B
20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpp = 35ns) | Temperature Range | PLC18V8Z35FA | 0584B
20-Pin (350mil square) Plastic Leaded Chip Carrier Package (tpp = 35ns) + 5% Power PLC18V8Z35A 0400E
20-Pin (300mil-wide) Plastic Small Outline Large Package (tpp = 35ns) Supplies PLC18Vv8Z35D 0172D
20-Pin (300mil-wide) Plastic Dual In-Line Package (tpp = 40ns) Industrial PLC18V8ZIN 0408B
20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpp = 40ns) | Temperature Range | PLC18V8ZIFA 0584B
20-Pin (350mil square) Plastic Leaded Chip Carrier Package (tpp = 40ns) + 10% Power PLC18V8ZIA 0400E
20-Pin (300mil-wide) Plastic Small Outline Large Package (tpp = 40ns) Supplies PLC18V8ZID 0172D

1. PAL is a regi d trad k of M

Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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LOGIC DIAGRAM
4 8 12 16 20 24 28 .32 3%
Op, 4. 8 12 B N W B
WCLKD T —— etk
DIR
SP :
19 F7
o Cik|  |oE
63
> F6
act o]
ac2
oR CiK| | oE
SP
-1{17] rs
CIK[ | oe
DIR
SP
DIR
DIR
6 [T}
DIR
B
88
Fd
856888
[
R
e
1BE8RY
1]
e

Jhy Ry g, g gl Ko gl g
NOTES:

In the unprogrammed or virgin state:

All cells are in a conductive state.

All AND gate locations are pulled to a logic *0" (Low).
Output polarity is inverting.

N0 90N ot e KT Vel qoa‘_c» CONFIG. 3=

u o CELL

Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via the configuration cell. The clock and
OE functions are disabled.

All output macro cells (OMC) are configured as bidirectional /O, with the outputs disabled via the
direction term.

Denotes a programmable cell location.
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION FUNCTIONAL DIAGRAM
CROSS REFERENCE o/
16L8 1612 | 1ata | 12t8 | os | |7 M o |0
PIN | PLC | 16H8 | 16R4 | 16R6 | 16R8
16H2 | 14Ha | 12H6 | 10H8
NO. |18vsz :g:g 16RP4 | 16RP6 | 16RP8 | 1202 | 1900 | 1208 | 1ops
I
1 I/CLK | 1 clk | ck | cik ] ] | [ iE
19 F7 B B B D [ I I o %
=
18 Fé B B D D 1 1 o o e {3 §§
17 F5 B D D D [ o o 0 - |38
16 Fa B D D D o o o o : 'EE%';
. ®
15 F3 B D D D o o o o i L3 §§
14 F2 B D D D [ o o o 88
13 F1 B B D D i | 0 o *
12 FO B B B D | I I o s 3]
1 IOE | | oF | o | ©OE I I I |

The Philips Semiconductors’ state-of-the-art
Floating-Gate CMOS EPROM process yields
bipolar equivalent performance at less than
one-quarter the power consumption. The
erasable nature of the EPROM process
enables Philips Semiconductors to
functionally test the devices prior to shipment

OUTPUT MACRO CELL (OMC)

to the customer. Additionally, this allows
Philips Semiconductors to extensively stress
test, as well as ensure the threshold voltage
of each individual EPROM cell. 100%
programming yield is subsequently
guaranteed.

DIRECTION CONTROL TERM

FROM AND
A TO ALLOMCs
H

ARRAY

SP
AR

CONTROL
AC1p—-
A2

NOTE:
# Denotes a programmable cell location.
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THE OUTPUT MACRO CELL
(oMC)

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/O 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 pro-
grammable security fuse that controls the ac-
cess to the data programmed in the device.
By using this programmable feature, propri-
etary designs implemented in the device can-
not 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 IO 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
cell is programmed, Pin 1 is a dedicated If any one OMC is configured as registered,  Programming codes are as follows:
clock and Pin 11 is dedicateq for output the configuration cell will be automatically Pin 1 = CLK; Pin 11 =OFE L
enable. When the configuration cell is configured (via the design software) to ensure Pin 1 and Pin 11 = Inowt
unprogrammed, Pins 1 and 11 are both that the clock and output enable functions are intandrin1%="npu
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 ;fg;l:g:nvofrﬁ%: g'ﬁ%tead"gy gﬁiﬁ
Fixed input mode Unprogrammed Programmed Unprogrammed Pins 1 and 11 are dedicated inputs.
. Pins 1 and 11 are dedicated inputs. The
Fixed output mode Programmed Unprogrammed Unprogrammed feedback path (via Fuux) is disgbled.

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

ARCHITECTURE CONTROL—AC1 and AC2

OE
$—1 a1 Do ro.FO
AR ——
y — F(B),F (B) F(0).F (O)
% A
L T.CLK
OMC CONFIGURATION CODE OMC CONFIGURATION CODE OMC CONFIGURATION CODE
1
REGISTERED (D-TYPE) D B(IDlRE;L?TNOARLI KS B FIXED OUTPUT o

N ClK af—
SP:
I < FO) o
= [
OMC CONFIGURATION CODE CONFIGURATION CELL CODE CONFIGURATION CELL CODE
FIXED INPUT r PIN 11-0F L ' P = NPUT He

NOTES:
A factory shipped unprogrammed device is configured such that:
. 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.
. 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). 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.

oupLN -
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ABSOLUTE MAXIMUM RATINGS! THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage -0.5t0 +7 Voc Maximum junction 150°C
" 4.5 to 5.5 (Industrial Maxi ambient 75°C
Vee Operating supply voltage 4.75105.25 ((COmmerc)iaI) Voc e -
Allowable thermal rise 7500
Vin Input voltage -0.5t0Vec +0.5 Voc ambient to junction
Vour Output voltage -0.5t0Vge +0.5 Voc
S 2 nsiV
AVAV Input/clock transition rise or fall 250 maximum
™ Input currents -10to +10 mA
lout Output currents +24 mA
. —40 to +85 (Industrial) o
Tamb Operating temperature range 0 to +75 (Commercial) C
Tsyg Storage temperature range —65 to +150 °C
NOTE:

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

2. Alldigital circuits can oscillate or trigger prematurely when inputrise and fall times are very long.
When the input signal to a device is at or near the switching threshold, noise on the line will
be amplified and can cause oscillation which, if the frequency is low enough, can cause
subsequentstages to switch and give erroneous results. For this reason, Schmitt-triggers are
recommended if rise/fall times are likely to exceed 250ns at V¢ = 4.5V.

AC TEST CONDITIONS VOLTAGE WAVEFORMS

+3.0V
Vco T +5V Sq

90%
I » o
Cq C2 E: Ry ov
I_—‘l—-’ S ——I [ L——
" By 5ns R F 5ns
= | ) _I_ +3.0V.
| CL

I )
|
| R2 g 90%
INPUTS N | < |
| ™ : 1 o
oV
ol ] I l-— __}
B B;
X ap Z OUTPUTS == *i5ns 5ns
= MEASUREMENTS:
J_ All circuit delays are measured at the +1.5V level of
r—3 inputs and outputs, unless otherwise specified.
NOTE:
C1 and C7 are to bypass Vg to GND. Input Pulses
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DC ELECTRICAL CHARACTERISTICS
Commercial = 0°C < Tymy < +75°C, 4.75V < Vg <5.25V;
Industrial = —40°C < Tamp < +85°C, 4.5V < Vg < 5.5V
LIMITS
SYMBOL PARAMETER TEST CONDITION MIN TYP? T MAX UNIT
Input voltage
Vi Low Voo = MIN -0.3 08 v
™ High Vce = MAX 20 Vee +0.3 v
Output voltage?
Vo | Low Ve M. o~ demA os0 | v
Vo | High WM TZE Voo v
Input current
I Low? Viy = GND -10 A
IH High Vin = Vee 10 HA
Output current
lo(oFF) Hi-Z state \\//:SJTT : (\;/ﬁ% . —1100 ”pﬁ
los Short-circuit® Vourt = GND ) ’ -130 mA
[ Ve supply current (Standby) Ve = MAX, Vi =0 or Vg8 20 100 HA
lec/f Vg supply current (Active)* Ve = MAX (CMOS inputs)5: 8 15 mA/MHz
Capacitance
Ci Input v \Xﬁizso\c 12 pF
Ca 1o Vg = 2.0V 15 pF
45 6
5
. / : ]
g d s
8 / g2
15 // ; < % A
/ Wt
100pA A
o 6 2 18 24 30 2 0 20 40 60 80 100 120 140 160 180 200
(MH2) OUTPUT CAPACITANCE LOADING (pF)
Figure 1. Icc vs Frequency® ¢ Figure 2. Atpp vs Output Capacitance
(Worst Case) Loading (Typical)
NOTES:

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

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

. Duration of short-circuit should not exceed one second. Test one at a time.

. Tested with TTL input levels: Vy = 0.45V, Vy = 2.4V. Measured with all outputs switching.
Alec/TTL input = 2mA.

. Alcc vs frequency (registered configuration) = 2mA/MHz.

. I for Pin 1 (lo/CLK) is + 10pA with Viy = 0.4V.

. Vv includes CLK and OE if applicable.

ONOAWN -
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AC ELECTRICAL CHARACTERISTICS4
Commercial = 0°C < Ty, < +75°C, 4.75V < Ve £5.25V;
Industrial = —40°C < Tam, < +85°C, 4.5V < Ve £5.5V; Ry = 390Q

PLC18V8Z35 PLC18V8ZI
1
TEST CONDITION (Commercial) (Industrial)
SYMBOL PARAMETER FROM TO R () (ﬁ?) MIN MAX MIN MAX UNIT
Pulse width
Clock period
tekp (Minimum CLK + CLK + 200 50 47 57 ns
tis + tcko)
tokH Clock width High CLK + CLK - 200 50 20 25 ns
tokL Clock width Low CLK - CLK + 200 50 20 25 ns
Async reset - =
tarw pulse width I+ F+ 1+ F+ 35 40 ns
Hold time
Input or feedback
tin data hold time CLK + Input + 200 50 0 0 ns
Setup time
Input or feedback
tis data setup time |+, Ft CLK + 200 50 25 30 ns
Propagation delay
Delay from input
tro to active output |+, F+ F+ 200 50 35 40 ns
Clock High to
tcko output valid CLK + F+ 200 50 22 27 ns
access Time
Product term . .
toe3 enable to outputs 1+ F+ F+ ﬁﬁﬁ?‘g} R = ;5%( 50 35 40 ns
off i -
Product term
topi2 disable to outputs 1+ F+ F+ F’:;?nmv\é?_HRR-zgo 5 35 40 ns
off -
Pin 11 output _
tope? | disable High to OE- Fr promVouR=="| s 25 30 | ns
outputs off oLh=
Pin 11 output N _
toe® enable to active OE + F+ I;ﬂx:_’:'gx S - ;553‘ 50 25 30 ns
output -
tarRD Async reset delay I+ Ft F+ 35 40 ns
A -
WR | otime I+ Ft CLK + 25 30 ns
Sync preset recov-
tspr ery time |1+, F+ CLK + 25 30 ns
tePR Power-up reset Vee + F+ 35 40 ns
Frequency of operation
fmax ] Maximum frequency I /(s + tcko) I 200 I 50 I I 21 l l 18 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 = (Vou — 0.5V) with Sy 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 5509 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 designand T

testing, a power-up reset function has been
incorporated in the PLC18V8Z. All internal

registers will reset to Active-Low (logical “0") o

after a specified period of time (tppg).

TIMING DIAGRAMS

configured as a registered output will always
produce an Active-High on the associated

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.

herefore, any OMC that has been

utput pin because of the inverted output

buffer. The internal feedback (Q) of a

INPUTS
1O, REG.
FEEDBACK

PIN 11 OE

REGISTERED
OUTPUTS

ANY INPUT
PROGRAMMED FOR
DIRECTION CONTROL

COMBINATORIAL
OUTPUTS

NOTE:

@( VALID INPUT

VALID INPUT

K777

s —>fe— ‘IH% 1CKH toKL
o __/———\____Jm’_\—

tckp

< tCKO ‘k

3-STATE

ttooz J ttot;z :'

77

[——tpp toD1
) 3-STATE

==

_/Mv

Vee

W
/ 4.5V

Switching Waveforms

+5V

ov

7 Y,
(OUTPUTS) ZZZZZZ /4222? 18V
LB +3V
(INPUT’S) 1.5V 1.5V
ov

VoH
1.5V
VoL
[+tcko

s —™

b—tokL —+f+— tn

l 1.5V '*SV

\ 7{1.5V 1.5V

Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output condition (enabled or disabled).

ov

[ lts —**—tCKH oKL —*]

tckp

Power-Up Reset
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TIMING DIAGRAMS (Continued)

TARW

ASYNCHRONOUS
RESET INPUT

1ARD

REGISTERED
OUTPUT

L_ tARR
CLOCK

Asynchronous Reset

tis tH } ISPR
SYNCHRONOUS
PRESET INPUT
w0 N/

‘CKO
REGISTERED
OUTPUT

Synchronous Preset
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REGISTER PRELOAD FUNCTION
(DIAGNOSTIC MODE ONLY)

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

the registers with predetermined states while
a super voltage is applied to Pins 11 and 6
(I¢/OF and ls). (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| = 10usec.

12.0V 12.0V
1g/OE
(PIN 11)
5.0V 5.0V
P, 1P tp) [ 1 N
L |‘2. L 1 PL g tPL |_PL_] OEVOU
|
s |
(PIN 6) |
5.0V |
|
lo/CLK
1o/CLK = _‘* Y
(PIN 1) | \ /!
|
el ICKL—>*-tCK
4 p
Fo-7 | PRELOADDATAIN E-———-( PRELOAD DATA OUT DATA OUT Fo7
s —> tiH
1-4.6-8 % 11-4,6-8
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LOGIC PROGRAMMING

The PLC18V8Z series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Philips Semiconductors’
SNAP design software package. ABEL™ and
CUPL™ 90 design software packages also
support the PLC18V82Z 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 SNAP only.

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 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:

[ activetever [ cooe | [ actverever | cobe |
[ wvermnag! |t | [ NON-NVERTING | H |
“AND” ARRAY - (1, B)
8] ! 1B -}
1B 18 1B 1.8
.8 1B LB 15:)
P P P
[ STATE [ cooe | [ STATE [ cooe ] [ STATE | cope | [ STATE [ cooe |
| DponTcaRe | - | _mactve’ | o | 1B [ v ] [ 1B | L ]

NOTE:

1. Afactory 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 atrademark of Data I/O Corp.

CUPL is a trademark of Logical Devices, Inc.

October 22, 1993

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
12,000uW/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.

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

PROGRAMMING/SOFTWARE
SUPPORT

Refer to Section 9 (Development Software)
and Section 10 (Third-Party Programmer/
Software Support) of this data handbook for
additional information.
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PROGRAM TABLE

A

OR ARRAY (FIXEI
DATA CANNOT BE ENTERED
INTO THE OR ARRAY FIELD
DUE TO THE FIXED NATURE
OF THE DEVICE ARCHITEC-

TURE
DIRECTION CONTROL| D

ACTIVE OUTPUT
NOT USED

H

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

**FOR SP, AR: “=" IS NOT ALLOWED.

QUTPUT POLARITY

NON-INVERTING
CONRG. CELL*
PIN 1= CLK; PIN 11 = O] L |

MET T
PIN, PIN 11 = INPUT

CONTROL

D
o

BIDIRECTIONAL 10 | B

OMC ARCH,

REGISTERED
TYPE)
FXED INPUT

FIXED OUTPUT

56

0
H

AND ARRAY
INACTIVE

LF(,B)

“DONT CARE| -
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SNAP RESOURCE SUMMARY DESIGNATIONS
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0

j ﬁ
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DESCRIPTION

The PLC18V8Z is a universal PAL® device
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 PLC18V8Z can also
replace HC logic over the Vg range of 4.5 to
5.5V.

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

Each output features an “Output Macro Cell”
which can be individually configured as a
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

FEATURES

e 20-pin Universal Programmable Array
Logic

o Virtually Zero-Standby-power
— 20pA (typical)

¢ Available in 300mil-wide DIP with quartz
window, plastic DIP (OTP), PLCC (OTP),
and SOL (OTP)

Functional replacement for Series 20
PAL devices

= loL =24mA

High-performance CMOS EPROM cell
technology .

- Erasable

— Reconfigurable

- 100% testable

25ns Max propagation delay (comm)

Up to 18 inputs and 8 input/output macro
cells

Programmable output pdlarity

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

.

3

PIN CONFIGURATIONS

D, N, and FA Packages

N = Plastic Dual In-Line Package (DIP) (300mil-wide)
FA = Ceramic DIP with Quartz Window (300mil-wide)
D = Plasitc Small Outline Large Package (300mil-wide)

A Package
10/
12 1 ClKygg F7

(18 Fo
[17] Fs
(18] Fa
Esa

[19) F2

18 GNDI9/ FO F1
OE

A = Plastic Leaded Chip Carrier
PIN LABEL DESCRIPTIONS

computers. APPLICATIONS | Dedicated input
The PL.C18VB.Z is also processeq to * Battery powered instruments 8 Bidirectional input/output
industrial requirements for operation over an o) Dedicated output
extended temperature range of -40°C to ¢ Laptop and pocket computers 5 Roai "
+85°C and supply voltage of 4.5V to 5.5V. « Industrial control egistered output
. (D-type flip-flop)
Ordering information can be found below. * Medical Instrumer.xts F Macrocell Input/Output
¢ Portable communications equipment
CLK Clock Input
OE Output Enable
Vee Supply Voltage
GND | Ground
ORDERING INFORMATION
DESCRIPTION R N | orpER cope | BRAWING
20-Pin (300mil-wide) Plastic Dual In-Line Package (tpp = 25ns) Commercial PLC18V8Z25N 0408B
20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpp = 25ns) | Temperature Range | PLC18V8Z25FA 0584B
20-Pin (350mil square) Plastic Leaded Chip Carrier (tpp = 25ns) + 5% Power PLC18V8Z25A 0400E
20-Pin (300mil-wide) Plastic Small Outline Large Package (tpp = 25ns) Supplies PLC18v8Z25D 0172D
20-Pin (300mil-wide) Plastic Dual In-Line Package (tpp = 25ns) Industrial PLC18V8ZIAN 0408B
20-Pin (300mil-wide) Ceramic Dual In-Line Package with quartz window (tpp = 25ns) | Temperature Range | PLC18V8ZIAFA 0584B
20-Pin (350mil square) Plastic Leaded Chip Carrier Package (tpp = 25ns) +10% Power PLC18V8ZIAA 0400E
20-Pin (300mil-wide) Plastic Small Outline Large Package (tpp = 25ns) Supplies PLC18V8ZIAD 0172D

PAL is a regit d of M
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PAL DEVICE TO PLC18V8Z OUTPUT PIN CONFIGURATION FUNCTIONAL DIAGRAM
CROSS REFERENCE o
CLK n’s
16L8 .
PIN | PLC | 16H8 | 16Ra | 16R6 | 16Re | 192 | 14L8 | 12L6 | 1OL8
NO. |18V8Z | 16P8 | 16RP4 | 16RP6 | 16RP8 16P2 | 14p4 | 12p6 | 10P8 :
16P8 " “E
1 lo/CLK I CLK CLK CLK | | | |
>
19 F7 B B B D 1 | 1 o § 2
18 F6 B B D D 1 ] o o 2 3] g§
17 F5 B D D D I (o} (e} (o} ‘ 3 g
16 FA | B D D D o | o | o [o . %g
» =
15 F3 B D D D o o o o w -ﬁ §8
14 F2 B D D D | (e} (e} (¢} z 8
13 F1 B B D D | | o (¢}
12 Fo B B B D I ) i o s 2]
1 1o/OE 1 OE OE OE | ! | |
The Philips Semiconductors’ state-of-the-art devices prior to shipment to the customer. | |
Floating-Gate CMOS EPROM process yields  Additionally, this allows Philips
bipolar equivalent performance at less than Semiconductors to extensively stress test, as
one-quarter the power consumption. The well as ensure the threshold voltage of each
erasable nature of the EPROM process individual EPROM cell. 100% programming
enables Philips Semiconductors to yield is subsequently guaranteed.
functionally test the
OUTPUT MACRO CELL (OMC) THE OUTPUT MACRO CELL
(OMC)
The PLC18V8Z series devices have 8
FROM AND individually programmable Output Macro
ARRAY A TOALLOMCs Cells. The 72 AND inputs (or product terms)
fm——————— N B O . from the programmable AND array are
I E ] connected to the 8 OMCs in groups of 9.
| DIRECTION CONTROL TERM ) pm ] Eight of the AND terms are dedicated to logic
| 1 veodor oe i functions; the ninth is for asynchronous
I H MUX direction control, which enables/disables the
| ‘1"; respective bidirectional I/O pin. Two product
| __E terms are dedicated for the Synchronous
I =

= POLARITY

—JCLK

01
% 10 OUT
11 MUX

00

CONTROL
AC1 4
AC2yy

NOTE:
# Denotes a programmable cell location.

October 22, 1993

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

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

o0

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.

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:

If any one OMC is configured as regi
the configuration cell will be automatically
configured (via the desi )

pry
g,

)to

Pin 1 = CLK, Pin 11 =OE

unprogrammed, Pins 1 and 11 are both that the clock and output enable functions are  L_n_1 and Pin 11 = Input H
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 gjgfaleaggn:ola:rigleglrﬁi?r:‘; ';;sly

Fixed input mode Unprogrammed Programmed Unprogrammed Pins 1 and 11 are dedicated inputs.

Fixed output mode Programmed Unprogrammed Unprogrammed zgzgaﬁ:%;:h?fad::ﬁ‘?: ‘;:;[::’tlsedThe
NOTE:

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

ARCHITECTURE CONTROL—AC1 and AC2

OE
SP—1 o F(D),F D)
s AR—| s
. F(O).F ()
A e &
L =1 CLK =
OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE OMC CONFIGURATION | CODE
1
REGISTERED (D-TYPE) D fg'“ﬁgﬂgﬁm 8 FIXED OUTPUT o
~
L———m =
e
- — —
Ne—P ok a
sp— CKa F(D),F (D) sp—|
K FQ) AR —— AR— o
= "
= {1

=< |

OMC CONFIGURATION | CODE CONFIGURATION CELL | CODE CONFIGURATION CELL | CODE

PIN 1= CLK PIN 1 = INPUT 5
FIXED INPUT ! PIN 11 = OE L PIN11 = INPUT H
NOTES:

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.

. All Output Macro Cells (OMCs) are configured as bidirectional /O, with the outputs disabled via the direction term.

2
3
4. Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled.
5
6

. This configuration cannot be used if any OMCs are configured as registered (Code = D).

October 22, 1993
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ABSOLUTE MAXIMUM RATINGS' THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage —0.5t0 +7 Voc Maximum junction 150°C
" 4.5 t0 5.5 (Industrial Maximum ambient 75°C
Voo Operating supply voltage - 4.75105.25 ((Commerc)ial) Voe
AIIov{able tf_\ermgl rise 750G
Vin Input voltage -05t0Vec +0.5 Voc ambient to junction
Vout Output voltage -05t0Vec +0.5 Voe
AVAV Input/clock transition rise or fall2 250 ma':(sigum
N Input currents -10to +10 mA
lout Output currents +24 mA
. —40 to +85 (Industrial) o
Tamb Operating temperature range 0 to +75 (Commercial) C
Tsig Storage temperature range —65 to +150 °C
NOTE:
1. Stresses above those listed may cause malfunction or permanent damage to the device.
This is a stress rating only. Functional operation at these or any other condition above
those indicated in the operational and programming specification of the device is not
implied.
2. Alldigital circuits can oscillate or trigger prematurely when inputrise and fall times are very long.
When the input signal to a device is at or near the switching threshold, noise on the line will
be amplified and can cause oscillation which, if the frequency is low enough, can cause
subsequent stages to switch and give erroneous results. For this reason, Schmitt-triggers are
recommended if rise/fall times are likely to exceed 250ns at Vg = 4.5V.
AC TEST CONDITIONS VOLTAGE WAVEFORMS
+30V—— ——
Vee T +5V Sy
Cq —L l Co < Ry
I — 11
| | R2 S CL
INPUTS e but | <
o ——*Bw | J
| | N———
8 e Z OUTPUTS == 5ns L_ _45"5
- MEASUREMENTS:
_L All circuit delays are measured at the +1.5V level of
3 inputs and outputs, unless otherwise specified.
NOTE:
Cyand C; are to bypass Ve to GND. Input Pulses

October 22, 1993
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DC ELECTRICAL CHARACTERISTICS
Commercial = 0°SC < Ty, < +75°C, 4.75V < Vo < 5.25V;

Industrial = —40°C < Ty, < +85°C, 4.5V < Vo 5.5V

LIMITS
SYMBOL PARAMETER TEST CONDITION MIN I TYP! MAX UNIT
Input voitage
ViL Low Vec =MIN -0.3 0.8 v
Vi High Vec = MAX 20 Vec +0.3 v
Output voltage?
Vee = MIN, o, = 20pA 0.100 v
Vo Low Vee = MIN, lop = 24mA 0.500 v
; Vg = MIN, Iy =-3.2mA 24 v
Vou High Ve = MIN, o = ~20pA Ve - 0.1V v
Input current
|||_ Low? ViN =GND -10 HA
IH High Vin =Vee 10 pA
Output current
) Vour = Vee 10 pA
lo(orF) Hi-Z state Vour = GND 10 A
los Short-circuit® Vout = GND -130 mA
lec Vcc supply current (Standby) Vee = MAX, Viy = 0 or V8 20 100 HA
loc/f Ve supply current (Active)* Ve = MAX (CMOS inputs)5: 8 15 mA/MHz
Capacitance
Vee =5V
C Input ViN = 2.0V 12 pF
Ca o) Vg = 2.0V 15 pF
45 6
5
. / .
£ 4 3 7
B / [
/ S <.
15
/ 0 vl «
/
100pA A _
%9 6 12 18 24 3 20 20 40 60 80 100 120 140 160 180 200
1(MHz) OUTPUT CAPACITANCE LOADING (pF)
Figure 1. lgc vs Frequency5 & Figure 2. Atpp vs Output Capacitance
(Worst Case) Loading (Typical)
NOTES:

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

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

. Duration of short-circuit should not exceed one second. Test one at a time.

. Tested with TTL input levels: V= 0.45V, V| = 2.4V. Measured with all outputs switching.
Alcc/TTL input = 2mA.

. Alcg vs frequency (registered configuration) = 2mA/MHz.

. Iifor Pin 1 (Io/CLK) is + 10pA with Vi\ = 0.4V.

. Vi includes CLK and OE if applicable.

ONONE DN =
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AC ELECTRICAL CHARACTERISTICS?
Commercial = 0°C < Ty, < +75°C, 4.75V < Voo < 5.25V;
Industrial = —40°C < Tymp < +85°C, 4.5V < Vo < 5.5V; Ry = 390Q

PLC18V8Z25 PLC18V8ZIA
TEST CONDITION' (Commercial) (Industrial)
SYMBOL PARAMETER FROM TO R, (@) (:):'I:_) MmN | max | min MAX UNIT
Pulse width
Clock period
tokp (Minim’fm i + toxo) CLK+ | CLK+ 200 50 | 33 33 ns
tekH 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+ 15 F¥F 25 25 ns
Hold time
tin glap;:thc:)rl;e:rd;l;ack CLK + Input + 200 50 0 0 ns
Setup time
ts L"ap;‘s‘gtfzegm‘* | 1s R | clks 200 50 | 18 18 ns
Propagation delay
- ge;i{hf??u;gﬂ;" It F+ | Ft 200 50 25 25 | ns
oo | Coekrghwoswenad [ o, |y w | s i
Product term enable to Active-High R = 1.5k
3
toe outputs off I+ Ft Ft Active-Low R =550 | 50 2 % ns
Product term disable to From Voy R = =
2 'OH
top1 outputs off I+ Ft Ft From VoL R = 200 5 2 25 ns
Pin 11 output disable High From Voy R =
2
topz to outputs off OE - Ft From VgL R = 200 5 20 20 ns
Pin 11 output enable to Active-High R = 1.5k
3
foe2 active output OE + F& Active-Low R =550 | 0 20 20 ns
tARD Async reset delay I+ Ft F+ 30 30 ns
taRR Async reset recovery time 1+ F+ CLK + 20 20 ns
tspR Sync preset recovery time I+ F+ CLK + 20 20 ns
tPPR Power-up reset Vee + F+ 25 25 ns
Frequency of operation
fmax I Maximum frequency | /(tis + tcko) l 200 I 50 | | 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 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 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.

. Leave all the cells on unused product terms intact (unprogrammed) for all patterns.

»w
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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 (tppg).

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

G. % VALID INPUT

VALID INPUT

K222,

2\

re— |5 —>le— |4

D A N

ttogz t 1

F CKH { KL ]

tckP

REGISTERED
OUTPUTS

<+—tcko ‘%

'OE2
___3-STATE

ANY INPUT
PROGRAMMED FOR
DIRECTION CONTROL

COMBINATORIAL
OUTPUTS

NOTE:
Diagram presupposes that the

zZ

tPD

=X

'oD1

3-STATE

)

Switching Waveforms

+5V

f
Vee

PPR

ov

(OUTPUTSi 7 7 ~

VoH

1.5V
[+ cko

VoL

LB

1.5V

+3V

“w A\

I'_ ICKL—™™1*— UH

/

outputs (F) are enabled. The reset occurs regal

[— g —

ov

{— 3V
1.5V )

ov

s —*

ckp

or di

of the output

Power-Up Reset
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TIMING DIAGRAMS (Continued)

tARW

ASYNCHRONOUS
RESET INPUT

tARD

REGISTERED
OuTPUT

tARR
CLOCK

Asynchronous Reset

tis i i tSPR
SYNCHRONOUS
PRESET INPUT
N
‘CKO
REGISTERED
OUTPUT

Synchronous Preset
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REGISTER PRELOAD FUNCTION
(DIAGNOSTIC MODE ONLY)

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

the registers with predetermined states while
a super voltage is applied to Pins 11 and 6
(19/OF 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| = 10usec.

12.0V 12.0V
190E
(PIN 11)
5.0V 5.0V
1 1 1]
PL, PL I_Pl;l OE(VoL)
|
15 |
(PIN 6) |
|
—
|
lo/CLK
10/CLK = _‘* y
(PIN 1) | N /
|
r'% l‘— tCKL—**ICK
4 p!
Fo-7  PRELOADDATA N 1[—————( PRELOAD DATA OUT DATA OUT Fo-7
E tis "'&‘IH
11-4,6-8 7 11-4,6-8
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LOGIC PROGRAMMING

The PLC18V8Z series is fully supported by
industry standard (JEDEC compatible) PLD
CAD tools, including Philips Semiconductors’
SNAP design software package. ABEL™ and
CUPL™ 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 SNAP only.

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 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 I, 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:

[ AcTiVELEVEL [ cope | | ActiveLever | cooe |
U wvertng! | L [ NON-INVERTING | H |
“AND” ARRAY - (I, B)
1B 1B 18 1B
A 1B 1B 1B
18 18 14:¢ 1A:4
P P P P
[ STATE CODE | [ STATE [ cope | | STATE [ cooe | [ STATE [ cope |
| _DbonTecarE | - | [ mnacTve®™ T o ] | 1B G [ 1.8 1T 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.

October 22, 1993

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
12,000uW/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.

68

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

PROGRAMMING/SOFTWARE
SUPPORT

Refer to Section 9 (Development Software)
and Section 10 (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.

**FOR SP, AR: “~" 1S NOT ALLOWED.
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SNAP RESOURCE SUMMARY DESIGNATIONS

lp/CLK
o/C SBINVE: CONFIG.

o CELL
NINVS: ‘
CKEVE! |#

n 3]

HANDE

>

g2

@
=3 22
. Z 3

w
. = S

g x
. ] %
17 —I ; $a

3g

o

o
o 13]

FROM AND
ARRAY
A TOALLOMCs
R R N S
DIRECTION CONTROL TERM

#XORREG:

I
|
|
|
|
|
|
|

FROM SRR
AND
ARRAY

T outPUT
= POLARITY
CONTROL
AC1
" [ xORM
AC2p 4+
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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 SNAP and
other CAD tools for Series 20 PAL devices

® Field-programmable on industry standard
programmers

® Security fuse

® Individual 3-State control of all outputs

DESCRIPTION

The Philips Semiconductors 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. Multiple bidirectional
pins provide variable input/output pin ratios.
Individual 3-State control of all outputs and
registers with feedback (R8, R6, R4) is also
provided. Proprietary designs can be
protected by programming the security fuse.

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

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

internal registers to Active-Low after a
specific period of time.

The Philips Semiconductors 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 SNAP software package from Philips
Semiconductors supports easy design entry
for the PLUS16XX series as well as other
PLD devices from Philips Semiconductors.
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(61/0) 0
PLUS16R8 8 0 8
PLUS16R6 8 21/0 6
PLUS16R4 8 41/0 4
ORDERING INFORMATION
DESCRIPTION ORDER CODE DRAWING NUMBER
PLUS16R8DN
PLUS16R6DN
PLUS16R4DN
20-Pin Plastic Dual-In-Line PLUS16L8DN 0408B
300mil-wide PLUS16R8-7N
PLUS16R6~7N
PLUS16R4-7N
PLUS16L8-7N
PLUS16R8DA
PLUS16R6DA
PLUS16R4DA
. . . . PLUS16L8DA
20-Pin Plastic Leaded Chip Carrier (PLCC) PLUS{6R8-7A 0400E
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 Philips
Semiconductors Military Data Book.
®PAL is a registered trademark of Advanced Micro Devices, Inc.
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PAL devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

PIN CONFIGURATIONS
PLUS16L8 PLUS16R8
N\ -/
N E————] 20 | Voo ok | 1 —P>— Evcc
I1E— &—1907 |2z H —Dg &me
'2E— %———wss I1E— -J $o—1eos
Iy E— %——- 17| Bs |4 H 1$o-z' Qs
u E— AoNr? E— 16 By 3|5 H Ag.? -1$°-\ 16| Qq
. E- ARRAY E— w8 " E‘ ARRAY _1&:‘-—;' o
Ig E- E——E By 5|7 H —J:Bo- 14 Qy
Iz E— h— 13| By Is E— '—:BO-E Q
"E' go—uoo 7|9 H — @o—noo
GND | 10 L——-——————E Io GNDE Lp{n |0E
PLUS16L8 PLUS16R8
2 11 o Vcc O7 i lp ClKvce Q7

o
o

o

] o

OUTPUTS —Es] Qg
—

5] o5

Ol
ARRAY

Iy {74] 8, s 4] a,
T TN e 0| 0jD)E|E
I3 GND Ig Op By Iz GND OE Qo Q

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 OE 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

W[5}

PIN CONFIGURATIONS

PLUS16R6 PLUS16R4
CLKE———D—:J 20 | vee cLKE—D-:J E Vee
IOE- [:Bo—l—— 19|87 b2 H ﬁBo—l—— 19|87
1y E— —3»— 18| Qg i E- :30—1—— 18| Bg
I2 E- -$o— 17| ag |4 H -$o— 17| as
I3 E— ‘},’2’ -3»— 16| Qq 3|5 H ‘3‘;’ -3»— 16| Qg

ARRAY ARRAY

Iy E— —$o- 5] Qg 4|6 H -3»— 15| Q3
'5E' H og ot 1] 0 ltzlzH :B"'E 0
ls ,j— H ng :B"‘F_;l ] ls I—LJ“ i_] E] By

]

;?: ] 12| By 7|9 H 12| By
GND | 10 L1 | oE GND | 10 L<p{ 1 | OE
PLUS16R6 PLUS16R4
Iy lp CLKvVge By Iy lp CLKVce By

o
) o

16| Qg
15[ Q3

Ig —]14] Q2
0] ]| &) B
7 GND OF By Q Iz GND OF By By
SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION
Dedicated Input Dedicated Input
Dedicated combinatorial Output Dedicated combinatorial Output
Registered output Registered output
Bidirectional (input/output) Bidirectional (input/output)
Clock input Clock input
Output Enable Output Enable
Supply Voltage Supply Voltage
Ground Ground
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PLUS16R8D/-7 SERIES

16L8, 16R8, 16R6, 16R4

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

PLUS16R8D/-7 SERIES

LOGIC DIAGRAM PLUS16R8
CLKB
o 88 33388292 S8 13! 8% BERSRANE: 8 38 8% SESERREE 5: 63 I8, BRSTLREs 3Rl 5% 88 JBEAssass 33 8| By S38389Re: 88 38| :
8538 19 29982888 1% 20 3% 2020999 10 95 42 198990009 20 &mggsmgsgmgg :
5 B > [ >0 m [
7 18881 SRRERARR 25 G B8 ARBRRIN, 8 38 (%% RRARRZRS R RIS | E » 0
o B e
8 o,
»
= [ >8] 05
B
15 : b 9
F,
»
— [ >0 Qs
» 3
-
B
2
& » | >o6] oy
d 2 b 3
g ,
o <
=
] R )
8 R & o
£ R a3
B +b
»
»
) O
55— ¢+-b
-
2
=
: W o
»
: L > Q
»
2
»
5
0 INPUTS (0-31) 3
NOTES:

All unprogrammed or virgin "AND" gate locations are pulled to logic "0".
Programmable connections.
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PAL devices
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LOGIC DIAGRAM
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PAL devices
16L8, 16R8. 16R6, 16R4 PLUS16R8D/-7 SERIES

LOGIC DIAGRAM PLUS16R4

umwBuW&wmmmawmwnwmwnumnusmuan
38 BBRARREE ) B 8 1RAREREE R R1 8F RRERKERR} B8 8 BRRERRER 1 £ B8 RR8RRARE KR 5} X RRRARRRS Y 3B %5

[3] 86

5 Do ] o

PRODUCT TERMS (0-63)

{13' By

g

2] 8o

INPUTS (0-31)

unprogvammed or virgin "AND" gate locations are pulled to logic "0".
Programmable connections.
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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
(Qn) are controlled by an external input
(/OE), and the combinatorial outputs (On, Bn)

AND ARRAY - (I, B)

use a product term to control the enable
function.

Programmable Bidirectional Pins
The PLUS16XX products feature variable
Input/Output ratios. In addition to 8 dedicated
inputs, each combinatorial output pin of the
registered devices can be individually
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
Philips Semiconductors, the PLUS16XX

series are supported by SLICE, the
PC-based software development tool from
Philips Semiconductors. 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 Philips Semiconductors
SNAP design software package. 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.

Programming/Software Support
Ref to Section 9 (Development Software) and
Section 10. (Third-Party Programmer/
Software Support) of the PLD data handbook
for additional information.

i T

-~
@

[ s oo [—swre oo | [_smie oo
acmve™2 | 0| s ] e ] [oowtomee | - |

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.
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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 -05 +7 Vpe Maximum ambient 75°C
Vin Input voltage -1.2 +8.0 Voe Allowable thermal rise
Vour Output voltage -0.5 Vge +0.5V Vpe ambient to junction e
Iin Input currents ~30 +30 mA
lout Output currents +100 mA
Tsig 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 Voe
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 € +75°C, 4.75 < Voo <56.25V

LIMITS
SYMBOL PARAMETER TEST CONDITIONS MmN | TP | maAXx uNIT
Input voltage?
ViL Low Ve =MIN 08 v
Viy High Vee = MAX 2.0 v
Vic Clamp Vee = MIN, Iy = —18mA -0.8 -1.5 v
Output voltage
Vee = MIN, Viy = Vg or Vi,
VoL Low loL = 24mA 0.5 \
Vou High loy =-3.2mA 24 \
Input current
Veo = MAX
e Low3 Viy = 0.40V -250 RA
[ High3 Viy =27V : 25 RA
h Maximum input current Vin-= Voo = Veemax 100 KA
Output current
Vee = MAX
lozn Output leakage Vout =2.7V 100 HA
lozL Output leakage Vour = 0.4V -100 HA
los Short circuit 4 5 Vout = 0V -30 -90 mA
lec Vec supply current Vee = MAX 160 180 mA
Capacitance®
Cin Input Vee =5V
Vour = 2.0V 8 pF
Cg /O (B) Vour =2V, f = 1IMHz 8 pF
NOTES:
1. All typical values are at Vgg = 5V, Tapp = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Leakage current for bidirectional pins is the worst case of Iy and oz, or Iy and lozn.
4. Test one at a time.
5. Duration of short circuit should not exceed 1 second.
6. These parameters are not 100% tested but periodically sampled.
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PAL devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

AC ELECTRICAL CHARACTERISTICS
R, = 200Q, R, = 3909, 0°C < Tamy < +75°C, 4.75 < Ve < 5.25V

LIMITS
SYMBOL PARAMETER FROM TO -7 D UNIT
miN' [ Tvp | max | MiN' | max

Pulse Width
tekH Clock High CK+ CK- 5 7 ns
tokL Clock Low CK~ CK+ 5 7 ns
tekp Period CK+ CK+ 10 14 ns
Setup & Hold time
tis Input fgg:;‘gafk CK+ 7 9 ns
tH Input CK+ 'g;%ub' a(:;rk 0 0 ns
Propagation delay
tcko Clock CK+ Q 3 6.5 3 75 ns
tekE Clock3 CK+ Q 3 6.5 ns
top Output (168, R6, R4)? I,B Output 3 7.5 3 10 ns
togt Output enable? OE Output enable 3 8 3 10 ns
toe2 Output enable* | Output enable 3 10 3 10 ns
top1 Output disable?* OE Output disable 3 8 3 10 ns
ton2 Output disable*5 | Qutput disable 3 10 3 10 ns
tskw QOutput Q Q 1 1 ns
tppR Power-Up Reset Veeo+ Q+ 10 10 ns
Frequency (16R8, R6, R4)

No feedback 1/ (teky + tokr)® 100 71.4 MHz
fmax Internal feedback 1/ (s + tokr)® 90 64.5 MHz

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

;lO‘T’?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), Viy = 3V, V)_ =0V, Vou = 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 = (Vou — 0.5V) with S open, and Low-to-High impedance tests are made to the V1 = (Vo + 0.5V) level with Sy closed.

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

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

o ;
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16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

TEST LOAD CIRCUIT

Vee Lﬁv Sq

° /
Cy 'l‘ ‘L C2 SRy
-Lr]- O—-I—-—D- i Bg/Og T
= | I J_
= . : Bp/Op f——a Ry :E cL
<
| DUt T
weuts | | 1»—-1
n .
° K e o -
=
NOTE: -
C4 and C; areto bypass Vg to GND.
OUTPUT REGISTER SKEW
v
cLK ./
___________________ ov
(REGISTERED oumﬁ") }"5"
tSKw
Qny 1 ¥
(REGISTERED OUTPUT) 1.5V
ov
CLOCK TO FEEDBACK PATH

4s

X
4-2

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

PLUS16R8D/-7 SERIES

TIMING DIAGRAMS?: 2 TIMING DEFINITIONS
SYMBOL | PARAMETER
43V
(INPU#SB):X"SV 15V texkH Width of input clock pulse.
o ek Interval between clock pulses.
P i tc Clock period.
s 43V KP 5
CLK 1.5V? 1.5V 15V Required delay between
- q o ov tis beginning of valid input and
S KL positive transition of clock.
Q Required delay between
(REGISTERED ourpum. ty positive transition of clock and
end of valid input data.
Delay between positive
OF transition of clock and when
foke internal Q output of flip-flop
becomes valid.
Delay between positive
Flip-Flop Output: transition of clock and when
p-riop Dulputs feko outputs become valid (with
OE Low).
+3V —
L8 15V Delay between beginning of
(INPUTS) ) toet Output Enable Low and when
ov outputs become valid.

I Delay between beginning of

pp
o.8 - 7 VoH top1 Output Enable High and when
(COMBINATORIAL \& 1.5V } vr outputs are in the Off-State.
OUTPUTS) Sgh
= VoL Delay between predefined
oE2 top2 7" Output Enable High, and
Lav lorz when combinational outputs

LB become valid.
(OUTPUT 415V +1.5V

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

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

fasv
? ’ internal tputs at “0").
Vee (internal Q outputs at “0”)

Propagation delay between

e o tpp combinational inputs and
\PPR] outputs.

(REGISTERES 1.5V 1.5V YK
ouTeUTS) W FREQUENCY DEFINITIONS

VoL
b fmax No feedback: Determined by

3V the minimum clock period,
)(mv i 1/(tekL + tokh)-
ov Internal feedback:
™ 4H g Determined by the internal

43V delay from flip-flop outputs
CLK 1.5V 1.5V /i1.5v through the internal feedback
] and array to the flip-flop

inputs, 1/(tis + tckr).
4 External feedback:
H54CKF Determined by clock-to-output
delay and input setup time,
Power-Up Reset 1/(tis + tcko)-

LB
(INPUTS)

ov

4s ICKH—*7 cKL—*

NOTES:
1. Input pulse amplitude is OV to 3V.
2. Inputrise and fall times are 2.5ns.
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PLUS16R8D/-7 SERIES

OUTPUT REGISTER PRELOAD

Step 1.
Step 2.
Step 3.
Step 4.

The output registers can be preloaded to any desired state during device testing. This permits any state to be tested without having to step
through the entire state-machine sequence. Each register is preloaded individually by following the steps given below.

With Vg at 5V and Pin 1 at Vy, raise Pin 11 to Vi,
Apply either V) or Vj4 to the output corresponding to the register to be preloaded.
Pulse Pin 1, clocking in preload data.
Remove output voltage, then lower Pin 11 to V.. Preload can be verified by observing the voltage level at the output pin.

' , ViHH
PIN 110E / | N\ |
| v
| I -
P I R v
| | | = H
PIN 1 GLOCK ! : i '
+ + ViL
| | | | |
| | | Py
| - ViH | J"‘ﬁ.b‘i VoH
REGISTERED VO | INPUT S OUTPUT
) v\
i VoL
|
NOTE: 14 = tgy = ty = 100ns to 1000ns.
ViHH = 10.25V to 10.75V.
Pin number references for DIP package.
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PAL devices
16L8, 16R8, 16R6, 16R4

PLUS16R8D/-7 SERIES

PROGRAMMING/SOFTWARE
Refer to Section 9 (Development Software) and Section 10 ( Third-Party Programmer/Software Support) of this data handbook for additional
information.

SNAP RESOURCE SUMMARY DESIGNATIONS

o-19

10

DINPALZ: “NINPAET:

PROGRAMMABLE AND ARRAY

SEETANDE

8 SRINPALT:

NINPALT:

00, 07 B1-86

CLK -7

SCKPALE: SNOEPALY:

SDINPALT: | |SNINPALY:

PROGRAMMABLE AND ARRAY

o1
(a]

ENOUTPALZ:
s o0 00

[e74

PLUS16R8
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PLUS16R8D/-7 SERIES

SNAP RESOURCE SUMMARY DESIGNATIONS (Continued)

PROGRAMMABLE AND ARRAY

PLUS16R6

PROGRAMMABLE AND ARRAY

Bo, B1, B6, B7 Q2-Qs

PLUS16R4
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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

® Individual 3-State control of all outputs

DESCRIPTION

The Philips Semiconductors 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 20L8, 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 Philips Semiconductors 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 SNAP software package from Philips
Semiconductors supports easy design entry
for the PLUS20XX series as well as other
PLD devices from Philips Semiconductors.
The PLUS20XX 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
INPUTS OUTPUTS

COMBINATORIAL

REGISTERED
OUTPUTS

PLUS20L8

14 8 (6 1/0)

0

PLUS20R8

12 [0}

PLUS20R6

12 2110

PLUS20R4

12 41/0

8
6
4

ORDERING INFORMATION

DESCRIPTION

ORDER CODE

DRAWING
NUMBER

24-Pin (300mils-wide) Plastic Dual-In-Line Package (DIP)

PLUS20R8DN
PLUS20R6DN
PLUS20R4DN
PLUS20L.8DN
PLUS20R8-7N
PLUS20R6-7N
PLUS20R4-7N
PLUS20L8-7N

0410D

28-Pin (300mils-wide) Plastic Leaded Chip Carrier (PLCC)

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

0401F

®PAL is a registered of Ad
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PAL devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

PIN CONFIGURATIONS
PLUS20L8 PLUS20R8

o[ — ~ [ 24] vee cLK E—D—u 24 | vee
1 E—- 23 | 143 o| 2 H EI"
w3 H {22 o w3 H -3'»— 2] a;
I3 EL— ﬁ- 21| Bg Iy D:-— ::Bo—- 21| Qg
ia E— E Eﬂ" 20 | Bg I3 E—— E :E-%— 20 | Qs
H 3 P==mln | | «[H § e
|5|Z—— g E—w By Is{ 7 g : 3»—18 Qg
Iz Er-‘* 53— 17 | B 15| 8 | :3-»— 17{Q
8 E_ ——-1{5]5 nrys= :3»— 16 ] Q4
1g | 10 E— LY Ig | 10 [ " [ 75 ] a0
o [ 11 14|13 g | 11 M 14 {1y
GND | 12 L—-——— 13 | 14y GND | 12 L<}— 13 | OF

PLUS20L8 PLUS20R8

2 4 lp NCVcchys O7 1 lp CLKNCVcclyy Q7

4(13]]2]1]]28]]27] |26]
13 5 —=—11 tx] 8,

Vol
14 6} vof—24] 85
15 71 vol—123] B4
AND/OR

NC |8 ARRAY OUTPUTS  VO}—{22] NC
Ig E
Iz Eé
s [@]

lg 11gGNDNC gy 112 Op Ig lg GNDNC OF 49 Qp
SYMBOL DESCRIPTION SYMBOL  DESCRIPTION
! Dedicated Input 1 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 Veo Supply Voltage
GND Ground GND Ground
NC No Connaction NC No Connection
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Product specification

PAL

20L8, 20R8, 20R6, 20R4

devices

PLUS20R8D/-7 SERIES

PIN CONFIGURATIONS
PLUS20R6 PLUS20R4
Ny -/
chI_T__—p—‘ 2 | vee cK| 1 ——P— 24 | vee
ME_ El“ o} 2 H 1
WGH =] W[ H :3.,_1_ 2] e
|2|Z-— -3»— 21| ag I E— ::B»—J— Bg
I3 E— E :@'% 2|05 lsE—' é P 3"—‘:] Qs
I4Er- § E@%— 19]q, |4E— § :E%—« 04
Is E* zZ gﬂ 3’—‘E°s Is I__":— z *&-‘& Q3
[ H ZERL— 7] o 6o H E&— az
|7E_ : Wl pry P i H - 1 :IB,
1g | 10 :[\—r 15 | By 1g | 10 _—_—?: 1 15 | Bg
Ig | 11 | 14 | 4o g | 11 lio
GND | 12 L<p—] 13 | OF GND | 12 L—] 13 | TE
PLUS20R6 PLUS20R4

1y lgp CLKNCVgclyy By
[1][28]

Ig lg GNDNC OE Iyg Bg

Iy lg CLKNCVcclyq By
[1][28]

25 B
24) as
23] a4
22| NC
21] 05
20] 0,
19 8

lg lg GNDNC OF 149 By

SYMBOL  DESCRIPTION SYMBOL  DESCRIPTION

I Dedicated Input 1 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 Connectinn
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Philips Semiconductors Programmable Logic Devices

PLUS20R8D/-7 SERIES

20L8, 20R8, 20R6, 20R4

PAL devices

PLUS20L8

LOGIC DIAGRAM

@ h3

0y

{19] B4
f18] &s

h2

Bt

. V.
817 F
FES =
g1 PEE
g R0
o —— 55 08 W%
P R
i
. R BB
& R R
: il
R BB RS R R
& B HE B
8 L
jpum ZBEREBR
| 55 58 5858 02 B
by LR
jgum 2 B RE BB
i BEisis
ol PEE gee
[ 5615 BU 5B 2 ESK BRES
s BB R BRBEE
] o i
=—
s = E=
BB SR
Ri L
s BB HB R
= £5
[
=
°
©ieeeeeq Sereeog Seevees A
o 2]
= -~ o = o » K -

(€9-0) SWY3L 1oNGOHd

0+23 427 8eetl 12015 167 +19 20+ <23 24+ +27 28+ +31 32+ +35 36+ «39

INPUTS (0-39)

90

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

NOTES:

1
2,
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PLUS20R8D/-7 SERIES

PLUS20R8

133

> ol o

— O

23]

[19] o4

18] a3

o
OE

YRR

D Q—

D QP

[}
b af—tf>

°°—°v

Do—l»—@m

—pP O

+—p T

b O

—D T

l_._>n

(K|
1T

[

111

{1
T

|1

111

INPUTS (0-39)

o o11 12+ +15 16+ *10 20- +23 M+ +27 28- -31 32- +35 36 -3

11l
11

0++3 4++7 8++11 12:¢15 16+ =19 20+ +23 24+ 27 28+ «31 32+ +35 36- -39

|

o1

20L8, 20R8, 20R6, 20R4
cik [1]

PAL devices

Philips Semiconductors Programmable Logic Devices

LOGIC DIAGRAM

Doeeen Reeeeeef

Yeveseomy

Qeeereol

Ferereom

Reeceeesd Beeooee H“..:..ﬂ
[=] [=]

» &

|5
18 [10}3
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Programmable connections.

(€9-0) SWH3L 1ONAOHd

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

NOTES:
1
2
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Product specification
PLUS20R6

PLUS20R8D/-7 SERIES

20L8, 20R8, 20R6, 20R4
c [1}

PAL devices

Philips Semiconductors Programmable Logic Devices

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

PLUS20R8D/-7 SERIES

LOGIC DIAGRAM PLUS20R4
ek [
0223 4+e7 o1l 120415 160 +18 200 +23 Mo +27 28+ +31 32+ +35 36+ +30
Lt bt e e e T T e
1) T T e 10T Ty

=

&

o

L

Is

PRODUCT TERMS (0-63)
& &
EIERERES Beeseesd PoosooeB M Heveoons Beovoaold [ B Bevoooom Gecerien

16) By

g

3

=
g

15 [1o}{3
1o 1143

0++3 4++7 8++11 12¢+15 16+ 19 20+ «23 24+ +27 28+ -31 32- -35 36 -39

D
INPUTS (0-39) <t—13] oE
NOTES:

1. All unprogrammed or virgin "AND" gate locations are pulled to logic "0".
Programmable connections.
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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
PLUS20LS is a combinatorial part with 8 user
configurable outputs (6 bidirectional), while
the other three devices, PLUS20RS,
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 PLUS20R8 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 PLUS20R8, R6, R4
enhance state machine design and
initialization capability.

Software Support
Like other Programmable Logic Devices from
Philips Semiconductors, the PLUS20XX

series are supported by SLICE, the
PC-based software development tool from
Philips Semiconductors. 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 Philips Semiconductors
SNAP design software package. 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 9 (Development Software)
and Section 10 (Third-Party Programmer/
Software Support) of the PLD data handbook
for additional information.

w—t T

— 1,

RD

— 18
|,ao—-§_—‘
1B

o | et

. . .

-
wi

[smE ] comE]
[“acnveRZ ] o |

STATE CODE [ STATE ] copeE | | STATE ] copE |

[ | poNTcARE | - |

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 IO 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 -0.5 +7 Voc Maximum ambient 75°C
Vin Input voltage -1.2 +8.0 Voe Allowable thermal rise
Vour Output voltage -0.5 Vee + 0.5V Voe ambient to junction e
Iin 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 Voc
Tamb Operating free—air temperature 0 +75 °C
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PAL devices
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES
DC ELECTRICAL CHARACTERISTICS
0°C < Tamp < +75°C, 4.75 < Vg £ 5.25V
LIMITS
SYMBOL PARAMETER TESTCONDITIONS - THECZEET UNIT
Input voltage? ‘
Vi Low Vec = MIN 0.8 v
ViH High Vee = MAX 20 v
Vic Clamp Vce = MIN, Iy = -18mA 0.8 -15 v
Output voltage
Vee = MIN, Viy = Viyor Vi
VoL Low loL = 24mA 0.5 \"
Vou High lon = -3.2mA 2.4 v
Input current
Voe = MAX
I Low?3 Vin = 0.40V -250 pA
M High? Vi =27V 25 pA
Iy Maximum input current Vin = Ve = Voomax 100 HA
Output current
Vee = MAX
lozn Output leakage Vour = 2.7V 100 pA
lozL Output leakage Vour = 0.4V -100 A
los Short circuit 4 8 Vout =0V -30 -90 mA
lcc Vcc supply current Vee = MAX 150 210 mA
Capacitance®
Cin Input Vee =5V
Vour = 2.0V 8 pF
Cg /O (B) Vour =2V, f= 1MHz 8 pF
NOTES:

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

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

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

. Duration of short circuit should not exceed 1 second.

These parameters are not 100% tested but periodically sampled.

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

AC ELECTRICAL CHARACTERISTICS
R; =200Q, Ry = 3900, 0°C < Tymp S +75°C, 4.75 < V< 5.25V

LIMITS
SYMBOL PARAMETER FROM TO -7 D . UNIT
MmN' [ Tvp | max [ mint | max

Pulse Width
tckH Clock High CK+ CK- 5 7 ns
ok Clock Low CK- CK+ 5 7 ns
tokp Period CK+ CK+ 10 14 ns
Setup & Hold time
tis Input f:er;’:ibtitaﬂ( CK+ 7 9 ns
tin Input CK+ f'er;%ta%';( 0o 0 ns
Propagation delay
tcko Clock CKt Qt 3 6.5 3 75 ns
tokr Clock? CK+ Q 3 6.5 ns
teD Output (20L8, R6, R4)2 1,B Output 3 75 3 10 ns
toe1 Output enable* OE Output enable 3 8 3 10 ns
toe2 Output enable?.5 | Output enable 3 10 3 10 ns
too1 Output disable* OE Output disable 3 8 3 10 ns
tonz Output disable*5 | Output disable 3 10 3 10 ns
tskw Output Q Q 1 1 ns
tepR Power-Up Reset Veo+ Q+ 10 10 ns
Frequency (20R8, R6, R4)

No feedback 1/ (tck.. + tokn)® 100 71.4 MHz
fmax Internal feedback 1/ (tis + tokr)® 920 64.5 MHz

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

Noicérs t;leﬁnitions 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), Vi = 3V, Vi =0V, Vo = Vg = 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 Sy open, and Low-to-High impedance tests are made to the V = (VoL + 0.5V) level with Sy closed.

. Same function as tog 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.

[5,)
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PAL devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

OUTPUT REGISTER PRELOAD

The output registers can be preloaded to any desired state during device testing. This permits any state to be tested without having to step
through the entire state-machine sequence. Each register is preloaded individually by following the steps given below.

Step 1. With Ve at 5V and Pin 1 at V), raise Pin 13 to Vigu.

Step 2.  Apply either V) or Vi to the output corresponding to the register to be preloaded.

Step 3.  Pulse Pin 1, clocking in preload data.

Step4. Remove output voltage, then lower Pin 13 to V). Preload can be verified by observing the voltage level at the output pin.

PIN130E

\

|
|
| l tw |
|
| |l ok VIH
PIN 1 CLOCK I :
+ \7
T L
| |
| |
| |
| VoH
REGISTERED 1O { INPUT OUTPUT
VoL

NOTE: {4 = tgy = ty = 100ns to 1000ns.
ViHH = 10.25V 10 10.75V.

Pin and number reference for DIP package

TEST LOAD CIRCUIT

Vee! 45V $q
. T o«
L1 3
Cy C2 SR
T Bo/Op [—-
7 | 1
= { By/Op }—L—» Ry i; CL
| put Qo [
wputs | | 1
n L
—
le——0 OF =
o—j oK 0
NOTE:
C4 and C; are to bypass Ve to GND. 4_—
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PAL devices
20L8, 20R8, 20R6, 20R4 PLUS20R8D/-7 SERIES

OUTPUT REGISTER SKEW

3v

oK (
——————————————————— ov

av
Qp
(REGISTERED OUTPUT) 1.5V
ov
skw
v
Qp . 1 sv
(REGISTERED OUTPUT) 1.
o

CLOCK TO FEEDBACK PATH

s —5|

—O—1>—

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

PLUS20R8D/-7 SERIES

TIMING DIAGRAMS1 2 TIMING DEFINITIONS
SYMBOL | PARAMETER
+3V
(mpu#:):y(,jv 1.5V tokH Width of input clock pulse.
o tex Interval between clock pulses.
1 45—
/___. v tekp Clock period.
CLK Y, 1.5V 18V Required delay between
T o tis beginning of valid input and
positive transition of clock.
7
oH Required delay between
ty positive transition of clock and
VoL end of valid input data.
43V Delay between positive
transition of clock and when
fekr internal Q output of flip-flop

ov

becomes valid.

Delay between positive

Flip-Flop Outputs transition of clock and when

fcko outputs become valid (with
OE Low).

+3V

LB 1.5V Delay between beginning of
(INPUTS) toE1 Output Enable Low and when
ov outputs become valid.

|

0,B
(COMBINATORIAL \\\\ 1.5V
OUTPUTS) ;:
VoL Delay between predefined

top2—" Output Enable High, and
+av toz when combinational outputs
1,B .
(OUTPUT 1.5V 5V become valid.
ENABLE) Delay between predefined

ov

QOutput Enable Low and when
Gate Outputs tonz combinational outputs are in
the Off-State.

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

N

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

f asv ) pe presot
Vee 2 (internal Q outputs at “0").

Propagation delay between

o tp combinational inputs and
D
= PR outputs.

Q N VoH
(REGISTERED [1.5v 1.5V
OUTPUTS) §® FREQUENCY DEFINITIONS

VoL
[tk fmax No feedback: Determined by

,B Aadd the minimum clock period,
(INPUTS) 3(‘-5" 1.5V 1/(tckL + tekn)-
ov Internal feedback:
Ity g —*| 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:

CLK ]

b———-qs———b

Us+ICKF 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. Input rise and fall times are 2.5ns.
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PAL devices
20L8, 20R8, 20R6, 20R4

PLUS20R8D/-7 SERIES

SNAP RESOURCE SUMMARY DESIGNATIONS

PROGRAMMABLE AND ARRAY

00,07

PLUS20L8

CLK 0-h
12

SCKPALE:

SIINPALT: TRINPALE:

PROGRAMMABLE AND ARRAY

® 0 o 0

“NOUTPALZ:
oo 00 0

Q7

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

PLUS20R8D/-7 SERIES

SNAP RESOURCE SUMMARY DESIGNATIONS (Continued)

-1

12

“DINPAET: NINPALT:

PROGRAMMABLE AND ARRAY

YNOUTPALT:

Bo, B7 Q1-Q6

PLUS20R6

-

DINPALYE: | [<NINPALZ:

PROGRAMMABLE AND ARRAY

SNOUTPALT:

BO, B1, BS, B7 Q2-Qs
PLUS20R4

September 10, 1993 102



Philips Semiconductors Programmable Logic Devices

CMOS programmable electrically erasable

logic device

FEATURES
©® Advanced CMOS EEPROM technology

® Ultra high performance
- 10ns, (tpp) commercial version
~ fuax as fast as 83.3MHz

® Available in Dual In-Line, Small Outline
Large, and Plastic Leaded Chip Carrier
packages

® 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

— 132 product term x 44 input AND array
— Up to 22 inputs and 10 outputs

DESCRIPTION

The Philips Semiconductors PL22V10-10is a
CMOS programmabile electrically erasable
logic device that provides 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 PL22V 10 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 AmPAL22V10
and the CMOS PALC22V10. Applications for
the PL22V10 include: replacement of random
SSI/MS! logic circuitry and user customized
sequential and combinatorial functions such
as counters, shift registers, state machines,
address decoders, multiplexers, etc.
Development and programming support for
the PL22V10 is provided by Philips

Product specification

PL22V10-10

PIN CONFIGURATIONS
D and N Packages
lorcLk (1] Voo
n 2] ]
12 [3] F8
13 [4] 21 F7
14 [5] [50] F6
15 [6] E F5
16 [7] 18] F4
7 I_F_ E F3
18 [9] 6] F2
9 @ E F1
1o [f] [72] Fo
GND E 13] 111

N = Plastic Dual In-Line Package (300mil-wide)
D= Plastic Small Outline Large (300mil-wide)
Package

A Package

CLK/
Io NCvgc F9 F8

~ Variable product term distribution (8 to Semiconductors and third-party s 5]
16 per output) for greater logic flexibility ~ Manufacturers. “ [¢]
- Independently programmable . 15 [7]
4-configuration }/O macrocells PIN LABEL DESCRIPTIONS NG [E]
— Synchronous preset, asynchronous clear 11 =111 Dedicated Input 6 [3]
- Independently programmable output
enabFI):s yprog P NC Not Connected 7 [19
o Aoolicai " FO—F9 | Macro Cell Input/Output '8 i1}
App'llcatlon.versatlllty ' 3 T T T T T Tl
- Pin-for-pin and JEDEC-file compatible CLK/0 Clock Input/Dedicated Input 1@ 110 GNDNC 11 FO F1
with the bipolar AmPAL22V10, CMOS
PALC22V10 and PEEL22CV10A Veo Supply Vohage A - Plastc Loaded Chip Carrier
GND Ground
ORDERING INFORMATION
DESCRIPTION ORDER CODE DRAWING NUMBER
24-Pin (300mil-wide) Plastic DIP (Dual-In-Line Package) PL22V10-10N 0410D
28-Pin (300mil-wide) PLCC (Plastic Leaded Chip Carrier Package) PL22V10-10A 0401F
24-Pin (300mil-wide) Plastic SOL (Small Outline Large) Package PL22V10-10D 0173D

October 22, 1993
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PL22V10-10

CLK10 H-n
1 1
PROGRAMMABLE
AND ARRAY
7 (44 x 132)
% % g % % % % % % % g % " 1 m B
RESET | QUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OuTPUT OUTPUT OUTPUT]
MACRO |{>MACRO }{1>MACRO |+->MACRO [ H—{>MACRO | +—1>MACRO —-PMACRO P MACRO |——1>MACRO | 4—>MACRO
CelL | || cetL | || cEwL CELL | | | CELL CetL f | [ cew || cen ||| celt ||} cELL
PRESET
\/ \/ \
[Fo] [F4] [Fs] Fo
‘ 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 1/0 macrocells
further increase logic flexibility.

ARCHITECTURE OVERVIEW

The PL22V10 architecture is illustrated in the
Figure 1. Twelve dedicated inputs and 10
1/Os 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 1/O macro cell which can be
independently programmed to one of 4
different configurations. The programmable
macro cells allow each [/O to create
sequential or combinatorial logic functions
with either Active-High or Active-Low polarity.
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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
12 input pins

20 additional fines 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

105

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.
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S, Sy OUTPUT CONFIGURATION
[ voe 0 0 | Registered/Active-LOW
AR L 0 1 Registered/Active-HIGH
. b a o o 1 [ Combinatorial/Active-LOW
.
CLK a 0 1 1 Combinatorial/Active-HIGH
N 0 = Unprogrammed fuse
sp Sy —-——s-l;-l 1 = Programmed fuse
] '
1
|
Figure 2. Output Macro Cell Logic Diagram
So=0
Sy=1
: —F]
c. Combinatorial/Active-LOW
Sp=1
Sy=1
. ___I : I
b. Registered/Active-HIGH d. Combinatorial/Active-HIGH
Figure 3.
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